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Prologue
 

Latin America, particularly South America, isknown as the region of the world with the most abundant land 
resources in relation to its population base. At present the region has the lowest population density per
hectare of arabl. land. as well as the lowest percentage of arabl- land under cultivation. Comparisons of 
potentially arable land in Latin America with that under tillage show that only 18 to35 percent is presently
utilized for agriculture. I hese figures are considerably loer than estimates [or other regions ol'the world;
hossever, there is a fairly wside range in figures as a result ol' ariations in the information hase utilized and 
the criteria used for ihe different studies. 

, ithin the present land use pattern, extensive areas ofhand are underutilized or lef't fallow as most of the 
agricultural production takes place in tie more fertile areas close to urban markets, where large
mechanized [faruts coex*ist vnith a sitable small fario sector. II order to design an agricultural grosth
strategy that would utilite land, labor and capital resources efficiently, te countries in the region need to 
assess tbe I'ollosing coniplementary developnent strategies and their trade-offis: 

I. 	 Ilensi by iroduction by large larmers who control lie Inore fertile areas, primarily through 
umechanization and greater use of inputs. 

2. 	 Intensil'y small-scale produclion tIrough the use of improved gerniplasm, combined with 
appropriate use otf inputs, to achieve higher, more stable yields. 

3. 	 Expand crop and li%estock production onto the less fertile frontier lands through the use of adapted 
germplasn and pproprial, use of inputs. 

As a first step tosard providing the necessary information to design such a strategy, CIAT and 
l).IBRAI'A has e collaborated in the -,istematization of existing information on the central lowlands of 
tropical South \in erica, tbich constitute the o'ajor frontier area of the continent. Although there is 
abundant inforniationion the area, much of it is contained in unpublished technical reports from diverse 
sourcesand it,not necessarily compatible. An attempt has been made to system atize all this information in 
this report, comphemenlting it %sherenecessary ssith primary data, wsithin tlie Ifranienork ofa "land systems 
approach," shere information on climate, soils, topograpby and vegetation is reported systematically for 
purposes of comparison I lie data base has been comput: rized to facilitate information retrