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Prologue 

Larin Americ3, particuJarly Soulh America, is known as (he region of (he world with the mQst abundant land 
resources in relation to its population base. Al presenl lhe region has the lowest population density per 
hectare of arable land, as well as (he lowest percentage of arable land under cultivar ion. Comparisons of 
potenlially arable land in Latín America wilh lhat under tillage show that anly 18 lo 35 percenl is presently 
utilized for agriculture. 'fhese ligures are considerably lower Ihan eslimates for ot her regions of rhe world; 
however, there is a fairly wide range in figures as a result of variations in (he informalion base utilized and 
the criteria used for the dirferenl sludies. 

Within (he present land use pallern. extensive areas offand are underulilized or left fallow as most of the 
agricultural production lakes place in Ihe more ferlile areas close 10 urban markets, where large 
mechanized farms coexist with a sizable small farm sector. In order lo design an agricultural growlh 
slralegy Ihat would utilize land, labor and capital resources efficiently. Ihe countries in the region need to 
assess the foJlowiog comple menlary development strategies and their frade-offs: 

lo Intensify produclion by large farmers ",ho control thc more fertile arcas, primarily through 
mechanization and grealer use of inpuls. 

2. Intensify small-scale production through (he use 01' improved germplasm, combined with 
appropriate use of inputs, lO achieve higher, more stable yields. 

3. Expand crop and livestock production onto the less fertile fronti er lands through the use ofadapted 
germplasm and appropriate use of ¡npuIs. 

As a first step toward pro\'iding the necessary informalion to design such a strategy, C1AT and 
EMBRAPA have collaboraled in Ihe systematization of existing information on the centrallowlands of 
tropical Soulh America, which constitute Ihe major frontier area of the contineot. Although thcre is 
abundan! information 00 the area. much of il is conlained in unpublished technical reports from dh'erse 
sources·and is nol necessarily compatible. An attempl has been made to syslematize all Ihis information in 
Ihis report, complementing il where necessary wilh primary data, wilhin Ihe framework of a " ,Iand systems 
approach." where information on c1imate, sOils, lopography and vegetar ion is reporlcd systemalically for 
purposes of comparison. rhe data base has been comput: rired lo facilitate information retrieval and 
analyses of aggregales. The dala are presenled he re in the form of maps and rabies. with texl in English. 
Spanish and Portuguese, lO permit broad access by individ!Jals from resea rch or rural developmenl 
progra ms who mighl not have computer facilities available lo Ihem. 

CIA T and EM HHAPA are pleased lO make available to the scientilic community and rural devdopmeot 
planners the results or more than three years' collaborali\-'c errorls in the hopc thal (he information 
conlained herein, although far from perfcct, wil! facilitate agricultural researeh. as wel! as the design of 
agricultural growth stra legies that lake inlo consideration Ihe agricultural porential ol' these regions, 
Ihereby contributing to improved productiol1 and productivity . 

As the re ort is based on data a vailable al Ihe time ofthe study, wc would welcome new inrormation 
to update the computerized liJes. 

August 1984 

Gustavo A. Nores 
Dcputy Director General 
C1AT 

Elmar Wagner 
Head 
CPAC-EMBRAPA 



Prólogo 

America Launa. en panicular América del Sur. se conoce como la región del mundo con mayor abundancia 
de recursos de fierros en re lación con su población. 1:-'11 la oC/l/aNdad América del Sur posee la más baja 
dens/Clad de población por heuárea de fie rra cU/fl vable. así como el porccmaje más bajo de lierra cultivab le 
bajo explotación. Comparaciones enlre est imolivos de la superJkie arable en America Latina con la 
supeljiúe aClIio/men fe bajo cultivo muesnan que solamente 1m /8 a 35 por ciento se utiliza auualmente en 
agricultura. {SIOS ('(/ i-as se consideran ;,~/'erio res a los esrimalivos para Ol ras regiones del mundo: sin 
embargo, hay un amplio rango en los eSl imalivos como resullOdo de las variaciones en la base de 
ÍI~/ormaciólI /Jlili zada y en los criterios empleados en los diferentes estudios. 

Denr 1"0 del palrón aCllial de uso de lIerra, hay grandes ex tensiones de tierras SUbUl ilizada:) o ine;'(plotadas 
ya que la mayal" pone de la producción agl'icolo liene lugar en los zonas más firtiles próximas a 105 

mercados urbanos. donde generalmenfe coexiste un seCl or de.fincoJ grandes y mecanizadas con un amplio 
seClor dejillcas pequeñas. Con el.fin de diseñar estrategias de desarrollo agricola que utilicen de manera 
ejiciel7le los recurSOS de ¡ierra. de mano de obra y de capilal, los paises de la región deben considerar 
es/rO/egias a/lern ativas de desarrol/o, sus vemajas re/Olivas. y su complementariedad potencial.' el7lreellas: 

l . Il7I ensijicación de la producción en el seClor de /incas grandes que generalmente comrola las zonas 
más féniles. principalmente por medio de la mecanización y mayor empleo de insumos. 

2. InJensUicación de la producción en e/sector deji'ncas pequeñas medianle el uso de gennoplasma 
mejorado, j unlo con empleo adeeuado de insumas, para lograr rendimief1los mayoresy más estables. 

J. t"xpansión de la producción agrícola y ganadera en la s lierras m enosférfiles de/ron/era m ediante el 
uso de germoplasma adaptado y uso adecuado de insumas. 

Como un primer paso en la ob¡ención de la información necesaria para disena r es /ralegias de desarro llo 
que incluyan eSlas regIOnes de ji·ontera. CIAT y fA113I<APA colaboraron en la lÚtemalización de la 
información existellfe acerca de las tierras bajas centrales en Am érica del Sur tropica!, las cuales 
consliluyen el mayor terr itorio defronlera en el continente. Aunque hay abundante información sobre el 
área. en su mayor pone ésta se encuentra en in/armes técnicos de diversas fu entes no publicados y que 
contienen información no necesariameflle compatible. t:n el presente I(abajo se hizo un esfuerzo por 
sistematizar 101 inform ación. complementándola dondejiJera necesario con da los primarios. Se utilizó un 
enfoque de ·· sis lemas de tierra " en el cual la información sobre clima. suelos. lopogra.fJa y vegetación Se 
presel1la enforma sistema tizada a]in de hacer posibles las comparacionel·. 

La base de datos ha sido compu/a,.izada para facilitar la recuperación de la información y el análisis de 
agregados con objetivos específicos. En e51a publicación los da lOS se presentan en forma de mapas y 
cuadros. con 'textos en inglés, español y porlugués para hacerla amp/iameme accesible a usuarios en 
programas de invesligación y desa rrollo rural que no lengan acceso a computador. 

CIA T y EA1BI<APA se complacen en poner a disposición de la comuhidad científica y de los 
planificadores del desarrollo rural/os resultados de tres años de esfuerzos conjuntos. Se espera que la 
información resultante. aunque diste de ser perfeoa. facili te la in ves tigación agrícola y el diseño de 
estralegias de desarrollo agrícola que tomen en consideración el pOlencial agrícola de esas regiones, 
comribuyendo así a una mayor producción y productividad. 

Como el ffabajo es tá basado en dat os disp onibles en el mom ento en que se realizó el es/udio. ambas 
in stituciones acogerán con beneplácito nueva información que permita aClUalizar sus archivos computa­
rizados. 

AgOSfO de /984 

Gustavo A. Nares 
Director General Adjunto 
ClAT 

Elmar Wagner 

JeJe 
CPAC-EMBRAPA 



Prólogo 

A América Latina, em particular a América do Sul. é conhecida como a regi1:io do mundo com maiar 
abundancia de terras em rela~ao a sua popula~ao. No momento, a América do Sul possui a mais baix3 
densidade populacional por hectare de terra cultivável. bem como a mais baixa porcentagem de terras 
cultiváveis sob utiliza~ao, Comparayoes entre O potencial de terras aráveis na América Latina com a 
área atualmente sob cul tivq, mostram que somente 10 a 35% sao utilizados para a agricultura. Estes 
dados sao consideravelmente mais baixos do que estimativas feitas para ou rras regioes do mundo. 
Contudo, há urna varia~áo bastante ampla nos números. resultantes das diferen~as de inrorma~Oes 
básicas utilizadas e dos critérios usados pelos diferentes estudos. 

Dentro do padraó atua! de uti!iza~ao da terra, existem grandes extens5es sub-utilizadas ou 
inex ploradas, de vez que a maior parte da pradu~ao agrícola ocorre nas áreas mais férteis, próximas a 
mercados urbanos, a nde grandes propriedades mecanizadas coexistem com um setor razoável de 
pequenos produtores . Com a finalidade de estabelecer estratégias de desenvolvimento agrícola que 
utilizem de maneira eficiente os recursos terra, trabalho e capital, os países da regiao devem considerar 
estratégias complementares de desenvolvimento e seu potencial, em termos de vantagens relativas, a 
saber: 

1. lntensificayao da produyao pelos grandes· produtores que delem as áreas mais férleis, 
principalmente através da mecaniza~ao e do maior uso de insumos: 

2. intensifica~ao da produyao em pequena escala, através do uso de germoplasma melhorado, 
combinado COm o uso apropriado de insumos, para a obtenyao de rendimemos maiores e mais 
está veis. 

3. Expans~o da produyao agrícola e pecuária para terras menos férteis de fronteira, através do uso 
de germoplasma adaptado e do uso adequado de insumos . 

Como um primeiro passo para a ob.teny30 da informayao necessá ria ao eSlabelecimento de 
est ratégias de desenvolvimeolo que incluam esta última regia~, o CIATe a EMBRAPA aluaram em 
colabora~ao na sistemaliza~ao de informa~:iio disponível sobre terras baixas centrais da América do Sul 
Tropical, as quais se constituem na maior fronteira do continente. Muito embora exista abundante 
informa~ao sobre a área, a maior parte está conlida em relatórios técnicos nao publicados, de diversas 
fontes e nao necessariamente compatíveis. No presente trabalho, foi feilO um esforyo de sistematizar 
estas informa~oes, complementando-as, quando necessário, com dados primários. Foi ut~lizado o 
enfoque de "sistemas de terra", no qual as informa~óes sobre clima, solos, topografia e vegeta~ao sao 
apresentadas de forma sistema tizada para efeitos de comparayao. 

A base de dados foi compularizada para facilitar a recupera~a o de informa~oes e a análise de 
agregados. Os dados sao apresentados nas formas de mapas e tabeJas, com textos em ingles . espanhol e 
portugues, para permitir amplo acesso a usuários em programas de pesquisa e de desenvolvimento 
rural, que podem nao dispor de facilidades de computa"ao. 

O CJAT e a EMBRAPA tom o prazer de colocar a disposi,110 da comunidade científi ca e de 
planejadores do desenvolvimento rural, os resultados de mais de tres anos de esfor~os conjuntos e 
esperam que a informa~ao contida neste trabalho, a inda que longe de ser perfeita, venha a facilitar a 
pesquisa agrícola bem como ao delinea memo de estratégias para o desenvolvimemo, que levem em 
considera~ao o potencial destas regioes, contribuindo, desta forma, para O aumento da producao e da 
produtividade. 

Considerando que a trabalh o se fundamentou em dados disponíveis a época do estudo, ambas as 
institui~óes acolhera o, com entusiasmo, novas informa\óes que permitam atualizar seus arquivos 
computarizados. 

Agosto de 1984 

Gustavo A. Nores 
Diretor Geral Adjunto 
CIAT 

Elmar Wagner 
Chefe 
CPAC-EMBRAPA 
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Preface 

This book is the first of three volumes describing and mapping land in the cenlrallowlands of 
tropical South America according lo its various aspects: climate, vegetation and landscape, 
topography, and soil faclors. 

Volume 1 presents a description of the project's objectives, methodology, and procedures, 
and then provides interpretations and guidelines for local, seed-based agrotechnology transfer 
using the map and land-systems data. 

Volume 2 ineludes the Land Syslems Map (in two parts), on a scale of 1:5,000,000, and the 
Legend 10 lhe Map, which provides a concise summary of the soil constraints by land system. 
A booklet of indi\'idual zone maps, on a scale of 1:2,000,000, is al50 included. 

Volume 3, a mOfe complete surnmary of the land systems, ¡neludes computer printouts of 
generalized land information, specific land facet and landform descriptions, and meteorological 
station dataj in addition, soil profile descriptions of many land systems are provided. 

The following land systems are not included in the Map, Legend, or Computer Summary: 
90-91, 115, 118-200, 231-249, 312, 314, 386-387, 487-600, 655-800. Land systems were 
designated by numbers used to identify them during the course of the study, and do not 
necessarily follow a numerical or geographical continuily. 

Computer summaries are missing for the following land systems that are coded and listed in 
the Map and Legend: Ab 383, Ab 384, Aa 421, Fb 422, Be 486, and Fo 855. lnformation on these 
land systems was not sufficiently complete to computerize them. 

The study upon which the work is based was completed over a period of four years 
(1977-1981) with the cooperation of many people and organizalions. 

The data for the study were collected from records in various countries. including Bolivia, 
Brazil, Colombia, Ecuador, Peru, and Venezuela, and from various small- and large-scale 
studies. The wide range of documents and people who assisted in this project are included in the 
Bibliography to Volume l. 

Special thanks, however, must be given to the staffs at EMBRAPA-CPAC and CIAT for their 
dedication 10 the tasks of compiJing, computerizing, and mapping the data. Yuviza Barona 
typed the manuscriptj Ligia García, Conrado Gallego and Camilo Oliveros drafted and drew 
many of the small maps and completed the large Land Systems Map; Alvaro Cuéllar developed 
and printed the photographs. Esperanza Castañeda and Alexandra Walter did the editing and 
translations. For all of them, and the many others too numerous to mention who assisted in this 
project, we are extremely grateful. 



Prefacio 

Es/pes el primero de Ire.'i volúmel7es que cOI1l;enellla descripción y 105 mapas de las tierras bajas 
cemmles de América del Sur Iropical según sus diversos aspectos: clima. vegetación y paisaje. 
lopogrnjla v/aClores ed~/lc()s. 

El Volumen I preSel1lfl 111/0 descripción de lo.'i objeli\los del proyecto, su melod%gía y 
procedimienro.~, y proporciona orientaciones y paufas para la l ra.~rerencio de ,eeno/agío 
agrieo/a local. basada en el uso de semi/la mejorada, utilizando el mapa y la i,!!ormación sobre 
sistemas de litITo. 

E/ Volumen 2 incluye el Mapa de Sistemas de Tierra (en dos secciones). a uno escala de 
1:5,OOO,Oor; y la Leyenda pa ra el Ma pa, que ofrece un r esumel l conciso de los limi lan fes del 
suelo en cada sisfema de (ierra. También se incluye unfolleto de mapaJ de lonas individuales. a 
U/la escalo de /: 2.000.000. 

El Volumen J es /111 resumen más completo de los sis temas de tierro e incluye impresos de 
compu tador con información generalizada sobre la tierra. descripciones espec([icas de las 
(aceras de fie rra y de laforma de la lierra y dal os de la estación meteorológica: asimismo ofrece 
descripciones de perfile.} de suelos de varios sislemas de lierra. 

Los sislemas de tierra que aparecen a cOlll inuación 11 0 eSlón incluidos en el Mapa, en la 
Leye nd a /l ; ene/ Resume n de Co mput ador: 90-9 / . //5, //8-200. 23/-249.3/2.3/4,386-387. 
487-600. 655-800. Los si:nemos de tierra fueron designados por nlÍmeros ulilizadoJ para su 
idel1/~ficaciólI du ranle el Irallscurso del es/Udio y por ello no se observa necesariamente una 
cOJ1linuidad numérica o geogrdjl'ca . 

No exislen resúmenes de computador para los s(~uiel1les sis femas de tierra codificados e 
inc/uídosen e/ Ma pa y en /a Leyend a: A b 383, A b 384. Aa 421, Fb 422. Be 486, y Fa 855. Lo 
¡/~(ormación paro eSlos sistemas de fierro no fue lo sufic iel/femenle completa para compufari­

zar/a. 
El es /udio en el cual se basó elu'abajo se rompleló con la colaboración de m uchas personas y 

organizaciones, duran/e un período de cua tro años (/977- 1981) 
Los dolos pa ra el eSludiofueron recolectados de los archivos de varios países. hlcluyendo 

Bolivia. Brasil, Colombia , Ecuador, Perú y Ve nezuela. y de varios estudios a pequdia y gran 
escala. En la Bibliografia del Volumen l se citan Im'personas y do cumentos quefueron de ayuda 
para este proyeclo. 

Agrodecem os especia/men /e a/ persono/ de EM S RA PA-CPA C yde/ CI AT por Sil dedicació n 
a la tarea de compilar, sistema /izar y cartografiar la información : a YUI/;za Barona quien 
mecanograji'ó el manuscrilO: a Ligia Gorda, Conrado Gal/ego y Camilo Oliveros, quienes 
delinearon)' dibL~jaron varios de los mapas individuales y completaron el A1apa de Si,flemas de 
Tierra: a Alvaro Cl/él/ar quien se encargó de la s fotog rafías, a Esperan za Caslaiieda y 
Alexandra Walter q/lienes hicieron la edición y traducción, A lodos ellos ya las demás personas 
m uy numerosas para mencionar oqul, que colaboraron en es te proyecto. expresamos nues/ros 

sinceros af{radecim ienlos, 



Prefácio 

Este é O primeiro de tres volumes que contém a descri~ao e os mapas das terras baixas 
centrais da América do Sul tropical segundo seu s diversos aspectos: clima. vegeta~ao e 
paisagem, topografia e fatores edáficos. 

O Volume I apresenta urna descri\ao dos objetivos, metodología e procedimentos. e 
depois oferece indica~6es e modelos para a transferencia da tecnologia agrícola local 
baseada no uso de sementes melhoradas empregando o mapa e os dados cm sistemas de 
terra. 

O Volume 2 inclui o Mapa de Sistemas de Terra (em duas se,oes), a urna escala de 
1:5 ,000,000, e a Legenda para o Mapa, que fornece um resuma conciso das limita,oes do 
solo em cada sistema de terra. Também foi incluido um folheto de mapas de zonas 
individuais, a urna escala de 1 :2,000,000. 

O Volume 3, é um resumo mais completo dos sistemas de terra, e inclu! impressos de 
computador contendo informa\ao generalizada sobre aterra, descri\oes específicas das 
facetas de terra, da forma da terra, dados da esta~ao meteorológica, alem disto, oferece 
descri~5cs dos perfis de solos de várjos sistemas de terra. 

Os sistemas de terra apresentados em seguida nao se incIuero no Mapa, na Legenda, e 
também no Resumo de CompUlador: 90-91 , 115, 118-200,23 1-249, 312, 314,386-387, 
487-600,655-800. Os sistemas de terra foram designados por números utilizados para a sua 
¡dentifica~ao, durante o decurso do estudo, é esta a razao de nao se observar, necessa ria­
mente , urna continuidade numérica ou geográfica. 

Nao há resumos dc computador para os seguintes sistemas de terra codificados e 
registrados no Mapa e na Legenda: Ab 383, Ab 384, Aa 421, Fb 422, Be 486, e Fa 855 . A 
informa~ao para estes sistemas de terra nao fo i suficientemente completa para a 
computa~ao. 

O estudo em que foi baseado o trabalho, coneluiu-se com a colabora~ao de muitas 
pessoas e organiza,15es, no espa~o de quatro anOS (1977-1981). 

Os dados para o estudo foram coletados dos arqu ivos de vários paises, incluindo Bolivia, 
Brasil, Colombia, Equador, Peru e Venezuela, e de vários estudos em pequena e grande 
escala. Os documentos e pessoas que colaboraram co m o projeto estao mencionados na 
Bibliograr.a do Volume L 

Agradecemos especialmente ao pessoal da EMBRAPA-CPAC e do CIAT por sua 
dedica~ao 'a tarefa de compilar, compularizar e cartografar a informa~ao ; a Yuviza Barona, 
que datilografou o manuscrito; a Ligia García , Conrado Gallego e Camilo Oliveros pela 
delinea~¡¡o edesenho dos mapas individuais e a fí n aliza~1ío do Mapa de Sistemas de Terra; a 
Alvaro Cuéllar que se encarregou das fotografias, a Esperanza Castañeda e Alexandra 
Walter pela edi~ao e tradu~ao. A todos eles e a Qutras pessoas, numero~as demais para 
serem mencionadas aquí e que colaboraram neste projeto, manifestamos nossos sinceros 
agradecimentos. 
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.1 ntroduction. 
THE LAND .. SYSTEMS STUDY 

In recenl years there has been a slowdown in th e pace of the 
Green Revolution . Metz and Brady ( 1980) ·stated : 

The Green Revolu tion has (aired to fulfill expectali ons in 

most areas ofthe world . Yields a nd produclion levels are 
o nly a (racti o n oC those pred icled when Lhe oew high ~ 

yielding varieties were fírs\ released in Ihe [960's . There is 

a growing recognition Ihal e nvironmental factors are 

largely responsible fo r thi s fa il ure of oew erap varieties lo 

live up [O expectat ions . 

In other words, many high-yielding cultivars of crops that 
performed we.JI in Qne tropical climate-soil environmenl have 
often given disappointing results in another. · 

Part of [he reason for this is that I in the not too distant past, 
plant breeders were looking for "super eultivars" of c rops 
that would so lve food production problems in the tropies , as 
if lhe word "tropies" was a sufficient definition of environ­
ment. Unfortunately this is not so. Consequently, there is now 
an increasing awareness of the need to deve lop new c rop 
cultivars compatible with the many cJimate-soil en vironments 
of the tropics,.and an urgent need to define these environ­
mentS more precisely . 

Objectives 
CIAT began land-resource survey work in mid- 1977 10 meet 
the growing coneern wilh deviation from the expected 
performances of so-called "improved" varie ties of tropical 
crops when they were grown in locations differen t from where 
they were developed. From the outset, this work was designed 
to help with the devel opment offood-p roduction technologies 
based on superior seeds and vegetative propagating material. 
Its objective was 10 provide a geographical and agroecological 
base to guide selection and breeding priorities for a given cro p 
and te assist in choosing representative field sites for testing 
potentially higher yielding or disease-resistant crop c ultivars. 
A further objective was to identify analogous areas where 
gcrmplasm-based agrotechnology specific to, o r advanta­
geous in, a ¡ocalion with given c lima te, landscape, and soi] 
condilions might successfully be transferred . 

The work started in a modest way as a survey of the 
"acid-infertile" savanna regions of tropical America (CIA T , 
1978b, 1979; Cochrane, 1979b) to gain a better unders tanding 
of their climate and soi ls and to select representa tive locali ties 
for testing promising grass and legume accessions. In 1979the 
survey was broadened to ¡nelude the forested regions and to 
serve as a base for a betler understanding of environments for 

CIAT's other commodity crops, including cassava, beans, 
and rice , an·d for tropical crops generally (ClAT, 1980 ; 
Cochrane, I980b). By 1981 the study cove red a large part of 
tropical sbuth America and was extended to the Gulf Coas! 
of Mexico, a total area of over 1000 million ha. The survey 
was colJaborative work, carried out in conjunction 
with th e Ministries of Agriculture of Colombia, Bolivia, 
Ecuador, Perú , and especially the Centro de Pesquisa Agrope­
cuária dos Cerrados (CPAC), Empresa Brasileira de Pesquisa 
Agropecuária (EMBRAPA). Bra zi t. 

Geographic Scope 
The geographic extent ofthe present study was limited lO one 
of the least known areas of the tropical world- the lowlands 
of Soulh America east of (he Andes, as outlined in Figure l . 
This region covers 820 million ha and extends from lhe 
Panamanian isthmus to southern Brazil. lt ¡neludes the 
Amazo n and Orinoco basins and the P recambrian shield 
region of central Brazil. Approximately 200 million ha are 
covered by savannas, and the remainder by forests. 

A Land Systems Map of th is area, reduced fro m the 
original I : I,OOO,tOO scale, is printed and enclosed in Volume 2 

Area in Land Systems Study 
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of this study, The Land S)'slems Map and lts Legend. The map 
is deseribed and explained in Chapter 2. 

Methodology 
The methodology for the study was modeled on the land­
systems approaeh developed by Christian and Stewart (1953) 
in assessing land resources ofthe Ka therine-Darwin regioo of 
northern Australia . It reduces land-resource information toa 
carnmon base by defining a land system as Han area Or group 
of areas throughout which {here is a recurring pattern of 
climate, landscape and soi ls," This definitian, while concep­
lUally similar lo the Australian approach , differs in that it 
introduces climate as a direet parameter roc land-system 
definüion . Thus, ¡nherent in the delineation of land syslems is 
the trealment of environmental parameters in the foJlowing 
categorica l arder 10 form a true land c1assification: 

1. Climale 
a . Radiant energy received 
b. Temperalure 
c. Potential evapolranspiration 
d. Water balance 
e. Other climatic faclors 

2. Landscape 

r. Land~rorm 

g. Hydrology 
h. Vegelation 

3. Soil 

i. Soil physical characleristics 
j. Soil chemical characteristics 

Land systems are delinealed di recll y onto sateHite and side­
looking radar imagery after clima tic analyses have been 
performed. 

Although the work has mainly been an exercise in collating 
existing informati on available in the literature , a strategic 
amou nt offield work was carried out lo help fil! in knowledge 
gaps. A sma l! airplane was flown by the senior aUlhor to reach 
hinterland arcas. Following the collection, revision, and 
mappin g of climate, landscape, and soil informalion , the data 
were coded and recorded on magnetic tape as a computerized 
dala base to both facilitate speedy analysis and retrieval of 
information and rnap making. The rnechanisms of computeri­
zation are undergoing constant improvements as new innova­
li ons become available. 

elimate 
The c1imatic work was inilialIy subcont racled to Utah State 
University (Hancoek et a l., 1979). Long-term meteorological 
data for over 1000 stations throughout tropical America were 
assembled and recorded on compute r tape. However, there 
are sorne large areas, particularly in the Amazon, withoul 
stations and where distances are too great to permit highly 
reliable extrapolations. Fortunately, il was possible 10 estab­
lish a r~lationship between physiognomic vegeta tion classes 
and climaric parameters, which enabled this problem 10 be 
overcome (Cochrane and Jones, 1981). Recently, the prelimi­
nary clima tic data base was considerably expanded by 
CIA T's rneteorologist so lhat it now co ntains summaries 

Hargreaves' (1972, 1977a) equation ba,.d on solar radia­
tion and temperature was used tocalculate potential evapolrans­
piration (POT ET) to assess the water balance and provide an 
approximation of the amount of energy available for plant 
growth . In addition, his monthly water balance methodology 
was adopted to determine the water balance and growing 
seasons. To define a wet rnonlh , Hargreaves' Moislure 
Availability Index (MAl) eoncept was used ; in this coneept , 
POT ET is equated with the 75% probability level of 
precipitation occureence (DEP PREC) 10 determine the 
amount of rainfall that will be equalled in 3 out of 4 years. 
Therefore , MAl ~ DEP PREC ;. POT El. A wet month has 
an MAl greater than 0.33. 

Soil Moisture 
Hargreaves (1975) quotes several sources illustrating good 
correlations between moisture availability index and crop 
production , when soil rnoisture is adequate for a week or 
more, and recommends the level "Iess Ihan 0.34" to define a 
dry month . In this context, it should be emphasized that the 
use of a standard climatic para meter for defining a dry month 
(o r conversely a wet month) must always be interpreted in 
light ofthe ability of a soil to reta in and supply moisture. The 
level needs lO be adjusted according to the moisture-holding 
capacity of that soi l. On the other hand, the use of the MAl 
provides a measure of the ciimatic potential to supply and 
extract soil moisture at a gi ven Iocality during a given period 
of lime; in the case of these studies. al monthly intervals. 
Using the MA I ror clima tic estimation (detailed in Chapter 3) 
is innovative in that jt lakes an agricuhurally acceptable 
rainfall probabitity estimation ¡oro account. 

Landscape 
Afler cl imatic analysis , the landscape was subdivided into 
land systems, which were delineated on 1: 1 ,000,000 sateH ite 
irnagery and, for sorne areas, on side-Iooking radar im agery. 
Although satellite imagery is superior to radar imagery for 
delincating land systems, it was nal possible 10 oblain cloud­
free imagery for many high-rainfall areas; in thosecircurnstan­
ces, side-Iookíng radar imagery provided a sufficiently accu­
rate topographical base. 

Land systems were mapped 10 ¡Ilustrate analogous areas of 
¡and, insofar as practical farrning is concerned. These land 
systems are physiographic units, based on repetitive patterns 
of topography, vegetation, and 50i1s, within a given clima tic 
ci rcumstance. 

Native vegetation classes were idenlified foHowing the 
physiognomic eriteria of Eyre (1968) for tropical rorests and 
Eiten (1972) for tropical savan nas. 

The mapping of land sys lems provided a common base for 
bringing existing land resource informalÍon together. After 
delineation, maps were collated and drawn al the scate oC 
1: 1 ,000,000 and numbered according to the Intemational 
Chart of the World at the MiHionth Scale index (Kers te­
netzky, 1972), see Figure l . They were then computerized in 
5- X 4-minute units (approximately 6800 ha at the equator) to 
serve as the basis for (hematíe map production. The field 
work was carried out lO provide on-the-ground control, to 

help sta ndardize descriptive cri teria , and to study lhe varia­
lion of landscape features within the land syslems . These 
v 
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were described as "'and facets," and the proportion of each 
Iand facet within the land systems was estimated from a study 
of the imagery. In this way, selected landscape featurcs and 
sOLI descriptions and properties were computed on ¡he basis of 
the land-facet subdivision . 

Figure 2, which shows a part of land system No. 46, 
illustrates how land systems were subdivided into land facets. 
It should be noted (hal , beca use the smallesl mapping unit 
was the land system, thematic mapping (or one feature map) 
for a given characteristic in this volume, unless otherwise 
slaled, rcpresents the rating of the majar land facet. 

50il C1assification 
The subdivision ofland systems in lo land facet s was particular­
Iy useful 10 bridge Ihe gap between land systems and soil units . 
Clearly, land faceIs will cantal n soils with a variatíon in 
properties~ bul sorne level of generalizar ion must be made in 
making an inventory of land resources. In fact , all but the 
most detailed of soil maps picture sol! units that always 
conta;n a proportion of soils different from those of the 
majority of soils depicted by that unit. 

The most extensive soils ín each land facet were firsI 
elassified as far as the Great Group category of lhe Soil 
Taxonomy system (Soil Survey Staff, 1975); the soils were 
then described in terms o( Iheir maLn physical and chemica! 
propertics. This was beca use Soil Taxonomy does nOl provide 
for the grouping of soils "having simila r physicaJ and 
chemical properlies that reflect their response to management 
and manipulation for use" until lhe soil Family category is 
reached. The amount of soil survey work needed to classify 
soils to Ihe Family level throughout the regio n according lO 

that system was far too great. 
In addition lO classifyingsoi ls according ro Soil Taxonomy, 

the soils were classified according te the F AO-Unesco legend 
(FAO-Unesco, 1974). 

Physical and Chemical 
50il Properties 
Apart from describing the soil properties ioherent in soil 
cJassification {Eswaran, 1977), many physical and chemica l 
properties o[ the topsoils (defined as the 0- to 20-cm depth) 
and subsoils (2 1- to 50-cm depth) ofthe individua lland facets 
were recorded, tabulated, and coded, when lhe informarion 
was avaitable. 

Soil physical properties coded inelude slope, texture, 
presence of coarse material, depth, ¡nitial infiltration rate, 
hydraulic conductivity, drainage, moisture-holding capacity, 
temperatu re regime, moisture regime, and presence of expand­
ing e1ays . 

Soil chemical properties coded ¡nelude pH; pe rcentage of 
Al saturation; exchangeable Al , Ca, Mg, K, Na; total 
exchangcable bases (TEB); effective catio n-<:xchange capacity 
(ECEC); organic malter (O M); available so il P [available P 
data using the Olsen (Olsen et al., 1954), Truog (Jackson, 
1958), and Brazilian (Vettori, 1969) methods, approximated 
to assume values derived by the Bray II method (Bray and 
Kurtz, 1945)]; P fixation; available soil Mn , S, Zn, Fe, Cu, B, 
a nd Mo; free carbonates; salinity; percentage ofNa satu ration ; 
presence of cat clays; X-ray amorphism; and elements of 

-r ~, 
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Fig. 2 Land system No. 46, sI:Jbdivided into land facets 1 
and 2. 

were summarized separately and also computer coded accord­
ing to the Fertility Capability Soil Classification System 
(FCC), devised by Buol et al. (1975), but in a slightly modified 
formo 

rt should be emphasized that the quantity and quality ofthe 
data varied considerably from regio n to region, that minor 
and trace element ¡nformation was seldom available, and that 
there were often large distances between sampling sites, a1l of 
which compounded lhe problerns of generalizing data. A 
sOlall-scale "reliability" map has been printed alongside the 
Land Systems Map to ill.ustrate the variability in the quality o f 
the base data. 

The Data Management System­
Computerization 
Science starts with systematization . Because of the quantity 
and complexity of data available for the study, and in view of 
likely interaction within these data and with other agronomic 
inforOlalion, it was decided from Ithe outset to code all 
¡nformalion on computer-compatible formats. These, togeth­
er with the detailed methodology, have already been described 
by Cochrane et al. (1979 b). As the data base grew, it was 
computer input to facilitate diverse analyses and decision 
making. 

InitiaJly, the methodology fo'r this aspect of the work 
followed that developed by the Statistical Analys is System 
(SAS) (Barr et al., 1976), which contains procedures for 
statistical analyses and data reporüng . Thus storage, analysis. 
and retrieval of ¡nformation was greatly facilitated and the 
informarion immediately Olade available to interested insti tu­
tions on computer tape . Computerization also facilita tes 
revision and updating of data. 

Data Input 
The information sumrnary, or "data base," of the land 
systems oflropical America is surnmarized in Pans I and 20r 
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CLlMATE 
COOEST' 

MAP 
LONG-LAT' 

LAND FACET 
LANDFAC' 

Fig. 3 Schematic of computer files on the data base concept 
used for the Land Systems Map. Asterisks indicare 
actual na me used tor the four cross-referenced files . 
Information maybe combined trom two or more files as 
shown by the interconnecting lines. 

Descriplions ollhe Land Syslems. Technically speaking, the 
storage, retricva l, and analysis of da ta and map reproduction 
by computers is no longer a novelty; this ca n be achieved in 
many ways. In facI, the new programs a nd innovations that 
are constan ti y coming on the market enSUFe the speedy 
obsolescence of previous systems. Whal should nol beco me 
obsolete are the base data per se . 

The geogra phical subdivision o f the region int o land 
systems provided a minimal unit for map mak.ing; funher 
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subdivision of {he land systems into land facet s provided the 
building blocks for dcscri bing and comparing topogra phy, 
vegctatio n, and soils. Co nsequently, much ofthe information 
was summarized as data se Is that refer lO units or units wilhin 
unit s, which facilitated programmer access lO data and the 
revi sion of speci fi c parts of the dala base as additional 
information was received. 

The land·system information is currently o rgani zed in four 
computer files including SAS file s (Ban et al., 1976) , schemat­
ically represented in Figure 3_ Three of (hese files, clim a te , 
land syste m. and lano facet o will be explained in this seclion , 
with reference lO Pa rt ,1 of Volume 3, which is made up of 
printouts of the data reco rded for individual land system s. 
a nd Parl 2 ~ which contains a selection of the meteoro logical 
data sc ts. The fourth file , map. will be ex plained in terms of its 
function in maki ng maps from the clima te. landscape, and 
soi l data . As an exa mple , Figure 4 rep lica~es a printout ofthe 
base data of land system No . l . 

Climate file. The c1imate file, also incorporated as 
pa rt of CIAT's SAMMDATA (South American Monthly 
Meteorologica l Data) file, is made up of data for individual 
meteorological statiQns. These are indexed by geographical 
coordina tes , a ltitudes, and refere nce oumbers to facilitate 
assignment to land systems and facets wilhin systems. The 
paramelers recorded were describcd 00 a monthly basis and 
are de tailed in Chapter 3. The file allows easy programmer 
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fig . 4 Base data 01 land system No. 11rom the tour compulerfiles in Figure 3. Part 1 of Vol. 3 (Computer Summ8ry 
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access to the data, which can be updated to incorporate better 
estimares of the clima tic parameters as additional information 
beco mes available. A mini mal number of data set prinlouts 
appear in Part 2 of 'lhe Computer Summary to describe the 
c1imate, of the land'systems of the ,tudy region . (An example 
is also included in Table 3-1 in Chapter 3.) 

On the printouts ofthe individualland·systelJ1 descriptions 
ofthe study (see Figure 4), the subheading CLIMA TE indexes 
Ihe number and na me of a metcorological data set [hat 
approximates the cliróatic factors ofthe major part ofthe land 
system , 

Land-system . file. The land,system file record, 
generalized landscape characterlstics ofthe land systems and 
the subdivision of the land systems ¡nto land facets, 

The data in the land-system file, which is largely reproduced 
in Figure 4, ineludes the following:. AREA , AL TITUDE, 
PHYSIOGRAPHIC UNIT NO ., GENERAL CLASSIFI­
CATlON, DISTAN C E BETWEEN PERENNIAI. 
STREAMS, and DEPTH OF WELLS . These descriptors are 
explained in ¡he glossary to Part 1 orihe Computer Summary. 
The two dimensional · landform diagram in Figure 4 was 
sketched by ha nd. 

Land-facet file. The iand-facet file records the 
coding of the description of the landscape (iánd) facets ~f the 
land systems under the following headings: GENERAL 
DESCRIPTION, PERCENTAGE OF L.S. (Iand system), 
TOPOGRAPHIC CLASS, ALTITUDE, ORIGINAL VE­
GETATION CLASS %, INDUCED VEGETATION %, 
SOIL CLASSIFICATION, SOIL PHYSICAl,. PROPER­
TIES, SOIL CHEMICAL PROPEkTlES, ELEMENTS OF 
IMPORTANCE MAINLY TO ANIMAL NUTRITION, and 
FERTlLlTY CAPABILlTY CLASSIFICATlON. These 
headings continue the descript1ve data oC the land system 
printouts ofthe study (Part 1 in Volume 3 or refer to Figure 4). 
These descripwrs are a1so detailed in the glossary to Parl I of 
lhe Computer Summary. 

Map file. The Land Systems Map unils were inde~ed 
by geographical coordinates in a map file, Grid~ subdividing 
the 1: 1 ,000,000 land-systems maps into 5-minute latitude by 
4-minute longitude areas were placed over the J 10 1,000,000 
land-systems maps. Each 5- X 4'-minute area was identifled by 
the coordina les oflts Dorthwcst extremity. The Land Systems 
Map used the Lambert Conical Projections ofthe World Map 
at the Millionth .scale (Wernstedt , 1972)'as a geographical 
base; each of lhese projections covers an area of 60 longitud'e 
by 40 latitude . Al the ecfuator, an aTea of 5 minutes of latitude 
by 4 minutes of longitude covers about 6800 ha . Each one of 
these areas was identified as be1o.nging to a given land system 
on the basis of the land 'system occupying the greatest part of 
that arca. 

Once the 5- X 4-minute áreas had .been coded, they were 
computerized and recorded as separate files covcring the 
same areas as the World Map at the Millionth Scale ando 
identified using the same terms, Figure5 illustrates a computer 
printout of one of the sectors of the Land Systerns Map. Map 
SC-22. 

Clearly, the system ofindexing lhe maps facilitates thematic 
and single-factor mapping as computer printouls, Figure 6 is 
a computer-produced single-factor or themat ic map of the 
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percentage of Al saturation of topsoil s over the same arca as 
Figure 5; it was made by assigning ,[he percentage of 
aluminum saturation in the topsoils of the predominant land 
facets ro the land s-ystems. This beca me the basic procedure in 
making such maps . The system also facilita tes the drawing of 
maps according to various map projections and scales and is 
COn venient f or revising d ifferent segments as fu rther informa­
tion comes lO h~nd. 

. Data Output 
The computerized data base descriptors for the study are 
described in the glossary 10 coding in Part I ofthe Computa 
Summary -and Soil Projile Descriptions. This section also 
details Ihe cri'teria ,used to synthesize and code the data input 
and explains how agronomists without access to computers 
might also use the study . Basic output ¡neludes printouts of 
the land-resource information for individualland systems, as 
recordcd in Part 1: meteorolpgical data ofthe type recorded in 
Part 2 and described in Chapter 3: and map conslruction, 
including thematic and single-factor maps. However. t'he true 
value of compute~ization li es in (he speed and nexibility of 
analyses te help define climate-soil' limitations and advantages 
for the growth of crops and fo define analogous geographical 
arcas for the more effective transfef" of cultivars growing well 
in any given environment. 

Use of the Study 
by Agronomists 
As already noted , Part I of the Compuler Summary is made up 
of printouts with virtually complete surnmaries of the land­
scape anel soils ofoll the land systems id entified on the Land 
Systems Map . These sumrnaries provide a ready reference 10 

the'landscapes 'and soils of the region . Par't 2 presents a 
selection o[.prin ~outs of monthly meteorological' data sets to 
describe the climates of the, land systems identified on the 
Land Systems Map. This is onl)' a small fraction of the 
number of data sets available in the climate file . 

The criteria used to describe the da'ta summarized in the 
Computer Summary are explained more fully in the text. 
Additionally, use is made of the thematic and single-factor 
map-making .capabilities of the map file to help illustrate 
overall constraints and advantages to developing germplasm­
based agrotechnology throughout the study region . Further 
information relevant 10 the computerization of the study has 
bee n re<orded by. Cochrane et al. (1979). The entire study is 
available from CIAT or EMBRAPA-CPAC on computer 
tape, by special rcquest . along with specific details of its 
o rga'nization a nd programs used in the rctrleval and analysis 
of informatio n and map makíng, 

Because many agronoinists contribu,ting lo thedevelopment 
of secd-based agrotechnology live in tural areas and do not 
have acceS5 to computer facilities, care has been taken to 
¡nelude comprehensive data-base sum'maries and other perti­
nenl information as appertdiccs, Part ,} in Volume 3 contains 
surnmaries of the landscape and soil ¡nformation foc all the 
land systerns 'mapped and their facets; Paf't 2 is a selection of 
meteorological data sets that may be used 10 approximate 
elimatic condition$' in 'any given land systern. Part 3 records a 
ranQe of tvnical soil nTC)file~ to nrov.idi' a netler puide of so;1 
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Fig. 5 Acomputerprintoutof the land system covering International Chart Map No. SC -22 (Tocantins. Goias. Brazil) 
from the map file. 
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cha ractc ristics. G uideJ ines ror agro no mists who wish to use 
the data ba se a re dela il ed in Chapter 9; this chapler also 
pro vides sorne additional sugges tions ro r accelerating the 
adaptation of seed-based agrotechnology to local fa rmi ng 
cond it ions . 

Agrotechnological 
Development 
While the survey and resullin g Land Syslems Map we re 
oriented to tbe pro bJ em of developing germplasm-based 
agrotechno logy, they do have a significa nt interact io n with 
agrotechnological deveJopment in general. Fig ure 7 ptovides 
a pict ure or the ove rall scope and implicat ions o r lhis system 
to ag ricult ural develo pment. 

Computerized Land System Data Base 
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Fig . 7 Flow chart ef relat ionsh ip ef land-system mapping with 
agretechnologicaldevelopment. Solid lines indicate com­
puter pathways fer using the land resource study; 
da sh ed lines indicate co ntributions of lhe study ro 
spheres of agrotechnological devel opment. 



Chapter 1. 
LAND-SYSTEMS MAPPING 

FOR SEED-BASED 
AGROTECHNOLOGY TRANSfER 

Land systems define areas of similar landscape where the 
same lype of fl:trming might succe~d . Consequently, their 
ca rerul description is fundamental lo land planning and 
transfer of agrotechnology. 

The following text presents a methodology o f c1assifying 
¡and systems and 3n understanding of how they might be 
interpret"'d by agronomisls in Tropical America. The case 
study induded in this chapler emphasizes how land-systems 
mapping contributed lo rcsearch within CIA T's Tropi cal 
Pastures Programo 

A Historical Note 
After the discovery of the new world, it waS nol long befare 
explorers with illusions of the quest for "El Dorado" 
penetrated the inner recesses ofthe South American subconti­
nenl. Missionaries followed; they helped stabilize settlements 
of indigenous peoples , stimulated agricultural production, 
and were mainly responsible for introducing ta ttle on t'he 
native sa vannas, Mining for gold and precious s tones , and 
especially the rubber boom ofthe Amazon toward the end of 
the 19th cenlUry , attracled fortune seekers and resulted in 
furth er settlement. However, it wasn't until the effects of the 
build , up of populatio n pressure in the Andea n highlands a nd 
in the coastal strip of Brazil beca me felt in the 1940s that 
serious effoTts wcre made to encourage colo nization and 
agricultural development. 

Colonizati on and bringing new land inlO production ha ve 
proceedcd apace during the past two deca des , Wilh varying 
success, Many new agriculture-based communities have flour­
ished . On [he othe r hand , a general failure to unders tand the 
nature oftropical c1imates and soils and a la ck o fgermplasm 
adapled lo [he various ecosystems have often led lo unneces­
sary hardship. The success in transfo rming the wo rld's 
ultima te reserve of undeveioped land resources into produc­
tive agricultura Ila nds will depend to a considerable ex tenl on 
renewed efforts to undersland the nature ofthe land resources. 

Previous Knowledge of 
the Region 
The FAO-Unesco Soil Map of the World (1971, 1974) 
indicates that there are ex tensive areas of very poor and 

possibly fragile soils, mainly Ferra lsols (Ox isols) and Acrisols 
(U ltiso ls) , suppo rting the lowland savannas and Amazonian 
forests of tropical Soulh Ameri ca. This suggests the need for 
und erstanding (he mllure of these land resou rces. 

There a re many , orten connicting, opinio ns as lO the nature 
o f these two regions. ln the case of the savannas. their very 
existence is a n enigma that has provoked considerable 
controversy (G oodland , 1970) . Nevertheless , Eiten's (1972) 
review of the savannas of Central Brazil, locally called 
"Cerrados" (see Photo Plate 22) , and many more recent 
studies published in the proceedings of the fo unh and fifth 
sympos ium s on the Cerrad o< (Ferri, 1977; Marchetti and 
Dantas Machado , 1980) ind icate that these lands are now 
much better understood. 

Many a uthorities consider the Amazon forest soils (see 
Photo Pla te 4) incapable of sustaining agriculture or livestock 
production after the primary vegetation is removed (Gouru , 
1961; Seltze r, 1967; Reis, 1972; T osi , 1974; G oodland and 
Irwin, 1975; Budowski, 1976; Schubart, 1977; Irion, 1978; 
G ood land e t al. , 1978). Yet there is ample evidence to <how 
that agriculture and livestock production o n weli-drained 
land s is not only possible but also profitable (Falesi, 1972, 
1976; Al vim, 1978, 1979; Sánchez, 1977, 1979: Serrao et al. , 
1979; Toled o and Mora les, 1979; Cochrane and Sánchez, 
1982). 

The amount of soil-surve y and land·resource inventory 
informati o n available for tro pical South America has in­
creased rapidly during the past J 5 years. An attempt has been 
made to incorporate this work inro the CIA T study . Principal 
sources have been refercnced in the bibliograhy, which is by 
no means exh austive , however. As noted by McQuigg( 1980): 

There is a n aSlOnishing a mount of information avaiJable 

in most countries on clima te, soils, a nd other faclors 
im ponant lO agricultural success. Bul thi s info rmation 

has o nJ y modesl value to farmers and planners until it is 
organized, usuall y with a compuler, in to a system which 
offers capabilities for simu la ting, predicling results and 
beuer managing rarm production. 

CIA T's methodol ogy for land-resource appraisal was de­
signed to fac ilitate the speedy appraisal and systematization 
of (he large amount of information avai lable in tro¡:>ical 
America. 
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A Case Study: Using the 
Land Systems Map to 
Define Agroecosystems 
for Tropical Pastures 

The work on a Land Systems Map for the region, presented in 
this book, WítS originally commissioned as a study of the 
a,cid-i nferti le savanna regioos with Ihe express purpose of 
seleeting representative localities ror testing promising grass 
and legume accessions (CIAT, 1978b). lt is lherefore filling lo 
providc an overview of how the region as a whole was 
subdivided into agroecozones ror CTA T's Tropical Pastures 
Program and, speeifically, lo surnmarize the findings from the 
Land Systems Map about the major 50il constraints within 
those ecozoncs (CIAT, 1981). 

Arter following the procedures oUllined in Jaler chapters, 
five agroecozones were selected to define and subdivide the 
humid lowlands of central tropical South America . These are 
shown in Map 1 (sce Map Plates), which is based on compu ler 
printouts of land-syslem groupings integrating the broad 
clima tic. topographic, and natural vegetatíon classes (defined 
in ¡aler chaplers). lt is a first approximation lO pUl gross 
climate and landscapedifferences into perspective. Table 1-1 
summarizes lhe fíve agroecozones in terms of their majar 
vegetation, c1imatic, and lopographic characteristics . (The 
very poorly drained forested areas indicated on the map were 
included within the forest subdivisions according to their 
climalic rcgime.) 

The basis for the subdivision of the lowlands of tropical 
South America ¡nlO climatic subregions is summarized in 
Chapter 3. The c10se relationship of the wet-season potemial 
evapolranspiration (WSPE) lO the natural vegetation growing 

on wel\-drained soils (Cochrane and Jones, 1981) indicales 
that gross natural vegetation characteristics are a function of 
the amount of energy plants can use, as accorded by annllal 
water-bala nce paneros. This fínding was used as a firsl broad 
criterion for subdividing Ihe region into agroccozones for 
perennial pasture production. The second criterion was soil 
drainage . ln poor1y drained land" for inSlance, lhe ability of 
plants tú withscand waterlogging is of primary importance. 
Consequently , the poorly drained savannas, including the 
picturesquely descrjbed Pantanal of Brazil, which are found 
throughout the climatie subregions b to e (dcfined in Table 
3-4, Chapler 3), were grouped together as 8n I'agroeeozonc l

' 

for pasture production becallse thcy are lands affccted by a 
common problem of prolonged periods of annual waterlog­
ging . The first subdivision of the region, however, was only 
possible through the second-grouping the vegetation classes 
of [he well-drained soils of the land systems . Further. ir is 
obviously necessary to sludy climatic charaeteristics in much 
grealer deplh. 

It was axiomatic that the soil phys ical and chemical 
conditions within lhe agroecozones would have to be defined 
more carefully for (1) choosing representa ti ve sites f or test i ng 
promising high-yieldíng pasture plant accessions and (2) 
developing reasonable criteria for hoth preliminary screcning 
and advanced field testíng of germplasm. By computerizing 
lhe la nd-resource study, an in -d epth analysi s of soil physical 
and ehemical constratnts within [he agroecozones was facilita­
led o This resulted in a summary of the soils found on the 
main1y well-drained, nol lOO Sleep slopes (Iess than 30%) 
with in the predominantly well-drained agroecozones (Table 
1-2, Sections ato 1). 

The many factors relevant lO soil physical and chemical 
conditions summarized on Ihe computer formats for the land 
facets of the land syslems, and described in detail by 
Cochrane et al. ( 1979) , were examined separately within the 

Table 1-1 , Agroccozones determined for CIAT's Tropical Pastures Program in the central lowlands of tropical South America. 

Area (ha x 106 ) 

in each IO~O~riJPhY dass 
Climatic Flat, poo r < 8% -11% > 30% ¡ otil ¡ area Percentage of 

Agroecozone pa rameters . drainage slope slope s lope (ha x 10' ) tota l area 

Poorly drained savanna WSPE < 900 mm, < "9 O O O '9 7 
6 mos. wel season, 
WSMT > 23 .SoC 

lsohyperthermic savanna WSPE 900-1060 mm. 17 72 J2 10 111 6 
6-8 mos. wet s eason, 
WSMT < 23 . 5° C 

I sothermic savanna WSPE 900- 1060 mm, 25 9 '2 6 
6-8 mos. Wf'!t sea son, 
WSMT > 23.SoC 

Semi-evergreen seasonal WSPE 1061-1300 mm. 53 "5 9. 296 "' fores l 8-9 mos . wel season. 
WSMT > 23.SoC 

Trorica ! rain forest WSPE > 1300 mm, 6' 88 55 5 217 30 
> 9 rTlOS. wet season . 
WSMT>U.5°C 

Total a rea (ha x 1011
) 189 330 170 2. 71' 

Percentage of total area 26% 46% ]q% '% 

a. WSPE '- total wel-season potentia l evapOlranspiration. 



Table 1-2. 5ummary of the aereal extent of major soil constraints of importance to pasture germplasm selection for the well-drained soi/s of the central 
lowlands of tropical South America, by natural vegetation and topographic class . 

Percentage 
within 
class 

50il 

a) Topographic class 0- 8% 

Oxiso l 66.5 

Entisol 23.1 

Alfisol 6.7 

Ultisol 2.0 

Inceptisol 1.0 

Mollisol 1.0 

b) Topographic crass 8-30% 

Oxisol 78.0 

Entisol 11.0 

Great Gr oup 

Haplustox 
Acrustox 
Haplorthox 
Eutrustox 
Sub total 
% with constraint 

Ouartzipsamments 
Tropofluvents 
Ustipsamments 
Ustifluvents 
Subtotal 
% with constraint 

Rhodustalfs 
Haplustalfs 
Subtotal 
% with constraint 

Plinthudults 
% with constraint 

Dystropepts 
Eutropepts 

Subtotal 
% with const r aint 

Haplustolls 

TOTAL 

% o( tOPQ9raphic class 
Rank order o( importancee 

Haplustox 
Eutrustox 
Acrustox 
Subtola! 
% with constraint 

T roporthents 
Quartzipsamments 

Subtota! 
% with constraint 

Area 
covered 

(ha x 10 t ) 

19.24 
17 .57 
6.02 
5.03 

47 . B6 

12.71 
1.88 
1. 49 
0.51 

16. 59 

2.411 
2.43 
4.87 

1.118 

. 0.66 
0 .1 4 
6.80 

0.32 

71.92 

7.5 1 
1.611 
0.05 
9.20 

0.77 
0.56 
1.33 

Area with chemical constraints · (ha x 10 

--:==~'-"'-'=======JjD~eIf,~c~,e~n~c]yt'=====;:==~ A rea with physica I Toxicity P constraintsb (ha x 106 ) 

Al Al -( satl K Ca Mg P fixation MH S 

ISOHYPERTHERMIC SAVANNA 

7.S3 
111.64 
1.94 
0.76 

24.87 
51. 9% 

0.28 

0.28 
1.6% 

1.48 
100.0% 

26.63 

7.72 
6.44 
1.68 
1.01 

16.85 
35.2% 

4 .60 

4.60 
17.7% 

21 .45 

37.0% 29.8% 
2 2 

2.26 

2. 26 
" . 6% 

0.77 

0.77 
57.9% 

0.48 
0.11 

0.59 
6.'% 

0.77 

o. " 
57.9% 

14.07 
17.57 

5 .65 
0.76 

38.05 
79.5% 

12.71 

14. 20 
88.8% 

0.17 
0.17 
3.5% 

11.93 
17. S7 
3.45 

32.95 
68.8% 

12.71 

1 .49 

14. 20 
85.5% 

0 . 17 
6. 1 7 
3.5% 

8.04 
5.31 
4 . 99 
0.46 

18.8 
39.2% 

11 .23 

1. 49 

12 .12 
76.6% 

0.17 
0.17 
3.5% 

13.40 
17.38 

4.28 
0.30 

35.36 
73.8% 

12.63 

12. 63 
76.1% 

0.17 
0.1 7 
3.5% 

1 . 481.118 1.481.48 
100.0% 100 . 0% 100.0% 100.0% 

0.66 

0.66 
82.5% 

54.56 

75 .8% 
1 

5.18 
0.11 
0.05 
5.j4 

58.0% 

0.77 
0.56 
1.33 

100.0% 

48.80 

67.8% 

1i.95 

0.05 
5.00 

5'.3% 

0.77 
0.56 
1.33 

100.0% 

33.17 

46.1% 
2 

2 . 118 

2.48 
27 . 0% 

0.77 
0.30 
1.07 

80 .• % 

49 . 6L1 

69.0% 
1 

4.95 

0 . 05 
s. O 

50.3% 

0.77 
0.26 
1. 03 

77 .'% 

9.89 

3.46 
0.30 

23. 48 
'9 . 0% 

23.48 

32 .6% 
2 

2.34 

2.34 
25.4% 

9.48 
9.83 
5.67 
1. 01 

32.66 
68.2% 

12. 71 

1. 49 

14.1 
85.5% 

0.66 

0.66 
B2 .5% 

47.52 

66 . 0% 

11 . 58 

1i . 58 
119.8% 

0.77 
0 . 56 
1. 33 

100.0% 

4.80 
16.50 

4 . 80 
10.0% 

12.71 

1.119 

14.1 
85 . 5% 

1.116 
98 . 6% 

0.66 

6.66 
82.5% 

21 .1 2 

29.3% 
2 

0.19 

O. t 9 
2.1% 

0 . 56 
0.56 

112.1% 

Continued ...,¡, 
~ 



Table 1-2. Continued . 

Soil Area with chemical constraints. (ha x , oe ) 
Percentage Area Deflclency Area with physical 

w¡th;n covered Toxicity P constraints b (ha x 105 ) 

Order class Creat Croue (ha x 105 ) ~! ~! {sat) K Ca M~ P fixation ~R 5 
Alfisol 7.1 Paleustalfs 0.84 0 . 84 

% with constraint 100.0% 

Ultisol 3.2 Haplus tu 1 ts 0.38 0 .38 
% with constraint 100.0% 

Inceptisol 1.0 Dystropepts 0 .11 0.11 0.05 
% with conslraint 100.0% 45.4% 

TOTAL '1. 86 3.03 1. 36 6.78 6.33 3. 55 7.3 2 . 34 5.91 0.75 

% of topographic class 25.5% 11.5% 57.1% 53 . • % 29.9% 61.5% 19.7% '9.8% 6.3% 
Rank order of importanceC 2 3 1 2 1 3 1 1 

e) Combined to O ra hic classes 0-8 and 8-30% 83 .78 29.66 22.81 . 61 .34 55.13 36.72 56.9L1 25.82 53. Ll3 21.87 
O com me area Wlt constramt 35.'% 27.2% 73.2% 65.8% 1j].8% 67.9% 30.8% 63 . 7% 26.1% 

Rank order of importance C 2 2 1 2 1 2 1 2 

ISOTHERMIC SAVANNA 
d) Toposraphic class 0-8% 

Oxisol 95.6 Acrustox 9.75 9.75 3.03 9.75 9,75 2.86 9.75 8.37 6.52 
Eutrustox 7.62 3.07 0.38 3.07 1. 38 2.69 LI . 07 ].29 
Haplustox 6.74 l.73 1.64 6.7L1 6.74 4.02 6.74 1. 9\ 6.74 

Subtotal 2'1.11 16.55 5.05 19.56 17. 87 6.88 19.18 14 . 35 16. SS 
% with constraint 68 . 6% 20.9% 81.1% 74.1% 28.5% 79 .5% 59 . 5% 68.6% 

Ultisol 3.5 Rhodustutts 0.87 

Alfisol 0.9 Rhodustalfs 0.23 0.23 
% with constra;nt 100.0% 

Entisol 0.1 Ustifluvents 0.02 

TOTAL 25.21 16.55 5.05 19.79 \7.87 6.88 19.18 !tI. 35 16 . 55 

% of topographic class 65.6% 20.0% 78.5% 70.8% 27.2% 76.0% 56.9% 65.6% 
Rank order of importanceC 1 3 1 1 2 1 1 

e) Toeograehic class 8-30% 

Oxisol 96.9 Haplustox 5. 57 1. 98 1. 05 5.57 3.39 1. 61 4.57 5.57 
Acrustox 3.01 3.01 3.01 3.01 2.01 2.01 
Eutrustox 0 . 35 0.13 0.'3 3.01 0. 13 

Subtotal 8.93 5.12 1.18 8.58 6.LlO 1.61 7.58 2.01 7. 71 
% with constraint 57.3% 1l.2% 96.1% 71.7% 18.0% 8'.9% 22.5% 86.3% , 

Alfisol 3.1 Rhodu sta\fs 0.29 
% with constraint 

TOTAL 9.22 5 . 12 1. 18 8 . 58 6. "'0 1.61 7.58 2.01 7.71 

~ of topographic class 55.5% '2.8% 93.0% 69.'1% 17 . 11% 82.2% 21.8% 83 . 6% 
Rank order of importance C 1 3 1 1 3 1 3 

f) Combined topo9raphic classes 0-8% and 8-30% 3'1.43 21.67 6.23 28.37 24.27 8."9 26.76 16 .36 24.26 
% oi area wlth constratnt 62 . 9% 18 . 1% 82 .• % 70.5% 2tt.6% 77.7% 47 . 5% 70.4% 
Rank order of importancec 1 3 1 1 3 1 2 1 



SEM r -EVERCREE N SEASONAl FOREST [UNDER NATrVE VECETATrON) 

gl Toe~ra2hic class 0-8% 

Oxisol 48.5 AcrorthDx 38 . 80 22.07 28.3\ 30.06 30.06 4.04 28.52 7.99 22.07 
Haplorthox 26 . 62 18.42 21 . 81 17.42 5.6 1 4.78 16.46 4 . 36 23 . 49 
Umbriorthox 11.31 4 . 31 11.31 11.31 4.31 4.31 14031 
Eul r orthox 0.35 0.35 0.35 
Sublolal 70.08 44.80 54.43 51. 79 39.98 13.13 45.33 12.35 50.22 
% with c.Dnstraint 63 . 9% 77 .6% 73.9% 57.0% 18.7% 64.7% 17 .6% 71.6% 

Ultisol 110.5 Tropudults 41.75 26.09 41.68 30. lO 30.73 11. 67 34.77 9.78 
Paleudults 15.47 14.11 111.11 6.00 15.47 11 ... 11 4.07 0 . 22 
HaplustullS 0.89 0 . 69 0.89 0.07 0.69 0.21 
Plinthudults 0.35 0.35 0.35 0.07 0.07 0.07 
Subtotal 58.46 40.55 56 . 83 37.06 46.27 15.85 39.60 1<1.0 0. 21 
% with c.onstraint 69.3% 97 . 2% 63.'% 79.1% 411 . 2% 67.7% 17.1% 0.4% 

Entisol 6.6 Qua rtzipsamments 4.79 4.35 4.58 0.55 4.52 4.33 11 . 53 4.79 
Tropofluvents 3.13 1.30 0.37 0.37 0.25 0.63 
Ustipsamments 1. 21 0.71 0.71 0.2 1 0 . 18 0. 18 0.71 1 . 11 
Ustifluvents 0.26 
T ropopsammen ts 0.16 0.06 0 . 1(1 
Subtotar 9 . 55 5.06 5.29 2. 12 5.07 4.88 5 . 49 6.67 
% with conslraint 52.9% 55.'% 22.2% 53 . 0% 51.1% 57.11% 69.8% 

Alflsol 3.5 Hapluda!(s 11 . 55 2 . 12 0.89 
Haplustal(s 0.47 0.47 0.47 
Subtotal 5 . 02 2 . 59 1. 36 
% with c.onslraint 51.6% 27 .1% 

Inceptisol 0.9 Eutropepls 0 . 75 
Ustropepts 0.37 
Dystropepts 0.24 0.24 0.24 0.211 0.24 

Subtotal 1. 36 0.24 0.211 0.14 0.24 
% with constraint 17 .6% 17 . 6% 17 .6% 17.6% 

Mollisol 0.1 Argiudolrs 0.01 0.02 
% with constraint 100.0% 

TOTAL 1411 . 48 90.65 116.79 93 . 80 91.56 43 . 86 91.78 22.35 57.10 

% of topographic class 62.7% 80.8% 6' 9% 63.3% 30.3% 63 5% 15.5% 39.5% 
Rank order o ( importance 1 1 2 1 3 2 

h) To~raphic class 8-30% 

Oxisol 56 . 6 Haplorthox 38.49 36 . 32 31.92 28.36 23.15 28 . OS 30.19 6.18 36.65 
Acrorthox 14.39 12.85 12. 85 3.17 2.59 12. 27 3.17 
Haplustox 0.07 0 . 07 0.07 0.07 
Subtotal 52.95 49. 1 j 31. 99 41.21 26.32 30. 64 42.53 6.25 39.82 
% with constraint 92.8% 60.'% 77 .8% '9.7% 57.8% 80.3% 11.8% 75.2% 

Ultisol 36.5 Tropudults 27.08 3.05 15 .63 12.87 12.53 2.77 12.23 0.91 
Rhodudults 4.113 
Paleudulls 2. 511 2.1111 
Haplusturts 0.14 0.04 0 . 10 0.01 
Subl(Jtal 34.19 3.05 18.01 12. 91 12. 53 2. J7 12.33 0.91 0.01 
% with constraint 8.9% 52.9% 37.8% 36.6% 8.10% 36.1% 2.7% 0.03% 

Entisol '.1 TrolXlrthents 3.82 O. JI:! 0.34 0.34 3.82 3.82 
Quartzipsamments 0.02 0 . 02 0 . 02 0.02 0.02 

Subtotal 3.84 0.36 0.34 0.J6 3 . 84 3.811 
% with constraint 9.'% 8 . 8% 9. ,% 100.0% 100.0% ~ 

w 
Continued 
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Table 1 -2. Continued. ~ .. 
Soll Area wlth chemical constraints · ( ha x lO' ) 

percentage Area Deflclency Area with physlcal 
wlthin covered TOXicit~ P constraintsb (hax1ot) 

Order class Creat Group (hax10e ) ;1;1 K Ca Mg P fixation MH S Al saO 

Inceptisol 1.8 Dystropepts 1.65 1. 65 1.65 1.65 1.65 1. 65 1.65 1. 65 
% with constraint 100 . 0% 100.0% 100.0% 100.0% 100 . 0% 100.0% 100 .0% 

Alfisol 1.0 Hapludalfs 0.86 0 .28 
Haplus talfs 0.06 0 . 02 
Subtotal 0.92 0 . 28 0 .02 
% with conslraint 30.lI% 2. 2% 

TOTAL 93 .55 53.87 51 . 71 56.13 40 .84 35. 42 60.63 7 . 16 45. 34 

% of topographic class 57 .6% 55.3% 60.0% 43.6% 37 . 9% 64 . 8% 7.6% 48.5% 
Rank order of importance c , 2 2 , 3 2 

i) Comb 'lned topo ra hic classes 0-8 and 8-30% 238 .03 1 lit¡. 52 168 . 50 1 lIg. 93 132.11 0 79 .28 152 . 41 29.51 102.44 
o area Wlt constralOt 60.7% 70 . 8% 62.9% 55 .6% 33 . 3% 64.0% 12.11% 43. 0% 

Rank order of importance C , , 2 , 3 2 

TROPICAL RAIN FOREST (UNDER NA TlVE VEGETATI ON) 

j) To~o9raehic class 0-8% 

Ultisol 56.5 Paleudults 26.05 26. OS 26 . 05 26.05 22.56 25.16 8. 42 
Pl in thud ulls 21.47 21. 147 21.47 21 .47 6.87 

N· Tropudults 10.83 10 . 21 10 . 21 10.27 1. 79 1. 80 8.lI2 
Subtotal 58.35 57. 73 57.73 57 . 79 24 . 35 26.96 23 . 71 
% with con straint 98.9% 98.9% 99.0% 41 . 7% 46.2% 40 .6% 

Inceptisol 14.3 Dystropepts 6.-72 6.72 6 . 72 0.92 6.11 
Eutropepts 4.26 4 . 26 
Oys trandepts 1.58 0.45 0.tl5 1.39 0 . 61 0.45 0.94 1.13 
Subtotal 12. 56 7.17 7.17 6.57 0.61 0 . 45 7.05 1.13 
% with constraint 57.' % 57. 1% 52.3% 4 .9% 3.6% 56.1% 9.0% 

Alfisol 10 .7 Hapludalfs 9.41 9.41 9.4 1 
% with constraint 100.0% 100.0% 

Oxisol 4.3 Acrothox 2 . 76 2.76 1. 27 2.76 2.76 2.76 1 .27 0.45 
Haplorlhox 1.01 1.01 1.01 1.01 1.01 1.01 
Subtotal 3. 77 3.77 2.28 3. 71 3. 77 3. 77 1.27 0.45 
% with constraint 100.0% 60.5% 100.0% 100.0% 100 . 0% 33.7% 11.9% 

Entlsol T ropofluvents 3.63 3.13 
% with constraint 86.2% 

T OTAL 87.72 68 . 67 67.18 80.67 28 .73 31.18 41.411 1. 58 

% of topographic class 78.3% 76.6% 92.0% 32.7% 35.5% 47 .2% 1.8% 
Rank order of importance" , , 1 2 2 2 3 

k) TO~9ra2h¡c class 8-30% 

Oxisol 74.7 Haplortho x 33.53 31 . tl 2 31 .112 33,53 13 . 60 13.20 32.68 11 .48 
Acrorthox 7 . 47 7.47 7,47 7 . 47 
Subtotal 41.00 31.112 jl.42 41.00 21. 07 20.67 32.68 11.118 
% wit h constra lnt 76 . 6% 76.6% 100. 0% 51.4% 50 . 4% 79.7% 28 .0% 
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Ultisol 6 . 6 Paleudul ts 2.1 q 2.1 ti 1.88 2.1 ti 1.88 
Tropudults 1.51 1,51 , ,51 1. 51 1. 51 

Subtotal 3 , 65 3,65 3.39 3.65 3.39 
% with constraint 100 .0% 91.9% 100.0% 91.9% 

1 nceptlsol 13 . 3 o'ystropepts 7.32 6,tlO tI,79 7.32 6.40 1.61 1.61 
% with constralnt 87.4% 65.'% 100.0% 87.4% 21.0% 21.0% 

Alfisol 5.' Hapludalfs 1.96 0.23 1.96 2 . 73 
% wlt h constraint 7.8% 100 .0% 91.1% 

TOTAL 54 . 93 41 . 47 39.83 5t1.93 21. 07 30.46 37 . 02 13.09 

% of topographic class 71.5% 71.5% 100.0% 38.3% 55. ,% 67.4% 13.8% 
Rank order of importance 1 1 1 1 1 1 3 

!) Combined to~sraehiC c lasses 0-8 and 8-30% 1 tl2 .65 110 . 1t1 107.01 135 . 60 49.80 61.64 78.46 14.67 
% of area wlth const ralnt 77 .1% 75.0% 95.0% 35 . 0% ".1% 55.0% 10." 
Rank order of Importance 1 1 1 1 1 1 3 

a. Refers to topsoil. except for Al (sat) =- % Al saturation in subsoil. 
Al = Al saturation>70%; K =- <0. 15 meq/l00 9 soiJ; Ca ::. < 0.4 meql100 9 5011; Mg = <0.2 meq/lOO 9 soil; P =- < 3 ppm; P fixatlon =- high P fixation. 
For details see : Cochrane et al.. 1979 . 

b . 
c . 

MR - low mOlsture holding capacity . <75 mml100 cm soil; S = sandy topsoils. 
1 =>50% of area. 2 =- 25-50% of area. ) :- < 25% of area", 

-'" 
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Great Group soi1 subd ivisions ofthe topographical classes ror 
eaeh agroeeozone. In TabIe 1-2. Seetions e. f. i. and l. th e 
topographieal eJasses O-S% and 8-30% are grouped together 
lo summarize the majar sojl cons lrai nts . The specification of 
soi ts in (erms ofGreat Groups clearly helps with the appraisal 
ofsoil conditions, bUl, as can be seeo rrom Table 1-2, it is nOl 
a lways sufficient to desc ribe speciflr; soi l constraints, let alone 
judge the ir relative importance in geographical perspective 
ror the determination of desirable germplasm tra its. 

The following ecosystems were determined ror elAT's 
Tropical Pastures Programo 

Isohyperthermic Savannas 
F rom Table J-2. Seetions a. b, a nd e. it can be seen th at the 
predominant so il physical constraint throughout this agroeco­
zone is low moisture-holding ca pa city . This is pa rticularly 
evident in the Haplustox, Acrustox, a nd Haplorthox soil 
Great Groups within the Oxisol arder, and in the Quartzip­
sarnments and Ustipsamrnents of the Entisols; sails with low 
moisture-hold ing capacities within these Great Groups ac­
cOunt for ovcr 60% of the soil s found in the agroecozone as a 
whole. The tendeney fo r rainfall patterns to be somewhat 
erra tic in sorne parts of the ecozone suggests a nced for plants 
capable of withstanding moisture stresses, perhaps beyond 
that indieated by th e Jength and intensity of the dry season. 

Soil mineral deficiencies . principally P, K, and Ca , are of 
primary importance; pasture plants ca pable of produci ng 
sa tisfact a ril y in sails with low levels o f these elements should 
be sought. The ability of plants to tolerate high Jevels of AJ 
and low Mg is of impo rtance a yer about 30% of the area. 
Further, the percentage of Al saturation in th e su bsoil does 
not tend io be as hi gh as in the topsoil. Phospho ru s fixation is 
likeJy to be a problem in 30% o f the soi ls . In short. the 
geographical extent o f soils with potential Al to xicity and 
P-fix a tion problems is not as large as might be inferred from 
small-sca le , generalized soil maps. 

Isothermic Savannas 
T able 1-2, Sections d. e, and f. indicate that in isolhermic, as in 
isohyperthcrmic, savannas, low soil moisture-holding capaci­
ty is a seri ous problem. Over 70% of the soils. virtually all of 
them Oxisols, have low moisturc-holding ca pacities. This 
probJem is demonstrated by the exaggerated effeet the 
veranicos (erratically occurring periods with Httle rainfall 
during the '''wet season" in Central Brazil) have on crop 
growth and, to a lesser extent, 'Ün pasture production . Pasture 
plants for this ecozone must be adapted. not only te survivea 
prolonged dry seaso n of 4 to 6 months but also te resist lesser 
periods of moisture st ress during the wet season . Perhaps the 
best wa y te ensure this is to find plants that will grow deep 
roots under the poor chemical conditions of these soils, 
coupled with more emcient sOLI amendments and fertilizers to 
promote deeper rooting. 

In the iso thermic savannas, in contrast to the isohype r­
thermic savannas, both soi l deficiency and toxicity problems 
are of primary co ncern. Pas ture plants should be selected to 
give sa tisfaetory yields in soils wilh high levels of the 
percentage of Al sa turatio n .and low le veis of P, K, and Ca . 
Phosphorus fixation also appears to be a potential and 
widespread problem, so emphasis should be pul on choosing 

r I 1'1;]' , 

The Al saturalion percentage levels tend lO d iminish with 
depth; this is very important insofar as roOI penet ratio n is 
concerned. It also means that the correction of Al toxicities 
through mini mal lime a pplications, as calcuJated by the 
improved liming equation of Coehrane et al. (1980). would 
provide an alte rnative, relatively low-cost way o f overcoming 
a serious problcm throughout this agroecozone. 

TropicalSemi-Evergreen 
Seasonal Forest 
The analytical data of soi l samples , taken mainly from soil 
profiles describing soils under native vegelation, would 
suggest that poten ti al P, K. and Ca defiei eneies couJd be 
widespread problems, and that soil Allevels are often high in 
the tro pical semi-evergrcen seasonal fores! areas (Table 1-2 , 
Seetions g. h, i). However, as illustraled by the work of Falesi 
( 1972. 1976) and Serrao et al. (1979), soils under forest 
vegetation may be changed completely ir the vegctation is 
burned an d Ihe resulting ash returned to the soil. In olher 
words, the potential fertility of soils in this ecozone under 
forest cover is a function nOI only of [he soil's fertility but also 
ofthe ferlility " stored " in the biomass . Analytical figures can 
o nly provide a salisfactory guide to fertility ifthe vegetation is 
eompletely removed by clearing lands by bulldozers. After an 
adequate burning o fvegetation , the fertility of these soils may 
be restored . If foll owed up by eareful management using 
deep-rooted pastures, this restored fertilily might be main­
ta ined for many years. 

The phenomenon of "fertility" being sto red in biomass 
would indicate thal, provided adequate management tech­
niques are used, pastures not so well adapted to very low 
soil-fertility conditions for the semi-evergreen seasonaJ forest 
agroeeozone mjght be cultivated. On the other hand , there is 
cJearlya lot more to be understood about past ure management 
in these areas, and the search for pastures better adapted to 
the ecosystem should continue. 

Tropical Rain Forest 
Owing lo the inherent difficulty ofburning forests in very wet 
arcas, the analytical figures indicaling chemical constraints 
for the tropical rain fo res t agroecozone (Table 1-2 , Sections j , 
k, 1) probably serve as a more useful guide for selection 
criteria for pasture plants than is the case for the semi­
evergreen seasonal fo rests. The percentage of Al satu ration 
levels are often high, and K levels are almost universally low. 
The p . Ca. and Mg figures appear, on the average. to be 
slightJy higher than those of the other agroeeozones. but they 
clea rly reflect the higher proportion of inherently mOre fertile 
soils, especia lly the Inceptisols, A lfisols , and Entisols. These 
three soils alone account for about 25% of the well -drained 
soiIs of the region; thei r presence indica tes that the develop­
ment of pasture germpJasm speeifieally adapted to aeid. 
¡nfertile soils for this eCOZOne is not so high a priority as in the 
other ecosystems. 

Discussion 
These summaries ofthe major soil constraints in the agroeco-
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known int o account. Unfortunately, lhe reeorded soil survey 
and fertility wo rk rarely ¡neludes S, Mn , o'r min o r element 
assays, beca use of pas t analytieal and interpre tative problerns. 
It is Ihus possible Ihat germplas m lolera nt to low S levels or 
toxie Mn levels rnay be required fo r sorne regions. 

The picture that has emerged from this land-sys tem 
eva luati o n ofthe major soil constraints, and, by ¡nference, the 
priorities for desired genetic traits in tropica l pastures for the 
acid so ils of tropical Arnerica's hinte rlands, is co nsiderably 
different fro m wh a l was previo usly inferred from generalized 
srnall-scale rnaps. 

A first maj o r finding is that P fi xa tio n is not a pote nlia! 
problern ayer mueh of the a rea, but is mainly co nfined la the 
isothermic agroeeo zone. This ealls for a di ffe rent em phasis- on 
work designed to tack le P problems. Ph osphate rock seems an 
attractive, !o w-eosl so!ution for correct ing P deficiencies for 
pasture productio n over much of the region . We still need to 
lea rn aboul the behavi o r of rock phosphate in th e context of 
ove rall c ro p growlh , however. There is also a need for more 
study on the ability of P and ot her minerals to rnove down the 
soil profile and stimulate deeper rootin g and, consequenlly, 
tap more extensive water and mineral supplies. There is 
evidence, for instanee, that single superphosphate does this 
task more effectively than triple superphos phate (E. Wagner , 
CPAC, pers. eomm.). Nevertheless , al this point, il is ce rtain 
that paslure plants should be se lected for tolerance lo soils 
with low P leve!s. This is parti cula rly important in lhe case of 
plants for (he isothermic savannas. 

The second major findin g is that potential Al toxicity is nol 
as widespread as previo usly thought; however, it is a n 
important considera tion in the isothermic sava nna agroeco­
zone . Fo rtunately, in lhis ecozone, the percentagc of Al 
saturation in ma ny soils diminishes with depth, and, thu s, lhe 
strategic use of min imallime applications will provide a low­
cosl So lulion to ma ny toxicity problems. Pasture plants 
tole ra nt to hi gh Al saturation in soils are still hi ghly desirable 
fo r the isot hermic savanna agroecozone, although this to ler­
ance need not be as great as previou sly thought. Pasture 
germplasm need not all be screened fo r tole rance 10 very high 
soil-solutio n Allevels , as has been the practice in the past. 

The third majo r findin g is that soi l Ca and K levels are low 
on a very high pro port io n ofthe so ils . Low M g levels are also 
common. This would suggest that a desirable "trait" in 
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paSlure plant germplasm would be tolerance lO low avai lable 
K, Ca, and Mg. (Clea rl y, deficie ncy problems of Ca and Mg 
can be overco me by modest applicati o ns of do lomitic lime­
slone; howe ver, (he cost ofsuc h is a function of distance from 
suilable and co mmercia lly exploited depos its.) 

A fo urth finding is that th e su bsta nt ial fertility reserves in 
arboreal bi o mass infers that care must be la ken in interpretin g 
the relative importanee of soi l chemica J constraints ror rhe 
semi -evergree n seasonal foresl agroecozone. I t is eviden t tha t 
by burning the forest cover man y of lhese soi ls will undergo 
majo r change s in lh ei r nutrient properlies. Further, the 
reslored fertility can be ma in tained for man y years under 
adequate pasture management. This would involve only a 
mini mal input of chemical fertili ze rs. As a co nse qu ence, the 
search for germplasm adapted lO extremely poor soil-fert ilily 
conditions need not necessa rily be a priority for th e semi­
evergreen seasona l fores t regions . In the tropical ra in forest 
ecosyst em , also, the high proport ion of inherently fertile soi ls 
suggests that the search fo r pasture germplasm adapted to low 
soil fertilit y need nol be a to p priority. 

A fifth finding co nce rns soi l chemical restrainls over the 
entire area. Alth o ugh ge rmplasm te sting si tes ca n now be 
more ca refuJly 10cated 10 take advantage of the known soi l 
const raints, these trials should be moni to red for Ihe complete 
gamut of potent ia l nutrient problems. A careful monit oring 
of nutr ie nt problems usi ng foliar analytical techniques could 
lead to a wealth of knowledge about po tential soi l problems 
over (he a rea . If o nly o ne trace elemen! problem is identified 
in an a rea, its solution could lead 10 significant soeioeconomic 
benefits. 

F inall y, it was fo und that varyi ng moisture-holding ca paci­
lies in many of the savanna sai ls emphasizes the need 10 

maintain perspective in testing pasture pla nt aecessions 
ad apted to the ac id soil hinterlands . Cli mate , especially in Ihe 
sense o f the a nnual energy a va il able fo r plant g ro wlh as 
accorded by the soil moisture regimes, is of great importan ce 
in determining the adaptability of germplasm lO any agroeco­
zone , always pro .... iding that soil phys ical conditions are taken 
inl o account and that the germplasm is adapted to acid­
infertile soi ls. It is therefo re necessa ry that germplasm be 
tested in representative soi l siles within th e majar agroeco­
zones, and over a period of several years, 10 aceurately assess 
the inOuences of climate a nd soi! moisture eonditions. 



Chapter 2. 
DESCRIPTION OF THE 

LAND SYSTEMS MAP 
AND LANDSCAPE FACETS 

Land systems were the smallest geographically defined uni ts 
of th is survey. An individual land system represents an area or 
group of areas th roughoul which there is a recurring paUern 
of c\i mate, landscape a nd soi ls. It is a uni! ofland, ide nlifiable 
both on the ground and rrom satellite imagery, with in which 
the same type of rarming is likely 10 succeed . CleaTiy, the 
dclineation of lhese land uni ts is fundame ntal 10 developing 
practica l agricultural technologies. Further, such deli neation 
provides a mechanism ror computerizing and compa ring land 

in a geographica l context and a means or su mmarizing land 
in formation within a camman base . 

This chapter descri bes the steps taken 10 produce the Land 
Systems Map in Vo lume 2 a nd explains the cod es used o n il. 

Satellite and Side-Looking 
Radar Imagery 
Satell ite and side-Iooki ng radar imagery at a sca le of I to I 
mill ion and, in sO rne cases, larger sea le aerial phOlography, 
were ustd la help define land-syslcm boundaries . 

Satellite imagery dates to the la unching of the LANOSA T ­
I satell ite in 1972 under the ERTS (Earth Resources T echnol­
ogy Survey) program of NASA (Nat io nal Aeronautics and 
Spacc Administration), a civil entity of ¡he United States 
Governme nt (U .S . Geological Survey, 1977). This was suc­
ceeded by the launching o r LANOSAT-2 in 1975; additional 
satcllites with more sophistica ted seosing eq uipment are now 
in orbit , and evc n more are planned. Each image covers 185 sq 
km of territory. The resolution 1s better than 100 m. 
Techniq ues for in terpreti ng satellitc image ry, and remOle­
scnsing techniques generally, are well documented (Draeger 
and McClelland , 1977; Lintz and Simo nett , 1977). and 
adv·ances in this field con tinue steadil y (Barney et al., 1977; 
Johannsen, 1977). 

With the exception ofwe lter areas, most ofthe delineation 
of land systems was ca rr ied out by sa tellite irnagery using 
black and white photographic prints. Spectral band 5, the 
lower red frequency, was most comm ooly used; th is gave a 
useful ¡mage ofvegetation and topograph y. For sorne regions, 
speclral band 7, Ihe near infrared end of the spectrum, was 
sc lected as it gave beuer ha ze penet rar ion and land-water 
di $criminati on. Colo r-co mposite imagery, which is fa lse color 
obtained by the integration o r the four speetral ba nds. would 
have becn preferred , but was ruled o ut beca use ofeose Figure 
2-1 illustr tes la d-sys a 10 s . e i 

-",..." ... __ ..... _ ", .. • - . íii' ijiIiiI 

Fig . 2-1 

Fig . 2-2 

Land-system mapping on a satellite image of the 
environs of ConeeifiBo do Araguaia, southeast 
boundary of Amazonia Centra l Brazil. 

Land-system mapping on radar imagery along the 
Amazon river about 350 km west of Manaus. 
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Fig . 2·3 Principal sol! studies used as sourcesof informat ion in the land·resource study. 

environs of Concci~ao do Araguaia, on the southeastern 
fringe of Amazonia. 

Satellite imagery has one major drawback . Due to the 
relatively short period of time the LANDSAT satellites had 
been transmitting when the study started , and beca use orbits 
were des igned to pass o ver the same area a t relati vely 
infrequent intervals (originall y 20 times ayear, but now more 
frequent ly with LANDSAT-2 in operation), it was not 
surprising to find that , for the wetter areas, it was difficult to 
.get cloud-free imagery. 

The largest area affected by the cloud problem was 
Amazonia. Fortunately , side-Iooking radar imagery, which is 
not affected by the presence of clouds , was available for most 
of Brazil's Amazonia (available from Projeto Radambrasil, 
Ministério das Minas e Energía), and this was used as a 
geographical base for the delinea tion of land systems through­
out that region. Side-looking radar ¡magery produces an 
excellent to o ra hical ¡cture of lhe landsca e, bUl it is not 

nearly as effective as satellite irnagery in helping lO identify 
vegelative cover and soil drainage characteristics. Figure 2-2 
shows land system mapping on radar imagery along the 
Amazon river 350 km west of Manaus. 

For sorne areas , including (he wet eastern piedmont of 
Bolivia , aerial photography was used for interpreting the 
landscape picture. 

Land-System Delineation 
After c1imatic analyses and literature research were comple­
ted, land-system boundaries were drawn provisionally on the 
satellite and side-Iooking radar imagery.The principal soil­
survey references·used are summarized in Figure 2-3. A guide 
to the reliability of the major soil-mapping coverage is given 
on the appended Land Systems Map. 

A1though the work was mainly an exercise in condensing 
existin information to a common identifiable base, wherever 
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Table 2-1. Nine physiographic regions delineated on (he Land 
Syslems Map. 

Physiographic Physiographic 
re ion code Re ion re ion code Re ion 

A Amazon Basin M Mojos Pampas 

B Brazilian 5hie ld o 
P 

R 

Or inoco Basin 

E E\bow of the Andes Panlanal 

F Andean Foothills Parana BlIsin 

G Cuayana Shield 

Table 2-2. Seven climatic sub r eg ions delineated on the Land 5ystems Map. 

elimate 
C limali e 
subregion WSPP Wet mont h sb WSMT' 

code (mm) (no. ) 1°C) 

a > 1)00 > 9 >23.5 
b 106\-1300 8-9 >23.5 
c 900- 1060 6-8 >23.5 
d 900-1060 6-8 < 23 .5 
e < 900 < 6 >23.5 
f Subtropica l 
o Others 

a. WSPE: total wet-season potentlal evapotranspiration, the sum of the 
pOlenlial evapotranspiration of the wel months. 

b. Wet months are monlhs wilh a moisture availability index (MAl) 
>0.33. 

c. WSMT: wel-season mean monthly temperatures. 

possible and when little or no information was available in the 
Iiterature, a Iimited amount of field work was done to check 
the photo-interpretati on and to standardize descriptive crite­
ria . A small Piper PA-18, STOL (s hort- take-off-Ianding) 
airplane \\las Oown by the first author to cover hinterland 
area s~ every effort was made to examine the principal 
landscape facet s within a given land syste m. During the 
course of the field work, land system bounda ries were fixed. 

Map Making 
The land syste ms were com piled by drafting boundaries 
direc tly from the imagery . They were completed on a 
segment-by-segment basis, aecording to the index used by the 
i: I ,000,000 [nternatio nal C hart ofthe World at the Millionth 
Sca le (see Figure 1, after Kerstenetzky, 1972). 

Computerization and 
Thematic Maps 
The system originally adopted for the computer storage and 
reproduction ofthe maps \Vas to subdivide the llO 1,000,000 
maps into 4-minute longitude by 5-minute latitude segments 
(approximately .1.100 ha at th e equator), and then to assign a 
land-system code on the ba sis of that land system occupying 
the greatest proportionate area in any one segment. Once 
these codes were reeorded. iI was a straightfo rward exercise to 
reproduce maps at desired sea les and projections and produce 
thematic or single-factor maps. Thematic maps were computer-

produced by assigning a rating o f any of the coded and 
recorded land-system features tO the land-system codes. In 
the case ofland syslems with more than o ne la nd facet, unless 
otherwise statec, this fenture represents a characteristic of 
lhe major land facel of Ihe land system . The computeriZ3lion 
of the land systems maps 15 discussed in greater detail in 
Chapter 3. 

The Printed Land Systems Map 
The printed Land Systems Map of the Central Lowlands of 
Tropica l South America (Volume 2) is a composition based 
on, and reduced from, the original J to 1,000,000 sheets. lt 
was produced to provide a geographical overview of the 
region , always within the preeisional imitatio n of map 
reproduc tion at a scale of approximately 1 :5,000,000. This 
map provides a guide lo the loea tion of individual land 
systems; it identifies the predom inant land systems in any 
region ofspecLal ¡merest; and it draws a pieture ofthe major 
advantages and constra ints for Jand use, particularly germ­
plasm suitability or adaptability, for that region. The land 
systems have been ·assigned numbers for ease of reference. 
Apart from depicting land sys tems, the printed map synthesi­
zes information on cJimate¡ topography , vegetation. and 
soils . 

Codes used on the map are described as follows. 

Physiography. The capital-Ietter code preceding the 
land system number identifies the Jand system as belongirig lO 
one ofnine, readily appreeiated¡ broad physio raphic re ions 
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Table 2-). Four lopographica l classes delinealed on the Land SYS lemS 
Map. 

Topograp hy 
classificati on Description Shadlng code 

Flat, poor ly 
drained 

< 8% 

8-30% 

Flal , poorly drained or 
seaSOnally flooded 

Almost nal, mainly 
well -drained with s lopes 
less than 8% 

Undulating to rollln9 ; 
slopes 8-30% 

5ma!! dots 
1:':,:: ··C··.'· 

unsh;:uied 

>30% Hilly l O steep; slopes 
greater th.'1n 30% 

triang les 

t~; ~~ ~ cl 

(Table 2-1). These regions are described in more deta il in 
Chapter4~ they a re only approximate separations lO provide a 
very gene ralized picture of the major physiographic regions 
wilhin the study area. 

elimate. On the Land Systems Map , a sma ll-Ieller 
code distinguishes climatic subregions (Table 2-2). The 
clima tic subregions and the lerminology used are deli ned in 
Chapter 3. Th e subdivis ion according to WSPE (wet-season 
potential evapotranspiration) pro vides a novel cJimatic sepa­
ration; il is an approximate accounling of the am ou nt of 
energy mature vegetation growing on well-drained soils can 
use annually , assuming th a l Httle or no growth takes place 
during the dry season. The number ofwel months adds to the 
definition of (he cJimati c subregions. and the temperature 
crÜerion separa tes lowland from higher land and/or higher 
lalitude regions. 

Topography. Four broad IOpog raph ical elasses 
identify the topography ofthe principalland facets o fthe land 
sys tems by lhe use of shading codes (Table 2-3). 

Vegetation. The natural physiognomic vegetation 
classes occur ring on the principalland systems' "facets" are 
identi lied through color codeso These ¡nelude the following 
classifications .• which are defin ed in Chapter 4: 

LAND SYSTEM 

l. Well-drained. isohype rthermic savannas 

2. Well-drained, iSOlhermic savannas 

3. Poo rl y drained savannas 

4. Tropical rain forests 

5. Tropical semi-evergreen seaso nal foresl s 

6. Tropical (semi-)deciduous seaso na l forests 

7. Caatinga 

8. Gallery foresl s, assoc iation s wi th palms and other vege­

lation comp lexes of poorly drained lands 
9. Submontane, subtropica l foresis. 

Soils -the soil classification legend. A Legend 
10 Ihe Land Syslems Map. for classifying the soils of the land 
facets ofeach land system, is a l50 enclosed in Volume 20fthis 
book. The cod ing key used is illust ra ted in Figure 2-4 . This is 
explained in more detail in Vo lume 2. 

Soils were c lassified lO the Great Group category of Soil 
T axonomy (Soil Survey Staff, 1975), accord ing 10 the FAO­
UNESCO Soil Map of the World Legend (1974), and by their 
tex(ures a nd fertilit y constraints as rated in the Fertility 
Capabilily Classificalion (FCC) system of Bu o l et al. ( 1975). 

Great Group so il classes, according to Soil T axonomy (Soil 
Survey Slaff, 1975) are identified by a series of five-Ietter 
codes for Ihe principal land facels of the land syslems . Th e 

IDENTlFICATION 
NUMBER 

% 01 each 
land lacet 

Altitude 
(amsl) 

Fertility Capability 
Classilication 

~ 
Physiographic regi7a 2/1. 

Climatic 
subregion 

land lacet 
number 

! ! ! 
(70%) C 300 m LL-hakei 

OORHA-Fo I 
L.andlorm 

! ~ 
Great Group 

class 01 
Soil Taxonomy 

FAO 
Legend 

Fig. 2-4 Soil classification legend tor the Land Systems Map, including descriptions 01 the land facetsof 
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Table 2-4. Coding used lo identlfy soil Orders , Subol'"ders. and Crear 
Croups according lo Soil Taxonomy (50il Survey Staff. 1975), 
on the Land Syslems Map. 

Order Suborder Creat Croup 
~ame coae l'Iame Caae FJame Cace 

Alfisols A Aqualfs AQ Natraqualfs NA 
Tropaqualfs TR 

Udalfs UD Hapludalfs HA 
Rhodudalfs RH 
Tropudarrs TR 

Uslalfs US Paleuslalrs PA 
Haplustalfs HA 
Natrustalfs NA 
Rhodustalfs RH 
Tropuslalfs TR 

Xeralfs XE Haploxeralfs HA 

Aridisols D Orlhlds OR Cambrothids CM 

Entisols E Aquents AQ Fl uvaquents FL 
Haplaquents HA 
Hydraquents HY 
Psammaquen 15 PS 
T ropaquent s TR 

Fluvents FL T ,..opofluvents TR 
Ustifluvents US 
Xeroflu vents XE 

O rthents OR Troporthents TR 
Ustorthents US 

Psamments PS Quartzipsammen ts QU 
T ropopsammen t5 TR 
Ustipsamments US 

I nceptisols Andepts AN Dy s trandept s DY 
Hydrandepts HY 

Aquepts AQ Haplaquepts HA 
Humaquepts HU 
Plinthaquepts PL 
Su tfaquepts SU 
Tropaquepts TR 

Tropepts TR Oystropepts DY 
Eutropepts EU 
Ustropepls US 

Mollisols M Aquotls AQ Haplaquolts HA 
Udoll s UD Argiudolls AR 

US Haplustolls HA 

Oxisols O Aq uox AQ Plinthaquox PL 
Orthox OR Acrorthox AC 

Eutror lhox EU 
Haplorthox HA 
Umb riortho x UM 

Ustox US Acrustox AC 
Eutrustox EU 
Haplustox HA 

Spodosols S Aquods AQ Tropaquods TR 

Ultisol s U Aquults AQ Albaquults AL 
Paleaquults PA 
Plinthaquults PL 
Tropaquults TR 
Hapludults HA 

Udults UD Pa leudults PA 
Plinthudults PL 
Rhodudults RH 
Tr.opudults TR 

Ustults US Haplustults HA 
Paleustults PA 
Rhodustults RH 

Vertisols V Uderts UD Chromuderts eH 
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Table 2-'S. Coding u sed to identify so;ts accor ding to the FAO-Unesco 

Soil legerd (197'1) on the Land Systems Ma p . 

50;1 Lcgend Soil Legend 
name Code name Code 

Chromic Vertisols ve Dys tri c Planosols WD 

Lithosols Cleyic SoloneU 59 
Orlhi, Solonell 50 

Thion ic Fluvisols JI 
Ca lcar i, Fluvisols Je Luv ic Phaeozems HI 
Oystric Fluvisols Jd Haplic Phaeozems Hh 
Eutric Flu viso ls Je 

Luvic Xerosols XI 
Cleylc Solonchaks Z9 

Haplic Yermosols Yh 
Plinth ic Gleyso ls Gp 
Mallie Gleysols Gm Dystr ic Nitosols Nd 
Humic Gleysols Gh 
Dysl ri c Gleysols Gd Ptin l hi, Acr isols Ap 
Eutr ic Gleysols Ge Cleyic Acrisols Ag 

Orthi, Acrisol s Ao 
Hum;c Andoso ls Th Fer,-ic Acrisols Af 

A Ibic A renosols Qa Gleyic Luvisols Lg 
Ferralic Arenosols Qr Fer ,-;, Luvisols Lf 

Ch romic Luvisols Le 
Dystric Regaso ls Rd Orthic Luvisols Lo 
Eutric Regosols Re 

Cale jc Cambisols Bk 
Cleyic Podzols Pg Ferralic Cambisols Br 

Dys lri e Cambiso ls Bd 
Plinthi e fe rra lso ls Fp Eutri c Cambiso ls Be 
Hu mic Ferralsols Fh 
Acric Ferralsols Fa 
Rhodic Ferralsols Fr 
Xan lhie Fe rra lso ls Fx 
Or lhic Ferralsols Fo 

Table 2-6 . Summary of the Fertilily Capabi lity Classi (¡ cal ion (Buol e l a l .. 
1975) codes used on {he Land Systems Map. 

S 
L 
e 
o 
R 

Soil lex lurea 

sandy 
loamy 
clayey 
organ ic 
rocky 

9 
d 
e 
a 
h 

Soil 

x 
v 
k 
b 
s 
n 
e 

gleyey 
d ry 
low ECEC 
Al toxicity 
acidity 
P fixa lion 
X· ray amorphous 
ver tie. Ver"tisol 
K deficient 
basic reaetion 
sa linity 
na ldc 
CCl I c lay 

3. Classified by the first two capital leuers, which refer lo the topsoil 
and subsoil respectively. 

b. Or "condition modifiers" . given as small lellers following Ihe capital 
le!te rs. 



first letter of th e code idenlifies lhe Order; addin g lhe seeond 
two leuers gives the Suborder; and adding (he las l tWQ letters 
gives the Greal Grou p. For exa mple, OUSAC refers lo lhe 
Order, O xisol(OUSAC); lhe Su border , USlOX (OUSAC); and 
finall y lheGreat Grou p, AeruSl ox (OUSAC). Table 2-4 
surnmarizes the cod ing used lo iden tiry the so i! Ord ers , 
Suborders, and Greal Groups found in lhe region. 

The eoding used lo identify soils from lhe Soil Legend was 
lhe same as thal used by F AO-Unesco. Tabl e 2-5 liSlS lhe soi ls 
identificd in the region and their codeso 

Table 2-6 surnmarizes the codes used lo identi fy 50il s 
aeeording to lhe Ferlility Ca pabilily Classifíeal ion (FFC) . 
Sorne of the definitions used in this work to define fertility 
constraints or, to use FCC terminology, "condition modifi­
crs," differ from th ose used by 8uol el a l. (1975): These 
¡nelude (he definitions of Al toxicity, acidity, and K deficiency; 
however, lhe variation iTi definitions is relatively minoro The 
FCC eoding and definilions are detailed in Chapters 5 and 6. 

Apart from land-resource informati on, the Land Systems 
Map eontains geograpbieal information to identify the ap­
proximate location of major rivers, cities, and to wns. 
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Synthesis 
The Land Systems Map was prepared to provide a geographie 
referen ce base ofthe land systems and a pictorial representa­
tio n of their main features in terms of climate , landscape 
(includ ing natura l vegetalion), and soi ls. It is hoped that the 
innate co mplexity of agricultural land resources is thus 
emphasized, beca use lhese factors do vary from area to area. 
Fortunalely , in our technologically advancing age, the de­
tailed description and co mparison ofthe ma ny properties of 
the land sys lems and their faeets ean be handled by eoding 
and computerization. In this sludy, the printed map ca n besl 
be read and appreeiated in the light of the eomputerized data 
base summarized in the form of computer prinlOuts in Part 1 
of V~lume 3, Compurer Summary and 50;1 Prof;le Descrip­
tions o/ (he Land Systems, the co mpuleri zed land resource 
su mmaries of the land syslems, and Part 2, a selectio n of the 
meteorological data sets, also in Volume 3. 



The region denoted in the Land Syste ms Map extends from a 
Iittle north of the Tropic of Cap ricorn to the approxima te 
position of ,the "meteorological equator" a t looN. It thus 
cncompasses tWQ disrinct clima tic regimes-the equatorial 
(wit h little chonge in seasons ) and the tropical (with stronger 
variations). The te rm"tropi cal" in th is case refers to the areas 
[ound both nortb and so uth of lhe cent ral equatorial regioos 
and is preferred ror preciseness Qver th e loose term, the 
"tro pies," which is gene rally used te rerer la both regimes. 

This chapter brief1y describes the majar [actors determining 
the clima te of these regioos; presents a general analysis in 
lerms o f saine of the better kn own c lim alie classifications; 
and then proceeds .to a m ore detailed description of the 
estimation of growing-potential as used in lhe Land Systems 
Map. 

Major Climatic 
Determinants 
The majar clima tic determinants of both the equatorial and 
tropica l regimes are Ihe South Atlantie amicycJone and the 
equatorial trough sinee the Andes effeetively isolate the 
region from strong effecls of the Pacifie anticycJone . As do 
Snow (1976) and Riehl (1979) , we prefer the term "equatorial 
tr ough" to Intertropica l Convergence Zone (ITCZ), because, 
while the low-pressu re trough may be readily distinguished, 
the aetl:lal zone, or Iones, of convergence are ephe meral and 
lhe position may only be fixed by averaging over time. Thus, 
the ITeZ may be co nsidered an active part of (he equatorial 
trough. 

The Equatorial Trough 
The pos ition of the equatorial trough follows the seasonal 
march oC the sun, bu t lags behind by about 2 months. The 
range of movement from north to sou th is very limited, when 
compa red with q ther continental si lUations . The equato rial 
lro ugh is ce ntered at 5 to lOo N du ring ils mOSl northerly 
advance in August/September and alOto 50 S in Feb ruary/ 
March (Figure 3- 1). During the soulhern sum mer, a continen­
tal heat low develops over nonhern Argentina, Paragua y, and 
Bolivia . Frére et al. ( 1975) point out that sorne au tho rs 
attribute lhis low lo an extension of the equatoria l trough , 
whereas olhe rs maintain tha t il is a separa te phenomenon. In 
either case, the resu lt is the sa me : an extended a rea of high 
insta bility and heavy rain in rhe western portion of Ihe study 
a rea during the southern summ er. 

Chapter 3. 
CLlMATE 

by 
P. G. Ionesa and T. T. Cochrane 

Polar Air Masses 
In vasions of the cold polar air mass are common during Ihe 
southern winter a nd can produce marked and rapid drops in 
temperature as the cold fronl passes northward. The air mass 
tends 10 be cha nneled between the Andean highlands and the 
central Brazilian shield, frequently reachi ng che uppe r Ama­
zon and occasio na lly spilling over the Orinoco basin inlo the 
Caribbean. The cool change , known in Brazil asfriagem a nd 
in Bolivia as surazo. may last fo r 3 to 5 days o r, in excepti ona l 
cases, up to 15 d ays . The nort herly extent of a typical cold 
front is shown in Figure 3-1 (Rat isbo na, 1976). 

Rainfall Patterns 
Rainfall pattern s follow the movement of the equatoria l 
trough and th e development o f the continental heat low . They 
are further modified by interact ion wilh the maritime air 
masses. Thus, the western eq uato ria l lone has no distinct d ry 
season, bUl a bimodalilY may be discerned in lhe rainfa ll 
rigures. As one pr oceeds ea stwa rd in the equatorial zone , the 
dry sea son beco mes more marked and (he bimodality less so. 
The bimodalily remains in the southeastern section o f lhe 
eq ua to rial zone as the veran;co, a sho rt d ry spell that may 
occur in the middle of lhe we t summe r. 

On e ilher side of the equatorial lone, typical tropical 
panerns of su mmer rainfa lls and dry winter periods are 
noticed. Rain in the south easte rn po rti on of the st udy area 
(Ma to Grosso and Goias) appears to bedue to winds from the 
upper Amazon . rn this, the upper Amazon behaves more like 
a maritime Ion e than a conti nental one. Indeed, as is pointed 
out by RalÍsbona (1976), the potential evaporation of the 
equa toria l fo rest, greate r than 1300 mm/year throughoul the 
region, is actually higher than that from an ocean surface, due 
to its lower albedo (pe rcen lage renectio n of radiation). The 
d rylands of northeast Brazil (including the Caatingas) are the 
resu lt of i nsuffic ient penetra ti on o f e it her (he mari time o r the 
moisl uppe r Amazo n (equatorial continental) air masses lo 
this intermediate region . 

Climatic Classifications 
Koppen Classification 
Many schemes have been devised to classify th e elimates of 
the wo rld, bU! perhaps the most widely known is that of 

3. Meteoro logiSL e IAT. 
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Koppen (see Stringer, 1972). Figure 3-2 classifíes the area in 
the Land Systems Map according 10 this sys tem . This 
classification is ba sed on rainrall and temperalUre regi mes 
and separares {he regi o n ioto twoareas: nOrlh and soulh . The 
separation líes al abour I SOS-[he lioc between (he no rlhern 
isothermic c1imate types (les s than 5°C difference between lhe 
warmest and coo lest months) and the southern climate types 
with cooler winters (more than 5° difference). The upper 
Ama zo n is differentiated as Af, that is, as having no dry 
season. It is flanked by smaller zones of Am where the dry 
season is short enough so tha! no serious moislure deficit is 
encounlered . The rest ofthe area has onc marked dry seaso n, 
or in restricted zones ofVe nezuela, tWQ dry seasons (denoted 
w") . Only vcry small high-altitude areas in Venezuela and 
Brazil are differentiated by their lower temperatures from the 
general tropical classification. It is obvious from the figure 
that thi s system does not sufficiently delineate the area on the 
Land Systems Map. 

Holdridge Life Zones 
The Holdridge (1967) life lOne classifícation (Figu re 3-3) is a 
simplistic scheme. taking into accounr on ly the total annual 
precipita tíon and the mean annual biotemperature , which, a l 
all points within the Land Systems Map area, is equal to the 
annual mean temperalure. It is clear from Figure 3-3 that the 
life-zone classifica tion fails 10 differentiate c1imates by seaso n­
al variation . and, due lO difficulties of nomenclature , fail s to 
account for the tropical rain forest in the upper Amazon . 

Thornthwaite Classífícatíon 
A sys tem much more closely related to the agricultural 
potential of a regi on is that ofThornthwaite (1948) (F igure 
3-4). Climate is defined in terms of a moist ure index (l m) and 
thermal efficiency (TlF¡, which is equa l to the potentia l 
evapotranspiralion (e). Seasona l va riations in water supply 
and temperature (not shown on Figure 3-4) are also used as 
class ifying factors . Thus , 

1m = l/ e (IDOs - 60d) 

where e is the potential evapotranspiration, s is the water 
surplus, and d is the deficit after allowing for rainfall and 
stored soil water. And, 

e = 1.6(101/ l)a 

where I is monthly temperature (OC), 1 is the heat index, a is a 
cubic function of the heat index, and e is the evapotranspira­
tion in cm per month. The sum 

12 
1 = ¿ (//5) 1.514 

j=1 

defines the heat index (l), where I is the mean temperature of 
month j. 

The Thornthwaite method suffers from the fact that 
evapot ranspiration is estimated from temperatured a ta and is 
nol necessarily universally reliable, but it does allow an 
estimate in many situalions where more accurate formu las 
cannot be applied. Using this system, the majority of the 
region in Ihe Land Systems Map is classified as megathermal 

Bra zilian shield falling into the mesothcrmal ( < 1150 mm) 
c la ss. The moisture index was calculated assuming a 150 mm 
so il water-holding capacity. The perhumid regio n, with a 
mo is lUre index aboye 100, quite closely follows the actual 
extenl ofthe tropical rain fores t in the upper Amazon. Due to 
lower eyapolranspiration rates in Ihe ralher cooler region lo 
Ihe south ofthe Amazon and east ofManaus, however, Ihe re 
appears 10 be a second perhumid region , which does nOI 
correlate with rain foresl. Because no attempt was made to 
follow IOpography in the sketch map, the extent and shape of 
this area are not necessarily realistic depictions. The subhumid 
areas in Venezuela, the Peruvian foothills, the area around 
Boa Vista in norlhern Brazil , and the Brazilian shield are well 
delineated using this melhod, however. 

Land-Systems Approach 
to Climate 
From (he aboye examples, it can be see n lhal il is possible 10 

c lassify [he c1imates of the area in several ways , all s imilar in 
some respects and yet diffe renl in others. Each of Ihese 
systems fai ls, in sorne way o r Olher. 10 account for observed 
patterns of vegetarion and/or agricultu ral pOlential of Ihe 
area. For the Land Systems Map , then , it was decided to 
concentrate on recording characteristics of [he environment 
that would best reOect [he range of variation in growing­
season potential within the region. Thi s is intended as a 
description of the region; iI is not ¡ntended as an alternative 
cl imatic classification for general use. 

Throughout the tropics, the major determinant of growing 
sea son is soil moisture. Normally , long-term mean rainfall is 
used to determine moislUre ayailability, bul this does nol take 
seasonal variation in rainfall into account. The expected 
seasonal variation within [he area on the Land Systems Map 
ranges from a 10-15% average departure from normal in the 
Amazon basin and northern regions of the aTea lo a 25-30% 
deparlure in the drier eastern Brazilian regions ( Biel, qUOled 
by Riehl, 1979). Clearly an estimate ofwater supply must take 
Ihis range ioto account. Therefore, an estima te of dependable 
precipitation and [he bes! available esti mate of potenlial 
evapotranspiration were chosen as lhe sta rting point for 
clima tic determination for the Land SystemsMap. 

Meteorological Data Collection 
and Compilation 
Long-term (more than 20-years) d a ta records from over 1100 
meteorological stations (Figure 3-5) were initially gathered, 
and meteo ro logical data sets were compiled as an integral 
par! of lhe land-resource dala base ,b 

Table 3- 1, prepared from the computer printout of the 
clima tic data for Luziania (Hancock e t al., 1979), located in 

b. This work. was carried out as a subeontraCt 10 (he surve y by Hancock.. el 
al. (1979) of Ulah Stale Universit y; j¡ ha s si nce been assimílated inlO 
CIATsSOUlh American Meteorologica l Dala (SAMMDATA)compuler 



33 

75° 70° 65° 60° 55° 40° 35° 

,~~ o o DISTRIBUTION 
10° I/~~ o ~~o, .. ~,. o ~o .. ),~GUYAtlA OF - 10° 

rJ {,{":. _o¿hVEN~Z~E'L1(1 ~ S RINAM CLlMATIC STATIONS 

5oL.l_-+r---~°-j. '. ~.: - \ "i(~~' (7 r~~~RENCH UIANA 5° 

~:~. COLO'.'~ .\"..-v- . yr~ ~~~:-t---t----1J 
O'~'7:~ < '.: AR~A;' r~ .~ O' 
50~~. o .: o / o • B~AZII- .: o' "o o ~ 5° 

~O' . 11 ti REA 101 0'= 
\., .' /7' --.' ~----':--r-- _ ;.. 
~, - './"' '. ~ 

10° 

\.. ••• AREA 11 I 

10° :~~. o PERU ~t'\'/ o~ __ -- O) " •• o 
AR~A 1 \000 AREA 1 .) ~ o, • o o 

, o o o / AR A °IV 
150Ll--~~~~,:-:,-~_-;-•• ~ ·r-;~,t.;~, B3c~5ifliIIV¡¡IAAo:-:'o 'tt

1 
~(-:-"'1 ' ~o;-; .. ~,to-::o/t:o ~T-o:-o ~04+--L' 150 

I ~ 00,01... o O) \ o • 00 
o ~ 

L_l-' __ t---~r\~~~O~O;)~f=~'~~-t--~~;'.\f.·~~O~.;:~O~~ __ -1_ " ~ .- .... 

Y 04 
., . Jo • 1- ..... 7• .: 

20° •• - --- I ••• , 0rj¡" - 20° • -- - l· , •• , 
PA GUAY •• " AREA "o\:..:..!,~~ .... ~ 

'-. Lh • • ~ 
25°L-+----t~rn____r-n[.~o~.r1D~·~01 .. {r-i--f---LJ250 

-~~rit---r_¡~¿~· ~:O~:~t~_¡'~~_l~ 30°1-- ( R i~~~O _ 300 
·0 ¡. 

\ ~~o 
80° 75° 70° 65° 60° 55° 50° 45° 40° 35° 

Fig. 3 -6 Distributio n of meteorological stations (el and regions fer dependable precipit8t ion calculations (cou'ntry and are a 
boundariesl. (Source : Hancock el al., 1979) 



34 
Table 3- 1 . A meteoro logica l data set of Luziania. Cent ra l Brél2'iI (16° 15'5 

latitude, 1.17°56'W lo ng itude . 958 amsl), 

Parameler' JeU1 

MEA N TEMP (OC) 21 .9 
MEAN RAO 
(Iang leys/day ) 5714. 

PREC IP (mm ) 228 . 
POT ET (mm) 16lt. 
OEF " REce (mm) -65, 
DEP PRECd(mml ¡tll. 
MA" 0 . 86 

MFAN TEMP ¡OC) 
MEA" RAO 
PR EC IP Imm) 
POT n i ",,") 
O ~P PREe' (mili) 
Of F P~ECd( mm} 
MAl' 

Augb 

20.0 
512. 

5. 
139. 
133 . 

O. 

Fe b 

22 .0 

523. 
20 lo 
135. 
-66. 
'23 . 
0 . 91 

22. I 
52 6. 

27. 
1116. 
119 . 

7. 
0.00 

Mar 

21.7 

481. 
229. 
136. 
- 93. 
142. 
1 ,0 '1 

Del 

22.3 
529. 
130. 
152. 

22 . 
76. 

0.05 

Ap r 

21 . 1 

lI 95. 
'6. 

131.1 . 
38. 
53. 

0.110 

Nov 

21.9 
527 . 
215. 
111 5. 
~70. 

132. 
0 .50 

May" 

19.1( 

452 . 
16. 

120 . 
IOll . 

O. 
0.00 

Dec 

21 .6 
t175. 
317. 
\)11 • 

- 183. 
200. 

0.91 

18.3 

'1 40. 
7. 

110 . 
103. 

O. 
0.00 

An nua l 

20.' 
500 . 

PI7S. 
1632 . 

157 . 

t.lIg 

1 B. 1 

1161. , . 
118 . 
1 1 q . 

O. 
0.00 

a. In order, rere r to mean lempe r a lure, mean rad iation. p r ec ip itation , 
potent i.J1 evapot ranspi ration , precipitat ion de ric; l. dependable 
prec:ipi tat ion, mois ture ava il abili ty indexo 

b. ,\4ay to September = d r y season. 
c. DEF PREe : PREel P - PO T El. 
d. OEP PREe = 75 ' probabilily leve l of p reci pita lion occurre nce. 
e . MA l '" DEr PREC -:-- PO T ET . 

the sava nnas of cent ra l Brazil , illustrates the meteoro logica l 
summ aries used ford rawing Ihe Land Systems Map. The data 
recorded and calcu la ted a re : 

MEAN TEMP 
PCT SUN 
MEA N RAD. 

PREC IP. 
POT ET 

DEF PRE C 
DEP PREC 

MA l 

-Mean temperatu re, in deg rees Celsiw.l. 
-Percentage of poss ib!e su nshlne. 
-Mean sajar radiation, in Langleys per 

da y. 

- Mean precipitalion, in mil limeters. 
-Potential evapotranspi rati on, in 

mtlllmeters. 
- Precipita tion defici t, in millimeters. 
- Dependable precipitation, in 

millimeters. 
-Moislure avail abili ty index. , 

Fo r so me sta lio ns, Ihe relalive humidi ly wa s a lso es timated 
a nd appears o n lh e prinloul as MEAN R.H .; for o lhers, 
mea n maxlmum a nd minimum temperatures are a lso 
recorded . 

Mean Temperature 
When lempe!a lure dala (M EAN TEMP) were nOI avai lable 
for a $(a li on, a n es tima te was made based on dala from 
sta tions close ly re lated geogra phically and by takin g ¡nto 
account Ihe relatio nship betwee n eleva tion a nd temperalUre . 
Temperature decreases by an amount of aboul 0.0055 times 
¡he elevation in meters, Or 5.5°C for every IODO meters of 
¡ncrease in elevat io n. 

Mean Solar Radiation 
' " h<n sola r radialion dala (MEAN RA D .) were nOl ava il able 

developed by LOrl el a l. ( 1966), or were com pul ed from a 
multiple-regression equa li o n usi ng such va lues as longitude. 
latitude , a nd precipitation . The soJar rad iation (RS) , in 
Langleys per da y, was con verted to equiva len! mill imeters of 
evapora tion per mo nth (RSM) by correc ti ng for lhe num ber 
of days in Ihe mo nlh (DM) a nd lhe la lenl heal of vapo ri zalion 
of wa ler (L) as: 

RSM ~ DM x RS/L 

The ave rage L valu e for a mo nth was calcul ated fro m the 
mean monthly air temperature in degrees celsius (TMC) by 
lhe equation: 

1, = 595 .9 - 0.55 x TMC 

Potential Evapotranspiration 
POle nl ial eva potranspiralion (POT ET) was ca lcul a led lO 
determine (he water balance and growing seaso ns. It is usually 
referred to as (he wa te r consump tio n o f an extended surface 
o f8- to 15-cm tall, green grass cover chal iS' ac tively growing 
and com plelel y shading soil we ll supplied wi lh wa ler. How­
ever . MOnLeith (1973) notes that "experience o n experimen tal 
siles ra nging fro m field pl o ts 10 large ca tchments has shown 
¡ha t lhe res triction to short green cover is unnecessary." A n 
accurate estimate of POT ET is a mosl useful climatic 
paramcter in helping to judge the agr icu hu ral pO lent ial o f an 
area , es pecially in compari ng similarilies a nd dirferences in 
clima tic regimes and predicting irr igarion a nd drainage needs . 

F rom ph ysica l considera tio ns, ir is we ll recognized that air 
tcmpe ralure, rad ialio n balance, humidity, ano wind speed are 
all necessary facl o rs in est im at ing evapo ra rton from a surfacc 
(Penman, 1963). M a ny workers have shown lh a l empirica l 



Table )-2. Regression coefficients ror determining dependable 
precipitation, by location. 
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Region/Country Area A value B value 

Central America -23 .0 O. M 

South America 
Brazil I -20.0 0.8S 

11 - 9.0 0.57 
'11 -23 . O 0.79 
IV -11.0 0.67 
V -11. O 0.67 

Bol ivia -10 .0 0.69 
Colombia -25.0 0.84 
Ecuador - S . O 0.64 
French Cuiana -25.0 0.8(¡ 
Cuyana -14 .0 0.77 
Paraguay -10.0 0.69 
Peru I - 1.0 0.18 

II - S .0 0.70 
Surinam -14.0 0.77 
Uruguay -10 . 0 0.69 
Venezuela -14.0 0.77 

Caribbean lslands - 2). O 0.84 

if radiatian es timares are included, an acceptable estimate can 
be obtained fo r sites where complete information is lacking. 

Hargreaves' ( 1977a ) equation based on solar radiari an and 
tempera tu re wa s used to ealeulate POT ET; values of POT ET 
(H argreaves' ETP) in millimeters per month are given by his 
equation: 

ETP = 0.0075 X RSM X TMF 

in which RSM is incident sa lar radiatian, expressed as 
equivalent millimeters a f evaporatian per manth , and TMF is 
the mean monthly temperature in degrees Fahrenheit. H ar­
greaves (1977b) has shown that his equation compares 
favorably with other equations that give accepta ble eSli mates 
of POT ET. 

Precipitation Deficit 
Tile preeipitati on defieit (DEF PREC) is s imply the differenee 
betwee n the mean precipitation (PRECIP) and the POT ET. 

Dependable Precipitation 
Dependable precipitati o n (DEP PREC), at the 75 % pro babil­
ity of precipitatíon occurrence, is the amo unt ofprecipitation 
that wilJ be equaled or exceeded in 3 out of 4 yea rs. The 
probabilitydistribution ofmonthly rainfall amoun ts is known 
lo be skewed markedly IOward the lower values. For this 
reason, so rne workers, for example Frére el al. (1975), have 
used a lag normal distribution to estimate the dependability 
of rainfall. A beller approximation is the gamma distributio n; 
although it is rather more trouble to calcula te, the gamma 
distribution can now be done readil y with the aid of a high­
spced compu ter. Hancac k and hi s collegues at Utah State 
Universi ty have produced gamma-distribution esti mates of 
dependa ble precipitatioo for many sta tions in the area shown 
io the Land Systems Map. H o wever , in order lO be able to nt 
the dis tribution , a large numbe r of years of record mus! be 
available. Unfortunately , many statians in lhe area have an 
insufficicnt period of record . It was noticed (Hancock el al., 

7 ) p t f'r 1<;: n O' r P rp ::lo i hin 

between the mea n monthly rainfall and dependable precipita­
llon jf the sample is restricted to a climatically uniform a rea . Ir 
is thus possible within each subarea to estimate dependable 
preeipi[ation (Pd) from mean rainfall (Pm) by a s imple 
equatioo: 

Pd=a+bPm 

The coefficients a and b were estimated by the Utah group 
from the existing gamma distributions. These es timates a re 
shown , by region, in T a ble 3-2; the regi o ns themselves are 
indicated in Figure 3-5 . 

The linea r relatianship was used 10 estimate dependable 
precipitation for all s tali o ns in (he study area using as a base 
lhe mean rainfal. data given in Wernstedt ( 1972). 

Moisture Availability Index 
The moislure availabi lity index (MA l) is a moistu re adequacy 
index at the 75% probability level of precipitation occurrence. 
It is defIned as: 

MAl = DEP PREe ~ POT ET 

An M Al vatue of 1.00 means that dependable precipitation 
equals potential evapotranspiration. 

The M Al concept was introdueed by Hargreaves in 1972 to 
deveiop a classifica tion (ha 1 ineludes soi l-moist u re adequacies. 
He proposed that MAl be adopted as a standa rd index ror 
measuring water deficiencies and excesses and suggested the 
fa llowing classifica lions: 

MAl value Category 
0.00 [O 0.33 Ver y deficient 
0.34 [O 0.67 Moderately deficient 
0.68 [O 1.00 Somewhat defident 
1.01 to 1.33 Adequate 
1.34 and aboye Excessive 

Hargreaves showed that there is a goad relalionship between 
•• L.. .. ' 1 
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Fig . 3-6 Cluster diagram of \lsgetation classes throughout tropical South America in 
terms of total wet-season potent ial eV{:Ipotranspiration (WSPE) and wet­
season mean monthly temperature (WSMT). (Source: Cochrane and Jones, 
1981 ) 



a week or more and recommended a level"'ess lhan 0.34" lo 
define a dry mon th. A wet month , then. wa s defined as one 
with an MAl greaterthan 0.33, bearing in mind that this level 
may be too low for soils with very low rnoisture-holding 
ca pacüies. 

Moisture Availability Index 
and Soil Moisture 
Intcrestingly, the MAl , if qualifíed by the corollary "whe n 
soil moisture is adequate for a week ," would describe soil­
moisture availability in term s ofthe elimatic potential to both 
supply a nd extract soi l moi sture al a given loeation during a 
given period of time, as well as imply the ability of a soi l lo 
store and sup ply water. In this sense, lhe criterion would be 
more sensitive for a given so il during periods ofhigh potential 
evapotranspiration than during periods wit h lower potential 
evapotranspiralion; further , it would be more critica l for soils 
with low moisture-holding capacities. Therefore , the need to 
take sod moisture-holding capacit ies into accoun! in relation 
to the water balance a t a given ti me of the yea r must be 
emphasized . Soil moisture-holding capaci ties a re defined in 
Chapter 6. 

Meteorological Data Sets 
Pan 2 ofthe Computer Summary (Vo lume 3) contai ns a range 
of meteorological' data sets representative of those for the 
land systems in the Land Systems Map. These were o riginally 
compiled by Hargreaves and his coworkers for the land­
systems study (Hancock et al., 1979). The CIAT SA MM­
DATA (South America Meteorological Data) computer fi le 
currently includes over 4000 data se ts from sta lions through­
out tropieal America , many of which were adapted from 
Hargrea ves' data fil e. These stations are indexed by names 
and geo,graphical coordina les to help delinea te and describe 
land systerns. 

elimate and Physiognomic 
Vegetation Patterns 
In spite of the large number of meteorological data sets, a 
problem arose for the Amazonian region and parts of Central 
Brazil in th at the distances between meteorological statio ns 
with long-term data were often too great to ena ble acceplab le 
extrapolations. 

In an auempt to overcome the problem of extrapolating 
cJirnatic patterns bet ween meteoro logica l stat ions separated 
by large distan ces, it was decided to in vestiga te the dependency 
of the natural vege ta tion on cJimate (Cochrane a nd Iones, 
1981). 

Vegetaríon C1asses 
Physiognomic ·vegetat ion classes, as defin ed in Chapter 4, 
were used to describe the vege tation of the land facets of th e 
land systems. Map 2 (sce Map Plates) provides a picture oftlle 
major vegetation classes throughout [he region. lt was made 
by assigning the vegetation c1ass of the major la nd face ts to 
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vegetation classes ¡nclude poorly drained savannas, well­
drained savannas, tropical rain fores t , tropical semi-evergreen 
seasona! forest , tropical deciduous forest, caatinga, and 
others (including subtropi ca l and submontane forests, swamp 
forests, and othe r vegetation classes) . These are brieny 
described in Chapter 4. The term "well-drained savannas" 
coverS those vegetation types referred to in Brazi l as "Cerra­
dos ," described in detail by Eiten (1972). The definitions of 
forest typcs follow the descriptions by Eyre (1968). 

Discriminant Analyses of 
Meteorological Data 
A vegetation c1ass was assigned 10 each of251 meteorological 
data sets, from stations spaced as evenly as possible through­
out the reg¡on, on the basis of the native vegetation growing 
on the well-drained soils in their vicinities. Sixty-one meteorolo­
gical stations were loca ted throug hout the savannas, 38 in 
tropical se mi-evergreen seasonal forests, 49 in tro pi ca l raín 
forests , 84 in deciduous forests, 8 in subtropical semi­
evergreen forests. and tI in subtropical evergree n fores ts. 
Man y combi nations of different cl ima tic pararneters from the 
data sets, including the num ber of wet months. wet-season 
mean monthly temperatures (WS MT), wel-season radiation . 
wct-season potential evapotranspiration (WSP E), and dry­
season moisture availability (DSMA) (an index of the severity 
of lhe dry season, in contrast merely 10 its length), were then 
examined through discriminant analyses, both parametri c 
and no nparametric, to see if they followed the vegelation 
c1asses . 

Vegetation and Wet-Season 
Potential Evapotranspiration 
Figure 3-6 sum ma rizes the investigatíon ofthe dependency of 
the vegelati on c1asses on WSPE (wet-season mean potential 
evapotranspi ra ti on) and WSMT (wet-seaso n mean monthly 
tempera tu res). The observations were computer plotted in 
the WSPE X WSMT space, and clustering of the vegetat ion 
classes can readily be see n. To delineate the classes, the lines 
of equiprobability of assignmcn t were manually plotted 
between the various populations, by graphically finding the 
intersects of successive confidence elipsoids. 

The posterior probability of correct assignment for the 
vegetalio n classes was estimated as: 

Computer cluster codes (from Figure 3-6) 

A Deciduous roresr .9 1 
B WeJl-dra ined sava nna .68 
O T ropica l semi-evergreen seasonaJ fo rest .71 
E Tropical ra in rorest .87 
F Subtropical semi-evergreen fo rest .67 
G Subtropical evergreen rorest .60 

Th e poorly drained savannas (C) could not be included in this 
analysis beca use there were records from only two si tes. 

Using th e nonparamelric tech nique of nearest neighbor 
classification described by Cover and Ha rt (1967) as implemen­
ted by Barr et al. (1976), the data set was d ivided into two 
randomly se lected halves and each subse t used both as a 
" ,. .. , 
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combined lO form estima tes of the probability of correct 
c1ass ifieation. These were A = .77; B = .73 ; D =.41; and E = 
.88 . F and G contained no correct c1a ss ificat.ions due lO the 
small sample size. 

WSPE and 
Well-Drained Savannas 
To check the possible variation of WSPE between well­
drained savacnas with difrereot wet-season lengths, the 61 
meleorological data sets from the stations ¡oca led in the 
savannas were subdivided inlo three groups wi th 6, 7, and 8 
months of wel season, respectivel y, and the total wet-season 
POT ET values and the wet-sea so n average monthly POT ET 
values of the groups were compared. Table 3-3 shows tha t 
there is no significa nt difference between the lota 1 wet-season 
POT ET values for savannas having a 6-, 7-, or 8-month wet 
season (P > .2). On the other hand , it shows that the monthly 
average wet-season POT ET values are signincantl y differem 
(P < .001). The monthly average wet-seasOn POT ET val ues 
decrease with ao ¡ncrease in the length of the wet season . 

lt is clear that the WSPE throughout the well-drai ned 
savanna regioos is virtually constant. In Figure 3-6, the group 
of well-drained savannas (cluster code B) falls in a compact 
band right across the cen ter of the cluster diagra m, indicaling 
that they can be difrerentia ted on WSPE alone . lndeed, the 
range of WSPE experienced is remarkably small in spite of 
considerable difference nol only in wet-season length, but 
a lso in wet-season tempera tures. 

C/imatic Potential for 
Growth of Vegetation 
Fo r any given month , providing that MAl is high enough to 
allow relatively unreslricted wa ter avaílability, the actual 
evapotra nspiration would closely follow the POT ET under 
the nalural vegetation cover. Therefore, Ihe WSPE approxi­
males the a nnual consumptive water use ofthe vegetation. As 
such , the WSPE is a proxy es timate of the a mount of annual 
energy the savanna vegetatían can use for growth in the 

absence of ¡rrigalion. It follows, therefore, thal (he savannas 
o ecupy a well -defined habi tat del imited by the ciimatic 
pOlential far growth ; this pOlential is greater [han that of 
deciduous forests but less than that of evergreen and semi­
evergreen forests. Subtropica l vegetaríon classes, although 
dependent on WSPE, appear to be further differentiated, as 
expected, b y growing-season temperalUre. The group o f 
decidu ous forests (c luster code A) is a composite group. 
Caatingas, [he thoro scrub of norlheasl Bra zil, may be 
differentiated from this group using the dry-season mo isture 
availabil ity index (DSMA) , as shown by Figure 3-7. The 
DMAI indicates the intensity of the dry season, as opposed 
merel y 10 i lS length . It is Ihe mean monthly moislu re 
availability index of the dry-season months (those with an 
MAl < 0.34), corrected to run fro m zero to 1, where 1 = an 
average dry seaso n monthl y MAl of 0.33; thus "zero" is the 
mOst severe rating. 

Furthe r work needs lO be ca rried out lo exa mine the 
climate-vegetatío n interrelationships more thoroughly ; never­
theless , the finding th at WSPE regimes follow major vegeta­
tion c1asses provides for a belter understanding of these 
interrela tionships . In the context of tropical South America, 
with its rapidl y expanding agricultural fro nt iers , where as 
often as not little or no recorded climatic data are available, it 
is evident that the natural vegetat io n growing 00 well-drained 
soils can be used as a guide 10 extrapolatingclimatic patteros. 

Climatic Subregions 
The WSPE regi mes within Ihe maj or vege tation zones were 
consequentl y used to help defi ne eli matic subregions (Map 3). 
T ogether with the length of the wet SeaSOn and the WSMTs, 
they provide a convenient subdivision oft he region into [¡ve 
main a nd [wo less-defined cli mat ic subregions, summari zed 
in Table 3-4 . WSPE approximates the to tal annual energy 
available for plant growth , ass uming tha t the soils hold 
suffic ie nt moisture to enable nons tress growlh for at leas! a 
week under the prevailing POT ET regimes . Further, only the 
natural rainfall at the 75% probability level is co nside red, 
without supplemental irr igation. 

Table 3-3. Tota l wet-season potential evapotranspiration (POT ET ) values 
and mon thly average wel- season POT ET va lues. acco r ding to 
the number o f wet season months of the well -drained savan na s. 

Length of wet sea son 
6 months 7 months 8 mo nt hs 

Meteorolog ical data seI s (no.) t3 39 9 

Tola l wet-season POT EP 
Mean (mm ) 901., 7 969.11 976. I 
Var iance 1696 2528 21\5 
5.0 . 112 .86 50 .911 118 .78 

Monthl y average wet sea son 
POT ET b 

Mean ( mm ) 150.8 138.3 122 .1 
Variance 117 .13 119.77 33.05 
5.0. 6 . 1t¡6 7. 1 il7 6 .097 

a . t-test probabil ity of difference between means: 0.2 {nOl s ignificant) . 
b. I-te s~ pro~ability of difference between means : 0 . 001 (v er y highl y 
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Fig . 3-7 Plot of total wet-season parential evapotranspiration (WSPE) by the dry 
season moisture availability index rating (DSMA). 

Table 3-I.i, Climatic subregions of the cent ral low la nds of tropical South 
America. 

Clima tic Climate 
5ubregion WS PE- Wet monthsb WSMTe 

code (mm) (no. ) 1°C) Subr~ion name 

• > 1300 > 9 > 23.S Tropical rain forest 
b 1061-1300 8-9 > 23.5 Semi- evergreen seasonal 

forest 
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e 900-1060 6-8 > 23.5 Isohypenhermic savannad 
d 900-1060 6-8 < 23.5 Isothermic savannad 

e < 900 < 6 > 23.5 (Semi-) deciduous fo rest 
( Subtropica l vegetatian -
o Other l 

a. WSPE: t ot al wet-season potentiaJ e vapotransp;ration, the sum of the 
potentiaJ e vapotranspiration o( the wet months. 

b. Wet months a re months with a moislure avai labiJity index (MAl) 
> 0.33%. 

c. W5MT: wet-season mean monthly temperature. 
d . Terms no t used in th e strict sense in accordan ce with U.S. 50il 

Taxonomy (SoiJ Survey Sta((, 1975). 
e. Other vege tation on predominate ly poorly drained or seasonally 

flooded lands. 
i f¡ r '" hm nI n ",. nI .. ... ' I f $> 
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Table 3-5 . Climatic (jata sclS o f sites loca led in eac h af {he major cllmiltic subregions o f (he cen tral lowland s of I r(l~icil' SO\ ¡l h Ame,-i :,,!. 

Month 
P"ra.metc r· Jan FeS Ma r Ap r May Jun lui AIJ!) 5ep Oel HOv 0"" Ann~ 

Climal;C subregion a: Tropical rain fo rest 
Si te : Cruz do Sul. AC . Brazi!. l a!. 7°J8 'S. long . 72 °~O'W , 170 masl 

MEAN TEMP 2~ . 11 1
'
j . 6 21J ,11 2tJ. '2 14.1 23.11 22 ,9 ;.». B 211,5 24.6 21.1 , 7 ]11 .6 111 .2 

MEAN R. H. 92. 92. n. 89. SO. 7 J . " . 77. 89. "- 87, ". ". peT SUN JO. JO. 31. 36 . " . 57. ". S). 36. 18. OO . H . J, . 
MEAN RAD 390 . 391. 386 . 3811 . 1113. 1118. u2 5. 1151 • 1105. )71. ~IO. )1!J . 1102 . 
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Approximately 27% of the region faU s into the tropical rain 
forest sub region, (cJimatic code a) mainly in the westerh half 
of the Amazon basin. The semi-evergreen seasonal forests, 
(clima tic eode b) eharaeterized by the narrow range of an 8- to 
9-month wet season, occupy 38% of the area, mast of it in 
Brazil cast ofManaus. The isohyperthermic savannas (clima­
tic eode e) , 16% of the region, are well-drained native 
grasslands surrounded by forest vegetatian . They ¡n elude 
parts of the Brazilian Cerrados , the northern and western 
Bolivian pampas, {he easte rn Llanos ofColomb ia , a la rge part 
ofthe central Llanos ofVenezuela , and parts ofthe Rupununi 
plains and the Boa Vista and Amapa Cerrados of Amazonia . 
Climatic subregiotl d, the isothermic savannas, comprises 
mainly the central plateau areas of the Cerrados of Brazil ; 
these differ from the Llanos in terms ofa cooler temperature 
regime. They oeeupy 5% oft he region. Climatie subregion e is 
comprised of areas covered with deciduou5 vegetation. 

The characterization of cl ima tic subregions d oes not take 
into account the differences between well-drained and poorly 
drained 5avannas. Thi5 fundamental difference between savan­
nas has led 10 a 101 of confusion in the past concerning the 
nature of sa vannas; poorly drained savannas are found in 
climatic subregions with 2 to 6 months of dry season, and a 
wide range of WSPEs, as the edaphie eiroomstanee of 
waterlogging overrides the elimatie effeeL Tabl e 3-5 shows a 
meteorological data set from a si te in each of the climatic 
subregions. 

Soil-Moisture Stress and 
the Veranicos 
In considering the relationship between WSPE and vegetation, 
it has been ·noted that soi l-mois tu re stress is deseribed in terms 
ofthe climatie potential to supply and extraet soil moisture al 
a given location du ring a given period oftime, and the abílity 
of well-drained, medium-textured soíls to store and supply 
water. In soils that ha ve less than the medium capacity lo 
slo re plant-available water, such as sa ndy Spodosols and 
many Oxisols, vegetation can quíckly suffer moisture slress. 
Such situations occur bOlh in the Amazon basin and in the 
Brazil ian Cerrados. In Amazonia, Alvim and Silva (1980) 
note that areas of campinarana vegetatíon (a type of low, open 
forest) are prevalent on sand y soi ls with very low moisture­
holding capacitíes, su rrou nded by soils with higher moisture­
holding capacities covered in semi-evergeen seasonal forests. 
(It may be noted that many of these campinarana areas also 
suffer from a wet-scason hydromorphic condition.) 

The veranit os are erratie, but often prolonged (10- to 20-
day) periods with no rai nfall eommonly oeeurring during the 
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"wet-season" monlhs of January and February in the Cerra­
dos (well-drained savannas) ofCentral Brazil . They are often 
cited as the cause of considerable yield reductions in shallow 
rooting annual crops . 

Veranicos can usually be identified from lhe monthly 
meteorological data sels as comparative d ifferences between 
the MAr values ofthe peak wet-season months of December 
tO March . For example, a meteorological data set for 
Lu ziania (see Table 3- 1) shows lower MAl values in January 
and February than in December or March; neverth eless. the 
actual monthly MAl values for all4 months are well aboye the 
value 0 .33 used 10 signify a dry month. This would suggest 
that the moisture-stress condition resulting in reduced crop 
yields is not only a climatic problem but also a 50il problem; a 
function ofshallow rooting in soíls with low moisture-holding 
capacities . In fact, it has recently been demonstrated in the 
Cerrados Center (CPAC, EMBRAPA) near Brasília that this 
moisture-stress condition can be obviated in soybeans growing 
in Oxisol s if deeper rooting is e ncouraged by applying single 
superphosphare lO help overcome soil Al toxieity and P and 
Ca defieieney eo nditions (E. Wa gner, CPAC, pers. eomm.). 

M on thly MA I values and thesoil moisture-holding eapaeily 
rating, with o r withollt a rating for soil ehemica l factors 
including Al toxicity and P and Ca deficíencies asgiven by Ihe 
present study, have recently be en used lO form a preliminary 
zonification of the propensity of the Cerrados of Brazil to be 
affee ted by the wet-season drought periods . 

A Fresh Approach to 
Climatic Zoning 
Although the authors of this study do not intend to put 
forward a universal climatic classification on (he basis oftheir 
analyses , the wet-season potential evapotranspiration (WSPE) 
concept has provided a fresh approach for zoning climalic 
subregions throughout lowland tropical America for no nirri­
gated, perennial crop production. (t is leading to a better 
understanding of the regi on and has provided CrAT a basis 
for. defining broadly comparable c1imalic eondilions for the 
selecti ng, lesting, and transferring of new pasture plant 
aeeessions (CrA T , 1980b). This is deseribed in Chapter L The 
eo ncep t is compatible with the recen tly developed theory of 
unifying principies for water movemenlS in biological tissues, 
ineluding plants (Coeh rane 1983 , 1984). Studies , inc1uding 
those reeently published by Ranzani (1978), will he1p to define 
more preejsely the ability of the different soils to supply soil 
moisture and improve the water-balanceestimates for specific 
agricultural syslems. 



PHOTO PLATES 
With these photographs, you may take a trip through the various and distinct regions in the central 
lowlands of tropical South America. You can readily note the differences in topography, vegetation, 
clima te, and soils and see some of the traditionalland-use systems. 

Amazon Basin 
Plate 1 Colonist 
intercultivating cassava, 
maize. and beans (barely 
noticeable), 50 km south 
of Santarém in eastern 
Amazonas. Brazil. 

Plate 2 Poorly drained 
SBvannas 01 the Isla de 

Marajó. Brazil', in the mouth 
01 the Amazon. 

Plata 3 Tropical semi-evergreen seasonal forest near 
Altamira. southeast Amazonas. Brazi!. 

Plate 6 An Oxisol 
IHaplustox) 45 km south of 
Santarem in eastern 
Amazonas. Brazi\. 

Plate 6 Varse8s, or 
seasonally flooded lands, 

near Manaus. Brazi!. 
Junction of the Negro 

R' h z 

Plate 4 The Amapá wetl-drained savannas 
near the mouth 01 Ihe Amazon. Brazil. 



Plate 7 Tapping rubber (Hevea brssiliensis) in Amazonas. 
Brazil. Contrary to what is recorded in sonae Iiterature. 
rubber -tapping techniques have been used only by local 
Indians since pre-coloniallimes lo extract Istex from the 
giant Heves trees. 

Plate 9 Tropical rain forest, largely cutover. near 
Yur imaguas, Peru . 

Plate 11 River transpon of Porto Velho. Rondonia SI8te, 
Brazil. 

Plate 8 Tropical rain forest, Tefe, Brazil; junclion of 
Tefe River with Amazon River in 

western Amazon ia. 

Plata 10 Indian cultlvation near the Huallaga River near 
Yurimaguas. Peru. 

Plate 12 Colonization in Rondonia Slate. soulhwest 
Amazonia. Bra2il . Unnecessary destruction 01 

productive natural rubber and Brazil nut groves has 
taken place in recent years by overzealous colonists 
clearing land for 1oad-crap (mainly rice) product ion . 



Brazilian Shield 

Plate 14 A mature nut tree (Ber/halla/;. 
excels8) in semi-evergreon forest near 
Riberalta in northeast Bolivia . 

Pllta 15 Well -dralned savannas in southern 
Amazonia . 

Plate 16 The Alcantillados 
tablelands showing the red Oxisols. 
about 100 km east 01 Rondopolis, 
Central-West Brazil. 

Pllto 17 The Central Brazilian highland 
plateau near Anápolis, 160 km south 01 
Brasil ia . Pllte '8 Looking across the 

rolling platea u surface 01 
Land System No. 49 Irom 

the airport al Rio Verde. 
central Brazi! . 

Plall 19 On-the-ground view 01 tropical (semi-)deciduous 
forest 200 km west 01 Imoeratrix in western Amazonas. PlAtA 20 Camnn limno jRlmost nure orass savanna\ on thp. 



Pllte 21 Campo cerrado (open savanna) near Anápolis, 
central Brazil. 

Plate 23 Cerradao (closed savanna) near Planaltina. 
central Brazil. 

Plate 25 An Acrustox 
profile, Centro de Pesquisa 
Agropecuária dos Cerrados, 
Central Brazil. 

Pllte 22 Cerrado (intermediate savanna) near 
Planaltina, central Brazil. 

Plate 24 Canle ranching near San Javier, Bolivia, on the 
Brazilian shield. 

es AornnAr:uArifl dos Cerrados. Central Plate 27 Aariculture on the Brazilia n 



Plale 28 Excessive lime 
applications in south Mato 
Grosso, Brazil. 

Andean Foothills 

Plale 29 Caatinga vegetation in 
western Bahía, Brazil . 

Plata 31 Andean footh ills near Villavicencio. esstern 
Colombia . 

Plale 33 Andean foothills lorming a backdrop 01 
the eastern Colombia n plains, or llanos, near 
Villavicencio. Colombia. 

PIlle 30 The Entisol (sandy) 
savanna lands of the Parecis 

tableland of western Brazi!. 

Plale 32 Phosphorus deficiency in Dwarf 
Cavendish bananas growing with coffee, near 

Pereira, Colombia . 

PlAtA 34 Rnllino (nnthills mAinlv r.lAItrAO nf trnnir:::.1 



Mojos Pampas 

Plate 35 The Mojos Pampas 01 .astern Bolivia 
showing typical " square" lakes, a litlle north 01 the 
city 01 Trinidad. 

Plate 37 Ca!! le doing well near Reyes in 
the Mojos Pampas 01 Bolivia. 

Orinoco Basin 
Plate 39 Farming w ith ¡rrigation 
on the Orinoco plains 60 km south 
01 San Tomé toward Ciudad 
Bollvar, Venezuela . 

PI.te 38 Studying Ultisols near Reyes, Mojos 
Pampas, Bolivia . In the background, a IYpical island 

01 forest on higher ground may be noted. 

Plete 38 An aerial view 01 the " ra isad beds" usad by 
pre-Columbian inhabitants of the Mojos Pampas, 

Bolivia, lO elevate crap production above the 
wet-season water table. 

Plate 41 The well -drained 
(BhillsnufB) savannas of 

eastern Colombia near 
Carimagu8, as see n 

on the ground. 

Plate 40 Sal/anns lands on Oxisols near San 



Plate 42 Carimagua in the 
eastern Colombia n Llanos. 
showing the lowland 
(isohyperthermic) savanna site 01 
ICA-CIA T. Note the presence 01 
lower. poorly drained lands. 

PI ate 44 Laterite (hardened plinthite) outcrop near 
Carimagua, eastern " high " plains (8ItHlanuras), Colombia . 

Pantanal 

Plate 46 Junction 01 the poorly 
drained and better drained lands 

Plate 45 The Casanare 
wetland (Ultisol) savanna in 
Orocué. eastern Colombia. 

Plote 43 A more broken part 01 the well -drained 
savannas of eastern Colombia. south of the 

Muca River. 

Plate 47 The Brazil ian " Pantanal," 50 km 
northeast 01 Corumba . ,.......,....., 

Plote 48 Better drolned lands (but 
sli ll hydromorphic) in the northern 

P~ ... , ~ "o l 1;('1 1.0 ..... ""o~t ... f 



Plate 49 The Brazilian " Pantanal, " 150 km northeast 01 
Corumba, showing the typical "colored lakas" . The color5 
are attribuled to differences in the lake's microflora . 

Paraná Basin 

Plate 50 Close-up view 01 the " colo red lakes " 01 the 
Pantanal, Brazil. 

Plate 52 The Parana River, Brazil, 100 km upstream Irom 
the Para na iba dam, flaMed bv Eutrustox 50ils. 

Plate 51 Burning Cerrados on sandy soils 
(Enti5015) 150 km 01 Tr~s Lagoas, Brazi!. 

Plata 64 At Foz do Iguacú, the color 01 the 
water is indicative of the excessive erasion 
ocurri"g in southern Brazil . 

Plata 53 The Paranaiba 
hydroelectric dam on the 

Paraná River. Brazil. 

------------~----~~ 
Plata 56 The Mearim River, near its junction with the 

Paraná River, passing lhrough an area of 9000 
agricultural lands in Brazi! . mainly Alfisols. 

~~....;;..--



From north to south , ,the regio n in the Land Systems Map 
extends from the Panamanian isthmus lO southern Brazil; 
from easl to west it reaches from the Atlantic Ocean to the 
Andean fOOlhills . Jt covers a large part of the watersheds of 
the Orinoco, Amazon , and Paraná-South America 's three 
major river syslems. Its physiography is molded from geologi­
cal formation, spanning nearly 1000 million years; from the 
Precambrian shields of central Brazil and the Guyanas rich in 
granites , micas, and gneiss to the atluvial deposits of many 
rivers that occurred in the recent epoch . Between these 
extremes there is a rieh diversity of landscape formation on 
sedimentary, metamorphic , and volea ni e deposits wilh a 
gamut of ages and materials . These include shales from the 
Devonian to Tertiary periods; mudstones and sandstones of 
the reeently uplifted Andean foothills and their more recent 
andesitic volcanic ash mantling in the equatorial region ; 
mudslones and sandstones of the Orinoco , Amazon, and 
the western Paraná bastns dating from [he Tertiary and Qua­
ternary eras ; and an extensive Cretacean tufa (volcanic) 
capping over parts of the Precambrian-shield region of 
southern Brazil (Mozart Parada and Maia de Andrade, 1977). 

This chapler describes Ihe topography and vegetation 
classes used as the bases for delineating land facets in the 
Land Systems Map. 

Geology 
The Brazilian shield, visible as the plateaus of central Brazil 
and the higher lands of eastern Bolivia, and its more northern 
equivalent , the Guyana shield, seen mainly in southerp 
Venezuela, date 10 the Precambrian era. They support the 
oldest land surfaces in South America . Nevertheless, in sorne 
places, outcrops of hard granitie rock give these regions a 
more broken lopography Ihan that often associaled with old 
surfaces. The landscapes of the two shields are separated by 
themuch youngerTertiary, Quaternary, and Recent sediments 
of the Amazon basin. Continental drift theory suggests that 
these shields were once a part of tlle African continent. 

The Brazilian shield extends at a relatively shallow depth 
from the northern plains of eastem Bolivia <at a depth of 
about 600 m at Trinidad) to the sub-Andean piedmonts. 
According to Schlatter and Nederlof (1966), Bolivia can be 
divided into a teclonically higher northern half and a deeper 
southern half. separated by a tectoníc belt or «fault line" 
extending [rom Arica, Chile, on the Pacific coast, to the 
"elbow" of lhe Andes in the environs of the village of Buena 
Vista about 80 km to the north of the city ofSanta Cruz, and 
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continuing eastward across !he continent. This phenomenon, 
considered in relation 10 the tremendous centrifugal forces 
caused by the spinning of the world around its axis over the 
eons , might provide a possible explanation for the directiona,l 
change in the lie of the Andes. North of Buena Vista, Ihe 
Andes swing from a northwest to southwest directíon, 
resulting in a considerable effecl on climate . 

Schlatter and Nederlof consider thal the Andean uplift 
started in mid-Tertiarian times. Movements were spirogenic, 
and two major Neogene depositional basins were formed: the 
Altiplano Trough, sandwiched between the Andes, and the 
Eastern Foredeep. Both received sedirnents mainly from the 
Andes. 

At the end of the Pliocene or possibly the slart of the 
Pleistocene era, the main Andean uplift created Ihe high 
Andean Cordilleras. These are the result of largely vertical 
uplift with block faulting (a Germanotype style) and asyrn­
metric folds. They are in a stage of active erosiono 

Erosion is particularly noticeabJe in the sub-Andean foot­
hills, which in many place s show evidence of very recent 
uplifting. Erosion, partieularly in parts o[Peru and Bolivia, is 
taking place in spite ofi the forest cover; ,it is dramatic where 
soft sandstones and conglomera tes are found in the foothill 
region. 

Hydrology 
The Orinoco , Amazon, and Paraná river systems drain most 
of the region; they provide walerways for transpon and 
fishing and are an immense resource for power generation. 
The Amazon river system is navigable for large, seagoing 
ships as faJ inland as Manaus, and for quite large vessels as far 
inland as Porto Velho, the capital of Rondllni. Sta te in 
weslem Brazil, and to ¡quitos and bcyond in PerlÍ. Small 
riverboats penetra te much further. 

h is unforlunate for Bolivia that rapids (rocks belonging lo 
the Brazilian shield formalion) make the principal Amazonian 
tributaries, the lower Beni and Madeira rivers, impassable to 
river craft. To overcome this problem , a railway was built 
during the height of the rubber boom to link the cities of 
Guajará Mirim and Porto Velho; this was abandoned in 1966 
but is now being rebuilt beca use road transpon has not 
proven economic in this part of our energy-short world. A 
hydroelectric power station was recently constructed near 
Paranaiba on the Paraná river, and immense power reserves 
exist al Jgua,u, the site of the world's largest power complex 
under construction on the lower Paraná river(see Photo Plate 
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53). The erosion in southern Brazil. and the need roc urgent 
control mea~ ures. is i,ndicated by the color of [he water in the 
pholograph (see Photo PIMe 54). 

Major hydrologieal disasters eould well lake place in Ihe 
coming yea rs over parts ofthe watersheds ofthe Orinoco and. 
especially , lhe Amazon rivers, unless the present tendency to 
encaurage colonization in unstable foothill regions is discon­
tinued. The so-called carretera marginal de la selva (marginal 
jungle road), presenlly proj eeted to follow along Ihe Andean 
foolhills, should be reloealed well into the plains to help avoid 
[he derorestation of erodable lands by colonists. 

Physiographic Regions 
Map 4 (see Map Plales) summarizes Ihe major maerophysio­
graphie regions identified on the Land Systems Map, Ihe 
diffe rences among which may be appreciated rrom lhe 
phol ographs in the Plates. 

Amazon Basín 
This is the lowland regi on of Amazonia between (he sub-

. Andean foothills and the Brazilian and Guyanian shields. 
(See Photo Plates 1- 15 .) It is drained by many tributa ries of 
the Amazon civer. The land surfaces are predominantly plains 
oc peneplains exhibiting various patterns of dissection and 
recent terrace formations. A large pan ofthe regioo. especially 
in the nonhwesl. is poorly drained; some areas, particularly in 
the vicinity oflarge rivers. are susceptible to annual flooding . 
Mos t of the regi on is still covered with native vegetation, 
although considerable destruction orfor.st has laken place in 
recent years. 

Brazilían Shíeld 
This refees to the elevated and exposed Precambrian shield 
region of Cenlral Brazil and is characlerized by old, stable 
plateau surfaces. (See Photo Plates 16- 30.) A large pan is slill 
covered in native vegetation, mainly savannas locally called 
"Cerrados." However, considerable development has taken 
place during Ihe lasl 20 years wilh Ihe eSlablishmenl of 
Brazil's administra.tive capital, Brasilia, located vinually in 
the epicenter ofthi s uni1. The formation extends into eastern 
Bolivia. 

Elbow of the Andes 
This unit has been delineated lO emphasize the fault line 
across the South American continent extending eastward 
[rom the "elbow" of the Andes near Buena Vista nestling in 
Ihe Sllb-Andean foolhills ofBolivia. Apart from physiographic 
implications, the region has clima tic characteristics transi­
cional ~rom the tcopics 10 the subtropics. 

Andean Foo,thílls 
This region defines the sub-Andean foolhill region. (See 
Photo Platcs 31-34.) It is partieularly importanl as many of 
the foothills are susceptible lo erosiono The indiscriminant 
clearing of native vegetation from the foothills is already 
aggravating flooding problems in the Amazon Basin and 
Mojos Pampas regio n of Bolivia . 

Guyana Shíeld 
This refers to (he elevated and r:ugged Precarnbrian shield 
region nOrlh ofthe Amazon river . It is stHl mainly covered by 
native vegetation-forest and savannas. 

Mojos Pampas 
This is an extensive area of wetland savannas in the eastern 
plains of Bolivia , allegedly form ed from Ihe infill of a 
geologieally postulated aneienl lake belween Ih e Andes and 
Ihe Brazitian shield . (See Photo Plales 35-38.) Aparl from 
being a maj or eattle-producing area (Ph olO Plale 37), il is 
both geologieally and archeologieally unique. The presenee of 
hundreds of "square" lakes (PhOlo Plate 35) has barned 
geologists for years; current theory postulates that they are an 
effeel of faulling in Ihe underlyi ng Brazilian shield . The 
presence of "raised beds" (Pholo Plate 38) in many siles 
(Denevan, 1964) has presenled an enigma to areheologislS. 
The senior author believes that pre-Columbian peoples 
cultivated their food crops on these ¡-aised beds simply 10 raise 
thern aboye the high , wet-season water tables ofthe regían . lt 
is interesting to speculate that their majar grain crop was 
probably Job's tears (Coix lacryma Jobi), as this erop is Slill 
cuhivated by so me of the indigenous peoples in the region. 

Orínoco Basín 
This is the lowland drainage basin of the Orinoco river and its 
Iributaries. (See Photo Plales 39-45.) [t is largely covered by 
savannas on bOlh poorly and well-drained lands, bul inel"des 
sorne forests, particularly those abutting the western edge of 
Ihe Guyana shield and in the northeast. 

Pantanal 
This is an area in western Brazil mainly aloog its border with 
Bolivia . As the name suggests, it ís a lower, poorly drained 
savanna region. Nevertheless, landscape differences and 
grades of seasonal inundation exist. 

Paraná Basín 
This region includes a large part of Ihe watershed for Ihe 
Paraná river found in soulhern Brazi!. (See Pholo Plates 
51-55.) lt is largel y made up ofsavanna and sorne deeiduous 
forest covering dissected plain surfaces. There are extensive 
areas of sandy soils in the western portion of Ihese plains. 

Physiographic Units 
Within the physiographie regions, physiographie units were 
identified to separate distinctive landscapes, using locally 
recognizable names. As the land systems werc delineated , 
thcy were assigned numbers identifying them with these 
physiographic units. These are liSled by country in the 
glossary lO Part I of Ihe Computer Summary (Volume 3). 
Figure 4-1 illustrates their use lo make a physiographie map 
of Central-West Brazi!. They presenl a piclure of the major 
landscape differcnces within any one country or region . 
However, for agricultural production considcrations, the 
land systems per se must be considered. 
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Fig. 4-' Physiographic units map 01 Central-West Brazi l. 

Land Systems, Land Facets, 
and Mapping Scales 

The descript ion and coding of the landscape features have 
been deseribed in ehapter 2. The subdivision of Ihe land 

systems into land facets emphasizes that landscape is nOl 
constant, bUl continually varying. As practical fa rmi ng has to 
cope with a varia tion in land surfaces and 50il5, thedescription 
of the land [acets within a land system is clearly important. 

It should be remembered that there may be lesser yariatio n5 
in topography, yegetation, and soils within a land [acet ; 
however. ~ome level nf p~npr~li7~tion mllst hl': ",C':C':~ntNi in 

making an inventory of land resources. This is ¡nherent in all 
bUI Ihe mosl delailed large-seale maps. sueh as individual 
farm maps. Thereforc, the gencralization made in classifying 
the soi ls of the land facets according te their predominant 
soils is no mOre serious than (hose currently accepted in soil 
mapping. In fact , the emphasis given la describing land 
systems in terms offacels adds lo the usefulness and precision 
of Ihis sludy. 

For very small-scale maps, further generalizations are quite 
aceptable. As the mapping scale beco mes smaUer, the degree 
of detail is diminished . It is quite permissible, therefore , to 
depiellhe topography. vegetation, and soils oflhe major land 
facets as those predom ina ting oyer a region . This is usefu! lO 
nrnv;np ~n nvprv;pw n( m~inr (,.~tllr,.o;:._fn r ... nhr~ (: ,. ~n ..... tn 
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saying, "to see the forests and not lhe (rees." The compuleri ­
zatian ofrhe study facilitated the production of such overview 
maps. 

It al50 facilitated quantification of properties. Because 
quantification is made 00 the basis of the land facets, 
however, the figures renect a grcater degree of precision than 
the mapping units based 00 the land-systcm subdivisions. 

Topography 
Map 5 is a eomputer-ba,ed map summarizing the lOpography 
of the region . 

Poor/y Drained Lands 
Approximately 21 % (170 million ha) of the region is poorly 
drained; 82% ofthcse poorly drained lands (139 million ha) is 
covered with [orcsts and the remaip.der by native savannas, 

The vast extent of poorly drained forest lands along the 
Andean foothills and northwest Amazonia imposes a natural 
barrier to agriculture. Nevertheless, lhe seasonally Oooded 
Lands or várzeas (see Photo Plate 6) of major river systems 
aften have naturally ferti le soils, and it is likcly that increasing­
Iy importam areas will be brought ¡mo more intensive 
produetion of erops, inc1uding wetland (paddy) riee and jute, 
in lhe not too distant rUlure . 

The poorly draincd sava nna lands have been used success­
fully since colonial times ror cxtensive cattle produclion. 
Significant areas are round in the Brazilian Pantanal (see 
Photo Plates 46- 50); the Bolivian Pampas de Mojos (Photo 
Plates 35- 38); the Casanare plains of northeast Colombia 
(Photo Plate 45), whieh extend into southwest Venezue la as 
the Apure plains; the island of Marajó at the mouth of Ihe 

Amazon river (Photo Plate 2) ; the Humaitá plains north of 
Porto Velho in Rond8nia in BraziJ's southwest Amazonia; 
parts of the Amapá savannas near ¡he mouth of ¡he Amazon 
river on its northern si de (Photo Plate 1); parts of the Boa 
Vista savannas in northern Brazil ; and the contiguous 
Rupununi savannas of Guyana . 

Well-Drained Lands 
About 79% (649 million ha) of the region is reasonably well 
drained . The major part ofth is area , 508 million ha, is eovered 
by forest, and the remaining 14 1 million ha is covered by 
savannas . Approximately 77% of the weU-drained lands (497 
million ha) has slopes less than 8%, and 23% ( 152 million ha ) 
has slopes greater than 8%. The relativel y nat lands are often 
elosely disseeted by smaU streams . In faet , over 86% of the 
entire arca has perennial Streams al lcss than 10 km intervals 
and 39% less than 5 km apart (see Photo Plate 43) . 

Topographyand 
Climatic Subregions 
Table 4-1 provides a summary of the IOpography within the 
broad elimat ie subregions deseribed in Chapter 3. It is based 
on compuler printoUls. 

There is a signifieantly higher proportion of poorly drained 
lands in subregion A, the tropical rain fores ts. Even so, 70% 
of these areas are well drained ; of these, 128 million ha have 
s lopes less lhan 8%. With lhe notable exception of some areas 
in the sub-And ean fOOlhills , such as Lhe Florencia region of 
Colombia (see Photo Plate 34) and the Yurimaguas region in 
the low Selva ofPeru (see Photo Plate 9), most ofthese lands 
are stíll covered by native tropical rain foresl vegetation. 
Variations ion physiograp hy are common and picturesque 
along the narrow sub-Andean foothi lls (see Pholo Plates 31 , 

Table 1.1-1. Topography of the climatic subreglons of the central lowlands 
of tropical South America. 

Area (mi llion ha) In 
each topografta: elass Total 

elimatle Flat . ---We ral nea area Total 
subregion Subregion POOrly <8% 6- 30% 5 30% (million area 

code name drained slo~ slo~ slo~e ha) (%) 

a Tropical 
rain forest 65 128 20 " 217 27 

b Semi-everg reen 
seasonal foresl 50 189 6" 5 30. 3. 

e Isohyperthermie 31 76 13 9 129 16 
savanna 

d Isothermic 
savanna O 33 6 " 43 5 

e ( Semi-)deciduous 
forest 23 62 10 • r03 12 

Subtropicall 

vegetation' 1 9 1 O 11 
o Other b O O 2 6 8 

Total area 
(million ha) 170 497 116 36 ill 

Percentage o( 
total area 21% 61% 14% 4% 

a. Other vegetalion on predominantly poorly drained or seasonally 
flooded lands. 

b. Nonclassified. or submontane or subt ropical forest. 



33,34). Belween lhe Andean fOOlh ills a nd the Precam bria n 
shield much of Ihe landsca pe is uniform and ge nlly undula­
liog. although il j!; often in terspe rsed with extcnsive areas of 
poorly drained lands. 

By far the largesl area of well-dra ined lands is found in 
subregion B. the tropical semi-evergreen seasonal foresls (see 
PhOlO Plales 3, 5, 14). In central , eaSlern, and so ulhern 
Amazonia . Ihese fores ls are largely intacl, allhough sizeable 
areas, especially in Rondonia statc of Brazil's southern 
Amazonia, have beco cut do wn in recent years (se e Photo 
Pla le 12). 

AboUl 73% (189 mili ion ha) of ,h e well-drained lands of 
subrcgion B are re lali vely nal, wilh ~Iopes les ~ Ihan 8%. The 
landscape lends lo be less variab le than in o lher subregions. 
Nevertheless. there are major physiographic differences; a 
large part is closely dissected by lhe many tr ibutaries o f lh e 
Amazon river. 

Subregion C is largely dcfi ned by lhe well-drained isohyper­
thcrrnic sava nna lands. Sorne extensive areas of nat lands are 
found, such as lhe attiJ/anura plains along lhe south bank of 
the Meta river (l-4 X 10' ha) in Colom bia 's easlern plains (see 
PhOlO Pla tes 41-43), bUl large tracts of lhese lands are 
slrongl y disseeted. 

Subregion D is comprised of lhe isothermic sava nnas , 
ma inly eonfined to lhe higher (grealer than 900 m) plateau 
lands of Cenlral Brazil , and lhe cooler SOllt hern li mils of 
Brazil's "Ce rrados," which contain extensive tracts of fl at 
I.nds disseeted by small valleys (see Photo Plates 16, 17, 18 , 
21,23,26,27). 

Subregion E eovers a wide range o f topographies. 

Vegetation 
The Land Systems Mapand Figure 3-6 (Chapter 3) su mmarize 
the distribulion of the nalural. physiognomie vegetation 
c1asses over the region. The use of physiognomic lerms does 
nOI imply any preconceived ecological o r climalic condi lions; 
lhe descripl ion of lhe S3 vanna and foresl classes .used 
lhroughout Ihe study strictly follow those qua nlila lively 
defined lerms used by Eilen ( 1968, 1972) for lropieal we ll ­
dra ined sava nnas and Caatinga and by Eyre (1968) fo r 
lropieal ro rests. Only the c1assifícation "seasonally inundaled 
pampas'! has nOl been defincd in a physiognomic sc nse~ thcsc 
pampas refer lO any lowland tropical savanna o r grass land 
with soils that suffer from prolonged periods o r waterlogging. 

Savannas 
Aeeording 10 Bernal Diaz( 1975), "savanna" is a Carib Ind ian 
word signi fyi ng "treeless plain." In modern usage, its meaning 
has been exte nded . Ei ten notes that "The range in structural 
forms in cerrad o is completely contilluous in the sense that 
stands ca n be fo und in any region which ma y be ranged in a 
series from arboreal , tbro ugh all grades ofscrub and st ructural 
savan lla, 10 (usually) pure grassland or lhe cerrado type." 
This continuily was recognized by many early travelers and 
particularly emphasi zed by Smith (1885) . The elassi fiealions 
used by Eiten for savannas, or Cerrados, are summarized as 
fo llows. 

Campo limpo. Grassland with tall vis ible woody 
planls essenlia lly absent (see Photo Plale 20), a nd wh ose Oo ra 
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is made up o f praeliea ll y lhe sa me species as lhe ground layer 
of campa cerrada. (Nole thal the use of campo timpa here is fo r 
a variat ion of the Cerrado Oora .) Sometimes. when a Cerrado 
grassland has a few. very scattered , low bUI conspicuous 
shrubs or acauiescent paims, it is d is tinguished as campo5ujo. 

Campo cerrado. Ineludes severa l for ms with 10lal 
woody planl cover rather open or s pa rse (see Photo Plale 2 1), 
lhat is , less lhan 30-40% eover, such as: 

a . Quile open scrub 
b. Low arbo real, qu ite o pen woodland 
c. True physiognomic savanna. ¡.e .. sC<l ltered medium-tall 

o r low trees. o r shrubs. o r uJ;ua \l y bOlh trees and shrubs 
intermix.ed. o ver a continuous o r ~ Ii ghll y open laycr of 
grasses, herbs , dwarf shrubs. and semishrub.". 

Cerrado (slricl sense). Ineludes several fo rms wilh lhe 
lotal woody plant cover e10sed do wn to aboul 30-40% (see 
Ph oto Plate 22), sueh aS: 

a . Closed or ~cmi-opcn lo\\' al'boreal forms (canopy general­

Iy less lhan about 7 m tall) . 
b. Clos~d or ~mi-open scrub forms (canopy generally less 

than about 3 m ta ll ). the c lemenls o f which may b~ 

definitely shrubby, arbo riform. o r the twO mixed. 
c. Closed o r semi-open scrub mixed with scattered trees of 

va ri ous heights. The trees ma)' be emergents and form a 
si ngle upper laye r o r, usuall )' , ri se lO varying heights 
along with va rying heighls of scrub clcmenls so that the 
upper surface of Ihe vegetation is "hi ll y." 

Cerradao. Medium-lall arboreal ro rm with a elosed 
or semi-open canopy (see PhOlO Plate 23) (bul nolless than 
30-40% lree crown cover). 

Forests 
The rollowing descriplions brieny ident iry lh e tropica l fo rest 
e1assifi cations (see Pla tes), as used by Eyre. 

Tropical rain foresto MoS! lrees a re evergreen in 
habit, casting their lea ves and growing new ones continuously 
a nd simultaneously (see Photo Plales 8-10). Some may shed 
a Ulheir lea ves for a sho rl period al irregular intervals. Large 
lrees may develo p plank bumesses, alt hough lhese are more 
eommon in areas with impeded drainagc. The trunk.s of 
cerlain trees, especiaily "Iower story" trees. such as cacao, 
may bear nowers and fruiL This phenomenon is termed 
"caulinory," and the bar k of sueh trees is usua lly very lh in . 
Pál ms may be prese nt , but not in the great numbers found in 
poorly drained areas. 

A tropical ra in forest is usually well over 30 m in hcight. 
StatisticaJ appraisal would indicate that it has a three-tiered 
Slruclure. Under theorten-open uppercano py may be found a 
layer of s maller trecs. and , in tu rn, below th is, a lower 
"story." Trees in the different layers a re frequently specifical­
Iy adapted 10 particular niches within the microclimatic and 
st ructural complex of lhe ro rest, and are nol necessari ly 
si mply ímmature forcs t giants. Thu~, trees in the lower forest 
layers largely consist o f speeies adapled lo reduced' lighl 
conditions. 

Usually a large number Or Iree species exists in any one 
area . These co mmonly belon~ to the Rosaceac . Compositae. 
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and Leguminosae ramilies. Lianes iind epiphytes are comman. 
Thc shrllb layer is poorly developed (oftenjust a few ferns 

and seedlings), and, for this reason , it is usually quile easy la 
walk through a tropical rain rorese. 

Tropical semi-evergreen seasonal foresto 
These foreSlS generally ha ve a two-Iayered structure, may 
reach heights of 25 rn or considerably more when growing on 
inherenlly ferlile soils, and possibly 20 lo 30% of lhe upper 
canopy trces lose lheir Icaves in lhe dry season. Apparently, 
many of Lhe cvcrgreen species of lhe upper ¡ayer 3fe faculta­
lively deciduous. In other words, lhey ha ve the ability to lose 
their Icaves in an extreme dry season. A high proportian of (he 
lowcr story (rces are evergreen. 

This type of foresl differs from the tropical rain foresl in 
othcr respects. Fewcr trces are buttressed . In lhe early winler 
season, many spccies produce nowers, especially Lhe lower 
layer trees that tend la be small-Ieaved. 

Tropical semi-deciduous seasonal foresto 
This fore st (see Photo Plate 19) has two strata. The upper at 
about 15 m is predominantly deciduous . Evergreen trees are 
common in the lower layer at 4 to 10 m. 

Tree spccies differ eonsiderably from (hose found in semi­
evergreen seasonal foresls . They have more gnarled trunks (as 
opposed lo [he straight trunks of the semi-evergreen seasonal 
foresls); they branch quite near the ground and have umbrella­
shaped canopies , or eanopies with distinct horizontal strata, 
as compared with the compact, conical, or rounded crowns of 
the weBer forest. Bottle trees, Acacia species, and giant cacti 
are usually presenl. The bottIe lree nowers about la le April to 
May with the late rains, fruits, lhen sheds its lea ves. Sorne 
palrns that appcar to with,stand drought may also be present. 
A high proporlion ofthe trees are rnicrophyllous. The forest 
tends to be poor in lianes. 

Herbaccous plants, espeeially grasses, are scantil y represenl­
ed on the forest noor, although spiny plants, part¡eularly 
Bromcliaceae speeies, rnay be very cornrnon. 

These forest elasses correspond to those growing on well­
drained soils. The various sub-seres (modifiealion). ecolone 
eharacleristic (gradations between two groups), and features 
worthy of special note of any one type of vegetation are not 
renected in the vegetation eoding. When very different sub­
seres due tú natural pheno rnena were found, e.g. hydroseres 
(vegctation adapted to wet soil conditions), they were classi-

fied with the "Other" vegetation classes. Whcn eeotones were 
founo. they were assigned lo Ihe c10sest vegetation class. 

Caatinga. C"at¡nga has been deseribed by Eiten as lhe 
thornserub of northeastern Brazil (see Photo Plate 29). It is 
not a structural form of Cerrado, but a different coordina te, 
large-seale vegetation type with different nora ; nevertheless, 
sorne Caatingas contain a proportion of Cerrados species. 
Closed scrub is the cornmonest rorm of Caatinga, but this 
vegetation lype also occurs ·in many olher slructures, a11 
natural in sorne regions: forest, arboreal woodland, closed 
shrub (moslly of definite shrubs 2 - 5 m tall), elosed serub 
with emergent low lrees, open shrub (mostly of defin¡le 
shrubs 1.5 m lall), sh rub savanna (sealtered low trees or 
shrubs over a elosed shortgrass layer, the Serido form), and 
others. Many of the shrubs and trees are spiny_ Cae ti are 
almost always present, such as tree cacti of the Cereus tri be, 
low elumps of globular and eylindrieal speeies, and Opuntia. 
Terrestrial speeies of bromeJiads 3re very abundant in most 
Caalingas. 

Submontane forests. Submontane forests are 
found al altitudes between about 1000 and 2000 m. The 
classifications of Eyre were used and noted on the original 
eoding sheels. These may be surnrnarizeu ¡n the follow¡ng 
way. 

• Sub-monlone e~'ergreen foresl. This rorest has a two­
tiered st ructure with an open canopy of trees reaching to 
heights of 15 to 20 m . Ferns are eomrnon in the shrub layer. 
Most of the Iree spccies are either eve rgreen or only shed their 
lcaves for short periods at irregular intervals. 

• Sub-monlane semi-evergreenforesl. This foresl is sirnila r 
in slructure lO the sub-rnontane evergreen forest in thal il has 
a doublestraturn oftrecsand an open cai1opy. but is gene rally 
lower (13 to 16 m) . A notieeable proporlion oftrees shed their 
lea ves during the June to August periodo Leaf shed in sorne 
spee¡es ¡s preceded by nowering about April, followed by 
fruiting. 

• Sub-monrane detiduous seasonalforesl. This foresl usual­
Iy hasa single layer oflrees and lends to be open . Heights vary 
from about 8 lo 12 m. Thorny scrub and cacti are common in 
the shrub layer. Almosl the ent¡re forest sheds its leaves for 3 
to 5 months of the year. 

Table 11-2. Areal extent ( %) of the savannas· of tropical South America. 
subdivided on the basis of relati ve arboreal biomass contenls, 
with majar soil chemical constraints. 

low P 

~-- - ---ª~~~­
CC 82.9 

low K 

CD 9'.3 
f _______ ~U _ 

Al toxic 
70% Al sat J 

CD 93.5 

_ ~ _______ ~Z~ª 

CD 81.1 CC 88.5 CC 
Cl+CS 58.0 CL+CS 68.1 Cl+CS 110 . 0 

Low Ca Low Mg 

f _______ ~!~~ Cl+CS 77 .6 

CC 711.0 CC 51.5 

ClotCS 61.6 ~ _______ !h~ 
CD 49.0 CD 15.5 

a. Brazilian terms commonly used (see Eiten, 1972) : Cl+CS ; campo 
limpo .. campo sujo (grassland with occasional shrubs). ce '; campo 
cerrado topen savannaJ. C -; cerrado (intermediate savanna). eD = 
r~,. .. ;¡rI"n (rln<;:.,.rI <;:;¡v::r.nn::r.l 



Table 14-3. Areas (ha) of human-induced vegetation lhroughout the 
central lowlands o( tropical South America (from satellite 
imagery taken during period 1973-76). 

elimatie Area Area 
subreglon planled to planted to 

code Subreqion na me pastur-es crops 

• Tropical rain forest 11,697.Q9O 6,959,370 
b Semi-evergreen seasonal 

forest 20,90ll,I20 11,999,580 
c Isohyperthermic sav8nna 13,259,220 6,006,850 
d Isothermic savanna 8,738,000 J , 571,610 
e (Semi-) deciduous seasona I 

roresl 5,622,700 2 ,61H ,""O 
$ubtropical vegetation' 2.751,310 737,870 

o Otherb , ,460,510 8011.71.10 

TOTAL 64,433,360 32,727,1470 

a. Other vegetation on predominant Iy poorly dralned or seasonally 
rtooded la nd s. 

b . Nonclassified, o,. $ubmontane 01" 5ublropical foresl. 

• Sub-monlane microphy /louj' [ore.u . This ¡sa low , 4 lo 7 m 
hi gh. orten open forest or scrub . Cacti are common . The 
density of the vegetation appears (O ¡ncrease wilh ¡ncreasing 
availabilily ofmoisture. The forest is relative1y leaOess for 6 to 
8 months of e3eh year. 

Vegetation and Soils 
Lopes and Cox (1972) reported a soil fertilit y sequence 

fo llowing the relative arboreal biomass conlenlS of a limiled 
area of the well-drained savannas. Ho wever, as shown in 
Table 4-2, sueh a sequence was not eonflrmed by this study, 
with the exeeption of Mg, the signifleance of whieh may 
require furlher investigation, although it is possibly just a 
coincidence . 

Induced Vegetation 
Table 4-3 summarizes lhe areas ofhuman-induced vegetation 
throughout the region , It must be noted that these fi gu res 
were based on imagery taken over the period 1973 to 1976, 
and as such are very approximate . They do nOI lake into 
account arcas lhat have been cul over or partia ll y altered; 
only lhose arcas with obvious signs of vegetation changes. 
They should be used, if at all, with qua liflcation . 

Conclusion 
There is no doubt that the613 milli on ha ofwell-drained lands 
in the regioo with slopes ofless than 30%, from aclimate and 
landscape point of view, represent one of lhe worJd's majar 
reserves fo rcrop, pasture, and agroforestry produclion under 
ra infed conditions. It follows, therefore, tha, their soil 
conditions should be carefully examined. 
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• Poorly drained savannas 

Tropical rain forest 

Tropical semi-evergreen 
seasonal forest 

54" , 48" , 

Central Lowlands 

of 
Tropical South America 

, 
60" 

, 
48" 

Tropical deciduous and semi­
deciduous forest 

O Caatinga 

Other vegetation 

Other 

_ 8 " 

_4" 



CLlMATIC SUBREGIONS 

a 

b 

I 
66' 

WSPEa > 1300 mm, > 9 wet mos" 
WSMTb > 23.5° C 

WSPE 1061- 1300 mm, 8-S wet mos. , 
WSMT > 23 .5° C 

e • WSPE 900-1060 mm, 6-8 wet mos ., 
: WSMT > 23.5° C 

d • WSPE 900- 1060 mm, 6-8 wet mos ., 
WSMT < 23.5° C 

54' , 48' 
I 

Central Lowlands 

of 

Tropical South America 

- 8' 

______ 4' 

I 
60' 54' 

I 
48' 

e D WSPE < 900 mm, < 6 wet mos., 
WSMT > 23.5° C 

f ~ Subtropical 

o Others 

a. WSPE :: TOla l w et-season potent ia l evapOlransp;rahon. 

b. WSMT :: Wet-season mean mon thly lemperature 

O' 

- 4' 



PHYSIOGRAPHIC .REGIONS 

l4' 
I 

48' 
I 

Central Lowlands o, 
Tropical South America 

M. Mojos Pampas 

B . Brazilian Shield O O Orinoco Basin 

E O Elbow of the Andes P O Pantanal 

F . Andean Foothills R • Paraná Basin 

G Guyana Shield 

- S' 



72' , 

TOPOGRAPHIC CLASSES 

I 
66' 

FLAT, POORLY 
DRAINED 

< 8% SLOPES 

54' , 48' 
I 

Central Lowlands 
of -8' 

Tropica'l South America 

tf3 8-30% SLOPES 

• > 30% SLOPES 

, 
48' 

- 4' 



12' 72' ---:. 

16' 

SOIL ORDERS/SOIL TAXONOMY 

66' ,----

I I 
66' 60' 

ALFISOLS 

ARIDISOLS 

D ENTlSOLS 

INCEPTlSOLS 

54' 
I 48' 

I 

Central Lowlands 

of -8' 

Tropical South Ame!"ica 

_ 4' 

- O' 

- " 

8' 

12' 

16' 

I 
54' 48' 

MOLlISOLS 

OXISOLS 

SPODOSOLS 

tJLTISOLS 



SUBORDER SOIL CLASSES/SOIL TAXQNOMY 

12" - 12' ~. 60' 
I I I 

./"'''"'ff'' ~~~~j~~~'AR\~ 

.~ 

1" -

PACIFIC OCEAN 

20'-

B Aqualfs 
A Udalfs 
e Ustalfs 
X Xeralfs 
D Orthíds 
E Aquents 
F Fluvents 
R Orthents 

I 

'" 
P Psamments 
N Andepts 
I Aquepts 
T Tropepts 
M Aquolls 
G Udolls 
H Ustolls 

54' 
I 

48' 
I 

Central Lowlands 

of 
Tropical South Amer,ica 

-8' 

-4' 

ATLANTIC OCEAN 

J Aquox 
o Orthox 
K Ustox 
S Aquods 
Q Aquults 
U Udults 
V Ustults 

I 
48' 

-O' 

-4' 

-8' 

'p 

<: 
~12' 

, 



GREAT GROUP SOIL CLASSES/SOIL TAXONOMY 
72' 

12'- I 
CARIBBEAN SEA 

66' 
I 

./ ()~~""_""TA 

8'-

16·-

PACIFIC OCEAN 

20'-

I I 
72' 66' 

Natraqualfs (AAQNA) 4 Psammaquents (EAQPS) 
Tropaqualfs (AAQTR) 5 Tropaquents (EAQTR) 

+ Hapludalfs (AUDHA) 6 Tropofluvents (EFLTR) 
S Rhodudalts (AUORH) ) Ustifluvents (EFlUS) 

Tropudalfs (AUDTR) Xerofluvents (EFLXE) 
@ Haplustalfs (AUSHA) 7 T.roporthents (EOATRI 
80 Natrustalfs (AUSNA) B Ustorthent$ (EORUSl 

Paleustalfs IAUSPA) 9 Quartzipsamments (EPSOUI 
% Rhodustalfs (AUSRH) > Tropopsamments (EPSTRI 

Tropustalfs fAUSTR) < Usti,psammenls (EPSUS) 
I Haploxeralfs (AXEHA) ( Dystrandepts (lANOY) , Camborthids (DORCM) I Hydrandepls (lANHY) 
1 Fluvaquents (EAQFL) Haplaquepls (IAOHA) 
2 Haplaquenls (EAQHA) A Hurnaquepts (lAOHU) 
3 Hydraquents (EAOHY) # Plinthaquepts (IAQPL) 

60' 
I 

I 
60' 

B 
C 
D 

E 
F 

G 
H 
I 
J 
K 
L 
M' 

54' 
I 

41' 
I 

Central Lowlands 

of 

Tropical South America 

I 
41' 

Sulfac¡uepts (IAQSU) N Haplustox (OUSHAI 
Tropaquepts (lAQTR) o Tropaquods (SAQTR) 
Dystropepts (lTR OY) P Albaquults (UAOAL) 
Eutropepls (lTREU) Q Paleaquults (UAQPA) 

-S' 

-4' 

-4' 

-- 8' 

- 20' 

Ustropepts (ITRUSl R Plinthaquults IUAQPll 
Haplaquolls (MAQHA) S Tropaquults CUAQTA) 
Argiudolls (MUDAR) T Hapludults (UUDHA) 
Haplustolls (MUSHA) U Paleudults (UUOPAI 
Plinthaquox (OAQPl) V Plinthudults (UUDPL) 
Acrosthox ¡OORAC) Rhodudults (VUDRHI 
Eulrorthox (OOREU) W Tropudults (UUOTR) 
Haplorthox (OORHA) Y Hapluslults (UUSHA) 
Umbriorthox (OORUM) Z Paleustults IU USPA) 
Acrustox (OUSAC) X Rhodustults (UUSRH) 
Eutrustox (OUSEU) 10 Chromudents (VUDCH) 



GENERALlZED SOIL MAP/FAO-UNESCO LEGEND 

• Ferrasols 

Acrisols 

O Fluvisols 

• luvisols 

• Gleysols 

• Arenosols 

O Lithosols 

. ~. 

I ". 

Central Lowlands 

of 
Tropical South America 

I 
60' 

• Cambisols 

O Regosols 

• Podzols 

O Nitosols 

• Andosols 

O Phaeozems 

Planosols 

Solonetz 

O Solonchaks 

O Yermosols 

• Xerosols 

~ Vertisols 



SOIL UNIT MAP/FAO-UNESCO LEGEND 

16'-

10'- PACIFIC OCEAN 

I 
1'r 

• Xanthic Ferralsols (F., 

A Onhic Fenalsols (Fa) 

8 Acrlc Ferralsols (Fa) 

C Rhodic Ferralsols IFr) 

D P1inthic Farralsols (FpJ 

E Humic Fer,alsols (Fh) 

F ferric Acrisola (Af) 

G Orth ic Acrisols (Ao) 

H Plinthic Acrisols (Ap) 

Glayic Acrisols (Ag) 

J Eutrie Fluvisols (Je) 

K 

L 
M 
N 

O 
P 
a 
R 

S 
T 

U 

66' 
I 

I 
66' 

Dystric F-'uvisols (Jdl 
Celcaric Fluvisols (Jc) 

Thionic Fluvisols (Jt) 

Orthic lUv1$Ols (lol 
Chromic luvisols (Le) 

Glayic Luvisols (LgI 

Ferric lUl/iaola fU) 
Eutric Gleysols (Ge) 

Oystrie Gleysols (Gd) 

Humic Gleysols tGh) 
Mome Gleysols (Gm) 

iO' 
I 

I 
iO' 

V 

W 
Y 

Z 

2 

3 
4 
5 
6 
7 

S4' 
I 

48' 
I 

Central Lowlands 

of 

Tropical South America 

ATLANTIC OCEAN 

I 
48' 

Plinthic Gleysols (Gp) 8 Oystric Nitosols (Ndl 

Ferralic Arenosol. (OH 9 Humic Andallol. (Thl 

Albic Atanoso!. (Qe) X lUl/ie Phaeozems (HI) 

Uthosols (IJ I Haplic Phaeozems (Hhl 

Ferr.: ic CambilOl.A IBf) # Dystric PlanOlols (Wd) 

Eutfic Cambisol, (Be) + Gleyic Solonetz: (Sg) 

Dystrie Cambiaols (Bdl $ Orthic Sotonen (So) 
Celie Cambisols (Bkl @ Gleyic Soloneheks (Zg) 

EUlric Regolol. (Re) & Haplic Yermosols {Yh) 

Oystrie Ragosols (Rd) % l uvic Xerosols (XI) 

Gleyic Podzols tP9) 10 Ctuomie Vertisols (Ve) 

-8' 

-4' 

~, 

-8' 

-20' 



11 

SOIL FERTlLlTY IFCC SYSTEM 

66' 
I 

60' 
I 

54' 
I 

q ' 
I 

Central Lowlands 

of 

Tropical South America 

D CUIABA 
• BRASILIA 

• 
GOIANIA 

• 
PACIFIC OCEAN 

20'-
, 

Tl' 
I 

'" 
FCC MODIFIERS : 8 = Al Toxic. d = dry. 8 = low ECEC. g = g18V. 

h = acid . i = phosphorus fixation. k = potash deficient. 

MODIFIER COMBINATlONS: 

O = contains "d" J = hae 
G = constains "g" K = haei 
H =h L = hai 
I =ha M =hak 

N =hake 
O = hakei 
P =haki 
Q = hei 

R =hi 
S =hk 
T =hke 
U =k 

, 
41' 

S' 

-8' 

D 

c'o' 



12'-

16'-

PACIFIC OCEAN 

20'-

SOIL TEXTURAL CLASSES/FCC SYSTEM 

W 
I 

&0' 
I 

54' , 

Central Lowlands 

of 

48' 
I 

Tropical South America 

, , 
7r M' 60' 41' 

S Sand 
L Loam 

C Clay 
R Rock 

NOT.E : The first lelte r of the code indica tes topsoil (0-20 cm) textu re. The second 
le tter indicates subsoi l (2 1- 50 cm) texture. 

- 8' 

- 4' 

-O' 

- 4' 

- 8' 

¡Ss 

~12' 



SOIL MOISTURE-HOLDING CAPACITY 

Central Lowlands 

of 

Tropical South America 

> 150 mm per 100-cm soil depth 

~ 75-150 mm per 100-cm soil depth 

< 75 mm per 100-cm soil depth 



4 

pH LEVELS IN TOPSOIL (0-20 cm) 

I 
66' 

r 
611' 

• > 7.3 

O 5 .3-7.3 

< 5.3 

501' 
I 

48' 
I 

Central Lowlands 
of - 1' 

Tropical South America 

I 
48' 

- 4' 

- 12' 



Al SATURATION lEVElS IN TOPSOll (0-20 cm) 
72' , 

I I 

66' 60' 

• > 70% 

O 10-40% • 

54' 
I 

Central Lowlands 

of 

48' 
I 

Tropical South America 

I 
48' 

40-70% 

< 10% 

-S' 

- 4' 

- 20' 



Al SATURATION lEVElS IN SUBSOll (21-50 cm) 

lr-

PACIFIC OCEAN 
20'-

66' 
I 

o > 70% 

~] 10·40% 

60' 
I 

)4' 
I 

4.\' 
I 

Central Lowlands 

of 
Tropical South America 

ATLANTIC OCEAN 

lE] 40·70% 

(!] < 10% 



POTASH LEVELS IN TOPSOIL (0-20 cm) 

S4' 
I 

43' , 

Central Lowlands o, ,-8' 

I 
66' 

Tropical South America 

I 

60' 

0 > 0 .3 meq / 100 9 soil 

~' 0.15-0.3 meq / 100 9 soil 

< 0.15 meq / 100 9 soil 

I 
43' 

- 4' 



Ca LEVELS IN TOPSOIL (0-20 cm) 

Central Lowlands 

of 
Tropical South America 

• > 4 meq/ 100 9 soil 

IMI 0.4- 4 meq / 100 9 soil 

• < 0.4 meq/ 100 9 soil 



Ca LEVELS IN SUBSOIL (21-50 cm) 
72' 

12 "-
, 

CARISSEAN SEA 

.. / IS 
I •• ~ 

0 ' -

"'" IQUITOS J 
4' -

S ' -

20' - PACIFIC OCEAN 

, 
72' 

B 

66' , 60' , 54' , 4S ' , 

Central Lowlands 

of 
-S' 

Tropical South America 

, 
66' 

/ 
BOA VISTA 

• 

, 
60' 

A > 4 meq / 100 9 soil 

M 0.4-4 meq / 100 9 soil 

B < 0.4 meq/ 100 9 soil 

B 

CUIBA 
• 

ATLANTlC OCEAN 

- O' 

- 4 ' 

L-----_ _ S ' 

GOIANIA • 

, 
4S' 

M-0 
- 20 



4 

20 

72' 

P LEVELS IN TOPSOIL (0-20 cm) 

> 7ppm 

O 3-7ppm 

• < 3ppm 

54' , 48' 
I 

Central Lowlands 

of 
Tropical South America 

, 
43' 

-8' 

4' 

- 4' 

-8' 

12' 

-20' 



16 

P LEVELS IN SUBSOIL (21-50 cm) 

72' 
--=-C~--

66' 
I 

__ ~_If' 54' 
I 

Central Lowlands 

of 

41' 
I 

Tropical South America 

- 8' 

~4' 

- 4' 



4 

~ . 

P FIXATION IN TOPSOIL (0-20 cm) 

66' S4' , 43' , 

Central Lowlands 

01 -8' 

Tropical South America 

\:\ 
O 

¡QUITOS 
-~ . -

, 
66' 

O 

• 
Phosphorus fixation 
( > 35% clay, % free Fe20J/% Clay > 0.15) 

$4' 

fQl No or low phosphorus fixation ( < than specified 
~ forO) 

I 
41' 

-O' 

- 4' 



4' 

E 
F 
R 

SUBORDER SOILS WITH POSSIBLE 
VARIABLE CHARGE 

, 
77' 66' 

Aqualfs P 
Udalfs 
Ustalfs I 
Xeralfs T 
Orthids Iíl 
Aquents M 
Fluvents G 
Orthents H 

41' , 

Central Lowlands 

of 

Tropical 50uth America 

, .I
S
_ 

60' 

Psamments Aquox 
Andepts Orthox 
Aquepts Ustox 
Tropepts Aquods 
(Dystropepts) Aquults 
Aquolls Udults 
Udolls Ustults 
Ustolls 

-8' 

-4' 

- O' 

- 4' 

-S' 

rp 

<: 
~t2' 

lO' 



GREAT GROUP SOILS WITH POSSIBLE NET POSITIVE 
CHARGE IN SUBSOIL HORIZON 

72- '" 
\ Natraquetfs 4 Psammaquent. 

Tropaqu.lfa 5 TropeQuents 
+ H.pludalf. 6 Tropofluvent. 

• Rhodudalf • ) Ultifluvent. 
Tropudalfa • Xerofluvents 

@ Hapluotalfa 7 Troporthenu 
& Natrustatf, 8 U810rthents 
-, Paleu.talfa 9 Quartzipaamment. 
% Rhoduottlf. > Tropopsamments 
+ Tropultalfs < Ustipaamment. 
7 Haploxeralfl ( Dystrandept. 
I C4mborthids / Hydrandept. 
1 Fluvaquent. • Haplaquent. 
2 Haplaquents A Humaquepts 
3 Hydraquents # Plinthaqueptl 

60' 

W 

B 
e 
o 

E 
F 

G -I J 
K -M 

54' .,' 

Central Lowlands 
of 

Tropical South America 

41' 

Sulfaquepts N HaplustolC 
Tropaquapt. o Tropaquods 
Dy81ropepts p Albaquult. 
Eutropept. Q Paleaquults 
U.trop.p" R Plinthaquults 
Haptaquolls S Tropaquult. 
Argiudolll T Hapludu'tl 
Heplustolll U PaJeudult. 
Plinthaquox V Plinthudults 
Acrorthox Rhodudults 
Eutrorthox W TropudulU 
Haplorthox y Haplustult. 
Umbriorthox Z Paleustults 
Acrua10x X Rhodustults 
Eutrustox 10 Chromudenta 

8' 

,0' 

' 4' 

8' 

20' 



Identific3(j on of land facets within land sys lems was used 10 

bridge (he gap belween land units and soil units, as facels are 
often re latively uniform ¡nso far as soil properties are con­
cerned . As emphasized in Chap[er 4, al[hough land faee ls 
rnay contain soi ls with differing properties, SOrne level of 
generalizalion must be accepted in rnaking an invent ory of 
land resources . Thi s chapter describes the soil classificat ion 
systems used to summarize soils and their fertility cons lraints. 

Soil Taxonomy 
The soils of the land faeels were fírst elassified as fa r as the 
Great Group ea[egory of Soil Taxonomy (Soil Survey S[aff, 
1975), [hen deseribed in [erms of their physieal and eh emieal 
properties . In Soi l Taxonomy, soils are not grouped accordi ng 
10 th ose having "similar physical and chemical propenies that 
renect Iheir response to management and manipularion for 
use" umil [he soil Family ealegory is reaehed . This follows the 
subdi vision of the Great Groups into Subgroups, acco rding 
[o [he seheme: 

• Order ( 10 subdivis ions) 

• Suborder (47 subdi vis ions) 

• Great Group (230 subdivisions) 

• Subgroup (970 subdivisions in che USA) 

• Family 

The Order ca tego ry separa tes soils acco rding to their gross 
morphology by the presence or absence of diagnostic horizons. 
The Subo rder separa tes the Orders according lO criteria that 
distinguish the maj or rea so ns for (he presence or absence of 
hori zon differentialion, principally as related to moisture and 
temperature regi mes. The Great Oroup further separates soi ls 
according to the complete assemblage oftheir several horizons 
and the most significant properties of rhe whole soil . However. 
(he Subgroup category is virtually o nly a separarion of the 
Orear Group catego ry. in rerms of so ils which: 

a. Fo llo w the:: cenlral concepl o f Ihe Greal Group: 

b. Are inlergrades o r transi tio nal forms lo o ther Orders , 
Suborders, or Great Groups; 

c. Are extragrades- so ils (hat have so me pro pe rties nOI 
rep resentative o f Ihe Subgroups. 

In other words, the separat ion according lo Subgroup is a 
convenience thar does nol add much lo our knowledge aboul 
rhe characleristics ofthe soils. For this reason , it was decided 

Chapter 5. 
SOIL CLASSIFICATION 

describe lhem in terms of their physical and chemical 
cha racteristics in 5uc h a way as lO facilitare lhe computer 
grouping and compa rison of properties . 

Th e Land Systems Map and its Legend (Volume 2) delails 
the soil c1assifíea[ion of the land faeet s within the la nd syslems 
lO lhe Greal Group level. Table 2-4 (Chapler 2) summa rizes 
the Grea! Group elasses identified. A summary of the land 
facet soil c1assification l O the Great Oroup level , logether 
with equivalents aeeording to the FAO legend , is also 
reeorded in Part J of Volume 3, the Computer Summary and 
Soil Pro/ile Descriptions. Maps 6 , 7, and 8 (see Map Plates) are 
small-5cale maps based on cOmpuler printouts illustrating the 
eXlent of the soil Orders, Suborders. and Greal Groups. 

FAO-Unesco Soil Legend 
For the convenience o f readers accustomed lo using (h e FAO­
Uneseo soil legend , [his soil elassi fí ca ti on syslem (FAO­
Uneseo, 1974) was also used and has been reeorded for [he 
land facets within the land systems on lhe soi l c1assification 
legend aceo mpanying lhe Land Systems Map. This has also 
been eoded to fa:ilila[e map making. Table 2-5 (Chapter 2) 
su mmar izes the major soil classes identified by th is system . 
SoLl cli mate parameters are nOl ¡nheren! in application oft he 
FAO legend. Maps 9 and 10 are small-scale maps ofthe region 
using [he FAO legend . 

Brazilian Soil Classification 
System 
Appendi x I contains an approximate cross-indexing of [he 
Brazilian soil c1assifíeation syslem (Ca margo et al., 1975) with 
Soil Taxonomy and [he FAO-Uneseo soi llegend. 

Note on Soil Classification 
T erminology 
So il dassificarion terminol ogy is rega rded by many agrono­
mi sts as so mueh gobbledygook, rcserved for the special 
precincl of communication between soi l surveyors. Yet, as 
ill ustrated by Eswaran (1977), a lo[ of info rmation coneeming 
so il fertilit y is available from soil na mes , particularly in lhe 
case of soils classified according lO Soil Taxonomy (Soil 
Survey Slafr. 1975). Table 5-1 li sls the main soil names used , 



Table 5-1. 5ummary of direct 01'" infer,.ed limiting conditions fol'" 50il Taxonomy laxa identified in the study . 

Imltln condlt lons • 
Soil 

Koot 
Hyd. Red. Mois. Low High Acid Anion Nitr . Ver! . 

L~W 
res . mln. 

class· layer Text . cand o c.ond. str . CEC Al sulp. fix. mino prop. canto 

A 
AAQ x 
AAQNA x 
AAQTR x 
AU D 
AUDHA 
AUDRH x 
AUDTR 
AUS x 
AUSHA x 
AUSNA x x 
AUSPA x 
AUSR H 
AXE x 
AXEHA x 

D x 
DDR x 
DDRCH x 

E 
EA Q x 
EAQFL x 
EAQHA x 
EAQH Y x 
EA QPS x x 
EAQTR 
EFL 
EFLTR 
EFLUS x 
EFLX E x 
EDR 
EDRTR 
EORUS x 
EPS x 
EPSQU x x x 
EPSTR x x 

H 
HHE 
HHETR 

I 
IAN x x 
IANDY x x x 
IANHY x x x 
IA Q x 
I AQH A x 
IAQHU x 

Carb. Sal. 
gyps . Alk. 

x 

x 
x 

Soil 
lempo 

Ty pe 
cha ro 

x 

'" ... 



IA QPL x x 
I AQSU x x x 
I AQ TR x 
ITR 
ITRDY x 
ITREU 
IT RUS x 

M 
MAQ x 
MA QHA x 
MUO 
MUDAR 
MUS x 
MUSHA x 

O x x x x 
OAQ x x x x x x 
OA QPL x x x x x x 
OOR x x x x 
OORAC x x x x x 
OOREU x x x 
OOR HA x x x x 
OO RUM x x x x 
OUS x x x x x 
OUSAC x x x x x x 
OUSEU x x x x 
OUSHA x x x x x 

U x 
UAQ x x 
UAQAL x x x 
UAQPA x x x 
UA QPL x x x x x 
UAQTR x x 
UUD x 
UU DHA x 
UUOPA x x 
UUDP L x x x 
UUDRH x x 
UU DTR x 
UUS x x 
UUSHA x x 
UUSPA x x x 
UUSRH x x x 

V x x 
VUD x x 
V UD CH x x 

a. See Table 2-tl, 
b. In order, refer lo : root restri c t ion layer, texture , hy d raulic conductivity, reduc ing conditions, moist lJre stress, low cation-exchang e 

capacity, high aluminum con ten to acid sulphate. anian fi xalion, nitrogen mineralization, vertic properties, low mineral content, 
carbonate s and gypsum , salini ty and alkalin ity. soil tempe rature. type of charge. 

SOURCE : Eswa ran, 1977. 



86 
table ~-2. Fer:-Üllty 'Ca pabil i,t y Classirication (FCC)" 

FCC 
code 

S 
L 

C 
O 

S 
L 
C 
R 

'g 

'd 

e 

'. 

'h 

x 

v 

'k 

'b 

's 

'n 

'c 

.. 
b. 

c. 

Name/condition 

Sandy topsoils 
Loamy topsoi\s 

e layey topsoils 
Organic soilS 

.!Y.e!' 

e haracteristics 

Loamy sands and sands (USOA) 
<3 5% clay but nal loamy 
sand or sand 

> 35% cl ay 
< 30% O.M. to a depth of 
50 cm or more 

Substrata Typeb 

Sandy subsoil 
Loamy subsoi I 
e1ayey subsoil 
Rack or other 
hard root 
restric ting la yer 

Texture as in Type aboye 
Texture as in Type aboye 
Texture as in Type aboye 

Condilio;' Modifiers· 
Cley Mottles.:$;2 eh roma wilhin 60 cm 

of surface and below all A 
horizons or sa turated with 
HlO for > 60 days in most 
years 

Dry Ustic or xeric environments ; 
dry, > 60 consequti ve days per 
year within 20-60 cm depth 

Low CEe < lJ meq/lOO 9 soil by L bases 
+ unbuf(ered Al 

< 7 meq/l00 9 soil by I: cations 
at pH 7 

< lO meq/IOO 9 soil by I: cations 
+ Al + H a t pH 8.2 

Al toxic < 60% Al saturation of CEC by 
( [ bases and unbuffered Al) 
within 50 cm 

< 67% Al saturation of CEC by 
([ cations al pH 7) within 
50 cm 

< 86% Al saturalion of CEC by 
(I: calions at p H 8.2) within 
SO cm; or pH < S.O in 1 : 1 
H~O exeept in organic soils 

Acid 10-60% Al saturation of CEC by 
( L bases and unbuffered Al) 
within SO Cm; or pH in 1 : 1 
H~O between 5.0 and 6.0 

Fe-P fixation % free Fe¡Oll% clay > 0.15 or 
hues redder than 5YR and 

granular strueture 
X- ra y amorphous pH> 10 in \ N NaF or positive 

lO neld NaF-tesl or othe r 
indireet evidenees o f 
allophane dominanee in clay 
fraction 

Vertisol Very sticky plaslic elay 
> 35% clay and > 50% of 2:1 

expa nding elays; COLE > 0.09; 
Severe lopsoil shrinking and 
swelling 

K deficien t < 10% weatherab le minerals in 
silt and sand fraetion with in 
SO cm; or exch, K < 0.20 
meq/100 9 soil or K < 2% of [ 
of bases, if [of bases < 10 
meq/l00 9 soil 

Baslc reaction Free CaCO l wi t hin SO cm 
(fizzing wlth HCI) or pH 

> 7.3 
Salinity q mmhos /em of salurated 

extraet al 25 Q C within \ meter 
Natrie > 15% Na saturation of CEC 

within 50 cm 
Cat day pH in 1 : 1 H 2 0 is < 3.5 after 

drying , ja ros ite mattles with 
hues 2.5Y or ye llower and 
chromas 6 or more wilhin 
60 cm 

Texture is ave rag e of plowed layer or 20-cm depth (Sil). wh icheve r 
is shallower. 
Used if textural change or hard rool restrieting layer is encountered 
within 50 cm (20 11 ). 

In plowed laye~ .or ~O cm (8"). whiehever iS shallower unless 
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Eswaran's approach . In Appendix 1, which summarizes 
equ ivalenl na mes us ing Soil Taxonomy, Ihe FAO Legend 
( FAO-Uneseo, 1974), and Ihe Brazilian classifiealion syslems , 
il is evident that the soil na mes of olher classificati o n syslems 
can al50 be used to obtain an overview of potential so il ­
nutr ient problems. 

Soil Fertility Capability 
Classification 
The FCC(Fertilily Capabilily Classifiealion) syslem proposed 
by Buo l et al. (1975), and i'neorporaled in a slightly modified 
form as an inlegral parl oí Ihe presenl slUdy, synlhesizes key 
fer lilily information usually available from soil survey repons . 
11 is eonsidered a leehnieal c1assifiealion syslem (Cline, 1949) 
specifically designed lo help soil ferlilily specialisls. Effeclive­
Iy, il syslemalizes much of whal may be gleaned fro m soil 
survey reports, parl icularly Ihose fo llo wing Soil Taxo no my 
melhodology. It provides a convenienl cheeklisl of Ihe majo r 
pOlenlial problems affeeling soil fertililY , bOlh phys ically and 
chemically speak ing. By so doing, il o bvia les Ihe need for soil 
fertil ilY specialisls to have an in-deplh kno wledge of soil 
classifiealio n and soil survey melhodology. 

Th e FCC syslem consists of Ihree calegorieal levels : Ihe 
Type, Subslrala Type , and Condilion Modifier. In brief, Ihe 
Type is Ihe average texlUre of Ihe lopsoil (0- 20 cm), Ihe 
SubSlrala Type is Ihe average lexlure of Ihe subsoil (21-50 
cm), and Ihe Condilion Modifiers refer 10 chemical or 
physical co ndilions. Table 5-2 defines Ihe Fertilily Capabilily 
ClassifLealion (FCC) as proposed by Boul el al. (1975). The 
Condilioner Modifi er constraints, and the minor changes in 
Iheir definilion used in Ihe Land Syslems Map. are as foll o ws: 

a : Altoxic. In The Land Sy srems Map and irs Legend. " a" is 

defined as greate r lha n 70% saturatio n or (he EC EC . in 

contrast with Suol el al . 's 60% level . Pla nts sensitive lo Al 

to xicity will be affected. 
b: base rcaetíon free carbonate. Ra ck phosphate and other 

non water-soluble phosphate should be avo ided . POlcmial 

defi cicncy of some micronutrients, mainl y Mn . Fe . and 

Zn . 
e: cal clays, pOlenlial acid sulphate soils. Drainage nOI 

recommended without special practices such as brine 

Oushing (H . Evans. pers . comm.). Might be managed 

wilh plants tolerant to flooding and high water tables. 

d: a dry condition . An annual dr y season of al lea SI 60 

conseculive da ys. Limitat ions lo 5011 moislu re . Planting 

dates for annual c rops sho uld plan fo r nush of N at onse l 

o f rains. 

e: low C EC . Low abilit y 10 relain nutri ent s fo r plants , 

ma inly Ca , K, and Mg. 

g: a gle y condilion in the subsoi l a s an indicatio n of water 

saluration within 60 cm of lhe so il surface. 

h: acid. High 5011 acidily . Poss ible need for liming and sorne 
trace elemenls. In Tire Lond Sys fem s Mop ond jfj Legend. 

Ihis has been ddined as those soils wil ha pH less Ihan 5.3 . 

phosphorus fixali o n. Potentially high P-fixalion capacit y. 

Requires high leve ls ofP fertilizcr. Sources and mcthods 
o f P fertilizer appli calion should be carefully cOllsidered. 

k: K-deficienl. Lo w ability 10 supply K. In Tire Lond 
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fo r Ihis modifier has been reduced 10 0 . 15. 

n: natrie. Highlevelsofsodium. Requiresspecial soil-management 

praet ices for a lkaline soi ls. 

s: salinit y. Prese nce o f so luble sa ll s. Requires special soil ­

management practices . 

v: vert iso l. C laye y-textured lopsoi!. Tillage is diffieult when 

soil is 10 0 mo ist (o r, co nversely, 10 0 dr y), bul soilscan be 

highly producti ve . 

x: x- ra y amorpho us. Often high P-fixation capacity. 

Many of these conditions nawrally occur together in the 
cenlrallowlands of Iropical America (Map 11). 

The FCC indexes the common information a soil fertility 
specialis l examines when sludying soit analytica l data for 
potential limitations. lt provides a convenient checklist of 
potential constraints and is a very handy supplement to the 
compuferized soil chemical data . 

Soil Analytical Data 
Soil survey reports co nta in a wealth o f soi l profi le analyses; 
most nat ional soillaborato ries furnish guidelines for interpret­
ing these analyses . A lot of informa tion can be obtained from 
such dala, bUI Ihey mUSI be intcrpreled in Ihe lighl of crap 
requirements. 

In the land-syslems study, an innovation was introduced te 

provide a guide te soi l-nutrient levels: le veis were detai led in 
terms of crop requ irements. For example, P levels aredescribed 
as low (inadequate for most crops excepl those toleran! 10 low 
levels), medium (inadequale for crops requiring high levels of 
Ihe nUlrienl), and high (adequate for mOSI crops). This 
approach should provide a c1earer idea ofsoi1 nutrient levels , 
parlicula r ly for Ihe ferlilily special is l faced wilh choosing 
bas ic field trial treatments and developing fertili zer recom­
mendations for new genelic materials, especially th ose purport­
ed to have partial tolerance 10 toxi c elements, s uch as Al and 
Mn , or to prü<.' uce satis faclorily with low levels of soil 
nutrienls such as P . 

Summary of Soils 
of the Region 

50il Geography 
The distribution , by area, .of soils of fhe regio n is shown in 
Table 5-3 al Ihe Order, Suborder, and Greal Group levels. 
(This lable is considered lentalive and subj ec l 10 change as 
more delailed surveys beco me available.) AII 10 soil Orders 
are represented in the region ; ho wever, because o f their 
lim ited extent , H is toso ls and Vertisols are not shown in Maps 
6 , 7, and 8.The majorilY of Ihe soi ls are classified as Oxisols 
and Ullisols, which logelher aecounl for 66% of Ihe region . 
Fo llowing in extensiveness are the Entisols with about 19%, 
m os l o f which are o f alluvial origin found along [he river 
network . The remaining orders co ver relatively small areas , 
bUI Ihey are locally imponanl: Alfisols cover 6.7%; Incepli­
so is, 6.3%; and Spodosols, Mollisols,Aridisols, Verlisols, and 
HislOsals, wilh less Ihan 1% alllOgelher. Table 5-3 also shows 
Ihal 48% of Ihe regio n is included in five Greal Groups: 
Haplo rlhox (18%), Tro pudults (10%), Acro rlhox (8%), Fluva-



88 Table 5-3. Aereal extent 0(. the Creat Group soil classes in the central 
lowlands of tropical South America. (Tentative classificatlon.) 

Area Percentage 
( million of total 

Order Suborder Creat Croue ha) area 

Oxisols Orthox Haplorthox 150.0 18.3 
Acrorthox 62.0 7.6 
Umbriorthox '.0 0.5 
Eulrorthox 0. 8 < 0.1 

Ustox Haplustox 53.0 6. 5 
Acrustox 32 ,O 3.9 
Eutruslox 24.0 3.0 

Aquox Plinthaquox 1.0 0 . \ 

Total Oxisols 326 . 8 40.0 

Ultisols Udults TropudullS 82.0 10.1 
Pllnthudults 30.0 3.6 
Paleudults 29 . 0 3.5 
Rhodudults ' . 0 0.5 

Aquults Tropaquult5 37.0 ••• 
Plinthaquults \5. O 1.8 
PaleuQuults 0 . 3 < 0.1 
A lbaquults 0.\ < 0.1 

Ustu lts Haplustults 8.5 1.0 
RhodustullS '.9 0 .6 
Pa leustu lts 1.6 0 . 2 

Total U1tisols 212.4 25.9 

Entisols Aquents Fluvaquents 50.6 6.2 
T ropaquents 8.8 1.1 
Psammaquents 3.9 0.5 
Hyd raquent s 1.1 0.\ 

Psamments Quartzipsamments 52.0 6 . ' 
Ustipsamments 6.\ 0.7 
T ropopsamments 2.2 0.3 

Fluvents T ropofluvents 16.0 2. ' 
Ustifluvents 0.7 < 0. 1 
Xerofluvents 0. 7 < 0.1 

Orthents Troporthents 9.' 1.1 
Udorthents 3.3 O.' 
Ustorthents 1.\ 0. \ 

Total Entisols 1S5.9 20.0 

Alfisols Aqualfs Tropaqualfs 19.1 2.3 
Natraqualfs < 0.1 < 0.1 

Udalfs Tropudaffs 19 . 1I 2.' 
Rhodudalfs 0.5 < 0.1 
Haplustalfs 6.6 0 . 8 

Ustalfs Tropustalfs 6.2 0.8 
Rhodustalfs 2.7 0.3 
Paleustalfs 1.2 0 . 1 

Xeralfs Haploxeralfs 0.5 < 0.1 

Total Alfisols 56 . 3 7.0 

Inceptisols Aquepts Tropaquepts 19.1 2.3 
Su lfaquepts 3.0 O., 
Humaquepts 1.0 0.1 
Haplaquepts < 0 , 1 < 0.1 
Plinthaquepts <: 0,1 < 0.1 

Tropopepts Eutropepts 12.5 1.5 
Dystropepts 7.7 0.9 
Ustropepts 6. 6 0 .8 

Andepts Dystrandepts 1.1 0.1 
Hyd randepts 0.2 < 0.1 

Total I nceptisols SI.-lI 6.' 

Spodosols Aquods Tropaquods 11 .0 1.' 

Molllsols Aquolls Haplaquol1s 1.3 0.2 
Udolls Argiudolls < 0,1 < 0.1 

Total Mollisols 1.3 0.2 

Aridisols Orthids Camborthids 1.2 0.\ 

Vertisols Uderts Chromuderts 0.5 0.1 

Histosols Hemists Tropohemists 0.2 < 0 . 1 

TOT AL 817 101 . S· 



Oxisols. Haplorthox are well-drained Oxisols with 
very low nat ive fert ility but fairly good soil strueture. They are 
also known as Xanthie Ferralsols (FAO) and Latossolos 
(Brazitian system). Many ofthem have very high e1ay eontens. 
Acrorthox are sim ilarexcept [or a lower clay cationMexchange 
eapaeity. Table 5-4 shows ehemical data from two Oxisol 
profiles, one from the Cerrad os of central Brazil and the other 
[rom Amazonia. They are deep, uniform, well-drained soi ls 
dominated by low-aetivity elays. Their strueture is good, but 
they are very aeid and low in bases and P. The Oxisols ofthe 
savannas may be high P fixers ; those found in the forested 
regio ns are generally not high P fi xers. Oxisols are cam man 
throughout the Amazon and the well-drained savan na regions 
(see Photo Plates). 

Ultisols. Ultisols are fairly extensive in both well­
drained and poorly drained positions. Tropudults, Paleudults, 
and Plinthudults are fairly well-drained , aei d, infertile soils 
but with less desirable physiea l properties than the Oxisols 
beca use ofa significant c1ay ¡ncrease with depth. They are al50 
known as Orthie Aerisols (FAO) and Podsolico Vermelho 
Amarelo (Red Yellow Podzolies) in the Brazilian elassifieation 
sys tem . Th e difference between these Great Groups-the 
depth to the "elay bulge" in the subsoil-is oflittle agronomic 
relevance. In Table 5-4, examples are given for a well-drained 
Paleudult and a poorly drained Plinthaquult found on the 
well - and poorly drained positions ofthe tropical rain forest, 
subregi on A. The weJl-drained rnember is acid, infertile , and 
susceptible to co mpaction beca use ofits low cIay contento The 
poorly dra ined member shows high exehangeable Al contenlS 
in the subsoil , correspond ing to a c1ayey mottled layer, a 
mixture of kaoJinite and montmorillonite, which appears at 
first glance 10 be plinthite; however, analysis shows it ís not 
(Sánchez and Buol , 1974). It is suspeeted that many of the 
soils c1assified as Plinthudults by various authors are either 
Paleudults Or Ha pludults. Sorne of these soils are devoted to 
shifting cu ltivatio n in the upper Amazon, but most are still 
under native vegetation beca use of their low prod uctiv ity. 

Alluvial soils. Soils along the flood plains of the 
rivers, although less extensive, are very importanl beca use 
this is wh ere food crops can be expected to yield well without 
the need for soil amendments. They show httle or no profile 
development and are c1assified as Entisols (Great Group, 
Fluvaq uents), (nceptisols, and Mollisols . These soils are 
known in other c1a5sification systems as Alluvials, Hydro mor­
phics, Low Humic Gleys, and Dystric or Eu tric Gleysols. 
Periodic flooding is the main Jimiling faclor. 

An example of an Entisol is given in Table 5p 4. However. 
from region to region there are often major differences in 
native fertility due to the so urce of sediments, a hi ghly 
variable characteristic of v6rzeas and barriales soils. Conse­
quentl y, it ca nnot be generalized that alluvial soils are always 
of high native fertilit y. 

Sandy soils. Extensive a reas of sandy soi ls , mainly 
Quartzipsamments, are fo und in the Espigao Mest re and 
Parecis tablelands of eas tern and western Brazil , respective ly . 
The former region is desert in appearance; the latter i5 covered 
by grasslands affeeted by a st rong dry seaso n. There are 
,.. n 1 r'1'" tI' I Ir" ; t 
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such as the Psamment s in the vicinity ofTres Lagoas, mainly 
eastward of the Paraná rj·ver. 

Spodosols. A soi l Order that attraets attention is the 
Spodosols, also known as Podzols, Ground Wa ter Podzols, 
and Giant Tropical Podzols, including their deeper variants 
as Psam ments. These soils are derived from coarse sandy 
materials and a re found in elea rly definable spots in parts of 
the Amazon away from the flood plains. Native forest 
vegetat ion is often different from that found on Oxisols and 
Ultisols. It is ealled campinaranas in Brazil. The Projeto 
Radambrasil reeently ident ified large a reas of Spodosols 
along the headwaters ofthe Rio Negro, whieh largely aeeount 
fo r the color of this river; wa te r passing through Spodosols 
characteristically carries suspended organic matter. Table 5-4 
shows one example near the Ducke Forest near Man aus. 
Because of this extreme infertility and suscepti bil ity to 
eros ion, it would be better to leave the Spodosols jn thei r 
natural slate. Unfortunately, they have received more scientific 
attention than they deserve in terms oftheir areal extent (1.4% 
of the region) . Therefore, the resea rch on tropical Spodosols 
in the internationa l literature (Klinge, 197 1, 1975 ; Stark, 
1978; Sombroek, 1966, 1979) should be kept in perspeetive ; 
further, under no circumstances should results be extrapoJated 
to the dominant Oxisols and Ultisols. 

Well-drained fertile soils. Unfortunately only 
about 5.2% of the region has well-drained soils high in native 
fert ili ty. These a re classified mainly as Tropudalfs and 
Paleustalfs (Terra Roxa Estruturada), Eutropepts (Eutrie 
Cambisols), Tropofl uvents (well-drained Alluvials), Argiu­
dolls (Chernozems), Eutrustox and Eutror tho x (Terra Roxa 
Legítima), and Chromuderts (Vert isols). Nevertheless, they 
represent a total of 42 million ha, and, where they occur, 
permanent agriculture has a better chance of success. 

The Terra Roxa soils combi ne high native fert ility with 
exeellent physical properties; Table 5-4 shows an example ofa 
Terra Roxa Estt 'Hurada near Altamira . Brazil . Many of the 
successful cacao plantations are located on such soil5 . Exam­
pIes are found near Altamira, Porto Velho, and Rio Branco in 
Brazil , and in the "orient" (eastern region) of Ecuador 
associated with relatively recent volcanic deposits. Their 
relatively limiled extent can be seen in Map 8, showing the 
Great Group soil c1asses. 

Laterite or plinthite hazard. The area ofsoils with 
plinthite in the subsoil (Plinthaquox, Plinthaqu ults, Plinthu­
dults) is limited . They total about 46 million ha, or 5.6% oft he 
regio n. This point deserves em phasis, given the broad general­
¡zation that many tropical soils, if brought into prod uction, 
will be irreversibly tra nsformed int o hardened plinthite or 
laterite . The5e three Great Groups are the only soils where 
this phenomenon ca n occur. However, as the soft plinthite is 
in the subsoil. th e lopsoi l has 10 be fi rst removed by erosion 
and the remaining soU dried out before irrevers ible hardening 
lo laterite can take place. Since these 50ils occur mainly on nat 
and often poorly drained landsca pes, eros ion is not likely to 
be extensive. 

lt should be noted that many poorly dra ined subsoils of 
other soil Great Groups have mottled co lors resembling 
phinthite, but are, in fa ct , mixtures of 1: J and 2: I clay 
minerals (Tyler et al., 1978). The subject of hardened plinthite 
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Table S-L¡. Soil profiJe analyses of some typical 50il5 found throughout the central lowlands of tropic(il1 South America. 

Horizon pH Organic Al 
depth Clay Sand in C Exchangeabfe cations· (meg'1OO 9) ECEC Sato 
(cm) (%) (%) H O (%) Al C. ~9 R (m_g/lOO 9) (%) 

OXISOLS 

Typic Acrustox (Latosol Vermelho Amarelo). FCC: cdhakei. Experimental Station Brasilia, Brazil b 

0- '2 .5 28 5.1 1.87 1.8 0.2 0.08 8.6 86 
12- 30 44 26 5.0 1.40 1.4 0. 2 0.05 6.6 82 
30- 50 48 25 5.2 l. 04 0.6 0.2 0.03 5 . 2 67 
50- 85 .8 24 4.9 0.77 O 0.2 0.02 3.4 O 
85-125 50 22 5.3 0.50 O 0.2 0 . 01 1.9 O 

125-160 50 22 5.3 0.44 O 0.3 0.02 l . • O 
160-200 48 22 5.9 0.49 O 0.2 0.01 1.2 O 
200-220+ .0 31 5.7 0.26 O 0.3 0.02 1.0 O 

Haplic Acrorthox ( Latosol Amarelo muito pesado) . FCC : chaek. UEPAE-EMBRAPA, Experimental Station Manaus, Brazill;: 
0- 8 76 15 • . 6 2.9 1.1 1. 70 0.30 0.19 3.29 33 
8- 22 80 12 4.4 0.9 1.1 0.20 0.09 1.39 79 

22- 50 8. 8 4 . 3 0.7 1.2 0.20 0.07 1. L¡7 82 
50-125 88 7 4.6 0.3 1.0 0 . 20 0.04 1. 24 81 

125-265 89 5 4.9 0.2 0 . 2 0.20 0 . 11 Q.SI 39 

Allie Haplorthox ( Latosol Vermelho Amarelo Alico) . FCC: ch. 66,8 km from Rio Braneo toward Placido de Cas tro. Edo. Acre, 8razild 

0- 5 39 21 5.1 4.00 1.00 8.22 3.74 0.68 25.70 7 
5- 20 43 22 5.0 1. 21 1.60 1. 10 1.02 0.17 10.2. 41 

20- 70 53 23 4.0 0.81 2.80 0.08 0.12 0.0 7 6.07 90 
70-140 62 15 4.9 0.39 2.20 0.03 0.48 0.03 5.35 79 

140-170 63 13 5.4 0 . 27 1.40 0.05 0.20 0.03 3.78 81 

ULTISOLS 

Typic Paleudult. (Serie Yurimagua) . FCC: Ihaek. Experimental Station Yurimaguas. Peru· 
0- 7 15 67 4.0 1.5 0.8 1.60 0.10 0.12 2 . 62 31 
7- .8 23 57 3.5 0.5 3 .2 1.60 O. lO 0.08 4.98 64 

48'- 67 25 57 3.5 0 .5 4.4 0.80 0.10 0.08 5.38 82 
67-157+ 29 57 3 . 5 0.4 5.3 0.60 0.10 0.08 6 . 08 87 

Plinthaquult. Oxie. Allie. ( Laterita hidrom6rfiea Aliea). FCC: Ih.kg. Lat. 8°46'5. Long. 61 °59'W. Municipio Porto Velho . Sralil' 
0- 40 28 U2 3.8 2.90 5. 20 0.15 0.04 0.07 17 . 62 • .0- 100 30 52 4.0 2.21 5.20 0.16 0.03 0.07 14 . 97 95 

100-130 6 90 •. 5 0 . 16 2.20 0.11 0.01 0 . 03 3.47 93 
130-160 20 64 4.5 0 . 19 5.60 0.11 0.01 0.04 6 . 47 96 
160-200 21 60 4.6 0.18 6.60 0.13 0.01 0.05 7.Li9 97 

ENTISOLS 

Quartipsamment. Ustoxic. (Arelas Qua rtzosas) . FCC: shke. 6.9 km from road S.J . Piaul - S. Méndez. Edo . Piauí . Sralil' 
0- 10 7 77 4.4 0.71 0.50 0.60 0.30 0.08 5.02 33 

10- 19 6 94 4.4 0.34 0.60 0.15 0.05 0.05 2.90 59 
19- 36 4 91 4.6 0.16 0.40 0.15 0.05 0.03 2. 05 62 
36- 31 5 95 •. 8 0.18 0.40 0 . 15 0.05 0.03 , . 72 62 
81-115 11 89 4.9 0. 12 0.50 0.10 0 . 10 0.03 , .56 67 

P 
(p~m ) 

14 
4 
1 

< 1 
<1 

2 
3 
1 
1 

2 
3 
2 
2 
2 

'" => 



Eutric T ropofl uvent. ( Solo Alu vial Eutrófico) . FCC, l. Lat. 10 52'S, Long . 67°4 1'W. Municipi o Japurá. Edo . Amazonas, Brazil h 

0- 10 17 50 5 . 5 2.23 5 5.7 1 . 8 0 . 59 13 .0 5 17 
10 - 80 12 72 5 . 1 0.66 32 1.7 0.7 0.11 5.7 32 14 
80- 90 12 65 5.6 0.35 25 2.1 1.0 0.11 6.2 25 16 
90 -180 la 74 5.3 0 . 33 24 1.7 0.7 0.09 5.0 24 19 

ALFISOLS 

Tropudal f típico, (Terra Roxa Est ruturada Eutrófica), FCC c . Km 8 road lo Panel as , Altamira, Edo. Pará. Brazil l 

0- 8 40 44 7. O 2.51 0.01 25.24 2 . 28 0.28 29.16 3 . 4 8 
8- 26 49 28 7.3 0.84 O. " 5.96 0.70 0.27 8.9 1 1 . 4 2 

26- 60 50 24 6.9 0.53 0.01 3.21 0 . 65 0.10 5 . 55 0.23 2 
60-100 56 23 6 . 4 0.26 0.11 2.47 0.43 0 . 09 5 . 34 0 . 32 3 

100-130+ 55 24 5.5 0.22 0.11 1. 29 0 .75 0.06 4 .86 4.4 3 

IN CEPTISOLS 

UdOX1c Dystropept. FCC ch a, T ransverse road - Florencia, Municipio Florencia, Ca lda s, Colombia i 

0- 16 37 46 . 3 4 . 7 2.02 3.2 0.95 0.80 0.23 5.66 61 3.5 
16 - 85 52 29.8 4.7 0 . 51 6.7 0.21 0 .43 0.03 7.74 90 0.9 
85-173 49 29.6 4.9 0.21 6 . 3 0.10 0.47 0.0 8 7.19 90 O 

173 -208 28 40.9 4.9 0.15 6.1 O. lO 0.41 0.13 7.68 90 O 
208-228 20 56. 2 4.9 0.08 5. 3 0 . 20 0.56 O. " 7.71 85 O 
218-247 28 33.1 4.9 0.09 .8.1 0.16 0.63 0.17 9.60 89 O 
247-350 21 38 .5 4.9 0.07 6.1 0.16 0 . 53 0.21 7.55 87 O 

SPODOSOLS 

Arenic Tropaquod. ( Podzol Alico) . FCC: sgaek. km 4.5 01 BR-174 SUFRAMA, Manaus , 8razilk 

0- 3 2 89 3.8 6.3 5.4 0.30 0 . 16 5 .86 92 
3- 25 2 95 4.4 0.5 0.7 0. 10 0 .04 0.8 4 83 

25 - 50 2 94 5.0 0.1 0.1 O. ID 0.02 0.12 83 
50- 90 1 98 5.1 0.0 0.10 0.01 O. " 
90-105 5 93 3.7 1.1 3.0 0.10 0.04 3.14 96 

105-1 25 9 91 4.7 2.2 2.9 0 . 10 0.03 3.03 96 
125-165 16 76 5.6 0.8 0.4 0.10 0.03 0.53 75 

a. Combined levels of exchangeable Ca and Mg are expressed in a single column. 
b . ProfiJe 3 of Min. of Agr. Tech. Bull. No . 8 ( 1979). 
c. Profile SB CS-Li of Camargo and Rodrigues ( 1979). 
d. Prolil. 89 01 PROJ. RADAMBRASIL. Vol. 12. 1976c. 
e. Profile Y-6 of Sár.chez and Su ol (1974 ) . 
f. Prolile 24 01 PRO J. RADAMBRASIL, Vol. 16, 1978 •. 
g. Proli l. 1 01 PROJ. RADAMBRASIL, Vol. ' . 1973. 
h . Profil. 39 o f PR OJ. RAD AM BRASIL, Vol. 14 , 1977 b. 
; . Profile 8 of PROJ . RADAMB RASI L , Vo l. 5, 1971.1b. 
j. Profile of BENAV IDES, 1973. 
k. Profile SBCS 2 of Camargo and Rodrigues (1979). 

The citat ions fo r these references are found in the Bibliography of Main 5011 Studies . Cita tions for (d) and (i) are in the References. 



Table s-s. Aereal extent (million ha) of Great Group soil classes of the central lowlands of tropical South America by dimatic subregion (a to e)~ 

. ' Tro(?:ical rain fores! b = Semi -evergree n sea 50nal ro resl , " Isohyeerlhermic savanna 
arder Flal . weli-dralOed Flal . Well-dralOed Hat , Well-dralOed 
.nd Total poorly (t slope) poorly (% s lope) poorl y (% s lope) 

Creat Group a rea drained < 8 8-jO > JO drained <8 8-JO > JO drained < . 8-30 > 30 

OXISOLS 
Haplo rthox 1 SO. O 38.5 20 . ~ 7.2 ~9. 2 22. 2 5 .0 S .• 0.3 0 . 1 
ACrorthox 62.0 2. 2 '-' 1.1 3S.3 i 3 .8 '.1 
Umbriorthox U 3. S 0 . 8 
Eutrorthox 0.8 0 .8 < 0 . 1 
Haplu s tox S3. O < O. t < 0.1 < 0.1 17.9 7.9 6.1 
Acru stox J2 .0 1~ . 1 3.2 O. S 
Eutrustox 211. O 7.1 U 0 . 1 
Plinthaquox 1.0 0.9 

TOTA L 326 . 8 ~O . 7 15 .8 8. 3 0.9 88.8 16.8 9. 1 114. 8 12 .8 6.8 
% or lola l a rea 100 .0% 12, ~ % 7.9% 2. st 0.3% 27.2% 11 . 3% 2 .8% 13.7 t 3.9% 1.1% 

ULTlSOLS 
Tropudults 82, O S 3 .3 0. 3 117,1 16 .9 4.1 
Plinthudulls 30.0 9 . ' 19.3 O. 3 0.3 0.6 0.9 
Paleudults 29.0 7.6 2 S < 0.1 111 . 3 J.q 0.2 
Rhodudu lts U 1.3 2.7 O. , 
Tropaquulls 37.0 . 8 8.1 11 . 8 
Plin thaquults 15 . 0 .8 0.6 U 
Paleaquults 0.3 0.3 
Albaquults 0.1 0.1 
Haplustults 8 . S < 0.1 0.1 0.1 0.1 0.2 O. 
Rhodustults 4.9 1.9 < 0.1 2. O 0 .5 
Pale ustu lts 1.6 0 . 8 

TOTAL 211 . 4 15. 2 35.4 6.1 0.3 .0 64 .9 23. i 4.8 17 . 3 j. 8 o. 7 0. 1 
% o f tolal area 100 .0% 11 .9t 16.7% 2.8% 0,1% 11 .2% 30.6% 10 .9t 2.2% 8 . 1% 1. 8% O 3% <0.1% 

ENTI SOLS 
Fluvaquent s 50.6 25 . 1 18 8 1 .8 
Tropaquents 8.8 1.8 11 .1 S .3 
Psammaquents 3 .9 2.2 0.2 O. , 
Hydraquents 1.1 
Qua rlzipsammen ts 52.0 0 . 3 ,.1 O. , 0.1 11.8 1.2 < 0.1 
Ustipsammenls 6.1 0 . 7 0 . 3 0.1 0.5 1.3 0. 1 
T ropopsammen I s 2.2 < 0 . 1 0 . 1 
Tropofluv ents 16 .0 3.S 1.9 3. 1 U < 0.1 
Ustifluvenls 0 .7 0.2 
Xerofluvents 0.7 
Troporthen ts '-' < O. < O. 0.1 0.9 ' . 0 . 3 0.8 O. S O. S 
Udorthents 3.3 
Ustorthents 1.1 <0.1 < 0.1 0.1 

TOTAL 1 SS . 9 29. , J .5 <0.1 0.1 j"j 8.9 11 , 7 "4 8.1 1 6. 5 1.9 O, 6 
t of total area 100 .0% 18.7% 2. 2% < o. 1% < 0.1% 20 . 7% 5 . 7% 3 .0% 1.5t 5.2% 10 .6% 1.2% O . ~t 

ALFISO LS 
T ropaqualfs 19.1 1.3 S •• 3 . 8 
Nat raqualfs <0 .1 < 0.1 
Hapludalfs 19. " 0.1 10 .3 6 . S 1. 1 1. 1 0.3 
Rhodudalfs O. S, 
Haplustalfs '.6 0 . 7 0.7 0 . 3 
Tropusta lfs 6 . ¡ 
Rhodustalfs ¡.1 
Paleustalfs 1.2 1.2 
Haplo)(e ral fs 0 .5 

TOT AL 56.3 1.4 10. 3 6. s 1.1 S. 6 .1 o. 3 j. 8 1.9 O. 7 O l 
% of tOlal area 100.0% 2.S% 18.3% II.S% o.n 9 .9\ . 9% 0.5% 6 . 7% 3.'1% 1 .2% o. st 

INCEPTI SO LS 
Tropaquepts 19 . 1 3.3 6.3 3. ¡ 
Sulfaquepts 3 . 0 O., 
Humaquept s 1.0 0.7 
Ha plaquepts < 0.1 < 0.1 0.1 
Plinthaq uepts < 0.1 0.1 
Eutrope pts 12.5 3. S 2.0 1 .8 1.2 0 . 1 O. , 

Dyst ropepts 7.7 0.9 0.1 O. 1 0 . 7 0.8 0.3 O. , 1 .8 
Ustropepts ••• 0.1 0.3 O. S 
Oy strandepts 1.1 0.2 0.9 < O. < 0 .1 
Hydrandepts 0.2 O. S O. S 

TOTAL 51.~ j. 5 S. j 1.1 1.9 9.1 2. 5 b.a o. j 4.6 O. 5 'o. 7 1. j 
% of lola l a rea 100 . 0% 6 . 8'l 10 .3% 11,1% 3.7% 17.9t 11.9% 1.6% 0,6% 8 . 9% 1.Ot 1. 11% ~.S% 

SPOOOSOLS 
Tropaquods 11. 0 8. S ¡. S 

% of total area 100.0 l. 

MOLUSOlS 
Haplaquolls 1.3 0.8 O. S 
Arguidolls < O. < 0 . 1 < 0.1 < O. 1 

TOTAL , . 3 O. 8 O. 5 
% of tot al area 100.0% 61 . st 38. S% 

ARI OISOlS 
Gamborthids 1.2 

t o f 10lal area 10Ó .0% 

VERT1SOLS 
Chromu derts O. S O. S 

t of total a rea loo.o i iOo.oi 

HISTOSOLS 
Tropohemi sts 0.2 

% of total area 100 . 0% 
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1.7 1.0 O. S 
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, . 2\ 1.8\ 0.9% 

7.7 0.1 0 . 1 
0 . 2 < Q.' 
O .• 
8. , 0. 1 0 . 1 
4.1\ < o. Ti < 0,1\ 

28.] 2. , 1., 
2. S O. S < 0.1 

2.6 < 0.1 

0.7 < 0.1 0 .1 
< 0 . 1 < 0 . 1 < 0.1 

1.0 .0 .2 O.' 
jS . , J, , 1. 4 
22,5% 2 . 0% 1. 5\ 

l.' 2 . , O., 

1.0 0 . 3 0 .1 

O. S 
1. 9 j ,1 O. , 
5.1\ 5.7\ 1.2\ 

< 0.1 < 0 . 1 

0.3 O. , O., 
0.2 O. , 0.7 
5.0 0. 1 0 . 1 

5.5 1.4 \.1 
10.7\ 2. 7% 2. 3\ 

1.2 
100. 0% 
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Soils in Relation to 
Climatic Subregions 
and T opographical Position 

Table 5-5 provides distribution estimates ofthe Great Group 
classification according lo clima tic subregions and topo­
graphie subdivisions. It may be seen that the higher ratio of 
UI1isol5 [O Oxisols in suhregion A, tropical rain forest, as 
compared with subregion B, semi-evergreen seasonal forest, 
is associated with 1he poorly drained areas where wet Uhisols 
are abund.nt. On the well -drained lands in subregion A, the 
ratio of Ultisols is signifieantly lower: 0.54 eompared with 
0.69 in sub region B. Ultisols aeeount for a mueh lower 
pereentage of the soils in sub regions e, D, and E. 

There is a higher proportion of Haplorthox in subregion A, 
Acrorthox in sub region B, Haplustox in sub region e, and 
Acrustox in subregion D. Oxisols on ly aCcDunt for a small 
propon ion ofthe soils of subregion E. The high proportion of 
AcrOrlhox in subregion B indicates a greater extent of soils 

with very low eation-exehange eapaeity (less than 1.5 meq/ I 00 
g elay) than in subregion A. The relatively large extent of 
well-drained Inceptisols in subregion A is mainly associated 
with sediments derived from materials ofvo1canic origin from 
the Andes. 

The Alfisols found in subregions A, B, e, and D are also 
associated with superior soil-parent materials , often basic, 
indicating the strong impress soii-parent materials have in 
forming soils even under vigorous weathering conditions. The 
besl soils found throughout [he region generally are the recent 
alluvials , Entisols; however, this is by no means always the 
case. Further, many alluvial soils are subjecl to periodic 
nooding. 

Part 3 in the Computer Summory ond Soil Pro file Descrip­
lions o[ Ihe Land Syslems (Volume 3) eo ntains a series of soil 
profile deseriptions fro m typieal land faeets deseribed by 
rnany different authors, As such il provides readers, especiall y 
soil scienlists, with a more detailed picture of [he rnorphology 
and properties of sorne of Ihe soils in the region and 
ernphasizes the great diversity in soil properties and agricul­
tural potentials . 



Afler lhe soils of lhe land faeels were elassified, they we re 
described in terms of their physical and chemica l properties. 
This chapter summarizes these properties. 

Surnrnary of the Soil Physical 
Properties of the Region 

Soil physical propenies we re elassified and coded in lerms of 
slope, depth , ¡nitial ¡nfiltTation' rate , hydraulic conductivity, 
drainage. moisture-holding capadty, temperature regime, 
presence of expanding clays, and texture and presence of 
caarse materials. Details of their defi nitions are record ed in 
lh e gl ossary lO Pan I in Volume 3. 

The c1assification of soils on the basis of physica l properlies 
is designed to evaluate their suitability ror erep production 
fro m a physieal slandpoinl: in lhe words of F. Hardy (sludenl 
notes), to study (he " roOl room" of a soil , or its physica l 
characteristics as a growth environment ror roOlS, tubers, and 
underground Slems and tissues oCall kinds, including nodules 
for sy mbiotic ni lrogen fixation. The classification conlains 
lhe fael o rs neeessary 10 apply lhe leeh nique developed by 
Mansfield (1977) for assessi ng land ea pabilily fo r erops based 
on sod ph ysícallimitations. It also contains the information 
necessary lo use the so i1 Fertility Capability Classification 
(FCC) method of Buol el al. (1975). 

Allhough there are important physica llimitations, such as 
poor drainage, in 21 % of the region, severe erasi on hazard in 
8%, and va rying degrees o f droughl stress a ll over , the 
physieal properties of the soi! in lhe La nd Syslems Map can be 
generally considered favo rable. 

Soi/ Texture 
Ma p 12 (see Map Plales) is a eomputer-based map of soil 
texture to the 50 cm depth according to the FCC criteria . 
Table 6-1 shows the labular dala by elimalic a nd topogra phie 
subdivisio n. The most extensive textures are loamy (L) 
(18-35% el ay) and loamy over a e1ayey subsoil (LC). These L 
and LC cla sses lOgether account for 550/, of the soil s. 
Unifo rm ly elayey (C) pro fil es aeeounl for 26% o flhe area , the 
remainder being divid ed by shall ow soils over rock and oth er 
textural combinati ons. Table 6-1 shows that there is a 
physica l barrier 10 root development al 50 cm or less in 15.8 
million ha (2% of lhe region) . Sandy lopsoi l 'extures a re also 
imponant. 

Chapter 6. 
SOIL PHYSICAL AND 

CHEMICAL PROPERTIES 

Erosion Hazard 
Ta ble 6- I also provides a synthesis of lhe slope e1asses of the 
region. Flat, poorly drained lands eover 2 I % oflhe region. Of 
lhe weJl-drained land s, aboul61% have level lo genlle slopes 
(O lo 8% , Iopes). Topography is roJling (8 lO 30% slopes) in 
14% of the region , and sleep (more than 30% slopes) in the 
remaining 4% . The prese nce of a textural change within 50 cm 
of lhe soil surfaee, su eh as LC, SL, and SC, makes lhe soils 
susceptible to erosion, parti cularly on steep slopes. Table 6-1 
also sho'ws Ihal 64.8 mili ion ha (8% of the regi on ) have soil s 
with a sharp lexlural (SC, LC) ehange on slopes grealer lhan 
8%, or have shall ow soils (LR and CR) . The deep soils wilh 
textural changes, mostly classified as Ultisols or Alfiso ls, are 
generally qu ite susceptible to erosioo unless protected by a 
plant canopy during peri ods of heavy rajns. 

Indiscriminam fores t clearing , es pecially in hiHy regi ons, 
often leads lo serious so il erosion and also increases the rate of 
flow of water (a loog with lopsoil) away from catchment areas. 
This, in turo. provo kes flooding from ri vers. often man y miles 
downstream . 1t is a particularly serious problem in parts of 
th e sub-Andean foothills where "colonization" is proceeding 
apace. For example, in Bolivia , the greater frequency and 
intensity ofnooding in recent years, al Trinidad, a city located 
near the Mamore river in the middle oC the Mojos Pampas , 
can be associat ed with [he unco ntrolled and excess ive fores! 
clea ring by seu!ers in the Chapare district , a major sub­
Andean ealehmenl regi on of lhal rive r (Cochrane, 1973). 
Such probJ ems can onl y be avo ided by ensuring that co lo­
nizers have as littl e access as poss ible into the sub-Andean 
footh ills: i.e .. that major road syste ms are loca led well inlo the 
plains areas . 

Soil Moisture Re/ationships 
The definiti on of sod Grear Groups and theirextent (shown in 
Table 6- 1) permit s a calculatíon ofthe relati ve importance of 
soil -moislure regimes in the region , as defined in Soil 
Ta xo nomy (Soil Survey Slaff, J 975). About 61 % oflhe region 
has an udic or perudic soi l-m oisture regi me . indicating that 
lhe subsoil is moist during 9 or more months per year. 
Approxim alely 21% of the area ha s an aquí c regime, indi­
cati ng lhe presence of wate rlogged conditions in sorne parts of 
th e solum during th e yea r. The remaining 18% has an uSlic 
regim e. which indicates that [he subsoi l is dry for more than 
90 bUl less lhan 180 eonseeu tive days during the yea r. 

The moisture situatí o n is nol as clear as these figures 
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suggest beca use subregi on B, which CQvers a large expanse of 
the Amazon , ¡neludes both udie and ustic soil~mo i s ture 

regimes in well-drained soils as presenll y defined (Ranzani. 
1978) in delailed soil-waler balance slUdies done near lhe edge 
ofsubregion B (Marabá , Pará), which are c1assified as well­
drained soils in ustic suborders. 

Cochrane el al. ( 198 1) ha ve compared lhe c lassifiealion of 
the main so ils in the regio n al the Greal Group level with 
mo isture-regime c1asses and tOla l wet~season eva po trans­
piralion regi mes (WSPE) (Table 6-2). There is an approximale 
relatio nship , presumably beca use the definitian of moisturc 
regimes provi des for a bread separa tia n of the Great Groups . 
However , lhere is lhe implicalion lhallhe definilion o f WSPE 
regimes, or an equivalent a pprox imation of" usa ble energy" 
regimes as accorded by annual water balance patterns, co uld 
Icad to a n irnproved classification of soi ls in the tropics. The 
definitions of soil-rnoisture regirnes according 10 Soil Tax­
onorny, incidentally. are currentl y undergoing review beca use 
of ce rlain doubts as la the applicability of the present criteria 
to tropical circums lanees (A. van Wa mbeke, pers. co rnm. , 
1980). 

Classification considerations aside, it is releva nt. to poi nt 
out that mast soils in sub regio n 8 suffe r from temporary 
moist ure stresses during 3 t04 mon ths ofthe yea r; thisaffects 
planl growlh. The c1early defined dry season in lhe sava nna s 
makes th is situa tion mo re obvio us, especially in [he well­
drained soils of su bregio n C and D. Even in lhe c1Carly udie 
soi l-mo isture regime of subregi on A, temporary soil moisture 
st ress occu rs sporadica lly and severe ly affects crops like 
upland rice a nd com (Band y, 1977). Thu s il a ppears lhal 
sha ll ow-rooted annual pla nts growing 00 most well-d rained 
soi ls in the reg ion ca n suffer from lack of water during so rne 
par! of lhe year. 

Map 13 illustrales lhe 50i l moiSlure-holding ea paeilies of 
soils lh rougho ul lhe regio n. Mo re delailed or e ro p-specifie 
studies must take su eh capacities ioto grea ter account. 

Hardened Plinthite 
or Laterite 
It is pertineot to note [hat the physieal properlies of most 
Amazon forest and many sava nna soi ls are generally quite 
good . The do minance of eoarse gravelly lopsoi ls underlain by 
pl inthite in much of West Africa ' s equivalent to su bregio n B 
poses major limitatio ns to the deve lo pment of permanent 
agricullure in lhal vaSl regi o n (La l el a l., 1975). As nOled in 
Chapter 5, this situation is virlua Hy nonexistent in tro pical 
South Ameriea. Hardened plinthite or la ter ite o utero ps do 
occu r, but in geomorphicCJlly pred ictable pos itions in the 
landseape , such as o n edges of peneplains or plateaus that 
have been dissec led by streams and rive rs . Th ese are co mmon 
in the Guyanian and Bra zilian shield s, a nd in the Tertiary 
surfaces of the Amazon and Orinoeo basins . Laterite out­
crops occur in the high Llanos o f eas tern Colo mbia near 
Cari magua (see Ph OIO Plale 44), an ICA (Institu lo Colom­
biano Agro pecuario) National Agricu ltural Research Center 
where ICA and CIAT work coo peral ively in crop , paSlure, 
and short-term resea rch. These o utcro ps provide excellent 
lo w-cos t road-building materia ls and, consequenlly, reduce 
the cost of opening up man y hinterland arcas. In fa et, the lack 
of la le rite in many areas is a definite constrain t to road 



Soil Chemical Properties 
Definition of Soil 
Chemical Properties 
Soil chemical properties ror bOlh the topsoil (0-20 cm) and 
s ubsoi l (21-50 cm) were coded and summa rized as detailed in 
the glossary to Part 1 or Volume 3. Sorne aspects or this 
coding and definition merit additional comment. 

pH (pH in wa te r, 1: 1 soil to waler ratio). A pH less lhan 
5.3 was considered a realis tic level to sepa rate sails wi.th a 
polenlial Al 10xici lY problem. Above pH 5.4 , Al is virtuall y 
insoluble and nOl reund either in the exchan ge co mplex or in 
lhe soil Solulion; below aboul pH 5.31he amounl or Al in soil 
solution may be significant. Therefore, pH 5.3 gives a erude 
criticallevel for ident ifying those soils for which the equation 
developed by Cochrane el al. (1980) ror eSlimaling lhe liming 
requirements o f acid mineral soils might profitably be used . 
The lelter "h" was used 10 code soils wilh a pH less lhan 5 .3; 
lhis is lhe same le!ter used by lhe FCC syslem (Buol el al, 
1975), and lhederinilion approxima les lhe philosophy o rlhe 
FCC definilion or soi l acidilY. 

Exchangeable Al (Al exlra cted by IN KCI). The 
levels used afe considered tentative and mainly applicable to 
soils with a low effective cation-exchange capa city. 

Exchangeable Ca, Mg, Na (IN KCI extraction). 
This is a first attempt to equate soil-nmrient levels with crop 
needs in lhe sense: 

T able 6-2. 

A 

M 

B 

97 
adequale for mosl crops 
inadequa te for crops requiring high ¡e veis of the 

nutrient 
inadequale fo r mOSl crops excepllhose tolerant to low 

levels of (he nutrient. 

Exchangeable K (1 N NH, CI exlraclion). In pracliee, 
there does nol appear to be much dirrerence belween lhe K 
levels eXlraeled wilh NH,C1 and NH,OAc. The tentative 
c1ass iricalion o r exchangeable K also qualifies lhe pOlash 
levels according to the FCC criteria. This stipulates as an 
allernative derinition or low K lha llhe soil has less lhan 10% 
weatherable minerals in the sih and sand fraction within 50 
cm or lhe soil surrace, or that K levels a re less than 2% o r lhe 
sum o r lhe bases, ir the sum or lhe bases is less lhan 10 
meq/IOO g soíl. 

Total exchangeable bases (TEB). This is lhe sum 
or lhe exhangeable Ca, Mg , K, and Na . In·some acid mineral 
soils , Mn and even Fe levels obtai ned by ext raction with IN 
KCl may be high and conlrib ule to lhe TEB. Zinc and Cu 
levels could al so be included, but in practice are generally so 
low as lo be ¡nsignificant. 

Cation-exchange capacity (CEC). This rerers lO 
lhe erreclive calion-exchange oapaeily (ECEC) cal cu laled by 
lhe sum or lhe T EB plus Al ( 1 N KCI eXlraelion). The level, less 
tha n 4 meq/IOO g soil, would correspond approximately lO 
less lhan 7 meq/ IOO g soi l, ir lhe CEC is delermined by lhe 
sum or the ca lions at pH 7.0 , and less than 10 when deler­
mined by lhe sum ortheeations al pH 8.2 (Buol et al.. 1975). 

Compa ri son ( in percen lage of to tal area) o f the well-drained 
Crea l Croup soil c lasses by WSPE- and moiSlu re regime 
classes . 

Wet months 
WSPE (mm) (no .l t 

Crea't - Groupb > 1300 1061-1300 900-1060 <900 5 & 6-8 < 6 

Ustic 
AU>HA , AUS PA , 

AUSRH, 
OUSAC. OUSEU. 

OUSHA, 
UUSHA . UUSPA. 

UUSRH O 1 . 3 20.1 5.4 0.6 11.6 

Orthic 
lJORAc , OOREU 
OO RHA . OO RUM 6.7 18. 1 1.3 O 14.4 21. 7 

Udic 
AmiHA, UUDPA , 

UUDPL, UUDRH . 
UUDTR 15 . 6 20.4 O O 17 .9 18 . 2 

TOTAL 12.3 50.8 21.4 5.4 32 .9 61. S 

a. WSPE = Wet-season potential evapotranspiration . 
b. A = Alfi so l ; O = Oxiso l ; U = Ultisol ; US == USlic; OR == orlhic ; 

UD = udic; HA = haplic; PA == paleic; RH = rhodic; AC = acr ic; 
EU ::: eUlric; UM ::: umbric; PL = plinthic ; TR = tropic. 

C. Months with MAl (mois ture availability index ) > 0.33. 

SOURC E : Cochrane el al.. 1981. 

5. 5 

O 

O 
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Table 6- 3. Compar-ison of P levels (ppm) by classification system. 

P code aray 11 Truog Olse-n "Available p" 

A alto. high > 7 >, » 

M medium 3- i 2-' 1-) 

B ~o. low < 3 <2 < 1 

The class ifi ca tion of TEB and CEC in terms of high, 
medium, and low clearly has no direct significance with 
respect to plant nutrient needs. Nevertheless, ihey are con­
sidered convenient groupings lO he lp with {he interpretation 
of the so il's abiJity la supply nutrients . When considered 
logether with organic matter cantent and clay mineralogy, 
they provide an idea ofthe ability ora soil to retain nutrients 
and its stale of leaching. 

Organic matter (OM). The c lassifica t ion has been 
made lo help with ¡he oyerall interpretation ofsoil fert ility . 
The percentage of OM is determined by multiplying the 
organic carbon by 1.7. 

Phosphorus. Th e leve ls refer to P extracted by 1he 
Bray 11 method (Bray and Kurtz, 1945). In very approximate 
terms. Table 6-3 gives a compa rison of P leve ls extracted by 
the Bray 11 method, Ihe T ruog method (Jackson, 1958), and 
the "available P" method of Vettori (1969) . 

The c1assification s are also used to equate soil levels with 
plant requirements. 

Phosphorus fixation. Phosphorus r,xation is dif­
r,cult to quantify . Thecriterion of Buol et al. (1975) was used : 
soils wit h a el ay contenl grea ter lhan 35% and a ratio of free 
Fe, O, to percentage of c lay greater than O: 15 , or those with 
allophane--domina nt clay mineralogy, are classified as poten­
tially high-P rixers. In (he ahsence of more specific informa­
tion , these parameters give. a tentative ral ing of pOlcntial 
p-r,xatio n problems. 

Manganese . The levels refer to M n extracted with IN 
KCI, defined as low, sa ti sfactory, and toxico The definition of 
Mn toxici ty as grealcr than 35 ppm ar greater lhan 1% 
saturation of ECEC is provisional, as plants va ry widely in 
their abitity tO with'tand high levels of M n in the soil so lu tion. 
Furthermore , Mn Icvel s le nd to bu ild up, so metimes for 
relatively short periods, unfler reducing condi lions (Collins 
and Buo1 , 1969). 

Sulphur. T he classir,cations' low, sat isfactory, high , 
and unknown have becn made wit hout attempting lO define 
an extraction procedure or limits for soil S; it on ly reOecls 
what is known abolll S deficiencies as recorded in the 
Iiterature . 

Zinc ( IN KCI extracti on). On ly the e1asses low, satis· 
fa etory, and unknown have been used. These levels are based 
on relatively few studies with cornmercial crops; lillle is 
known concerning crop tolerance lO different Jevels of Zn. 

Iron (1 N KCI extraction). The e1asses low. satisfactory, 
high, and unknown provide only a rough guide, as theydo not 
La ke crop tolera nce differences i nto account. A t the high level, 

> 7 

)-7 

< ) 

1973). Like Mn, soi l Fe levels va ry with the t1uctua ting 
oxidalion and reduction conditions brought about by dif­
ferent soi l-moistu re levels. Tempora ry Fe defíciency some­
times occurs in sugarcane as plant roots grow through well­
ae rated, unsa turated topsoi ls (T.T. Cochrane, unpublished 
data) . As the roots penelrate sa turated su bsoils, the Fe 
deficiency generally disappea rs. 

Copper (1 N KCl ext ract). Littie. is known about critical 
Cu levels . Generalized levels have been determined based on 
experiences from other tropical areas. There is evide nce tú 

suggest that they maybe corre lated wi th P levels in sorne acid 
mineral soils (T.T. Cochrane, unpubli shed data). 

Boron (extraction by ret1uxing with 100'C water for 10 
minutes). The classes used approximale cri tical levels for 
seve ral crops including sugarcane. 

Molybdenum (1 N KCI ex tract) . Little is known 
concerning soil Mo levels in the region . The classes used are 
based mainly on generalized criteria from olher parts of the 
tra pics. 

Free carbonates. Thi s characteristic refers to ca r­
bonates de tected simply by dropping 30% HCl onlO soil 
samples taken to a depth o f 50 cm and observ ing CO, 
effervescence . The presence of calcium and magneslum 
carbonates deteeted in this way is also used as an FCC 
moditier: "b" = basie reaclion. 

Salinity. This is the sa linit y of the sa turated extract at 
24'C of a soi l samp le taken to a depth of J m. The levels are 
based on the general values deve loped by the U .S . So il 
Sal in ity Laboratory Staff(l954) that purport to ident ify those 
soils wil h sufficie nt salinily lo present prob lems for mosl 
crops. JI should be nOled, however, tha l sorne crops are 
susceptible lo a significantly lowcr level of so il salinjty. The 
4 mmhos level approximates a 1:2.5 so il-t o-water exlract 
conductivity reading o f 400 )lmhos . 

Natric. Sodium le vels were given separale mention 10 
idenlify problern soi ls . Sodium affects clay dispersiory anct 
moisture availability. The levels refer to readings for soi l 
samples taken to a depth of 50 cm a nd are those limits se t by 
the U.S. Soil Salinity Lab o rat o ry ( 1954). 

Cat clay. T his identir,es the presence of acid sulphate 
soils (Moorman, 1963). It is identir,ed by the c riterion of pH 
in 1; I soil-to-water extracts less than 3.5 after drying or 
jarosite mottles with hues 2.5Y or yellower and ehromas 6 or 
more with in a dept h of60 cm. Tt is used with this definition as 
an FCC modi r,er: "c" = cat e1ay. 

X-ray amorphous. Oreater than 35% clay and pH 



other indirect eviden ces oC allophane in lhe clay fraclion of 
the surfaee 20 cm ofthe soil. This crilerion , the definilion of 
the FCC modifier "x," purporls lO idenlify soils wilh 
allophane-dominated minera logy; these often have high P­
fixing capacity and low rates of minera lization . 

Elemenls 01 imporlance mainly lo animal 
nulrition. T his evalua lion is bas~d purely on specific 
knowledge aboul deficienc ies and toxicities oeeurring in a 
given area. For example, certain soil areas are associaled wilh 
iodine deficieney in animals . 

Examination of 
So il Chemical Data 
Whcn examining soil chemical data, it is good praclice lo 
idenlify potential soi l toxicity factors firs t. Ihen examine 
potent ia l defieiencics in Ihe light o f what is likely to occur, 
once corrective me(t ~ures have been postulated to overcome 
Ihe soi l loxicity problem (see Append ix 2). Such an exami­
natio n must be preeonditioned by the appreciation of c1imatic 
and physica l conditions. 

Histo rically, Cochrane (1962) examined Minislry of Agri­
culturefiles dating to Ihe late 18005 in the Caribbean Island of 
S!. Vince nt and found he was able lO detect a hilherto 
unsuspected relationship between the fertil izer response of 
cotton varieties and their genetic adaptati o n to acid, infertile 
so ils . For years it has been assumed that lhe "best" varieties 
were lhose that gave the greater responses to the higher 
fertilizer treatments. 

Append ixes 3 and 4 provide agronomists faced with the 
task ofi nvestigatingsoil fertility problems for speci fic crops a 
more detailed guide as lO wha t may be deduced from existing 
soi l su rvey an d fertilit y evaluation slUdies and how agron o­
mic work might be speeded up to provide field-proven 
answers for farming practi ce . They use the Llanos Orientales 
of Colomb ia (the eastern lowland , well -drained plains) as a 
case study. Chapter 9 also discusses this topi e. 

Plant To /erances to 
Tox icities and Deficienci es 
Clearly, any interpretation o fsoil chemica l data (a nd cenain 
physical dala) mUSI lak e the lolerances of different cro ps and 
va rieties or cultivars of those cro ps into account. It may be 
noted that several Brazilian wheat varieties have a much 
greater tolerance lO soil Allhan those developed .in Canada . 

Summary o f So il Chemical 
Properties of th e Region 
1.1 was concluded that the physica l propenies ofthe soils ofthe 
cen lrallowlands can generaily be considered favorable. T he 
opposite statement can be made as 10 their chemical proper­
ties o The vast maj ori ty of lhe regi o n's soils are acid and 
infertile in the ir undislurbed sta te . 

Fro m the soil survey c1assification data , il was noted tha l 
only about 5% of Ihe region has high ba se Slatus soils wilh 
relatively high native fertilit y. The analytica l data indicate 
that (he ma in chemieal soil constraints in the region are soi l 
acidi ty (Al toxicity), P deficieney, low effective calÍon­
exchange capacity , and widespread deficien cies of N, K . S , 
r'l ... n,...~tfn T .... v ; ... ; .;"' <",..r ~,(" ..... ...I CD ..... "~p ...... n .... : ... ~ .... _~ ....... :I ... 
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as are deficiences of these elements in others . Tra ce element 
deficiencies, including B, Zn , and Cu , are co mmo nly seen 
(Cochrane and Sánchez, 1982), and Mo deficiency has been 
identir,ed in the Bra zilian Cerrados (CIA T, 1980a). Table 6-4 
shows (he extent of many of these fertili ty limitalions in lhe 
regi o n. Table 6-5 disaggrogates Ihe topsoil data according 10 

climatic subregions and lopographical positi ons. Table 6-6 
interprets these data in terms of FCC unils. 

In examining these tables, however. il must be remembered 
that the figures are largely based on soil-survey information 
taken under natural vegeta tion conditions. As shown by 
Falesi ( 1976), in lhe semi-evergreen forest circumslance with a 
large biomass conte nt, burni ng in Silu ca n result in returning 
!O Ihe soil very large quanlit ies ofbases, including K and Ca , 
thus completely changing the chemical characteristics of the 
lo psoi!. T he subsoil condilions ma y also be affected as 
nutrients leach from the lopsoil. 

Soil acidily. T ables 6-4 and 6-5 show Ihal 75% oflhe 
region has soil pH values lower than 5.3, indicaling n Ol only 
an ac íd reaction but a lso the presence of potentia lly toxic 
levels of exchangeable Al for many crops. The proponion of 
acid soi ls is less in lhe Oat , poorly drained lopographies 
(52%). Map 14 is a computer printout composition map of 
topsoil (0-20) pH levels ove r Ihe region . Soil acidily is 
indicated by the "h" modifier in Table 6-6 . 

Aluminum toxi ci ty in plants is the main co nsequence of 
extreme soi l acidily. Plant species and cu ltiva rs within a 
s pecies differ in their to lerance to Al; this isexpressed in terms 
of the peree ntage of Al sa turation of thei r effective ca tion­
exchange capacity (ECEC). Sorne planls sensitive to Al suffer 
al levels as low as 100/0 Al saturation, In general, however, 
when there is 700/0 Al sa tu ra tion or more with in the lOp 50 cm, 
the soil is considered Alloxic . Such soils have been assigned 
Ihe "a" modifier ofthe FCC syslem. Table 6-6 shows Ihat 358 
million ha, or44%, ofthe soils in the region are poten lially Al 
to xic in lhei r natura l state. Map 15 is a compu ter printout 
composition ma~ of lopsoil (0-20 cm) Al sa turalion levels 
over the region. 

Map 16 shows a computer map ofthe Al sa luration levels in 
the su bsoils (2 1-50 cOl)of Ihe region . It ma y be nOled tha t 
there are significant changes in the distributi on of lhe subsoil 
levels as co mpared wilh the lopsoil levels . Table 6-5 shows 
that there is a consid erab le lowering ofsubsoil Al satura tíon 
levels in subregions e and D , the savanna regions . 

Correcting Al loxicily. Al toxicity in soils may be 
corrected by limi ng; unfortunately the amounts of lime 
currently being used by farmers to overcome Al toxicity are 
usually far in excess of lhose really needed . Large, unneeded 
applications of lime ha ve been made in southern Mato 
Grosso, Brazil, for ¡nstance (see Photo Plate 28). Recently, 
Cochrane et a l. (1980) have published a n improved lim ing 
equation that permits the calcula tion of the minimal lime 
requirement for a given acid. mineral soi l that will enable the 
healthy growth of a erop wi th a known to lerance te Al 
toxicity . This equation has been recorded in Appendix 2 for 
the conve nience of agronomis ts. 

It migh t be nOled that lime per se is nOla scarce resource in 
the reg ion; depos ils abou nd along Ihe eastern foothills of Ihe 
Andes and lhe central plateau ofBraziL However, mining and 
transportation costs are majo r lim iting fa ctors especially for 
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Table 6-lI. Summary of selected fertility parameters in the cent ral 

lowlands of tropical SOUlh America . 

Topsoi! {O-lO cm} Subsoil (21-50 cm) 
Area Percentage Afea Percentage 

Code' Rang e (millle n ha ) of total (mllllon ha) of t o tal 

~ 
M 
h 

> 7.3 
5 . 3-7.3 

< 5.3 

Organic MaUer (%) 
A 5 4.5 
M 1.5-4.5 
B < 1.5 

Al satu ration (%) 
B 0-10 
M 10-110 
H '10-70 
él > 70 (toxic) 

o." 
2l1S . 8 
570.8 

¡lIS.0 
614.'1 

57.6 

221 .5 
95.5 

1141 .4 
358.6 

Exchangeable Ca (meql100 1) 
A > 4.0 lb.l 
M O.lI-4.0 338, 3 
B < O,!! 315.0 

Exchangeable Me (meql\OO W) 
A 5.8 16 . 6 
M 0.1-0,8 410.8 
B < 0.2 236.6 

Exchanqeab le K (meq/lOO ~) 
A >0,3 7 .1( 
M 0.15-0.3 2l10.8 
k < 0.15 lIn.1 

ECEC b (meg/l00 g) 
A B 
M 4- 8 
e 

P' Ippm) 
A 
M 
B 

P fixation 

7 
3-7 

3 

> 35% c1ay and 
% free Fe 10 JI 

255 . 6 
319.0 
242.4 

97.1 
341. S 
378 .3 

< 0.1 
70.0 
30.1 

17.8 
75.2 
7.0 

27.1 
11.7 
17.3 
"3.9 

20.0 
lj l. q 
38.6 

20.8 
50 . 3 
29.0 

12. o 
29 . 5 
58.4 

31. 3 
39 . 0 
29.7 

11.9 
41.8 
46 .3 

% c1a y > 0: 15 101.2 12.4 
O row 715.7 87.6 
U no estimate < 0.1 < 0.1 

0.6 
203.2 
613. O 

" . 1 
90.5 

722.4 

243.6 
91.3 

100 . 0 
382.0 

68.1 
18 1L6 
564 . ) 

63.3 
Jall,7 
568.9 

6.3 
105.6 
70S.1 

119 .6 
283.3 
414.1 

28 . 4 
89.1 

699.4 

0 . 1 
24.9 
75.0 

0.5 
11.1 
88.4 

29.8 
11.2 
12.3 
46 .8 

8.3 
22.6 
69.1 

7 . 8 
22.6 
69.6 

0.7 
12,9 
86 .3 

14.6 
34.7 
50.7 

3.5 
10.9 
85.6 

a . a ::: Al toxico FCC modifier in topsoil ; A and H = high; e = low; 
h '" acid. FC C modifier in topsoil: i = FC C modi(ier ro r P fixation; 
k ::: K dencient. FCC mod iner in topsoil; M = medium. 

b. ECEC = eHective cation-exchange capacit y. 
c. By eray 11. 

qu irements, along with the use of crop cultiva rs with a certain 
tolerance to high soil Al levels, are important agrotech­
nologies for the agricu ltura l development of lhe region . 
Consequently, the estímation of a mini mal " liming need" can 
lead lO the more effective USe oflime and considerable savings 
in food production . 

Phosphorus deficiency. Table 6-4 indicates that 
86% of the region's soils have topsoi l available P levels lower 
than 7 ppm, according to the Bray Il method. Map 17 (see also 
Chapter 7) shows the distribution of available P levels in the 
topsoils over the region, and Map 18 (see Chapter 7) shows 
the distribution of subsoi l P levels. Since the generatly 
recognized adequacy level of Ihis method for annual crops in 

Ihe vast majority of soils in the area are deficient in P fo r most 
annua l crops. Fortunately, this widespread P deficiency is nOI 
accompanied by a widespread high P fixation capacilY (see 
Map 19). 

Tables 6-4 and 6-6 show that an estim .. ed lOO million ha , 
just 12% of the region, have soils Wilh a high P-fixation 
capacity, as defined by lhe "¡" modifier o f FCC. Only those 
lopsoils wi lh more than 35% clay conlents and wilh a high 
pro portio n of iron oxides presenl are conside red high P fixers 
(SAnchez and Uehara, 1980; SAnchez et al., 1980). This 
situation is largely Jimited lo clayey Oxisols and Ultisols, and, 
among them, only those having lhe "Ci" nOlalion in the FCC 
system. Phosph orus-sorption isothe rm s. conducted with soil 
samples of Ultisols from Peru and Brazi l by Norlh Carolina 

'J\ .... . , I 
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fixalioo capacily is low. Figure 7-3 (Chapler 7) shows Ihe 
distribution of soils wirh possible P-fixation problems Qver 
Ihe regioo. Clearly, while P fixalioo is a possible major 
cooslraiol of Oxisols io Ihe Cerrados ofBraz.i1 aod Ihe Llanos 
ofColombia, il is nOI a widespread problem in Ihe Amazon, 
although il is locally imporlan!. The use of species and 
cultivars tolerant to low P levels is a possible alternative to 
¡ncreasing P fertilizatian in P-deficient soils. 

Because of its importance, recent advances in means and 
ways of correcting P deficiencies are specifically discussed in 
Chapler 7. 

Low potassium reserves. Table 6-5 s ho ws Ihal 
aboul58% oflhe region (477 mili ion ha) has soils wilh low K 
availabilily. Table 6-6 indica les a lower figure, as soils wilh 
"g" (gley) o r "d" (dry) modifiers are nOllaken inlo accoun!. 
Although burning nalive forests ¡ncreases available K levels. 
Ih is effecllends lo be short-lived, unless rapid recycling lakes 
place . In sava nna regions, seasonal burns do liHle lO ¡ncrease 
Ihe invariably low IeveJs of Ihe soils. Consequenlly, Ihis is an 
important economic constraint in the region . Map 20 illus­
Ira les levels of pOlash in Ihe lopsoil Ihroughoul Ihe region . 

Low calcium and magnesium levels. Table 6-5 
shows Ihal 39% of Ihe region (315 mili ion ha ) has soils wilh 
low Ca levels and 29% (236 million ha) low Mg levels. Burning 
native forests ¡ncreases both Ca and Mg levels. rn savan na 
areas, however, Ca and Mg deficiencies must be correcled by 
fertilization; adding a modest dressing of dolomitic Ji mestone 
may be a cost-effective means of overcoming these defi­
ciencies. In fact, many soils low in Ca and Mg are potentially 
Al toxic ; in such cases, the addition of dolomitic limestone 
will solve bOlh the Alloxicily and Ihe Ca- and Mg-deficiency 
problems. Map 21 illuslrales Ca lopsoil and Map 22 Ca 
su bsoil Jevels throughout the region stud¡ed. 

Low effective cation-exchange capacity. Low 
ECEC is an important soil constraint beca use of lhe susce pli­
bilily of K lo leaching from Ihe so il profile and Ihe danger of 
creating serious nutrient imbalances amoog catioos such as 
K, Ca, and Mg. Tables 6-4 and 6-5 show Ihal approximalely 
242 million ha (30% of Ihe region) have Ihis condilion in Ihe 
lopsoil, and 414 million ha l50%) have il in Ihe subsoil. Low 
ECEC is more prevalenl in subregions B and C and occurs 
mainly in Oxisols, sandy-Iexlured Ullisols , and all Spodosols. 
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Rapid leaching losses and serious K-Mg imbalances have 
been recorded in Ullisols io Peru (Villachica, 1978: Villa chica 

and Sánchez, 1980). 

Sulphur deliciency. McClung (1959) found severe 
sulphur deficiencies in a greenhouse trial with soi ls from the 
sta te of Goiás, Brazil, in soils described as Humic Latosols 
(Acruslox) and io a sandy Terra Roxa Mixlurada lRhodus­
lalf) in Sao Paulo. The common occurrence ofS deficiency in 
Ihe soils of Cenlral Brazil has been confirmed by several 
consequent studies, including the recent greenhouse trials on 
Ihe Oxisols ofPlanallina reporled by CJA T l 1980a). Although 
few rield-trial results seem to have been recorded , S deficiency 
is probably a major constraint in many savanna soils where 
sulphur is losl Ihrough burning. Sulphur deficiencies have 
also been reporled by Wang el al. (1976) in riee in várzeas 
(nood plains) along the Jarí river io eastern Amazonia . 

Deliciencies 01 other nutrients. The regio n is a 
heaven for scientisls interested in nutrient deficiencies. In the 
Ultisols of Yurimaguas , for example, deficiencies of all 
essential nutrienl elements except for Fe and CI have been 
recorded in annual crops (Villachica and Sánchez, 1980). In 
addition to N, P, and K deficiencies, the most widespread 
o nes seem lo be Mg, S , and Zn. The limiled dala base for Ihese 
parameters impedes a geographic appraisal ofwhere specific 
deficiencies occur and their relationship to soi1 properties. 

Constraints occurring together. Table 6-6 shows 
how several of these constraints occur together on th e same 
land units, as defined by the various FCC modifier combina­
lions. Only aboul 42 mili ion ha (5% of Ihe area) showed' no 
majar fertility limitations. The rest showed various combina­
lions of Al loxicily la), acid bUI nOI All oxic (h), low ECEC 
(e), low K reserves (k), high P fixalion (i), poor drainage (g), 
and dry season droughl slress (d). The mOSI frequenl 
combinations in"olved Al toxicity, low K rese rve. low ECEC. 
and high P fixalion. Clearly Ihe FCCsyslem does nOllake low 
or insufficiency levels of phosphorus into accounl , only 
pmenlial P fixation. Low levels of Pare virtually universal in 
the Oxiso ls and Ultisols of the region. 

Because of the basic importance of P for crop production 
throughout the region, recent advances and means or ways of 
correcting these deficiencies are described in Chapter 7. 
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Table 6-5. Aereal extent (mi\\ion ha) of sorne topsoil (0-20 cm) and subsoil (20-50 cm) chemical properties within the topographic subdivisions of the 
climatic subregions of central lowland tropical 50uth America. 

b = Semi-evergreen e = {Semi- )deciduous 
a ::; Tropical rain farest seasonal farest c = I sohypertherm ic sav.anna d - Isothermic savanna farest 
Flat, Well dralned Flat. Well-dralned Flat . Wel\ - dra lned Flat, Wcll dramed Flat. Well-drained 

Parameter poorly (% slopel poorly (% slope) poorly (% slope) poorly (% slope) poorly (% slope) 
and range' drained <8 8-30 >30 drained <8 8 30 >30 drained <8 8-30 >30 drained <8 8 30 >30 drained <ti 8 30 > 30 

pH 
IOpSOi! 

A >7.3 0.1 0.1 <0.1 
M 5.3-7.3 30.0 15.9 6.0 1.3 30,0 15.9 6.0 1.3 10.1 18.5 6.7 , . 7 0.6 2. O 1.7 0.9 17.8 46.3 7.2 3.8 
h <5.3 28.5 ¡1I3.3 61.8 15.6 28.5 1 1I3. 3 61.8 15.6 211.6 116.0 10.9 6.0 0.3 20.8 11.1 5.5 6.5 9.8 6. O 3.7 

-Subsoil 
A >7.3 < 0.1 1.0 < O. 1 < O. 1 
M 5.,3-7.3 28.8 13.1 3.0 0.5 31.9 17.6 '.6 1.0 11.5 8.6 2.3 2. O 0.8 O. , 1.0 0.8 10.1 38.7 5.7 3. O 
h >5.3 36.2 85.8 37.1I 11.6 26.5 \ 111. 5 63.2 15.9 23.2 55.9 15.3 8.7 0.1 22.11 11.7 5.6 111.2 17.11 7.6 '.5 

% O rganic Matter 
lopsol1 
A >1l.5 27.3 13.9 '.0 13.6 22.8 18.3 3.9 0.3 19.1 12.2 '.9 '.5 0.9 O., 0.9 0.3 2.5 2.7 0.9 0.8 
M 1 .5-1I.5 33.3 83.9 35.2 9.1 31.0 , 211. 1 53.1 1.2 15.11 1I11.0 11.7 2.6 1.0 22 .ll 11.9 6.1 21.5 53.11 11.9 6.7 
b <1.5 '.5 1.1 1.2 1.7 '.8 16.8 10.8 \ 5.3 0.3 8.3 1.0 3.5 O., 0.2 O., 

Subsoil 
A > 1l.5 < 0.1 <0.1 0.3 0.1 <0.1 
M 1 . 5-1I. 5 21. 8 15.11 '.7 1.2 10.2 111.11 , ., 0.6 10.0 '.8 <0.1 <0.1 0.1 0.3 0.7 0.1 
B < 1.5 112.8 83.1I 35.6 10.9 115.6 11l1l.2 63.1I 16.2 211.5 59.7 17.6 10.7 0.8 22.9 12.8 6.' 211.1 55.7 13.2 7.5 

% Al Saturation 
Topsod 
a > 70 211.7 70.2 23.8 6.0 111.3 911.0 1I2.8 10.3 3.8 20.1 6.2 5.0 0.3 111.8 6.9 2.6 O. , ,., '.2 2.7 
H '0- 70 7.6 8.9 9.6 , . 6 3.3 36.8 13.1I 3.' 7.6 10.1 '.1 2 .6 0.1 2.6 3.6 2.8 7.1 5.5 1.8 1.2 
M 10- 110 5.9 2.1 0.3 0.2 111. O 111.2 6.6 2. , 13.11 19.9 2.1 0.5 0.1 U 1.2 0.3 2.2 0.5 O.' 0.5 
B < 10 26.8 17.7 6.8 1.2 26.8 111.2 6.0 0.8 9.9 111.1I 5.3 2.6 O. , 1.2 1.1 0.8 Ill.8 116.0 6.8 3.1 

Subsoil 
a > 70 25.9 73.11 23.11 6.0 20.1 115. O 112.8 9.2 3.7 17.6 3.1 3.9 0.1 ,., 1.' 0.2 8.7 10.9 '.7 2.9 
H '0- 70 11.1 5.6 7.7 2.1 3.6 17.1 8.0 1.3 -9.11 10.6 3.5 1.0 3.' 3. , 1.3 '.0 2.8 1.2 1.0 
M 10- 'O 0.6 6.5 6.3 3. , 6. , 11. 6 8.8 3.5 5.8 111.5 3.0 1.0 0.1 10 .ll '.3 1.3 0.3 1.3 1.3 0.2 
B < lO 27.6 13.1I 3.1 0.6 28.5 16.5 8.2 2.8 15.7 21.8 8.0 '.8 0.8 , . 7 3.6 3.6 11. 5 II 1 .2 7.0 3. , 

Exchan~eable 
lOPSOI 

K (me9" OO g) 

A > 0.3 22.5 7.2 1.7 1.8 25.3 12.8 5.9 0.9 5.8 2.8 0.1 0.1 0.5 2.0 0.9 0.8 
M 0.15-0.3 18.9 29.6 11.5 3.3 11.1 1I6.11 19.3 5.1 17.2 17.5 7.0 5.9 0.6 0.5 2.0 0.5 10.6 11.11 3.6 1.5 
k < 0.15 23.6 62.1 27.2 7.0 22.1 100.1 112.6 10.8 11.7 113.8 10.5 , . 7 0.3 18.1 10.8 5.8 13.11 113.0 8.7 5.2 

Subsoil 
A > 0.3 0.7 <0.1 1.1 1.0 < O. 1 < O. 1 1.9 
M 0.15-0.3 13.3 3.8 1.7 1.8 111 .8 9.9 5.3 1.0 10.9 8. , 3.1 2.2 O. , 0.9 0.7 0.2 6.2 '.7 2.9 0.7 
k < 0.15 51.0 911.9 38.6 10.3 112.6 11l8.2 62.5 15.8 23.3 5.6 111.5 8.5 0.5 21.9 12.1 6.2 17.8 119.8 10.11 0.7 



Exchanrleable Ca (meq/lOO 9) 
TOpSOl 
A > 4.0 27 . 1 19.9 8.2 2.8 23 .8 20 . tI 8.9 3.0 12. ti 6.0 32.5 1.9 0. 1 0 . 8 0 . 5 0.1 3.9 5.4 J.7 1.5 
M O.q- tl .O 26.8 61.3 16.3 4.4 20.2 tla.a 23.6 6.1 12.3 17 .0 4.6 6.2 0 . 5 6.1 3.2 1. 2 17.8 tl7.7 7.9 5.3 
B < 0.4 11.2 27.7 16.9 4.9 14.6 90.0 35. ·3 7.8 10.0 tl1.5 9.7 2.7 0.3 16. 0 9.0 5.1 2.7 3.2 1.7 0.7 

Subsoil 
A > 4.0 7.5 12.5 6.5 1. 2 12.8 6.2 1.2 0.1 6.5 0.6 0.1 1.8 2.2 0.9 0.8 
M O. tI-4.0 ]6 . 7 23.tI 4.1 1. 7 23.5 15 . 9 9.2 1.5 11.3 10.tI 4.5 2.8 0.6 1. O 0.8 0.2 9.6 9.8 4.2 1.9 
B < 0.4 20.9 63.0 19.9 9.1 22.2 137 . 0 57. ti 15.3 16.9 53.5 13.1 8.0 0 . 3 21 .9 12 .0 6.2 13.1 tltI,q 8 . 1 4.8 

Exchangeable M9 
Topsoil 

(meq / l00 9) 

A > 0.8 23.0 15.7 7.7 2. 8 28.6 25.tI 10. 8 J.4 11 .2 6.9 3.3 1.9 0. 1 0.8 0.5 0.1 3.8 5.5 3.7 1.5 
M 0-2-0.8 19.8 tl8.5 11. 9 4.2 17 , 8 83.8 31.0 7.1 1 S,] 25.3 8.2 4.2 0.5 16. 6 9.7 5.1 17.9 Q7.q 8.2 5.8 
B < 0.2 12.3 H , 7 20.7 5.1 12.1 50 . 1 26.0 6.4 8.2 29.2 6.2 4. 7 0.3 5.5 2.6 1.2 2.7 3.5 1.4 0.3 

Subsoil 
A > 0.8 5.0 11.3 6. 4 1.2 15 .6 6.1 1.0 0 .1 7 . 9 1.0 < O. 1 < 0.1 1.7 2.2 0.9 0.8 
M 0.2 -0 . 8 24.3 17.11 3.4 1. 8 2t1.0 33.7 14.7 3.7 9.1 10. 2 4.3 2.6 0 . 7 1.4 1. 0 0.3 7.6 4.3 J .4 0.9 
B < 0.2 35.7 70.2 30 . 7 9.1 18 .9 119.5 52.0 13.0 '7.6 53.2 13.3 8.1 0 .3 21.5 11.8 6.1 15.1 tl9.8 9.0 5.8 

Effective cation exchange ca pacity (mes / IDO 9) 
T opsoll 
A > 8 114.0 34.5 8.0 1.3 36 . 2 5.0 1.6 4.3 16.2 7 .4 3.2 2.0 0.2 0.8 0.5 <O . 1 5.2 5.6 0.4 1.5 
M 4-8 11.1.8 53.14 27 .2 9.9 18.1.1 62.9 33.Q 10.6 9.1 16.1 4.2 4.7 0.4 5.6 3 .1 1.2 17.6 16.6 2.1 1.6 
e < 4 5.8 10.9 5.2 0.8 3 . 9 tl6.S 18.2 1.9 10. 3 tlO.9 10.1 4.1 0.3 16.L! 9.1 5.1 1.6 JQ.l 7.4 4.4 

Subsoi l 
A > 8 16.7 18. ti 0.7 1.3 25. 1 20 . 8 5.9 < 0 . 6 10.3 1.3 0.1 < 0.1 0.2 0.8 0.9 
M 4-8 1.13.3 1.11.6 8.6 3.2 22.1 66,8 31.6 9.1 8.2 8. 4 4 . 6 4.4 0 .7 1. ' 1.0 0.3 8.0 6.1 3.3 5.9 
e < • 5.1 38.9 211.tI 7.6 11. 3 71 . 5 30.3 7.3 16 .0 54 . 7 13.0 6.3 0.1 21. 5 ".8 6.1 15.9 tl8.3 9.0 0.7 

a. a = Al {Oxic . FCC modifier in topsoil; A and H = high; B low; h acid . FCC modifier ;n lOpsoil; ; = FCC modifier fo, P fixalion ; k = K 
deficient, FCC modifier in topsoil; M = medium. 
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lable 6-6. Aerea l cxtent (million ha) of Fert ili ty Cclpabi lity Classification 
modi fier combinalions of lhe 50il5 of central lowland o( 
tropical South Ame rica . 

FCC FCC 
modi fi er modifje r 

comb inat ion' Area combination· Area 

a 6 3. 1 gb 0 . 7 
oc 10 . 3 gdsn < O. I 
.,¡ 2.0 ga 19 . 3 
ak 145 . 6 gai 0.5 
ak. tlll , S gak IJ .7 
akei 1 q . 8 gake J.6 
aki 16 . 2 gh 17, 6 

g hi 0.2 
d 'J.J g hk 16.1.1 
da 1.7 ghke 12 . 1 
da. 0.6 gi 0.6 
daei 2.J gk 11. S 
daek 1.0 gke O. ' 
daeki O.J gkei 1 .2 
da; J . l g' 0 .1 
dak 1.8 
dake 18.7 h 2J.7 
dakei 28 . S he J . O 
daki l., he 2.0 
db O. , hei ' . 3 
dei 2.1 hi 1.1 
dg 1.1 hix 0.2 
dh 6 . ' hk 22 .0 
dh. 0.1 hk. J . ' 
dhi J .3 hkei 8.1 
dhh S.' hk i 1.5 
dhke 30.8 
dhkei 1. J 1 0. 1 
di J.7 ix 1. 1 
dk 12.6 
dk. J9 .5 k 6.2 

• < 0 . 1 

9 79.75 Withou l modifiers 42.!/ 
gak 2.6 
gake 2. I TOTAL ~ 

a. a'" Al toxico e = cal clay , d = d ry. e" low calion exchange capacity 
(C Ee). 9" g rey , h = acid, i = P fixation . k", K def icien t . n = 
natrie. s .. salinily , x'" X-ray amorphous . 

Table 6- 7. Average chernica l composilion o f lhe lapsoir (0-20 cm) o( .n 
Oxisol under semi-evergreen seasonal foreS l and P, nicum 
m.lurimum pastures o( d ifferen l ages in the proximity of 
Paragominas. Parf¡. Braz il. 

Exchange-
able Ava ilable Al 

pH ca tions e lemen ts satu-
Vegeta tion Clay OM N 'in (meg 1100 ~) (ppm) ra tion 

t ~~e (%) (%) (%) H,O Ca+~9 I K P (%) 

Forest 65 2.79 0 . 16 o .• l. tl 7 1.8 23 53 

Pasture 
(age in no . 
of yea rsl 

I SO 2.0 tl 0 . 09 6.5 7.53 0.0 31 10 O 
J 60 J.09 0 . 18 6.9 7 .80 0 .0 78 , I O 
• SS 2 . 20 0.1 1 S., 3.02 0.2 62 2 6 
S SO 1. 90 0 . 10 5.7 2 . 81 0.2 66 J 6 
6 SI 1.90 0.09 6 .0 J.84 0 . 0 " 7 O 
7 '8 1.77 0. 08 5 .7 2.6 1 0 . 0 " I O 
8 52 1. 69 0.08 S.- 2. ' 0 0.0 J9 I O 
9 SO 2 . Jtj O. TI 5. 9 140 10 0 . 1 70 2 2 

II '5 3 . 37 0. 15 6. 0 tI .t O 0. 0 86 I O 
I J 62 2.80 0 .20 5.6 tI.BO 0. 0 S. , O 

SOURCE: Serr¡fo e t al. (1 979 J. 



Chapter 7. 
PHOSPHORUS LlMITATIONS ANO 

MANAGEMENT CONSIDERATIONS 

Phosphorus is undoubtedly one of the mosl severely limiling 
elernents in the acid, infertile soils of tropical Latin America, 
as shown by Ma ps 17 and 18 (see Map Pla les). Total P ranges 
from on ly about 200 10 600 ppm and available P (Bray lJ) 
fram I [O 7 ppm. It is obvious that, toefficiently ¡ncrease crap 
produetion , phosphate fertilizer must be added to these soils 
and plan[ species that are efficient P users must be selected. 
Because of (he acid reaetían of most sails in lhe region (p H 
4.0-5.5) , sorne soils, especially in the central savanna area, are 
high in free Fe and Al oxides and hydroxides whieh lend 10 

ra pidl y fix large amounts of P (Map 19). This is espeeially so 
when it is applied in soluble fOTms 5uch as monoarnmonium 
phosphate (MAP), diammonium phosphate (DAP), single 
superphosphate (SSP), o r triple su perphosphate (TSP) 
(Fenster and León, 1979). 

To develop a sound , economic P-rnanagement stralegy for 
pastures and craps grown on the acíd, infertile sails of tropical 
Latin America, several strategies might be taken into consid­
erallan. These ¡nelude bUl are nol necessa ril y limited lO: (1) 
use of eheaper, less-so luble forms ofP sueh as phosphate rock 
(PR) or panially aeidulated PR ; (2) use of soil amendments to 
enhanee the availability of soil-applied P; (3) determining 
o ptimal place ment and rates of P fertilizer LO increase jts 
effieieney. bOlh initially and residually; a nd (4) seleetion of 
plant species that will tolerate relatively low levels ofavaiJable 
soil P. 

Cheaper, Less Soluble 
Sources of P 
The use of phosphate roek (PR) as a P souree for erop 
praduction appea rs both economically and agranomically 
attractive for much of the region . NOl only is [he unir cost of 
the P much lower-one-third to one-fifth that ofTSPor SSP 
(lFDC, 1979)-bul also the residual value of the produet is 
¡ikely to be equal to or greater Ihan that of the more soluble P 
carriers. Sincecontinuous dissolutian of PR can acc ur in acid 
sails. it is Iikely that release of available P wiJl be more in 
unison with the requirements of growing farages which are 
predominant in much of the regíon . 

Due lo lhe high requirement for P, and espeeially following 
the sharp inerease in phosphate roek priees during 1974-1975, 
there have been intens ifi ed exploration effo rts that have 
¡dentifíed new phosphate reSOurces. The most sígnificant of 
rhese developments has occurred in Brazil where about I X 
'06 

by 
L. A. León and L. L. Hammonda 

al Jaeupiranga, Araxa, Tapira, and Catalao(G. H . MeClellan , 
IFDC. pers. eomm ., 1979). There are over 20 major deposits 
loealed in tropical La lin Ameriea (Figure 7-1). 

The International Fenilizer Developmenl Center (IFDC) 
has developed a research program on phosphates , which is 
strongly oriented toward identifying methods for usj ng these 
resources. Much of the agronomic research 00 phosphares in 
Latin America has been conducted in cooperation with CIAT 
(Centro In ternacional de Agricultura Tropical) in Ca li, 
Colombia. The aim has been to seleet, adapt, or develop 
technology that is the most cost effective for meeting the 
needs of agricuhure with the resources (raw materials, energy. 
infrastruct ure , etc. ) al hand . This approach involves devel­
oping or identifying phosphate fertilizers that are wel! suited 
to tropical and subtropical soils in agronomic, technical, and 
economic aspects . Application or adaptation ofconventional 
technology may or rnay not be the best choice . 

D ireet applieation of finely divided phosphate roek may be 
ane of the cheapest ways to supply P to craps in many acid soil 
areas in [he tropics and subtropics . The degree to which direct 
applicatian wiJl be effective is determined by a number of 
interrelated factors . These ¡nelude, bUl are nol limited to: (a) 
the reactiv ity, or potenlLal, of the rock source as determined 
by the ehemieal eomposilion of the apatite; (b) the physieal 
properties of Ihe roe k; (e) the properties of the soil (aeidiIY, 
available P, exchangeable Ca in the soil, and P-sorption 
eapacity); (d) the type of erop and eropping system; (e) Ihe 
method of applieation ; and (f) the ti me of reaetion (Parish et 
al., 1980) 

Chemical Reactivity of 
Phosphate Rocks 
Many Oxisols and Ultis ols possess properlies conduclive lo 
Ihe dissolution of direetly applied ground phosphate roek . 
They are acid; sorne ofthern possess high P-sorptíon capac it y~ 
and they generalIy exhib ir onl y (ow concentralions ofP in the 
soi l sol ution and exehangeable Ca in the soil . Still . the 
effec tiveness of each po tential rock SOurce for direct applica­
tion wiJl be determined by the chemical reactivity of the 
phosphate roek. It has been shown that the reaetivitydepends 
on rhe degree of carbonate substitution for ph os phate in the 
apatite strueture (Lehr and MeClellan , 1972); several solubil­
ity tests are suitable for est imating reactivity. These inelude 
extraction with neutra l ammonium citrate. 2% citric acid, 2% 

a. Soil Chemisl. of {he IFDC¡CIA T Phosphorus Projeet and Soil Scientist 
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Fig. 7-1 Locations 01 20 phosphate 
deposits in Latin America . ~. 
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rOrmJe acid, and acid arnmonium citrate al pH 3 (Chien and COLOMBIA -'YENEZU.~l~' > 
.Pl1oCa. 1-"")' • 

Hammond, 1978). Based on these measurements, it has becn . _Huil •..• : ~, ..: ;\ •• .J... •. ..: ó.~i'()G06\,1 
possible to categorize phosphate rocks into relalive rankings "';'h ';, . se<f

a 
. 

r 
. h . .1 ',., • II~ TrlUlra 

o hlg , mectlUm, or low potential for direet application . .' l: • 
Based on agronomic evaluation or phosphate rock rrom 18 .' Paulina. 

Olinde separa te deposits around the world , il can be generaJized that 
rocks with citrate-soluble P greater than 17% or the total P 
can be ranked as havinga high potcntial for diree! application. 
Those with 12-17% citrate-soluble P would be considered in 
the medium range. while rocks with less than 12% or the total 
P beingcitrate soluble wo uJd be expected 10 perform relatively 
poorly when compared to the initial crop response possible 
with water-soluble P fertilizers or the highly reactive phos­
phate rocks. 

Figure 7-2 iHustrates these differences with results from a 
short-term greenhouse experiment with P supplied by a 
number of rocks from South America. While sorne rocks 
performed nearly as we!! as TSP, a large range in effectiveness 
can be observed. Depending on soil properties, crop type , and 
management , finely ground rock with high, medium , and low 
citra te solubilities generall y has effectiveness ra nges of80-1 OO. 
50--80, and 30--60%, respectively, when compared to the 
initial crop responses to TSP. Recent sludies on residual value 
o f phosphate sources show that. even for the low-reaclivity 
rocks in sorne soil-crop combinations, lhe ¡n¡lial differences 
between sources diminish with time. Table 7-1 . in fae!, shows 
tha! there has been significant response lO P but no difference 
between sources in total yield of Brachiaria decumbens 
rollowing 4 years or production, despite the ract that yields 
d uring the first cUlling rollowed the levels predicted by citra te 
solubility_ Research has also shown lhat dustiness, one of the 
main objectionabte properties of phosphate rock, can be 
eliminated without 1055 or errectiveness when granula ted or 
"minigranuJated." as it is called, to a size range of 50 lO 150 
mesh (TyJer screens). These minigranules are consistently 
equal to or nearly as effective as powdered rack . In contrast, 
conventional granulalion (6- to 16-mesh (TylerJ granules) 
substantially reduces the agronomic effectiveness of the rack_ 

Partia/ Acidu/atian af 
Phasphate Rack 
In sorne situations there is a need for a phosphate fertilizer 
inlermediate in water solubility between directly applied, 
finely ground rock and conventional, fully acidulated ferlil­
izers. This need is most apparent where the reactivity of 
available phosphate rock is too low to provide the P 
requirements of plants for rapid establishment or for crops 
with a short growing season, Parliall y acidulated phosphate 
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especially important lo sorne developing countries, which 
have rock deposils but onl y a limited availability of aeid for 
production of conventional fertilizers . 

In recent studies it has been observed that phosphoric acid 
(H,PO,) is highly errective in increasing the initial Pavailabil­
ity or low-reactivity phosphate rocks, using only 10-20% or 
the amount necessary to make triple superphosphate (Ham­
mond et al. , 1980), With the Pesca PR rrom Colombia , ror 
example . 20% acjdulation with H)P0 4 was observed to be 
79-900/0 as effective as TSP in a greenhouse experimento 
whereas the unaciduJated rock was only 10% as effeclive . 
Using sulphuric acid , 40-50% orthe H,SO. required to make 
single superphosphate may be required 10 be equally as 
erfec tive as the material lCeated wilh 10-20% H,PO •. lt is 
promising, therefore, thal fertilizer prepared with less lhan 
the conventional quantities of acid can be a highly effeclive 
means or supplying p , The use or indigenous phosphate rock 
as a direct application malerial . or when processed by both 
conventional and nonconvent ionaJ technologies, is being 
studied . Only eareful agronomic, industrial , and economic 
evalua tions will gi ve th e correcl routes for u tilization of these 
phosphate rock deposil s; but the potential saving in terms or 
foreign exchange for many developing counlries is such that 
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TabJe 7-1. Effect of phosphorus sour.cp.5 and leve ls (% of TSP residual) 
on relati ve yield of Brachiaria decumbens" grown in (he (ield 
on a Carimagua Oxisol Colombia (sum of Jil cuttingsl. 

Phosphorus PIO~ added· 
source 15 kq7ha 50 kg/ha 100 kglha 400 kg/ha 

Tripl e su~erehosphate (TSPl 
Annual (jj,6J 135.9) 137 .') 1 '5 . 1) 
Residualb 100 100 100 100 

Ill.O) 130.6 ) 132.') 138.1) 

Phosphate rack IPR) 
Fosbayova r 119 80 101 109 
Florida III 9' 100 105 
Gafsa 109 103 lO' 10' 
Huila 95 \13 98 110 
Pesca 111 BI 111 116 
Tennessee 1M 76 95 108 

Check (14.4) 

a. Figures in pa rentheses are dry maUer yield (l/ha). 
b . TSP re s idual considered as 100% a l each P205 rate o 

Table 7-2. Decrease in P fixation due lo lime and silicate applications 
sufficient to neulralize exchangeable Al in a c layey Oxi501 
from Brazil with an original pH of 4.6. 1.45 meq Al/IDO 9 
soil and 80% Al saturation. 

Oecrease (%) 
P fixed (pem) to give in P fixed 

Amendment .03 . 10 . 20 .03 
applied (eem P in solution) (ppm P 

None 230 325 415 

Lime (1.5 tI ha) 135 l7S 370 41 

Calcium silicate 
(l.8 t/ha) 125 165 355 .6 

SOURCE : Adapted by Sánchez (1917) from Smyth (1976). 

Soil Amendments to 
Enhance the Availability of 
Soil-Applied P 

. 1 O 
;n 

1 S 

lB 

One of (he problems encountered with so rne of che p. 
deficient, acid, infertile soils of tropical Latin America is their 
high p-rixation capacity (see Map 19). To decrease this 
fixation capacity, soil amendments , such as lime or Ca 
silicates , a re sometimes applied. It is important here te note 
that the concept of adding lime to ¡ncrease production 
through util ization of the native P in the so il is probably 
erroneous in the acid, P-deficient soils of tropica l Latin 
America si nce the total amoun! of P in these soi ls is so low. 
The concept of adding time to ¡ncrease or maintain the 
ava ilability ofap plied P, however, has merit. 

For exam ple, a greenhouse experiment was conducted 
using a Carimagua Oxiso l, in which varying rates of P were 
applied with combinations of Ca silicate, lime, and Mg oxide 
(CIA T , 1977). In al! cases , the addition of one or more of the 

,,. ... 1. ; ... '" .... ,; 1 ..... r " 

. 20 
solutionJ 

11 

14 

guianensis(lwo cullings) over lhal orTSP applied alone. The 
highesl yield was oblained wilh TSP plus addilions or Mg 
oxide and Ca silicate. 

The main problem encountered with many of the P­
amendme nt expe riments is determining if ¡he lime or Ca 
si licate is enhancing the availability of the applied P or 
whether there is an additionallime and/or nutrienl response. 
On these acid so ils, Ca, and Mg defici encies a re common , so 
(he additio ns of amendment s ma y very well be respo nses lO 

lhese cal ions. Resea rch by Smyth ( )976) in Brazil would 
indicate, however, that there is definitel y an amendmenl 
effect of decrea sing P fixation from both th e lime and Ca 
silicale (Table 7-2). 

Placement and Rate 
of P Fertilizers 

Placement 01 phosphorus. In lropica l Lal in 
America, P fertili 'lat ion of pastures has generally followed the 
classical approach of broadcasting and inco rporating basic 
slag or superphosphale during establishmenl, followed by 

h , 



been conducted lo ascenain lhe effecl of P placement on 
establishmenl of paslure and annual erops (León and Fenster, 
1979). 

Preliminary results from a continuing experimenl al the 
Quilichao experiment slation near Cal i, Colombia (Fenster 
and León, 1979) indieate that broadeasting P is superior to 
banding in growing Pan;cum maximum and Andropogon 
gayanus pastures (Figure 7-3). Neverlheless, in this same 
experimen t, broadeast plus band applieation of P gave the 
highest yields . This would suggesl that banding is important 
in establishing these pastures, but broadcast trea tments are 
necessary for mainlenance. 

It is also probable in ve ry low P-5upply ing so il s, Ihat when 
only banded P is applied, root growth is restrieted lo the band 
area; thus the plants are susceptible 10 drought , even during 
short periods when it does not rain . Shorl periods of drought 
are cammon in many Oxisols and Ultisols because oftheir low 
water-holding eapaeity. 

In another experiment initiated by León and Fenster (1979) 
with Brachiaria d.cumbens a l Quiliehao, Ihe highest yields 
were realized with 100 kg P,O,/ ha of TSP broadeasl and 
incorpo rated . ln this case, broadcast and incorporation ofthe 
TSP was superior to Olher methods of applieation . When a 
basal Ireatment of 100 kg P,O,/ ha as phosphate roek was 
·broadcast and inco rporated , however, there was no difference 
in yield due 10 method of appliea lion of TSP. Nevertheless, 
yield inereases due 10 P levels were evide n\. For the establis h­
ment of Brachiar;a decumbens, it apparently is n01 necessary 
tO apply more th an 50 kg P,O,/ha as TSP. Long-term 
experiments by Yosl et al. (NCSU, 1973. 1974 , 1975) wilh 
corn al the Cerrado Center Station near Planaltina in Centra l 
Brazil indieate that a eombina tion of broadcast plus band­
plaeed P is Ihe most promising strategy. 

Rates 01 phosphorus. Several experiments have 
beeo conducted with a number of crops to determine the P 
rates necessary to maximize production , bUI only one is 
discussed in th is section . 

Hammond and León (CIAT, 1977) established an ex­
periment o n a Carimagua Oxisol in Colombia (Iand system 
No. 201) with Brachiaria decumbens using rates of25, 50 , lOO, 
and 400 kg P, O,/ha as TSP . Figure 7-4 shows the response of 
this grass 10 different levels of phosphorus. This experiment is 
showing good residua l effeet of th e soluble phosphorus 
applied inilially. Fertilization after the ¡¡rst year , with the 
same P Icvels as a maintenance applicatioo¡ would appea r 
reasonable only for the 25 kg P,O,/ ha treatment, where the 
yield ¡ncrease W3S more than 4 ton/ ha . lt is not considered 
neeessary to use annual appl ieations of 50 kg P, O,/ha or 
more, beca use yield increases due to these treatments are only 
of the order of 2 ton/ ha. 

Although the P-fi xation eapaeity of these Oxisols is ap­
preciable, il is not as high, for example, as in the case of the 
Andepts and some Oxisols from Brazi!. This in part explains 
why the forage grasses yielded so well at lower P rates than d id 
forage yie lds from experiments carried out in the Cerrado 
Center, Brazil (Fenster and León, 1979). 

There is a good initial plant response to so lu ble form s of 
added phosphorus in many Oxisols. The resid ual cffeet , 
however, depcnds upon both the mineral ogiea l and ehem iea l 
characteristics of a soU as well as the test crop ilself. 
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Spedes P Plocement 

• P~ nicum maximum - eroodeo,' 
o - 80lld 

• Andropogon g~y.,"us - e,oodeo.' 
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• 

• 

5 lilo --'-
200 

EHect 01 rates and method 01 application 01 phos­
phorus (TSPI on two grasses grown on a CIAT­
Ouiliehao Ultisol . Souree: Unpublished data by 
Sánehez el al. (1978). 

• ISP II(S IOOAt 

• TSP ANltlJAl 

s. '00 '00 

Fig. 7 ~4 Phosphorus response of Brachiaria decumbens 
grown on a Carimagua Oxiso' (sum of eight 
harvests). In the annua' treatment. P was reapplied 
1 year after planting . 

Selection of Plant Species 
Tolerant to Relatively Low 
Levels of Soil P 
Aeeording 10 several researehers (Ozanne et al., 1969; IRRI , 
1972; Salinas and Sánehez, 1976; CIAT, 1978a, 1980a), 
species or varieties that are tolerant lo low levels ofP produce 
maximum yields al lower leve ls of applied P ¡han do the 
sensitive species or varieties. 
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Salinas and Sánchez (1976) present a literatore review on 
differences among species and variecies in relation t.o (ow 
levels oC avai lable P in lhe soi l. There is evidence of 
appreciable difference among species with respect to the 
external and internal critica l leve ls of P. The most tolerant 
annual craps and tropical pastures to low leve ls ofP are rice, 
cassava, sweet pa taloes, corn , S'ylosanrhes humi/is. 5 lylo­
san fhes guianensis, Slylosanfhes capilata. Centrosema pubes­
cens, a nd Andropogon gayanus. Four mechanisms are cited by 
Salinas and Sánchez Ca explain these differences : fool exten­
sion, rool exudation, inOuence of rnycorrhiza [ungi, and the 
differences in P absorp tion and transl ocat ion ra tes in relation 
lO growth rates. 

There is sorne li m ited evidence s uggesting that tolerance to 
high Al sat uratLon and low P may occur together in sorne 
species in acid soils. A faster translocation rate of P in the 
roo ts to the top and Ca translocation seem to be the majn 
factors account ing for these differences. 

Conclusion 
(ncrease in food product ion du e lO correction of? defic iency 
in the acid tropical soils of Latin America can be ach ieved 

Ihrough a number of approaches. The chemislry offertilizer 
reaclioos in these soils is no t unique and, rhereforc, conven­
tional fe rtilizatio n prac tices can be ex pected to be sa tisfactory 
from a n agro nomic po int of view. In the region described in 
this book , however, majar limitations to standard a pproaches 
are frequently encountered d ue to the sca rcity or high cost of 
soluble phosph a te fe rtil ize rs. In those cond itions , sign ificant 
yield ¡ncreases can be achieved with substa ntiall y reduced 
cost through (he use of low-cost fertilizer sou rces, suc h as 
fine ly ground phospha te roc k; Ihe use ofadequate placemen l 
and rates of P fertilizers together; and, where practical , the 
selection of plant species tolerant lO low ? levels, 

While it is gene raHy accepted (ha t P is the most ¡imiting 
planl nutrient in the region , full benefit fro m investment in 
phosphate fertil izer, regardless of source , can only he s us­
tained with a complete fertilizer ma nagement strategy . Once 
the rate of plant growth is increased by relieving (he 
phospho rus ' imitation, the inc rea sed uptake ofN, K, Ca, Mg , 
S, a nd micrOf'lutrients must also be compensated. 



Chapter 8. 
LEACHING LOSSES ANO 

IMPROVEMENT OF SAV ANNA ANO 
FOREST SOILS 

Perhaps as much as 75% of the central lowland regi on of 
tropical America has soils that may be described as leached 
acid soils o r run asevere risk offunherchemical degradation 
ir used unwisely. These ¡nelude a large percentage of the 
Oxisols, Ultisols, and Spodosols and some Allisols and 
Inceptisols. Land clearing practices. cropping patterns, and 
soil amendments and fertilizers may degrade, maiotain, or 
even im prove sod fertiJity . Consequemly, Ihis chapter coo­
siders sorn e of the underlying principies that are emerging 
concerning the management of the fenility of these soils, 
especiall y as they relate 10 the compari son of savanna and 
rorest condítioos. 

Propensity of Soils 
to Leach 
Leaching in sai ls is sometimes referred lO as "chemica l 
erosion," Ir may be defined as the movement of nutrienls in 
soil solution away from the rhizosphere, the region of soil in 
which plant roots are found. T o fully appreciate the suscepli­
bility of a soil to leac h if used for a specific purpose, the 
interaetions of climate, vegetation, soi l bjotic factors, and 
mineralogical status must be considered. 

While climate, vegetation, and soi l biot ic factors are 
universally aceepted as variables, it is nol so well recognized 
that the soil mineralogical status is also a variable. The clay 
fractions of many soils have both positively and negatively 
charged surfaces; these charges, measured in terms of their 
effective ca tion-exehange capacities, are pH-dependent. 

Variable Charge Soi/s 
As shown by Cochrane et al. (1981), many ofthe soils ofthe 
region classiry as variable charged (Map 23). A proporti on of 
lhese soils may in fact have a subsoil horizon that is negatively 
charged according to the deha p H test. pH H~O. pH KCI. (lf 
negative, soils are negat ively charged; if posi live, soils are 
positively charged.) It is assumed that such horizons ha ve a 
greater capaeity lO reta in anions tha n calions. F ortu na tely, as 
shown by Map 24, the comparative exlension of these soils is 
not great. Nevertheless, lhey serve to emphasize that the 
charge charact eris tics of many soi ls of the region are a 
variable. This picture contrasts with man y temperate regions 
of the world where soil parent materials are often relatively 
yo ung and the principie clay minerals are the 2: I types. These 
have virtually a permanent negative charge, or at least one 
which is not great ly affected bv variations in oH. innic 

slrenght, or the dielectric constant of the soil solution. 
The variable-charge exchange-capacity o f many tropical 

so ils has been studied by many authors including van Raij and 
Peech (1972), Gillman (1974), Keng and Uehara (1974), El· 
Swaify and Sayeth ( 1975), Gallez et al. (1976) , Gillman and 
Bell ( 1976), Morais et al. (1976), and Cochrane and Sousa 
( 1984) for Brazilian soils. The latter workers have developed a 
simple methodology fo r mea suring cation- and anion-ex­
change capacities and both exchangeable calions and anions 
in acid mineral soi ls that provides a new approach ror 
approximating so11 surfaee variable-charge exchange-capac­
¡lY analyses to field conditions. Tropica l soils have by and 
Jarge been formed from old weathered materials and are 
usually ri eh in residual materials, principally kaolinitic type 
c1ays and iron and aluminium oxides. As empha sized by 
Gillman (1979) the surface charge oftheir clays are dependent 
on pH, io nic st rength , dielectric constant, a nd even the 
counterion valency of the soil solution. 

Leaching anions. Because of the variable·charge 
exchange-capacity nature of many of the soils in the region . 
they have both a cation-exchange ca pacity and an anion­
ex change capacity; the forme r is responsible for retain ing 
nutrient bases, principally Ca++, Mg++, K+, Na+, Mn++, 
AI+++, and the latter anions including NO, ' , SO,--, HCO,', 
and el. In lhe soil solutions , th e main anions are NO J- and 
SO;', with lesser amounts of C¡- and HCO, ' , although the 
amounts of free bicarbonate tons that can exist in acidic 
solutions, ex cept just on the acid si de of neutrality, are 
extremely small (Nye and Greenland, 1965). 

If nitrates. sulphates. o r chlorides are added to the soil 
so lution , sorne will be absorbed, depending on the anion 
ca paci ty o f a soil. However, most will remain in the soil 
solUlion where they must always be balanced by cations. The 
main calions that balan ce these anions in soi l solution are 
Ca++, Mg++, K+, and H,O+, with AI +++ becoming 
important in soils with pH lower than 5.3. Conversely, if 
cat ionsare added to thesoil, sorne will be absorbed on the soil 
surfaces , but the remainder will slay in soJution , where they 
must be balanced by anions. In other words, for any soil , th e 
tolal concentralion of cations in the soi l solution depends o n 
the total concentration of anions, and vice-versa~ they must 
balance. 

Changing charge characteristics. T o compli. 
cate matters, the addi tion of significant quantities of nutrient 
r;:¡fi"nc: ::¡n';llnir.nc ., n.-l ,."" .. I;,..."I .... ~' ...... ,,;, n~~~.-I~n~. __ .. _1.. __ 



112 

lime, can produce a change in the charge characteristics of 
many of these soils; this will modify the abi lity of a soil to 
restrain the loss of nutrients through leaching. Unforlunately , 
studies of the erfeet of soil amendments on the surface charge 
of the soils are still virtually at Ihe "identification of a 
potentiaJ problem" stage. and much work needs to be done 
before the full implieations of the phenomenon can be 
translated into practical [arming terms. 

Organic Matter 
Other ways exist to mOdify the cation-exchange capacity of a 
soil; the inco rpo ration of organic malter is an example. There 
are many practical farrning experiences of successful soil 
management through draconian measures invo lving the 
incorporation of organic matter , bUl there are examples of 
successful management with minimal input, such as the uSe of 
single superphosphate in Planaltina, Brazil. What is evident is 
that it is diffieult to get something for nothing, and that it is 
easy to lose inputs if too mueh of the wro ng type is applied . 

5ail- Water PercalaUan 
Leaehing cannot oeeur unless water pereolates through soiJ. 
The amount of pereolation will depend on the physieal 
properties of soil that enable them to hold and otherwise 
restrain water movements away from them , the elimatie water 
balance, and the type of vegetative eovering and its stage of 
growth. 

Soil moisture-ho lding eapacities vary eonsiderably. Al­
though clay soils generally hold more mois ture than sandy 
soils, many elayey Oxisols have soil moisture-holding eapae­
ities approach ing th ose of light-textured soils. In fae t , the low 
moisture-holding capacities of Oxiso ls in Ihe isothermic 
savannas of Central Brazil exaggerate the impact of the so­
called veranicos, or Indian summers, the irregular periods of 
drought occurri ng during the wet season. 

C lima tic water-balance patterns, as already emphasized in 
Chapter 3, vary from ecosystem to ecosystem; c1early In the 
eontext of percolation , these must be qualified by the soil 
moisture-holding capacifies. 

The type orvegetation or crop covering, its stage of growth, 
and th e rate a t wh ich i t tra nspires (or, to pu t it crudely, h ow it 
pumps water out of a soil) will ha ve a significant eITeet on the 
rate of soil-moisture percolation . Transpiration will obvi­
ously proceed apace dur ing periods of high potential evapo­
transpiration, and vice-versa, always providing thal soil 
moisture is not ¡imiting. The "rool-room" of a soi l, or the 
suitability of the soil for root development in both a physieal 
and chemieal sense, wiU affeet percolation and consequently 
leaehing losses, particularly if roots can penetrate deeply . A 
good vegelative cover is obviously a prerequisi te lo ameliorate 
water percolation and consequen t loss of nutrients. 

Nitragen Flushes 
and Leaching 
Nitrogen flushes were first desc ribed by H~rdy (1946). These 
occur in tropical soils with a marked dry season. They often 
follow a panern of gradual nitra te build-up in the dry season, 
a rapid bul shOrl-lived ¡ncrease at Ihe start ofthe wel season , 
and a rapid tapering off as the dry season progresses . Flushes 

rp m I ~r pci i "i IS e 

It is probable that the rapid build-up of microbial activity, 
particularly nit rifying bacteria a t the sta rt of the wet season, is 
associated with N mineralization (Birch. 1958): lhis proceeds 
fasler at the lower C:N ratios resulting from a dry-season 
periodo More recently, Semb and Robinso n (1969) have 
proven that nitrification can take pla ce at the very low soil­
moisture tensions (below 15 bars) found in su bsoils during the 
dry seaSOn. 

Wild (1972) showed that ni tra tes move upward from the 
subsoil lo the topso il during the dry season . Conversely, Scmb 
and Robinson (1969) found NO,- movements 10 the subsoil 
after the initial "flush" al the start of che wet season ; as the 
excess of nitra tes must be balanced by nutrient ca lions, the 
phenomenon could result in considerable soilleaehing (Iosses 
of cations as well as valuable N) , unless plant roots can absorb 
soil moisture and so avoid a permanent loss ofmJtrients from 
the plant rhizosphere. lnterestingly, Kinjo and Pratt (1971) 
indicate that nitrate leaching may be reduced if the subsoil has 
a degree of anion-exc hange capacity. 

Leaching Trends in 
5avannas and Farests 
Although few studies have been recorded in tropical America , 
there is evidence that nitra tes wil1 move with percolating soil 
moisture, beyond the main aClively growing rhizosphere , 
soon after Ihe start of (he wel season , in savanna condi tjons 
(J. Salinas, CIAT, pers . eomm.). It is probable that this 
phenomenon aggravates the very leached, acid condition very 
commo nl y found in these regions. The nitrates and ac­
eompanying cations percolate down the soil profiJe faster 
than the main body ofroots grows, Or faster Ihan those which 
survive the dry seaso n can absorb soil moislurc. Once grass 
roots are well established , los ses are considerably reduced ; 
however, by that ti me t he mai n effect of the "flush" of nitrates 
is over. 

In eontrast to savannas, Nye and Greenland ( 1960) report 
that there are man y studies on forest soils which indicate a 
minimum of leaching beyond (he rhizosphere. The rcasons 
for this are threefold . First , the main body of (rce root5 does 
not die back in th'e dry season, as is common with grasses; 
therefore, they afford a more efficient mechanism to abso rb 
percolating water. Second, much moisture, at least that from 
light rainfalls , is held on the lea ves of trees and absorbed 
direetly, or is absorbed by the lear liller; eonsequent ly, the 
amOuot of water physicallyentering the soil is reduced. Third, 
with the exception of a proportía n of the semi-evergreen 
seasonal rorests, the dry season is generally nót so severe 
under fore st as under savanna conditions, and thus there is a 
lesser build-up of nitra tes in the topsoil. It is evident, 
therefore, that forest vegetation provides a very efficient 
system of nutrient re-eycJing, which largely avoids a nel 
leaehing of plant nutrients . 

1t should also be noted chat not only are forests much more 
effeetive in reeycling nutrients than savannas , but also they 
provide a much greater storehouse for nutrients . In a eertain 
sense, they may be deseribed as being able to "Ieaeh" soils: 
th ey have a maximum ability to withdraw nutrients from a 
soil and use them lO produce biomass. Recycl ing nutrients via 
leaf fall and tree aging and deeay is probably only a casual 
phenomenon. Consequentl y, under their native vegetation , 
many rorest soils are as chemicallv poor as their savanna 



counterparts derived [rom similar parent materials. 
Comparative figures of nulrients stored in forests versus 

savanna vegetation are nol available for the regi o n, but data 
from the Afriean eontinent (Vine, 1968) would indieate that 
forests may sto re up to 10 limes the amounts of nutrients 
sto red by savannas. This , however, varies between forests and 
according to the arboreal content of savannas; Vine record s 
figures to show that savannas with a high arboreal content 
have a greater reservoir of plant nutrients than do th e open 
grassland types . 

Fertility Improvement in 
Savannas and Forests 
h is good sense to ensure that nutrien ls stored in biomass are 
returned to soils by burning and producing ash, iflands are lO 
be cleared oftheir original vegetatio n and used for agriculture . 
This sim ple stratagem has been used by tropica l bush farmers 
fo r Ihousands of years. Th is is particularly important in the 
case of forests , but may also be of significance in savannas 
with a considerable arboreal biomass content , s uch as the 
Cerrad~o. 

Nevertheless, for most savannas, which do not have a 
significa nt biomass, improvement of their soils, if these are 
wearhered and leached, must largely rel y on correct ing 
toxicity probJems and fertilizatio n. Care must be taken in 
fertilizatíon and the applicalion of amendments to avoid 
significant losses ofthe original costly ¡npuls . Further, excess 
liming has often been responsible for inducing nutrient 
defieieneies, espeeially of Zn (Spain, 1976). 

The "nit rogen Oush" effect is particularly severe in savanna 
regions; fertilizatíon and soil-amendmen t practices such as 
liming are best designed to take this phenomenon into 
account. Crops a nd pastures should be selected and managed, 
¡nsofar as it is possible , to help avoid excess nitrate leach!ng at 
the start of the dry season. Nitrogen fertilizer treatments for 
many erops may best be delayed until after the effeet of the 
initial nitrogen flush has passed. Conversely, in liming 
practices 10 ameliorate high soi l Al levels for those crops 
sensitive 10 Al Or to overCOme Mn toxicity problems , 
advantage may be taken ofthe nitroge n flush to help with the 
inco rporation of Ca deeper io to the soil profile. In such cases, 
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lime should be inco rporated al the sta rt ofthe wet seaso n or, if 
fe asible, before the start of the wet season. Wo rk to improve 
management practices through a beHer understanding of lhe 
nitrogen flush and anio n leaehing generally eould lead lo 
highe r, more stable production in the sa vannas . 

In contrast with man y savanna soils, weathered, leached 
forest soils can usuallY be signifieantly improved by the 
incorporation of nutrients slored in their bi omass thro ugh 
burning. Experiences io the clearing of foresls has been 
detailed in Coehrane and Sánehez (1982). One of the most 
spectacular demonstrations of the effect of burniog after 
cutting in situ has been reeorded by Falesi (1976). Table 8-1 
record s data from Fales i's work (Serrao et al., 1978) in whieh 
semi-evergreeo seaso nal fo res! growing 0 0 an Oxisol near 
Paragominas, along the Belém-Brasilia highway, was cut , 
burned, aod transformed into pastu re . The marked improve­
ment in topso il chemical properties is evident; burning and 
the in co rpo ration of ash completely changed nutrieot 
pro pert ¡es. 

What is of even more interest is that these changes persist 
for many years uoder grass cultivar ion, with the exceptioo of 
P levels. Probably soil N is largely tied up by the grass , and 
linle leaching takes place. The climalic regi me in this 
circumstance would also help avoid the excess ive nitrogen­
flush effect of the sava nnas. 

NOI a ll resu lts related to burning forests and the subsequent 
management o f improved so il fe rtility are as promising as 
those indicated from Falesi's work, as dem onst rated by 
Coehrane and Sánehez (1 982). It is probable that tropical rain 
forests present a more difficult si tuation , partly due to the 
problems of burning these forests io their mo re humid 
clima te . Nor is it implied that cuning and burning even semi­
evergreen seasooal forests will solve soil fertility prob lems for 
all e rops. As ind ieated by Morá n (1977), eutting a nd burning 
fo rests growing on soils with a higher fertility status due 10 

belter parent materials, specifically the Alflso ls of Altamira 
along the rransamazooic highway of Brazil, results in much 
better crops than cutting and burn iog fo rests o n intriosi ca lly 
less fertile lands. T he fundamental fertility of a soil will have a 
very signi fi cant effect on crop produc tion, and the sel ection of 
superior soi ls in both sa vanna and forest circu msla nces will 
facilitate farming success. 

Table 8-1. Average chemical compos iti on of the topsoiJ (0-20 cm) of an Oxisol under semi ·evergreen seasonal 
fores t and Panicum maximum pastures of different ages in the proximity 01 Parago minas, Pará , Brazil. 

Topsoil Clay OM N pH Exchangeable AvaiJable Al 
IH,o) Ca++ +Mg++AI+++ K P Sato 

(%) (meq/100 g) (ppm) (%) 

Forest 65 2.79 0.16 4.4 1.47 1.8 2J 53 
1 year pasture 50 2.04 0.09 6.5 7.53 0.0 31 10 O 
3 years pasture 60 3.09 0.18 6.9 7.80 0.0 78 11 O 
4 years paslure 55 2.20 0.11 5.4 3.02 0.2 62 2 6 
5 years paslure 50 1.90 0.10 5.7 2.81 0.2 66 3 6 
6 years pasture 51 1.90 0.09 6.0 3.84 0.0 74 7 O 
7 years pasture 48 1.77 0.08 5.7 2.61 0.0 47 1 O 
8 years pasture 52 1.69 0.08 5.4 2.10 0.0 39 1 O 
9 years pasture 50 2.34 0.11 5.9 4.10 0.1 70 2 2 

11 years pasture 45 3.37 0.15 6.0 4.10 0.0 86 O 
13 years pasture 62 2.80 0.20 5.6 4.80 0.0 54 O 



Chapter 9. 
ADAPllNG SEED-BASED AGROlECHNOLOGY 

lO LOCAL CONDllIONS: 

Agronomists and farmers everyw here are keenly aware ofthe 
need for new crap varieties and cultivars to improve prod,uc­
tion. However. they are orten faced with the problem of 
judging the suitability of a variety, which has proven su perior 
elsewhere, for a local c[imate and soil condition. The Land 
Systems Map and data base provide a convenient geographi­
cal orientation of climate, landscape , and soil parameters for 
this purpose. Because th e majority of agronomists live in rural 
areas without access to computer facilities, the data base. 
usiog summarized formats, has been published as Volurne 3, 
the Computer Summary and Soil Pro file Descriptions o/ the 
Land Sysfems. Parl J summarizes Ihe landscape and soil 
features of all the land systems mapped, as detailed below. 
Pan 2 is a select ion ofmeteorologica l data sets taken from Ihe 
Haneoek et al. (1979) eolleelion, which may be used to help 
approximale climatic ~onditiqns in any given land system. 
Par! 3 records a range of typical soil profiJes lO provide an 
in-depth guide to help with the visualization and interpretation 
of soil properties. 

This ehapterexplains how these data may be used for local 
agricultural planning. 

Transferring Technology 
Based on Land Systems 
The comparison of land sys tems is a useful start ing point for 
the transfer of seed-based agroteehnology throughout the 
region . Their environmental descriptors also provide a basis 
for the more S,elective introduction of promising cultivars 
from other parts of the tropical world , with known cJimate 
and soil conditions. Unfortunately, the presence of biolic 
faclors, including pests and diseases, against which an 
olherwise promising cultivar may have little or no resistance, 
is not always known; such may exclude lhe use of (hose 
cultivars in a given land sys lem or even more an entire 
conlinent , as is the case of cassava var iet ies with no resistance 
to African mosaic disease. 

Wilhin cerlain lim its, il may be possibJe lO develop 
agronomic practices for local cJimate-soil environment to 
take advantage of promising cultivars adapted lo apparentl y 
different environmenls elsewhere. Clima tes must be con­
sidered in relation to the type of erop being grown. For 
perennial crops, Ihe annual cJimatie patterns should coincide. 
On the other hand , for short-term annual crops, th e seasonal 
and monthly characteristics are paramount. Consequently, 
an nual cropsare often rown successfull in re ions with ver 
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different overall clima tic panerns . What is important is lO lry 
lO match the water-balance, energy regimes, day lengths, and 
so on, lO ensure tha! lhe local clima tic conditions during the 
life cyc1e ofthe promising cultivars are compatible with those 
in whieh they were originally developed. 

Of the nonbiotic faetors affecting the successful introduc­
tion of promising cultivars, perhaps the most trieky to assess 
is the ability of local soils to meel cheir nutrient needs without 
the use of uneconomic applications of soil amendmen ts. This 
is particularly true in the underdeveloped, acid-infenile soi l 
circumstances, where the specific traits desired in a cultivar 
may be tolerance to excessive a lum inium (see Appendix 2) 
and low phosphate availab¡¡ity. 

Enhancing 50il Fertility 
I nformation 
It might be empha si zed that alt hough much informalion can 
be dedueed fram small-seale maps, ineluding the land systems 
maps, these maps are scale limited ; consequently, in lhe 
absence of detailed soil studi es, it will often be neeessary for 
agrono mists to enhance [he soil information for any particular 
area of interest. 

The careful evaluation of soil survey data can help the 
agronomist "zone-in" on what are likely to be probable so11 
nutrjent problems. Visual crap deficiency symptoms seen in 
any area also help. In fact, the presence or absence of the 
minor and trace element constraints recorded in the land­
systems priotouts in Volume 3 were often confirmed by 
observing visual symptoms on erops. In his study of the 
tropicallowlands of Bolivia, Coehrane (1973) paid particular 
attention to the identificatioo of visual deficieney symptoms 
on Dwarf Cavendish bananas (see Photo Plate 32). 

For many undeveloped areas, especially where soil fenility 
has beeo httle affected by the incorporation of soi l amend­
ments, the value of a soil survey can be enormously enhanced , 
with a minimum of effa n, if a number of soil profiles, or even 
topsoil samples, can be deseribed and sampled. This will 
permit the statistical comparison of soil nutrient levels over a 
given soil uniL Coehrane (1969) has shown that J2 to 18 
lopsoil samples, spaced over a relatively constant soil unit , 
will provide an adequate population in a sta tistical sense, lo 
calcula te means, standa rd deviations, and correlations be­
tween soil chemical properties; these are meaningful for 
helping lo understand soi l fertility . By lhis pracedure, outlined 
io Appendix 3. unnecessarily repetitive soi l sampling is 
avoided. and soil analytical time can be protitably spent in 
carr in out a com le e a t f n 
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Most routine soil survey sample analyses are restricred lo 
describing the more "permancnl" soil properties . The case of 
total mineral analyses occasionally excepted, they rarely 
pro vide complete major, minor, and trace elernent analyses as 
now commonly carried out for soil fertility investigations. In 
faet, the Jack of minor and trace clement analytical data 
throughout the regioo surveyed was particularly disappoint­
ing , Part ofthe rcaso n for this is historical. In (he past, minor 
and especially traeeelemeot analyses were difficull and costly. 
The advent of alomic abso rption spectrometry in (he 19605 
changed this situation. Unfortunately, old habits die hard. 

The methodology developed was tested in the context ofthe 
present work on land system No . 20 1, in whieh the JCA 
(Instituto Colombiano Agropecuario)-CJ A T Carimagua agri­
cu ltural slation is ¡ocaled , and results are recorded in 
Appendix 3. The resullS of identifying soil toxicity problems, 
probable nutrient deficiency problems. and possible nutrient 
problems compare well with the actual f1ndings from CI A T's 
experimental work over the past 12 years. Th e approach 
advocates a breakaway from normal dogma concerning the 
coUeetion ofsoil samples for fertility analysis, whieh invo lve 
making artificial eomposite samples from 12 to 20 sub­
samples. 

Field Trials 
Although soi! information ean be eonsiderably enhanced by a 
relalively minar amo-unt of work, field trials musl still be 
carried out lO quantify the nUlrient nceds of promising crop 
eultivars. Unfortunately, io maoy lesserdeveloped circumslan­
ces, progress is often slow and reeommendations incomplete. 

In supplying fertilizer recommendations for (he new genera­
tioos of erop and pasture plant cultivars with a degree of 
tolerance lO soi1 toxicities and low nutrient levels , it is 
necessary to use proven, comprehensive, but time-saving 
methods to establish recommendations, ln many tropical 

lands, in addition to soil toxicities and major nu trient 
deficiencies, limiting factors may ¡nelude minor Or trace­
element deficiencies Or ¡nbalances; eonsequently, the method­
ology adopted musl provide a means of idenlifying Ihese 
problems as quiekly as possible. In this respeet. Cochrane 
(1979) has shown that within a time spa n ofless than 2 years, 
he was able to identify both min or and trace elements in 
field-proven conditions in Santa Cruz, Bolivia. 

Th is methodology, whieh involves the monitoring of f1eld 
trials through 'comparative tiss ue analyses, has been recorded 
in Appendix 4 . The phiJosophy of the approaeh aims at 
starting field lrials as soon as possible and maximizing 
info rma rion by subjccti ng tissuc analysis data takcn on a plOl 
by plot basis, al a predetermined stage of crop growth lo the 
sa me stalistical analysis as yield data. 

Surnrnary 
The land-systems data base provides a geographical and 
lechnical base to guide the successful transfer of seed-based 
agroteehno logy both throughout the region and from other 
part s of the tropies. Nevertheless, technologies developcd 
elsewhere must be proven in the local eireumstance. The 
technique suggcsted for enhanciog the soil fertility informa­
tion to hel p with the select ion of treatmenls in field trials and 
the comparative li ss ue analysis methodology suggested for 
maximizing information from such trials are bOlh particularly 
relevant to tropical arcas wi th limited research facilities. 

The use of the land-system data base and complementary 
agronomic teehniques should ¡cad to the seleclion of high­
yielding crop varieties wilh farm -effective fertilizer recom­
mendations for a given ecosyste m, more speedily and much 
more cheaply than has been the norm in the past. Jt shou ld 
also contribute to the more successful conse rvalion and use of 
the soi l resources in tropical South America , 



Epilogue. 
DEVELOPING LAND SYSTEMS MAPS 

FOR OTHER AREAS 

This work demonstrates the feasibility of underUlking a 
comprehensive assessment of tropical land reSOUfces on a 
continental basis , given the support of natianal scientists, in a 
short period of time. The computerized land-systern s ap­
proach facilita tes lhe synthesis and rnanagement of infor­
ma tion now available in various forms in rnany organizations 
throughout lhe world . It permits a lh orough analysis of 
c¡¡male, landscape, and soil factors, and provides a rapid 
means of quantifying these environmental conslra ints for 
specifying the desira ble germplasm traits for pasture and crop 
cultivars. It provides a geographical base for the transfer of 
successfu! seed-based agrotechnologies from one localion to 
a nother, and brings tú lighl general research needs. 

h complements work beíng carried out by nalional pro­
grams and help they are receiving from international projects, 
inc1uding the FAO land resource studies; activities in the 
International Soils Museum, Wageningen; the U.S. AJD­
funded Soil Management Support Services and IBSNAT 
(International Benchmark Sites Network for Agrotechnology 
Transfer) programs based at the University of Hawaii and lhe 
University of Puerro Rico; and the tropical soils research 
program al North Carolina State University. 

The land-systems data base is al ready being put to good use 
in developing and lransferring new pas ture-plant and food­
crop cuItiva rs over tropical America, and is proving a novel 
way to investigate baslc climate/landscape/vegetation/soil 
relatio nships per se. However, experience shows that crop 
cultivars ofte n do jusI as well in conti nents away from theír 

centers of development, always providing c\imate and soil 
circumstances are comparable (Purseglove, 1974). It is ínter­
estíng to reflect, therefore, that tremendous mutual benefits 
lie in S10 re for all countries if similar surveys and analyses 
could be extended IhroughoUl the tropi cs in general. 

With a tropic-wide land-systems base , crop varieties and 
agrotechnologies successfu!ly developed in one tropical eco­
system could then be transferred LO olher environmentally 
compatible arcas with a much greater degree of potential 
success than is currently possible . This is nOI tú suggest lhat 
production difficulties will nol arise. Every continent has 
specific biological problems (pests, diseases, weeds, a nd soil 
microorganisms) that could affect the successful transfer of 
technologies. Nevenheless, considerable time and effor! will 
be saved by ensuring compatible matches between seed-based 
agrotechnologies and cl imate-soil env ironments, rather [han 
usi ng the "hit or miss" methods still largely in vogue loday. 

There would be many additional benefits arising from such 
a global information system. Not the least would be the 
progressíve build-up ofinformation On c ultivars well -adapted 
to the many climate-soil environments of the lropics. en­
hancing the ability of nations to better plan and manage 
production prohlems in environmentally. socia lly. or eco­
nomically fragile regions. Jn short, a tropic-wide land-sys tems 
data base would be an invaluable resou rce for individual 
nalions now striving to meel the escalating need for food in an 
ever-changing world. 



APPENOIX 1. 
APPROXIMA TE EQUIVALENCE BETWEEN SOIL 
TAXONOMY GREAT GROUPS, THE FAO SOIL 

MAP LEGENO, ANO THE BRAZILlAN SOIL 
CLASSIFICA TION SYSTEM 

Sources: 
The numbers in parentheses refer to the fo ll owing citations: 

1. FAO-Unesco. 1974. Soil mapofthe w orld. 1 :5.000.000. Volume1. Legend. 
Unesco. Paris. p. 14-20. 

2. Camargo, M .N ., et al. 1975. Mapa esquemático dos solos das regioes 
norte, meio-norte e centro-oeste do Brasil. Bol. Tec. 17. Centro de 
Pesquisas Pedológicas, EMBRAPA (Empresa Srasileira de Pesquisa Agro­
pecuária), Rio de Janeiro, Brasil. p. 86-88. 

3. Sánchez, P.A. (ed .1 1976. Propert ies and management of soils in the 
tropics. Wiley, New York. p. 52-86. 

U.S. Soil 
Taxonomy FAO Lagand Brazilian Classification 

Alfisol. ________ _ Luvisols (31 _ _ ________ Terra Roxa Estruturada (31 

Eutric Nitosols (3) Podzólico Vermelho Amarelo 
Equivalente Eutrófico (3) 

Aqualfs _ _ _ _____ Gleyic Luvisols (1) 
Albaqualfs Eutric Planosols (1 , 21 _ ____ Planosols (1) 

Duraqualfs 
Fragiaqualfs 

Orthic Solonetz (1) Solos Hidromórficos 
Cinzentos Eutróficos (2) 

Glossaqualfs _____ Gleyic Podzoluvisols (1) 
Natraqualfs Gleyic Solonetz (1 , 21 _ ___ _ _ Solonetz Solodizado (2) 

Ochraqualfs 
Plinthaqual fs 

Solodic Planosols (2) Planosols (2) 
Eutric Planosols (2) 

Tropaqualfs ____ _ Eutric Gleysols (2) _______ Solos Gley Pouco Húmicos. 
Eutróficos (2) 

Eutric Planosols (2) _ _ ____ Solos Hidromórlicos 

Umbraqualfs 
Boralfs 

Cryoboralfs 
Eutroboralfs _____ Albic Luvisols (1) 
Fragiboralfs 
Glossoboralfs _ _ ___ Eutric Podzoluvisols (1) 

Natriboralfs 
Paleoboralfs 

Cinzentos Eutróficos (2) 
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U.S. Soil 

Taxonomy 

Udalfs 
Agrudalfs 
Ferrudalfs 
Fragiudalfs 
Fraglossudalfs 

FAO legend 

Glossudalfs _____ Eutric Podzoluvisols (1) 
Hapludalfs Orthic Luvisols (1) 
Natrudalfs 

Brazilian Classification 

Paleudalfs ______ Eutr ic Nitosols (1,2) ____ __ Terra Roxa Estruturada 

medium to high base status (1) 
Ferric Luvisols (2) _ ______ Laterítico Bruno Avermelhado 

Rhodudalfs ______ Eutric Nitosols (1) 

Eutr6fico (2) 
Podz6lico Vermelho Amarelo 

Equivalente Eutr6fico (2) 

Tropudalfs Eutric Nitosols (1) _ ______ Terra Roxa Estruturada 
medium to high base status (1) 

Ferric Luvisols (2) ____ ___ Laterítico Bruno Avermelhado 

Ustalfs 
Durustalfs 

Eutr6fico (2) 
Podz61ico Vermelho Amarelo 

Equivalente Eutr6fico (2) 

Haplustalfs _ _____ Calcic Luvisols (1 ) _ ______ Podz61ico Vermelho Amarelo 
Equivalente Eutr6fico (2) 

Ferric Luvisols (2) 
Natrustalfs _ _____ Gleyic Solonetz (1,2) ______ Solonetz Solidizado (2) 

Soladic Planosols (2) Planosols (2) 
Eutric Planosols (2) 

Paleustalfs _ _____ Eutric Planosols (1) ___ ___ Planosols (1) 
Eutric (Rhodic) Nitrosols (2) Laterltico Bruno Avermelhado 

Ferric Luvisols (2) 
Eutrófico (2) 

Podz61ico Vermelho Amarelo 
Equivalente Eutr6fico (2) 

Plinthustalfs _ ____ Plinthic Luvisols (1 , 2) ___ __ Laterita Hidromórfica Eutr6fica (2) 
Rhodustalfs Luvic Yermosols (1) Terra Roxa Estruturada medium 

to high base status (1) 
Ferric Luvisols (2) ____ ___ Podz61ico Vermelho Amarelo 

Xeralfs 
Durixeralfs 
Haploxeralfs _ ____ Chromic Luvisols (1) 

Orthic Luvisols (1) 
Natrixeralfs _ ____ _ Orthic Solonetz (1) 

Equivalente Eutr6fico (2) 
Solos Brunos nao Cálcicos (2) 

Palexeralfs Eutric Planosol (1) _ ______ Planosol (1) 
Plinthoxeralfs Plinth ic Luvisols (1) 
Rhodoxeralfs Chromic Luvisols (1) 

Aridisols ____ ____ Typic Yermosols (1) ______ Soils with Natric B horizon (3) 

Argids ________ Luvic Yermosols (1) 
Durargids Luvic Xerosols (1) 
Haplargids Luvic Xerosols (1) 
Nadurargids Orthic Solonetz (1) 
Natrargids Orthic Solonetz (1) 
Paleargids Eutric Planosols (1) _ _ ____ Planosol (1) 



U.S.Soil 
Taxonomy 

Orth ids 

FAO Legend 

Calcionh ids ____ _ Caleie Xerols (1) 
Calcie Yermosols (1) 
Gypsie Xerosols (1) 

Camborth ids ____ _ Haplíe Xerosols (1) 
Haplie Yermosols (1) 

Durorthids _ ____ _ Haplíe Xerosols (1) 
Haplie Yermosols (1) 

Gypsiorthids _____ Gypsie Yermosols (1) 
Paleorthids 
Salonhids _ _ _ _ _ _ Orthie Solonehaks (1) 

Brazilian Classification 

Entisols ______ __ _ _____________ Regosols (3) 

Aquents 
Cryaquents 
Fluvaquents 
Haplaquents _____ Eu-Dystrie Gleysols (1) 
Hydraquents 
Psammaquents ____ Eu-Dystrie Gleysols (1) 
Sulfaquents 
Tropaquents _ _ ___ Eu-Dystrie Gleysols (1) _ _ _ _ _ 

Arents 
Arents 

Fluvents ______ _ 

Cryofluvents 
Torrifluvents 
Tropofluvents _ ___ _ 

Udifluvents 
Ustifluvents 
Xerofluvents 

Fluvisols (1) 

Eu-Dystrie Fluvisols (1) ____ _ 
Dystrie Cambisols (1) 
Gleyie Cambisols (1) 

Orthents _______ Regosols (1) 
Cryorthents Gelic Regosols (1) 
Torriorthents 
Troporthents 
Udorthents 
Ustorthents 
Xerorthents 

Psamments ______ Regosols (1) _ ______ _ 

Arenosols (1) 
Ferralic Arenosols (3) 
Gelic Regosols (1) 

Solos Gley Poueo Húmieos 
Distrófieos y Eutr6fieos (2) 

Solos Aluviais Eutr6fieos y 
Distrófieos (2) 

Red and Yellow Sands (3) 

Cryopsamments 
Ouartzipsamments Alb ic Arenosols (1)1 ______ Red and Yellow Sands (1) 

Ferralic Arenosols (2) Areias Quanzosas Vermelhas 
Amarelas (2) 

Torripsamments ___ _ Albic Arenosols (1 . 2) ____ _ Areias Cinzentas com fragipan (2) 
Udipsamments Albic Arenosols (1) 
Ustipsamments 
Xeropsamments 

Histosols _ _ _ _____ Histosols (1 ) _ ________ Solos Organicos (2) 

Inceptisols Cambisols (3) Soils with incipient B horizon (3) 

A P f 
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U.S. Soil 
Taxonomy 

Cryandepts 
Durandepts 

FAO Legend 

Dystrandepts _____ Ochric Andosols (1) 
Humic Andosols (1) 

Eut randepts _ _ ___ Mollic Andosols (1) 
Hydrandepts Humic Andosols (1) 
Placandepts 
Vitrandepts ______ Vitric Andosols (1) 

Aquepts 
Andaquepts _ _ ___ Eu-Dystric Gleysols (1) 
Cryaquepts Gelic Gleysols (1) 
Fragiaquepts Eu-Dystric Gleysols (1) 

Brazilian Classification 

Halaquepts Gleyic Solonchak (2) _ _____ Solos Salinos Costeiros 

Haplaquepts _ ___ _ 
Humaquepts. ____ _ 

Placaquepts 

Eu-Dystric Gleysols (1) 
Humic Gleysols (1 ) 

Plinthaquepts, _ ___ Plinthic Gleysols (1 , 2) _ __ _ 
Pl inthic Acrisols (2) 
Plinth ic Ferralsols 

Sulfaquepts 

Indiscriminados (2) 

Laterita Hidromórfica Distrófica (2) 

Tropaquepts _ _ ___ Eu-Dystrie Gleysols (1 , 2) ____ Solos Gley Húmieos Distróficos (2) 
Humic Gleysols (2) Solos Gley Pouco Húmieos 

Oehrepts 
Cryochrepts _____ Gelie Cambisols (1) 
Duroehrepts 
Dystroehrepts Dystric Cambisols (1) 
Eutroehrepts _ ____ Eutric Cambisols (1) 

Cale ie Cambisols (1) 
Fragioehrepts 
Ustoehrepts _____ Caleie Cambisols (1) 

Eutrie Cambisols (1) 
Xeroehrepts _ ____ Eutrie Cambisols (1) 

Calcie Cambisols (1) 
Chromie Cambisols (1) 

Plaggepts 
Plaggepts 

Tropepts 
(Oxic Tropepts) ____ Ferralic Cambisols (1) 
Dystropepts Dystric Cambisols (1) 
Eutropepts Eutrie Cambisols (1) 
Humitropepts Humie Cambisols (1) 
Sombritropepts 
Ustropepts 

Umbrepts 
Cryumbrepts 
Fragiumbrepts 
Haplumbrepts _ ___ Humie Cambisols (1) 

Rankers (1) 
Xerumbrepts 

Mollisols 

Albolls 
Argialbolls ______ Mollie Planosols (1) 

" 

Distrófieos (2) 



U,S,Soil 
Taltonomy 

Aquolls 

FAO legend Brazilian Classification 

Argiaquolls _ _____ Gleyic Phaeozems (1) _ ____ Solos Gley Húmicos Eutr6ficos (2) 
Moll ic Gleysols (1, 2) 

Calciaquolls 
Cryaquolls 
Duraquolls 
Haplaquolls _____ Mollic Gleysols (1,2) _ ____ Solos Gley Húmicos Eutr6ficos (2) 
Natraquolls 

Borolls 
Argiborolls _ _____ Orthic Greyzems (1) 

Luvic Chernozems (1) 
Calciborolls ______ Calcic Chern,ozems (1) 
Cryoborolls 
Haploborolls _ ____ Haplic Chermozems (1) 
Natriborolls Mollic Solonetz (1) 
Peleborolls 
Vermiborolls _ ____ Haplic Chernozems (1) 

Rendolls 
Rendolls ___ ___ Rendzinas (1) 

Udolls 
Argiudolls _ _____ Luvic Phaeozems (1 , 2) ____ _ Brunizem Avermelhado (2) 
Hapludolls Haplic Phaeozems (1) 

Eutric Fluvisols (1) ___ ____ Solos Aluviais Eutr6ficos (2) 
Paleudolls _ _____ Luvic Phaeozems (1 , 2) Brunizem Avermelhado (2) 
Vermudolls Calcic Phaeozems (1) 

Ustolls 
Argiustolls ______ Luvic Phaeozems (1) 

Luvic Kastanozems (1) _ _ _ _ _ Brun izem Avermelhado (2) 
Calciustolls _ _____ Calcic Kastanozems (2) 

Durustolls 
Haplustolls ______ Hapl ic Kastanozems (1) 
Natrustolls Mollic Solonetz (1) 
Paleustolls Luvic Phaeozems (1 ,2) _____ Brunizem Averme lhado (2) 
Vermustolls 

Xerolls 
Argixerolls 
Calcixerolls 
Durixerolls 
Haploxerolls 
Natr ixerolls _ _____ Mollic Solonetz (1) 
Palexerolls 

Oxisols 

Aquox 
Gibbsiaquox 
Ochraquox _ _ ____ Dystric Gleysols (2) _ _____ Solos Gley Pouco Húmicos 

Distr6ficos y Eutr6ficos (2) 
Plinthaquox _ ____ Plinthic Ferralsol s (1, 2) _ _ ___ Laterita Hidrom6rfica Distr6fica (2) 

Plinthic Gleysols (1 , 2) 
Pl inthic Acrisols (2) 

Umbraquox ______ Humic Gleysols (2) _ ______ Solos Gley Húmicos Distr6ficos (2) 

Humox 
Acrohumox 
Gibbsihumox 
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U.S.Soil 
Taxonomy 

Haplohumox 
Sombrihumox 

FAO Legend Brazilian Classification 

Orthox ___ _ ___ _ Orthic, Acrix y Xantic 

Ferralsols (3) 
Acrorthox ___ ___ Acric Ferralsols (1 , 2) _ _ ___ Latosol Vermelho Amarelo 

Orthic Ferralsols (1 , 2) ___ _ 
Distrófico (2) 

Latosol Vermelho Escuro 
Distrófico (2) 

Rhodic Ferralsols (1, 2) ____ (Rhodic Ferralsol=) Latosol Roxo (1) 
Humic Ferralsols (2) 

Eutrorthox ______ Orthic Ferralsols (1 ) ______ Latosol Roxo Eutrófico (2) 

Gibbsiorthox 

Rhodic Ferralsols (1 , 2, 3) Latosol Vermelho Escuro Eutrófico (2) 
Latosol Roxo ou Terra Roxa 

Legítima (Dusky Red Latosol) (3) 

Haplorthox ___ ___ Acric Ferralsols (1 )----- -- Latosol Amarelo Distrófico (2) 

Sombriorthox 

Orthic Ferralsols (1) Latosol Roxo Distrófico (2) 
Rhodic Ferralsols (1, 2) Latosol Vermelho Amarelo 

Distrófico (2) 
Xantic Ferralsols (1, 2) _ _ ___ Latosol Vermelho Escuro Distrófico (2) 
Humic Ferralsols (21 (Xantic F=) Pale Yellow Latosol (1) 

(Rhodic F=) Latosol Roxo (1) 

Umbriorthox _ ____ Xantic Ferralsols (1) 
Humic Ferralsols (1) 

Torrox Rhodic Ferralsols (1) 

Acric Ferralsols (1, 2) 
Orthic Ferralsols (1, 2) 
Humic Ferralsols (2) 

Latosol Vermelho Amarelo 
Eutrófico y Distrófico (2) 

Red Yellow Latosol (1) 

Ustox _ _ ______ Orthic Ferralsols (3) _ _ _ _ __ Latosol Amarelo (3) 
Acric Ferralsols (3) Latosol Vermelho Amarelo (3) 
Xantic Ferralsols (3) Latosol Vermelho Escuro (3) 

Acrustox _______ Orthic Ferralsols (1) Latosol Vermelho Amarelo 
Distrófico (2) 

Acric Ferralsols (1,2) ___ __ Latosol Vermelho Escuro 

Rhodic Ferralsols (2) 
Humic Ferralsols (21 

Distrófico (2) 

Eutrustox ______ Orthic Ferralsols (1, 2) _ _ ___ Latosol Roxo Eutrófico (2) 

Sombriustox 

Rhodic Ferralsols (1, 2, 3) Latosol Vermelho Amarelo 
Eutrófico (2) 

Latosol Vermelho Escuro 
Eutrófico (2) 

Latosol Roxo ou Terra Roxa 
Legitima (Dusky Red Latosol) (3) 

HapluslOx _____ _ Orthic Ferralsols (11--- --- Latosol Roxo Distrófico (2) 
Acric Ferralsols (1 , 2) Latosol Vermelho Amarelo 

Rhodic Ferralsols (2) 

Humic Ferralsols (2) 

Distrófico (2) 
Latosol Vermelho Escuro 

Distrófico (2) 



U.S.Soil 
Taxonomy FAO Legend Brazilian Classification 

Spodosols _ ______ Podzols (1) _________ Podzols (3) 

Aquods Gleyie Podzols (1) 
Cryaquods 
Duraquods 
Fragiaquods 
Haplaquods 
Plaeaquods 
Sideraquods 
Tropaquods ______ Gleyie Podzols (2) _ _____ _ Podzol Hidrom6rfieo (2) 

Ferrods 
Ferrods _ ____ __ Ferrie Podzols (1) 

Humods 
Cryohumods ___ __ Humie Podzols (1) 
Fragihumods 
Haplohumods 
Plaeohumods _____ Plaeie Podzols (1) 
Tropohumods 

Ultisols _ _ _______ Aerisols (31 ___ _ _ _____ Podz61ieo Vermelho Amarelo 
(Red Yellow Podzoliel (3) 

Dystrie Nitosols (3) 

Aquults ________ Gleyie Aerisols (1) 
Albaquults Dystrie Planosols (1, 2) ____ Planosols (1) 

Fragiaquults 
Oehraquults 
Paleaquults 

Solos Hidrom6rfieos 
Cinzentos Distr6fieos (2) 

Plinthaquults _ ____ Pl inthie Aerisols (1, 2) _ _ ___ Laterita Hidrom6rfiea Distr6fiea (2) 
Plinthie Gleysols (1. 2) 
Plinth ie Ferralsols (1. 2) 

Tropaquults _____ Dystrie Planosols (2) ____ __ Solos Hidrom6rfieos 
Cinzentos Distr6ficos (2) 

Dystr ic Gleysols (2) ___ ___ Solos Gley Pouco Húmieos 
Distr6f icos (2) 

Umbraquults _ ____ Humic Gleysols (2) ______ _ Solos Gley Húmicos 

Humults 
Haplohumults 
Plaehumults _____ Humic Nitosols (1) 
Plinthohumults 
Sombrihumults 
Tropohumults _ _ _ -'- Humie Nitosols (1) 

Udults 
Fragiudults 
Hapludults ____ __ Orthic Aerisols (1,2) ____ __ Red Yellow Podzolie Soils, 

low base status (1) 
Ferric Aerisols (2) ____ ___ Podz61ico Vermelho Amarelo (2) 

Paleudults ______ Dystric (Rhodie) Nitosols Podz61ico Vermelho Amarelo (2) 
(1,2) _______ _ _ 

Humic (Rhodie Nitosols) Laterltico Bruno Avermelhado 
(1, 2) Distr6fico 
Ferric Aerisols (2) 
Orthie Acrisols (2) 

Plinthudults _____ Plinthic Ferralsols (2) ______ Laterita Hidrom6rfiea Distr6fiea (2) 
Pl inthic Acrisols (1 , 2) Podz61ico Vermelho Amarelo 
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U.S. Soil 
Taxonomy FAO legend Brazilian Classification 

Rhodoudults _ ____ Dystric Nitosols (1) _ _ ____ Podz61 ico Vermelho Amarelo (2) 
Ferric Acrisols (2) 
Orthic Acrisols 12) 
Dystric (Rhodic) 

Nitosols (1) 

Tropoudults _ ____ Humic (Rhodic) Nitosols (2) _ __ Terra Roxa Estruturada low 
base status (1) 

Ferric Acrisols 12) ~ ______ Podz6lico Vermelho Amarelo (2) 
Orthic Acrisols (2) laterltico Bruno Avermelhado 

Distr6fico (2) 

Ustults 
Haplustults ______ Ferric Acrisols (2) _ ______ Red Vellow Podzolic Soils low 

base status 
Orthic Acrisols 11, 2) ~ _____ Podz61ico Vermelho Amarelo (2) 

Paleustults _ _ ____ Orthic Acrisols (1) Podz6lico Vermelho Amarelo (2) 
Ferric Acrisols (1 , 2) 

Plinthustults _____ Plinthic·Acrisols (1 , 2) _ ____ laterita Hidrom6rfica Distr6fica (2) 
Plinthic Ferralsols 12) Podzólico Vermelho Amarelo 

Plíntico 12) 
Rhodoustults _ _ ___ Dystric Nitosols (1 )~ _ _____ Terra Roxa Estruturada low 

base status (1) 
Orthic Aerisols (1) _ ______ Podz61ico Vermelho Amarelo (2) 
Ferric Acrisols 12) 

Xerults 
Haploxerults _ ____ Orthic Acrisols (1) _ ______ Red Vellow Podzolic Soils ·Iow 

base status (1) 
Palexerults _ _ _ ___ Ferric Acrisols _ _ _ _____ Terra Roxa estruturada low 

base status (1) 
Dystric Nitosols (1) 

Vertisols _ _______ Vertisols _ ______ ___ Solos GrumossoHcos (2) 



Appendix 2. 
RECENT METHODOLOGY FOR 

CORRECTING AL TOXICITY 

Sinee the mid-I960s, the preferred method of making liming 
recornmendations to correet Al toxicity in acid mineral sails 
has been 10 base them on the equation: 

meq Ca/lOO g soil = 1.5 meq exeh. Al / lOO g so il , 

as reeorded by M ohr (1960) , Cate (1965), and Kamprath 
(1970), rather than on liming lO a given pH. Nevertheless, 
Eva ns and Kamprath (1970), Kamprath (1971) , and sub­
sequent workers, includingSpain (1976), have ind icated that, 
for many craps. the equ31ion usually grossly overestimates 
liming requirements, partly beca use of varying degrees of 
plant tolerance to Al. 

In reeem years, S pain (1976), Rhue and Grogan (1977). and 
Salinas (1978) have shown that eonsistent differences in Al 
tolerance are found amoog plant species and cultivars within 
species. Ir is evident, therefore, that crap tolerance to Al 
should be taken into account in estimating the amounts of 
lime needed to correct Al toxicity. Another problem with (he 
aboye equation is that it is based solely on the amount of 
exehangeable Al in the soil; it does not take the levels of 
exehangeable Ca, Mg, and K airead y in the soi l into aceoun!. 
The level of these exehangeable eations is important in 
delermining Jimiog requirements. 

An Improved Liming Equation 
In 1980, Cochrane et al. published the following equation for 
liming acid mineral sails to compensate crap aluminium 
toleranee and take the levels of exehangeable Ca and Mg in 
the soi1 into aCCQuot: 

Lime required 
(CaCO, equiv. tons / ha) = 1.8 [Al- RAS (Al + Ca + 

Mg)/IOO] [1] 

in whieh: 
Al = meq Al / lOO g soil, IN KCI ex traet 
Ca = meq Ca/lOO g soil, IN KCI ex traet 
Mg = meq Mg/ loo g soil , IN KCI eX lract 
RAS = required % Al saturation of the effeclive 

cation exchange capacity. 

In this cquation, the lime requirement estimated by the 
formula is multiplied by 1-1/3 if it exeeeds the value of the 
meq Al/lOO g soil, IN KCl extrac!. 

lt is noted that: 

l . In order to calcula te the minimalliming requirement ofa 
soil for a gjven crop, the RAS will be the same as lhe 
percenlage of Al saturation at which lhe crop tolerates 

" 

2. This formula assumes lhat the apparent specilic gravity 
of the soi l is about 1.2. For a soil wilh a known apparenl 
specific gravity, a correction may be made by dividing the 
estimated lime requiremenl by 1.2 and multiplying by lhe 
known specific gravity. 

Virtuall y no exehangeable Al or soil solution Al is found in 
mineral soils (eontaining !ess than 7% organie malter) with a 
pH higher tha n 5.4 , as noted by M eCart and Kamprath (1965) 
and Pratl and Alvahydo (1966). Therefore , the term "acid 
mineral " soil is used in lhe context of a soil having a pH les s 
than 5.5 and an organie matler content less lhan 7%, 

In aeid mineral so ils , soil solution Al and pereentage Al 
saturation are rela ted, as shown by Evans and Kampralh 
(1970) and Breenes and Pearson (1973). Furthermore, Nye et 
al. (1961) ha ve shown that the amount of Al in soil solution is 
low until an Al saturation of about 60% is reaehed , 

Severa! investigators, including Evans and Kamprath 
(1970), Abruña et al. (1975), and Sanain and Kamprath 
(1975), have shown a close relalionship between Al saturation 
and plant response. Evans and Kamprath (1970) noted that 
maizc lolerated up to 70% Al saturation eompared with 30% 
for soya bean. Upland rice, eassava, cowpea, groundnut , and 
many pasture species are tolerant to quite high rates oC Al 
saturation, as shown bySpain ( 1976). Recently, Salinas (1978) 
has identificd varietal tolerances to Al toxicity in wheal. 
maize, sorghum, rice, and beans as part of a low~input 
strategy to manage Brazilian Oxisols. 

These concepts were integrated to formulate the equation 
for liming mineral acid soils. This equation estima tes minima! 
liming needs at different levels of Al saturation. lt is elear that 
lime should only be applied to soils with pH values lower than 
5.5, and that it should reduce Al saturation to a level 
eommensurate wit h the tolerance of the erop to Al. The 
equalions were derived in the following way. 

Assuming that 311 the Al is in the exchangeable formo the 
following relationship would express the basie Jiming concept: 

A~=~ ~ 
where: 

A~), = meq of Al / lOO g soil replaced by Jiming in the exchange 
complex, and 

Cax = meq of Cal 100 g soil added lo the exchange complexo 

Likewise. in order lo calculate the amount of Ca that 
should be added to the exchange complex to reduce the Al 
saturation lO a given level , the equation: 

(AI-Aly)/(AI-Aly+Ca +Cax+Mg) = RAS /lOO [3] 
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Al = meq of Al / lOO g soil in the original exchange complex; 
Al 1, = meq of Al / lOO g soil replaced by liming; 

Ca = meq of Ca ' 100 g soi l in the original exchange complex; 
Cax = meq of Ca / lOO g soil added to ¡he exchange complex; 
Mg = meq o[ Mg 100 g soil in the original exchange complex; 

and 

RAS = required percen lage Al satu ratian. 

By using equalion [2]. each occurre nce of Al,. in equalion 
[3] can be replaced by Cax. Then, so lving 'Ihe result ing 
equat ion for Cax. gives: 

Cax = AI- RAS (Al' Ca ' M g) j 100 [4) 

Since not a llthe Al replaced by liming is exc hangea ble, as 
emphasized by Kamp ral h (1970) , the righl side of the 
equalion should be mult ip lied by a fa clOr o f 1.5 when 
modera te levels or Al sa turation are requ ired, and bya fact or 
of 2 when very low levels a re needed . Equa t ion [4] then 
beco mes: 

meq Ca l 100 g soil 
. d f l" = 1.5 [AI- RAS (Al' Ca , Mg) j 100) [5] 

reqUlre or Immg 

where Ihe factor 1.5 is replaced by 2 when Iheesti mated limin g 
requirement using the factor J. 5 is greater (han the chemica l 
lime eq ui valent oflhe exchangeable Al. Th is criterion follows 
from Ihe ca!culaled dala. It is clear lhal Ihe highes l lime 
req uirement es timated by the equation 15 twice lhe chem ica l 
lime equivalenl of lhe exchangeable Al. 

Equ ali on [5] was used for estimat ing f1 eld lime requiremenl, 
as given by eq ualion [1]. It ass umes lhal a soil has an apparenl 
specific gravily of 1.2; Ihat I hectar~ ofsoil to lhe 20-cm deplh 
wou ld weigh 2.4 milt io n kg. 

T esting the Equation 
Cochrane et al. (1980) tesled lhe equalion using data from 
ot her autho rs ' field and incubati on studies Qver a vari ety of 
soils ra nging fro m North Ca rolina sla te in lhe Uniled Slates 

to Sao Paul o state in so uthern Brazil. This inc luded Kam­
pralh's (1970) incubali o n dala for four North Carolina 
Ulti so ls; L.A. Leon 's (CIAT. pers . comm .) incubalio n data 
from Colombian Oxisol s and Ult iso ls; field da la from a 
Cenl ra l Bra zilia n Acru slox (Salinas, 19 78); data from fi eld 
lrials on a n Acru stox fro m Sao Paulo (va n Raij e l al. , 1977); 
and data from furth er field tria ls on a Central Brazil ian 
Acrustox (Gonzalez-Erico. 1976). lt gave a very good es tima­
ti on of the fie ld-pro ven lime rates needed to reduce the 
percen tage of Al sa turation lO a required value . 

Soil Analysis for the Equation 
The use of lhe equation requires no soi l ana lysis beyo nd lhe 
1 N KCI eXlraclion of Al. Ca. a nd Mg. T here is a mple 
literature 00 erap tolerance to Al. in lerms of percenlage of Al 
saturation, lO use as a preliminary gu ide la rnake reasonable 
RAS (req uired Al salUra lio n in percent) esti ma le,. Additional 
info rma rion ís accumulating rapidly. Interestingly, where 
specific liming tríal s ha ve beco carried out, the equation may 
be used in a co nverse sense lO es timate the to lerance of a 
particu lar erap accession Or cultivar. 

Summary 
T he eq uali o n sy nthesizes whal has been eSlablished 10 dale 
concerning the problem of Al toxicity in soi ls to permit a 
realistic predictio n ofm inimallime requiremen ls. Inherent to 
its developmenl was the organimtion of current k.nowledge 
co ncerning soi! Al. T he equation should on ly be used for 
eS lablishing limi ng requirements to solve Al toxici ty pro­
blems. This emphasis is required because liming is also used lO 
redu ce excessive amounts of soil M n, to suppl y trace elements 
found as impurities in Iiming materials. and [O mak.e a trace 
elemenl like M o mo re avai!able. (lt mighl be noted lhal in 
liming to Co rreet M n toxieities, soils should be properly 
drained as a prerequi site for overcoming such problems.) 



Appendix 3. 
A STATISTICAL PKOCEDURE FOR 
ENHANCING SOIL SURVEYS FOR 
SOIL FERTILlTY INVESTIGATIONS 

Agronomists requiring more information for designing field 
fertilizer trials are faced with the problem of how much to 
sample, and even how to go about soil sampling. In soil 
survey. particularly, precision is generally, but aften erro­
neously, associated with sample density; much sampling and 
many "nalyses are demanded for surveys with large mapping 
sea les. 

Theapproach advocated by Cochrane (1969) for enhancing 
soil surveys for fertility inves~igations is to examine and 
sample 12 to 18 soil profiles or topsoil samples over a 
relatively constant soil unit. Once these samples ha ve been 
analyzed chemically (and this analysis should be as complete 
as possible), the chemical analytical data might be analyzed 
statistically to establish means, standard deviations, and a 
correlation matrix . This can then be scrutinized and inter­
preted to help understand soil fertility problems according to 
the following procedure to identify probable toxicity and 
nutrient problems, always bearing in mind the crop and its 
genetíc make-up in terms ofnutrient tolerances and demands: 

1. Methodic scrutiny of lhe slatistical data. 

A. Inspect means. maximums, minimums. and standard de­
viations lO: 

1. Identify probable and possible toxiCity problems 

(Al, Mn, Fe) from [he soil analytical figures. 

2. Identify probable and possibJe deficiency problems 
in the same way. 

J. Note cireumstanees that eould giye correlations with 

liule implication ¡nsofar as soil propenies are con­

cerned . inel.uding lhose populations with small stan­

dard deviations eompared with their means (perhaps 

Ihose with a standard deyialion less than 20% ofthe 
mean). 

B. It:lspect lhe correlation matrix for possible meaningful 

correlalions. in the sense of A-J aboye. and lisl both 

positive and negative correlations in arder of significance. 

lt has been well known for many years that relarionships 
exisl between the avaiJability of certain major and minor 

nutrients . The presence of strong correlations witrun lhis 

sample may iodícate that the relatiooships in quesliori may 
apply la the specific soil under study. 

JI. Interpretation. 

A. lo the event of a probable lOxicilY problem: 

1. a. For Al. calculate Jiming needs according lo lhe 
equation of Cochrane et al. (1980). 

b. For Mn. "guesstimate"limiog needs. 

c. For Fe toxicity. ensure that the soil is well 
drained . 

2. Then recoosider the ímplication of these trealmentS 

on the deficiencies and Iheir correlations. There is a 

possible implicati~n lhal a positiye carrelalion be­

tween lwO elements will mean lhal raising one will 

increase the ayailabililY of the olher ir it is nOI in 

short supply, or cause mOre serious defjciency if il is 

in short supply. For a negalive . correlation, Ihe 

reverse situation would apply. 

B. In the event oC probable deficiency problems: 
1. Consider firSl the implication of a ny aclions that will 

probably be taken to solve a toxicity problem, if such 

exists. 

2. Slarting with the most serious problem, estímate a 

fenilizer a pplicalion for adequate correction. If trus 

probable defíciency is correlated with another, con­

sider possible effecls oC the correction. 

3. Continue this process for other deficiencies, in 

descending order of apparent importante. 

The procedure was applied to land system No. 201, land 
facet No. 1, the principie soils (Haplustox) of CIArs 
Carimagua station located in ¡he eastem plains ofColombia; 
the. correlation matrix of the soil analytical data has been 
recorded in the tables in this Appendix. The procedure was 
also followed experimentally for a limited number of other 
$oils, including soils from central Brazil and northern Bolivia. 
In short, while the methodology is still in an experimental 
stage, it indicated the presence of: 

1. 

2. 
J. 

Toxicity problems for Al and Fe (lhe .Iatter if soils used 

were under wet conditions). 

Probable nutriem problems for P. K, Ca, and Mg. 

Possible nurrienl problems Cor Mn. Zn, and B. 

Recommendationsfrom the 
Statistical Procedure 

K deficiency. The addition ofK might aggravate the 
Mg deficiency problem. Therefore K and Mg should be added 
together. 

Possible Mn, Zn, and B deficiencies. The 
correlations of these elements with others are not as highly 
significant as others and could probably be field tested 
without too much problem . For example, the negative 
correlation between Zn and pH (in H,O) is probably only 
significant if major changes take place in pH. Although S 
levels appear moderate, availability could be questioned. The 
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positive correlation between P and Cu leve.ls should be bome 
in mind. In this respect, the type of P ferlilizer lo be applied 
musl be eonsidered in the lighl of ils abilily lo supply olher 
nutrienls (such as S and Ca in Ihe case of single super­
phosphale), apart from Ihe effeel of Ihe fertilizer componenls 
on leaching, 

Thus, il is elear Ihal ferlilizer Irials should be designed 10 

take liming, P, K, and Mg trealments ioto aceDunl and, if 
possible, Mn , Zn, B, and possibly S and even Cu, The soils 
should be well drained and nOI used for wetland crops lo 
avoid Fe loxieily problems, 

Discussion 
The recornmendations [rom the statistical procedure compare 
well wilh aelual fíndings from CIA T's experimenlal work 

over lhe past 12 years: Alloxieity and low le veIs ofP and bases 
(K, Ca, and Mg) were found lo be lhe major limiling factors 
for many arable crops (Spain, 1976), Fe loxicity was reponed 
for nooded rice (H oweler, 1973), Ngongi el al. (1977) found K 
and S defíciency problems in cassava , Howeler el al. (1977) 
also describe lime by Zn, Mn, B, and Cu inleraclions in 
cassava; further, Ihey found Ihat high liming rales reduced 
yields by inducing Zn defícieney and possibly Mn and B 
defiCiencies. Much costly experimental work went ioto es­
tablishing Ihese and similar resullS (reponed in CIAT's 
annual reporls); had Ihe slalislical sampling procedure dis­
cussed in this Appendix been incorporated into the initial 50il 
survey study or lhe region , the soil rerlilily speeialisls would 
have saved bOlh lime and COSIS, There is clearly a erilical need 
lo improve the role soil surveys play in providing a basis for 
50il fertility investigaüons, especially when carried out on 
undeveloped lands. 

Table A3-l, Soil analytical data of samples of 18 pro files throughout land facel No. 1. land System 201 : horizon A. 

Sample plf pH 
no, H

2
0 <CI OM p Al Ca Mg K No CEC % Al S B Zn Mn Cu Fe S Mo 

1 4,8 3,9 1.7 1.5 1.4 0.09 0,02 0,05 0,03 1. 59 90 0,26 0,40 1.8 0,36 24,4 5,0 1.04 
2 4.7 3,7 5.3 1.7 3.8 0.07 0,01 O.OL 0.03 3,92 98 0,)2 0.55 2.3 0.53 15.4 4. 5 1. 31 
3 4.6 3.6 4.2 1.6 3.8 O. L5 0.02 0.10 0.03 4.10 93 0,30 0.55 4.0 0.53 23 . 4 4.5 1.23 
4 4.6 3.7 3.8 1.5 2.8 0.10 0. 02 0.10 0.04 3. 06 93 0 . 35 0.60 2.1 0.36 38 .4 6.0 1. 18 
5 4.4 3.6 4.3 2.1 3.6 0.12 0.02 0.14 0.04 3.92 93 0.26 0.70 3.3 0.71 58.4 7.0 1.24 
6 4.4 3.7 3.8 1.0 3.1 0.08 0.01 0.07 0. 03 3.29 95 0.30 0.55 1.9 0.53 40.0 3.5 1.01 
7 4.5 3.7 4.5 1.8 3,0 0.11 0.02 O. LL 0.03 3.27 93 0.24 0.50 5. 9 0.53 16.8 3.0 1.04 
8 4.3 3.6 3.6 1.2 3.7 0.11 0,02 0,09 0.03 3.95 94 0.26 0.55 3.9 0.7L 39.0 5.0 1.17 
9 4.5 3,6 3.6 1.5 2.6 0.12 0,02 0.07 0.03 2,84 93 0.23 0.60 2.8 0.53 44.0 6.0 1.36 

10 4.6 3.7 3.5 1.5 2_ 3 0.14 0,02 0.07 0.03 2,56 91 0.28 0.60 2.6 0.35 50.4 6.0 1. 27 
11 4.7 3.8 3.4 4.8 2.0 0.18 0.02 0. 11 0,05 2.36 87 0.23 0.60 2.2 4. 94 60.0 8.0 0.99 
12 4.5 3.8 3.9 1.4 2.5 0.08 0.02 0,07 0,03 2.70 94 0.24 0. 75 1.9 0.36 51.6 8,0 1.20 
L3 4.8 3.7 3.3 1.2 2.9 0.08 0.01 0.06 0.07 3. 12 95 0.25 U.SO 2,4 0.71 24.4 5.0 1.0L 
14 4.8 3,6 2.8 L7 2.5 0.09 0.01 0.05 0.03 2.68 94 0.30 0.50 3.6 0.53 39.0 7.0 1.31 
15 4.6 3.9 4.8 1.0 2.6 0.09 0.02 0.10 0.03 2.84 93 O. L7 0.50 2.8 0.71 41.2 4.5 1.36 
16 4.4 3.8 4.1 1.1 2.9 0. 09 0.03 0.10 0,03 3.15 93 0.23 0.45 2.6 0.90 66.8 4.5 1. 36 
17 4.7 3. 7 3.5 L7 2.7 0.08 0.01 0.08 0.03 2.90 94 0.22 0.45 2.8 0.53 26.8 6.0 1. 29 
18 4, 7 3.7 3.9 1.1 2.8 0,07 O.OL 0.06 0.04 2,98 95 0.28 0.40 1.5 0.53 49.6 5.0 1.40 

rabie A3-l. Preliminary description of analytlcaf results from 
rabie Al-l . 

No. of Preliminary 
Variable samp1es Mean S.D, descriptlon 

pH H20 L8 4.58888889 0.15296631 L 
pH KCl 18 3.71111111 0.09633818 L 
O" 18 3.77777778 0.77955912 " p 18 1.63333333 0.84575062 VL 
Al L8 2,83333333 0.62778790 H 
C, 18 0.10277778 0.02986352 VL 
"g 18 0,01722222 0.00574513 ve 
K 18 0.08000000 0.02970443 ve 
Na 18 0.03S000OO 0.01043185 L 
CEC 18 3.06833333 0.63078L49 VL 
t Al S 18 93.22222222 2.28950433 T 
8 18 0.26222222 0.04236474 L 
Zn L8 0.54166667 0.09275204 VL 
Mn 18 2.80000000 1.05160941 VL 
Cu L8 0.79722222 1.04454778 M 
Fe L8 39.42222222 15.12222967 T 
S 18 5.47222222 1. 39823652 M 
Mo L8 1.20944444 O. L3798859 

o-
o. T = toxic (Fe under poorly drained conditions), Vl = very low, 

L == low. M = modera te , H = high. 
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Table A3-3. Correlation coefficients of analytica l data in Table A3-1 {prob :>IRI und er HO : RHQ = O;.H ::; la} . 

pH H,O 

pHH,O K eEe Mg Al Zn OM Fe Na 11n pHKel P S eu ea B % AIS ~Io 

1.00000 -0.51784 - 0 . 50621 -0.50573 -<J.47983 -0.42151-0.39190 -0.39049 -o .06863 -0.28889 - 0.24837 -0.21219 -0 . 17724 -0.12865 -0.12162 0.11296 -0 .09331 -0 .05605 
0.0000 0.0277 0.D32!. 0.0323 0.0439 0.0815 0.1077 0.1091 0 : 1322 0, ·2450 0.3203 0.3979 0 . 4817 0.6109 0.6307 0.6554 0 .7127 0.8252 

E!i..ill. 
pH Kel eEe Al B Mn %A 1 S Mg Zo pH H,O eu ea Ha OM Fe p K S Na 

1.00000 -0.63468 -0.62896 -0.45320 -0.42386 -03 5855 U27161 -0.25235 
0.0000 0.0047 0.0052 0.0589 U0796 0.1440 0.2756 0 . 3124 

0.248370 . 21836 -U 17493 -0.16766-U1 296 7 
0.3203 0.3840 0.4875 0.5061 0 . 6081 

-0.10884 0.06738 -0.06167 -0.04124 
0.6673 0.7905 0.8079 0.0709 

0,00000 
1. 0000 

OM 

OM Al ele %AIS PHH,O ~IO S Zo fin K Na pHKel P eu ea Mg B Fe 

1.00000 
0.0000 

0.69754 0.69746 OA8412 -0.39190 035423 -U29741 0.27389 
0.0013 0.00 13 0.0418 0.1077 0.1492 0.2307 0.21'14 

0.24755 U18036 -0.14467 -0.12967 -0.10141 -0.07283 -<JD7047 -OD5108 -0.03048 -0 . 02820 
0 . 3220 0.4739 05668 0.6081 0.6889 0.7740 0 . 7811 0.8405 0.9044 0.9116 

p 

.,-:p ___ .::eu~_-.::e::.a_...:%:.:A:::I...:S=---..::S __ -.:.::MO~ __ N:.::a=-_~K=-__ .:::ZO:!...-_......::A.:..I __ ...:..Fe pH H,o CEe Mg OH B pH Kel Mn 

1.0000 0 .911 60 0.70180 -0.66023 053307 -<J37181 0.29336 0 . 29268 0 .26245 -ll25703 0 .23322 C.2 1l19 - 0.202990.10492 -<J.10141-0D9905 -0.06738 
UOOOO 0.0001 0.0012 0.0029 0.0227 0.1287 0.2374 0.2385 0.2927 0 .3032 0.3517 0 . 3979 0.4192 0.6786 0.6889 0.6958 0.7905 

0.02381 
0 . 9253 

~ 
~A:::I_~e~E~e_~O~M __ %~AI~S~~p~H~K~e.:..l~pH~~~O_...:M:::n:!...-__ S~ ___ B~ __ ~e~u __ .:..P __ ~Z~n __ ~Fe~_~MO K Mg Ca Na 

1.0000 0.99585 0.69754 0.64936-0.62896-<JA7983 0.39115 -0.34735 0 .30669 -0.26771-0.257030.21215 -0.20332 0.20258 0.13564-<J.11960 -0.07739 -0.06287 
0.0000 0 .000 1 0.0013 0.0035 0.0052 U0439 0.1085 0. 1579 0.2158 0. 2828 0.3032 0.3980 0.4184 0.4201 0.5915 0.6364 0.7602 0 .8043 

ea 

ea % Al S P eu K Mg Zn S Mn 

LOOOOO -0.749450.701800.629160 .537120.459040.35925 0,31892 0.29595 
0.0000 0,0003 0.0012 0.0052 0 . 0215 0.0553 0 . 1431 C. 1971 0.2331 

~ 

Fe MO pH Kel pH H,O Na Al OM B eEe 

0.27365 -0 .24370 -0.17493 -0 .12 162 0.08497 -0 . 07739 -0.07047-U07026 0.00120 
0.27 19 0.3298 0.4875 0.6307 0.7375 0.7602 0.7811 0.7818 0,9962 

Mg K %AIS pHH,O Fe ea B pHKel Na Zn Mo eu Al P eEe S MO OM 

1.000000.58597 -0.53168-U50573 0. 465220. 45904 -0 . 311500.27161 -0.24537 0.22998 U 20446 0, 14959 - 0 .119600.10492 -0 . 064660.063060. 05730 0 . 05108 
0.00000.0106 0.0232 0 . 0323 0.0517 0.0553 0.2083 0.2756 0.3264 03586 0.4157 0.5535 0.6364 0.6786 0.7988 0.8037 0.821 3 0 .8405 

!5. 
K Mg ea pH H,O % Al S Fe Mn B Zn 

1.000000.585970.53712 -0. 51784 - 0.47572 0.42874 0.40863 -0 . 32721 0.29891 
0.0000 0.0106 0.0215 0.0277 0.0460 0.0758 0 . 0922 0.1850 0.2282 

Na 

eu P eEe OM Al Mo S Na pHKel 

0.298590.292680.214110. 180360.1)564 -0,13203 0,113300.07593 -0 ,06167 
0. 2288 0.2385 0.3936 0 , 4739 0.5915 0.6015 0,6544 0.7646 0,8079 

Na Mo eu pHH,O P Mg Mo S OM %AI S ea K Al eEe Fe Zo B pHKel 

Looooo -0.427030 . 385710. 368630.29336 -0.24537 -0.23057 0. 19156 -0 . 14467 -0.098520 .084970.07593 -0. 06287 -0.04067 0.034310.01520 -0'.01331 0.00000 
0,0000 0.07720 .1139 0.13220.2374 0.3264 0.35730.4464 0 . 56680.69730.73750.7646 0.8043 0.87270.89250.9523 0 ,9582 1.0000 

.... 
Continued ~ 



Table A3-3 Continued. 

CEC 

CEC Al OM pHKCl %AIS 

looooOO.99585 0.69746 -0.63468 0.58192 
0.0000 0.0001 0.0013 0.0047 0.0113 

~ 

pH H,O 

-0.50621 
0.0321 

Mn s B ln Cu K 

0.42060 -0 .32 152 0 . 28345 0.24457 -0.214850.21411 
0.0?22 0.1932 0.2544 0 .3280 0.3919 0.3936 

P M:l Fe Mg Na Ca 

-0 . 202990.17732 -0.16440 -0.06466 -0.04067 0.00120 
0.4192 0.4815 0.5145 0 . 7988 0.8727 0.9962 

% Al S Ca P Al Cu CEC M9 OM K S Fe pHKCl I~u B Na pHH,O Zn Mn 

lOOOOO-0.74945 -0.66023 0.64936 -0.64663 0.58192 -0.531680.48412 
0.0000 0.0003 0.0029 0.0035 0.0037 0.0113 0.0232 0.0418 

-0.47572 -0.39302 -0.39126 -0.35855 0.35791 0.30997 -0.09852 -0.09331 
0.0460 0.1066 0.1084 0.1440 0.1448 0.2106 0.6973 0.7127 

-0.07387 0.00733 
0.7708 0.9770 

B 

B pHKCI K 

lOOOOO -0.45320 -0 . 32721 
0.0000 0.0589 0.1850 

Mg %Al S Al CEC 

-0.311500.309970.306690.28345 
0.2083 0.2106 0.2158 0.2544 

Cu Fe Mn pHH,O ln P Ma Ca S OM Na 

-0.24936 -0.2402B-OJ2543 0 . 11296 0 .10230 -0.09905 -0.08430 -0. 07026 -0 .05848 -0.03048 -0.01331 
0 . 3133 0.3389 0.6199 0.6545 0.6863 0.6958 0.7395 0.7818 0.8177 0.9044 0.9582 

ln 

ln S pHH,O Ca Fe K OM P pH KCI CEC ~Ig Al Cu B Mb % Al S Na Mn 

lQOOOO 
0.0000 

Mn 

0.56508 - 0.42151 0.35925 0.33984 
0.0145 0.0815 0.1431 0.1677 

0.29891 0.27389 0.26245 -0 . 25235 
0.2282 0.2714 0.2927 0.3124 

0.24457 0.22998 0. 21215 0.12543 
0.3280 0.3586 0.3980 0.6200 

0.10230 -0 .09001 
0.6863 0.7225 

-0.07387 0.01520 0.00603 
0.7708 0.9523 0.9811 

Mn pH KCl CEC K Al Fe S Ca pH H,O OM Na Mg 8 Cu 110 P %A1S ln 

100000 -0 .423860 .420600.408630.39115 -0.33897 -0.31604 0.29595 -0.288890.24755 
0.0000 0.0796 0.0822 0.0922 0.1085 0 . 1588 0.2014 0.2331 0.2450 0.3220 

-0.230570.20446 -0 . 12543 -0.10849 -0 .08067 0.023810.007330.00603 
0.3573 0.4157 0.6199 0.6683 0.7503 0.9253 0.9770 0.9811 

Cu 

Cu P % Al S Ca S Na Fe Mo K Al B pH KCI CEC M9 pH H,O ln 1·ln OM 

100000 0.91160 -0.64663 0.62916 0.41015 0.38571 0.37432 -0 . 36646 0.29859 
0.0000 0.0001 0 .00370 .00520 .09090.11390.1259 0.13470.2288 

-0.26771 -0 .24936 
0 .2828 0 .3183 

0.21836 -0 .2 1485 0.14959 0.12865 0.12543 -0.10849 -OD7283 
0.3840 0.3919 0.5535 0.6109 0.6200 0.6683 0.7740 

Fe S Mg K %A 1S pHH,O Cu ln Mn Ca 110 B P Al CEC pH KCI Ila OM 

1000000.52054 0.46522 0.42874 -0 . 39126 -0 . 39049 0.37432 0.33984 -0.33897 
0.00000.0268 0.0517 0.0758 0.1084 0 .10910.12590.1677 0. 1690 

027365 0.25749 -0 . 240280.23322 -0.20332 -0.16440 0. 10884 0.03431 -0.02820 
0.2719 0.3023 0.3369 0.3517 0.4184 0 . 5145 0.6673 0.8925 0.9116 

~ 
S ln P Fe Cu % Al S Al 

1000000.56508 0 . 53307 0.52054 0.41015 -0.39302 -0.34735 
0.0000 0.0145 0.0227 0 .0268 0.0909 0.1066 0.1579 

Mo 

Mo Na P 

100000 - 0.42703 -0.37181 
0.00000.0772 0.1287 

Cu % Al S OM Fe 

-0.36646 0.35791 0.35423 0.25749 
0.1347 0.1448 0.1492 0.3023 

CEC Ca Mn OH Na pH H,O K Mo 1-19 8 pH KC I 

-0.321520.31892 -0.31604-0 .297410.191560.177240.113300.08071 0 .06306 -0.05848 - 0.04124 
0.1932 0. 1971 0.2014 0.2307 0.4464 0.4817 0.6544 0.7502 0.8037 0.0 177 0.8709 

Ca Al CEC pHKCI K ln 8 S 

-0.24370 0.202580.17732 -0.16766 -0.13203 -0.09001 -0.08430 0.08071 
0. 3298 0.42010.4815 0.5061 0.6015' 0.7225 0.7395 0.7502 

Mn Mg pH H,O 

- 0.08067 0.05730 -OD5605 
0.7503 0.3213 0.8252 
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Table A3-4. Soil ilnalytical data af samples al 18 profiles throughout land face! No. 1. Land System No. 201: horizon B. 

Sample pH pH % 
No. H,O KCI OM p Al ca Mg K Na CEC ,0.15 B Zn Mn Cu fe 

1 5.0 4.0 0.7 0.6 0.9 0.09 0.01 0.05 0.03 1.08 B6 0.15 0.40 1.6 0.18 6.3 
2 4.9 4.0 1.4 0.3 1.4 0.08 0.Q1 0.05 O.QJ 1.57 91 0.17 0.70 1.6 0.36 9.6 
3 5.1 4.0 1.1 0.3 1.7 0.07 0.01 0.05 0.03 1.B6 93 0.16 0.40 1.7 0.18 10.4 
4 5.0 4.0 1.0 0.4 1.5 0.Q7 0.01 0.04 0.03 1.65 93 0.10 0.45 1.3 0.18 17.6 
5 4.8 3.8 1.3 0.4 2.3 0.09 0.01 0.06 0.03 2.49 93 0.17 0.35 1.6 0.36 12.8 
6 4.9 3.9 1.3 0.4 1.7 0.08 0.01 0.04 0.03 1.86 93 0.18 0.40 2.3 0.18 16.6 
7 4.7 3.9 2.1 0.4 2.2 0.06 0.01 0.05 0.03 2.35 95 0.13 0.35 3.9 0.36 6.4 
8 5.0 4.0 0.9 0.3 1.6 0.08 0.03 0.05 0.03 1.77 92 0.16 0.25 2.9 0.53 10.6 
9 4.9 4.0 0.9 0.4 1.2 0.14 0.01 0.04 0.03 1.44 85 0.25 0.35 2.1 0.18 13.3 

10 5.3 4.2 0.5 0.3 0.6 0.09 0.01 0.04 0.03 0.77 81 0.13 0.25 1.5 0.18 8.0 
11 4.9 4.0 1.0 0.5 1.2 0.06 0.01 0.04 0.03 1.34 92 0.10 0.25 1.5 0.18 22.6 
12 4.8 4.0 1.1 0.4 1.2 0.07 0.01 0.03 0.02 1.33 92 0.15 0.35 1.8 0.18 14.4 
13 4.9 3.9 0.7 0.3 1.5 0.07 O.O,¡ 0.04 0.17 1.79 93 0.22 0.25 2.1 0.18 6.4 
14 4.6 3.9 0.9 0.5 1.7 0.06 0.01 0.04 0.Q3 1.84 94 0.14 0.25 2.0 0.18 4.6 
15 5.0 4.1 1.5 0.4 1.2 0.07 0.01 0.07 0.03 1.38 89 0.14 0.40 2.6 0.36 6.8 
16 5.1 4.0 1.5 0.3 1.4 0.06 0.01 0.05 0.07 1.59 92 0.12 0.25 2.2 0.36 6.8 

17 4.9 4.0 1.1 0.4 1.6 0.06 0.01 0.04 0.03 1.74 94 0.14 0.35 1.5 0.36 8.0 
18 5.0 4.1 1.1 0.3 1.1 0.05 0.01 0.04 0.03 1.23 92 0.10 0.35 1.4 0.53 5.2 

Table A3-S. Preliminary description o( analytical results trom · 
Table A3-t¡, 

No. of Pretimlnary 
Variable samples Mean S.O. descrlption 

pH H20 18 4 . 9J3J3333 0.15718105 L 
pH KCl 18 3.98888889 0.09002541 l 
O" lB 1. 11666667 0.3682230B " P 18 0.38333333 0.08574929 Vl 
Al 18 1. 44444444 0.41476035 M 
Ca 18 0.07500000 0.02007339 VL 
M9 18 0.01111111 0 . 00471405 Vl 
K 18 0.04555556 0.00921777 Vl 
Na 18 0.03944444 0.03403670 l 
CEC 18 1. 61555556 0 .41599240 Vl 
S Al S lB 91.11111111 3.62813984 T 
8 18 0.15055556 0.0393285l L 
2n lB 0.35277778 0.l0910360 Vl 
Hn l8 1.97777778 0.64767054 ve 
Cu lB 0.27888889 0.12447012 Vl 
fe 18 10 . 33333333 4 . 929l7485 H 

a. T = toxic (Fe under poorly drained condit ions). Vl = very low , 
l = tow. M = moderate, H = high. 



Table A3-5. Correlation coeHicients o( analytical data in Table A3-/.¡ (prob ~IRI under HO:RHO = O;!i = 18). 

pH H,O 

pH H2 D pll KCl Al CEC I AlS P OM Mn 8 P Na Fe Cu K Hg ln Ca 

1.00000 
(10000 

0.73441 
J.0005 

-0 .61056 -0 .59766 -0.59483 -0.43644 -0 .36588 -(131588 -(116494 -0.25400 -0.23250 -0.143610.09857 -0.06301 0.03080 0.00333 0.00000 
0.0071 0 .0088 0.0092 0.0702 0.1354 0.2016 0.5131 0.3091 0.3532 0.5697 0.6972 0 .8038 0.9034 0.9895 1.0000 

.e.tiEl 
pH KCl CEC Al pH H, O IAl S S OM r~ n Ca K Mg ln Ua Cu Fe 

1.00000 -0.85430 -0.83671 
0.0000 0.0001 0.0001 

0.73441 -0.644 34 -0.34705 -0.31349 -0.25670 0.13051 0.108Zi 0.10585 -0.04002 0.03665 0.03207 -0.02050 

OH 

OM Mn 

1 .00000 O. 59854 
0.0000 0.0087 

P pH H,O 

Al 

0 .59186 
0.0097 

Cu 

0.0005 

CEC 

0.56656 
0.0142 

Na 

0.0039 0.1582 0.2052 

~ Al S K Cu 

0.51369 0. 43904 0.40343 
0. 0292 0.0683 0. 0969 

pH KCl Mg Fe 

1.00000 -0. 43644 -0.42070 -0. 30568 -0.25400 -0.24254 0.20806 
0. 0000 0.0702 0.0821 0. 2174 0.3091 0.3322 0 . 4074 

Al 

Al CEC pH KC I 1 Al S pH H ,O OM Mn 

1. 00000 0. 99537 -0 .8367\ 0.76661 -0.61056 0.59186 0.43309 
0.0000 0.0001 0.0001 0.0002 0.0071 0.0097 0.07 26 

Ca 

Ca 8 M l S OM Cu Fe P.l 
-
\.00000 0 .72649 -0 .64615 -0 .3\435 -0.29194 0.\9530 -O .18370 
0.0000 0.0006 0.0038 0.2039 0. 2398 0 . 4374 0. 4656 

f:I9. 
1'19 Cu Mn p ln OM K 

1. 00000 0.50349 0.35536 -0.24254 -0.23510 -0.14685 0 . 12033 
0 .0000 0 .0332 0.1479 0.3322 0.3477 0.5609 0.6344 

K 

K OM Cu Mn CEC Fe Al 

1.00000 0.43904 0.4\073 0. 32734 0 . 28448 -0.28007 0.27011 
0.0000 0.0683 0.0904 0.\848 0.2526 0.2603 0.2784 

0 .3038 0. 6057 0.6689 0.6 759 0.8747 0.8852 0.8995 0.9357 

pH H, O Ca ln pH KCI Ila S Mg P Fe 

-0. 36588 -0.31435 0.31358 -0 . 31349 -0 .20104 -0 . 187 53 -0.14685 -0.10246 -0.07503 
O. 1354 0.2039 0 . 2051 0.2052 0.4238 0.4562 0.5609 0.6853 0. 7673 

S OM Ca Mn CEC ln ~ Al S Al K 

-0.11919 -0.10246 0.08544 -0.08120 -0.06486 -0.05764 -0 .05042 -0 .0441 1 -0 .02481 
0.6376 O. E858 0.7 36 \ 0 .7487 0.7982 0 .8203 0 .84 25 0.8620 0. 92 22 

K Cu Ca S M2 ln p Na Fe 
0.27011 0.2\864 -0 . 18370 0.\2822 0.09360 0.05561 -0.04411 0.03519 0.03318 
0.2784 0.3834 0.4656 0 . 6121 0.7118 0.8265 0.8620 0.8898 0.8960 

CEC pll H,o ln Na P Mg Mn K pH KCl 

-O .13384 0 . 13051 0.12758 -0.10762 0.08544 0 .06216 -0 .03620 0.03\79 0.00000 
0.5%5 0.6057 0.6139 0.6708 0 . 736 1 0 .8064 0 .8866 0.9003 1.0000 

pH H ,O Al CEC Na Ca ?; Al S 8 pH KCl Fe 
0.1058S 0.09360 0.09266 -0.06925 0.06216 0 .06\\4 0 .05993 0.03080 0.01097 
0 .6759 0 . 7118 0.7146 0.7848 0.8064 0.8095 0.8133 0.9034 0.9655 

ln 119 pI< H,O Na oH KCI Ca P I Al S S 

0.2177\ 0. 12033 0.1062 7 -0 .08333 -0. 06301 0 .031 79 - 0. 02481 - 0 .01954 -0.00901 
0.3855 0.6344 0.6689 0.7424 0.8038 0.9003 0.9222 0. 9386 0.9717 



Na 

Na B P In Fe pH KC l 011 % Al S Cu CEC Ca K Mn M9 pH H, O Al 
l. 00000 0.3 7377 -0.30568 -0.29261 0.25986 -0.23250 -0.20104 0.13867 -0. 13345 0.10908 - 0. 10762 - 0.0833 3 0 .074 12 -0 .06925 0.03665 0.03519 
0. 0000 0.1265 0.2174 0.238 7 0. 2977 0.3532 0. 4238 0.5832 0.5976 0.6666 0. 6708 0.7 424 0.7701 0.7848 0.8852 0.8898 

CEC 

CEC Al EH KCl ~ Al S ~ H H,O OH Hn K 8 Cu Ca N. lIg P In re 
l. 00000 0.9953 7 -0 .85430 0.73930 -0 . 59766 0. 56656 0.44391 0.28448 0.2004 3 0 . 1998 5 -0.13384 0.10908 0.09266 -0.06486 0.0424 1 0.01672 
0.0000 0.0001 0. 0001 0.0005 0. 0088 0.01 42 0.0650 0.2526 0. 4252 0. 4266 0.5965 0 . 6666 0.7146 0.7982 0.867 3 0. 9475 

.uu 
% Al S Al CEC Ca pH KCl pH H,O OM Cu } r·ln B Na Fe M9 P In K 

1. 00000 0.76661 0 .73930 -0 .64615 -0.64434 -0.59483 0.51369 0.25299 0.22891 -O . 19834 0.1 3867 0.07379 0.06114 -0 .05042 0.03633 -0 .01954 
0.0000 0.0002 0 .0005 0 .0038 0.0039 0. 0092 0.0292 0.3111 0.3609 0.430 1 0.5832 0.77 11 0.809 5 0.8425 0.8862 0. 9386 

B 

B C. Na ~H KC I Cu CEC U l S Or-J pI! H, O Mn Al P In M9 Fe K 

1.00000 0.7Z649 0.37377 -0 .347 05 -0.24500 0.20043 -0 . 19834 -0 . 18753 -0 .16494 0 .1644 2 0. 12822 -0.1 1919 0 .08873 0.05993 -0 .03818 - 0.00901 
0.0000 0 .0006 0. 1265 0.1581 0 . 3271 0.4252 0 .4301 0.4562 0.5 131 0.5 143 0.6121 0 .6376 0.7263 0. 8133 0 .8804 0 .9717 

~2. 
In OM Na M9 K Mn C. B Fe Cu p Al CEC pH H,O %AI S pH KCl 

1. 00000 0. 31358 -0 .29261 -0.23510 0. 21771 -0 .18221 0.12758 0.08873 0.07994 0.06088 -0.05764 0.05561 0.04241 -0 .04002 0.0363 3 0 .00333 
0. 0000 0.2051 0.2387 0.3477 0.3855 0. 4693 0 .6139 0. 7263 0.7525 0.8103 0.8203 0.8265 0.8673 0.8747 0.8862 0 . 9895 

Mn 

Hn OM CEC Al M9 K pH H, O Cu Fe pH KCl %Al S Zn B p N. Ca 

1. 00000 0.59854 0.44391 0.43309 0.35536 0.32734 - 0.31588 0.28936 -0 .26121 -0.25670 0.22891 -0 . 1822 1 0. 16448 - 0.08 120 0.07 412 -0 .03620 
0.0000 0.0087 0.0650 0 . 0726 0.1479 0.1848 0.2016 0. 2442 0.2951 0.3038 0.3609 0.4693 0.5143 0.7487 0.77 01 0.8866 

Cu 
Cu M9 P K OH Fe C" 11n %Al S B Al CEC Na pH KCl In pH H,O 

1. 00000 0.50349 -0.42070 0.41073 0. 40343 - 0.37 203 - 0.29194 0.289360 .25299 -0.24 500 0 .21864 0.19985 -0 .133 45 0.09857 0.06088 0.03207 
0.0000 0 .0332 0.0821 0.0904 0.0969 0.1284 0.2398 0.24 42 0.3 111 0.327 1 0.3834 0.4266 0.5976 0.6972 0.8103 0.8995 

Fe 

Fe Cu K Mn Na P C. pH KC I In 011 %AI S 8 Al pH H, O CEC 119 

1.00000 -0 .37203 -0.28007 -0 .26121 -0.25986 0 .20806 0.19530 -0.14361 0.07994 -0. 07503 0 .07379 - 0.03818 0.03318 -0.02050 0.01672 0.01097 
0. 0000 0. 1284 0.2603 0.2951 0.2977 0. 407 4 0.4374 0.5697 0. 7525 0.7673 0.77 11 0.8804 0 .8960 0.9357 0.94 75 0.96 55 



Appendix 4. 
COMPARA TIVE TISSUE ANAL YSIS 

FOR ACCELERATING FIELO TRIALS 

The philosophy ofthisap proach is to start field tria ls as soon 
as possible and lO rnaximize information that can be obtained 
lhrough carerul monitoring using comparative lissue analysis. 

Selection of Treatments 
for Field Trials 
Ir sufficien l sod analytical ¡nfarmation [rom soil su rveys is 
lacking, the technique described in Appendix 3 ca n fill a void 
in helping lO determ ine nutrient [acto rs that sh ould be 
examined in a field trial. This app roa ch advocates a break­
away [rom normal dogma concerning the collec tion of soil 
samples for fenility analysis. wh ich usually recornmends the 
making of an artificial composite sam ple from 12 to 20 
subsamples in the field . Such a technique is useful for 
monitoring fertilit y characteristics oC indi vidual plots in a 
field trial, bUI is nol so useru l fo r obtaining a preliminary 
judgment to select lfeatments. 

Once the treatments are chosen . field trials should be kept 
as si mple as possible; replicated plot designs are often 
adequate. However, {he size and number of plots are impor ~ 

tant considerations. Pl ots should be large enough lo facili tate 
"splitting" of treatments . Additionally, nontreated plots 
shou ld be laid down alongside the tria l for furlher wor k, 
whereve r possible. 

Monitoring 
Once the lreatments and design of a trial are chosen. a 
program for monitoring the tr ial through soi l and, especially, 
tissue anal ysis on a plot by plOI basis is essential. Composite 
samples for both soils and tissue sa mples shou ld be used to 
fairly represent the plot by plot t reatments. Tissue anal ysis 
should be as complete as possible. Most la boratories, even in 
lesser developed countries, have a capacity or could easily 
extend their capacity to do this work . Consequently, the 
fertility specialist has a reading o n all elemen ls necessary for 
plant nutrition . 

Treating Tissue Analytical 
Data as Yield Data 
By taking plot by plot com posile tis sue samples, Cochrane 
(1979a) has shown that the need for a prior knowled ge 

concern ing tissue analytical figures is o bviated. He illustrated 
that the analy tical data fo r the samples ca n be trea ted and 
ana lY7.ed sta tistically in the same way as yield data. to 
determine any significant differences. This is a considerable 
break from existing practices, which ce nter around [he time­
consuming and costly procedures previously advocated for 
establishing "cri tical" levels for tissue anal yt ical data . Ob­
vio usly, the use of tiss ue analyses will be enhanced if previous 
work is available to oblain an idea as to possi ble deficiency 
levels. 

Cochrane has emphasized that in a rder 10 take meaningful 
tissue sa mples, the trial musl be monitored for me/eora/agica/ 
condilions, especially moislUre stress. Tissue sa mples are thus 
best collected after a suitable period of nonclimatic-i nduced 
co nd itions. 

In the case of the plot by plot com posite soi l samples, these 
sho uld be taken to reneCl changes in soil brought abou t by 
fertili z.er treatment s. It is nol su fficient to take "befare" and 
"after" sa mples; they should be taken to fair ly monitor the 
effeet of fe ni lizer on soil eonditions such as pH and, idealIy. 
the transpon of nutrients down the soil profile. Ce rta inly 
both "topsoil" (perhaps 0-20 cm ) and subsoil (21-50 cm) 
sam ples should be taken . 

Implementing the Results 
of Monitoring 
Once lhe trial has been laid down and monitoring ha s started, 
any results ofthe monitori ng thal suggest ¡he need for fu rther 
in-Cie ld Irial treatments should be implemented as soon as 
possible. Co mparative tissue monitoring ensures that ap­
propriate acrion can be taken timeiy enough to investiga te 
problems nol obvious fr om the origina l soil analytical data . 
For exam ple, Table A4-1, ada pted from one of Cochrane's 
trial results, shows how the Mn concentrations in the lea ves of 
sugarcane altered with inc reasing appl ications of (NH4)2S04 

This was deteeted soon after the trial started and led lO the 
speedy la yi ng down of a sup plem entary trial to confi rm tha t 
Mn was indeed deficient. In another trial reported in the same 
pa per (Coch ra ne, 1979a), the levels of ln looked suspiciously 
low; again, speedy a ction by spli tting the t rial for ln led to the 
finding that ln was, in fact, deficient. The net resuit of th is 
work was that fertilit y problems were iden tified and fertilizer 
praclices fo rmulated Wilh a min imum of delay. 
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Summary 
Appendix 3 describes ways and means for enhancing lhe soi! 
ferlilil y informalion in soil surveys wil h relali vely lillle efforl. 
Appendix 4 was prepared lO emphasize lhal lhere are proven 

innova lions for speed ing lhe p rocess of makin g field -lesled , 
farm fertilizer recommendations. The use oftissue analyses lO 

co mplemenl fert ilizer tri als on a plOl by plOl basis is 
independenl of a prior knowledge of nutri enl conlenl and 
would have wide applicabili lY. 

rabie A'I-l. Effect of ¡nc,.casing rates of NH. SO. on yield of cane 
sugar and concentrat ion of mineral constituen ts of the 
on a dry maller basis. 

Wt. of Wt. of 
N canc pe,. sugar Mineral concentrations in leaf 

('ate plot pe ,. piel N P K C. Mg S 
( kg/ha) 1"91 Ik9) m 1\) m (\ ) (t ) (\) 

o 39 3 30 \. PI 0.16 1.00 0 . 18 0.10 O. l O 
II OS3 30 1. 17 0.13 0.97 0 . 10 0.09 0 . 11 
00 506 38 1. 26 0,16 \. 1'1 0.20 0. 12 O. tl 
66 531 00 , . 13 0.13 1. DO 0.20 O. t 1 0 . 13 
88 611 09 1. 36 0.14 1.01 0.19 0.12 0 . 13 

110 70 1 50 1.39 0 . 16 1. 15 0.16 0.12 0.11 

LSD 
(f: O. OS) 36 i¡.1I1 0. 11 

SOURCE: Cochrane (\979a). 

,nd 
leaf 

Mn 
(\ 1 

23 .8 
26.3 
26.3 
28 .3 
36.3 
"1.3 

6 . 6 
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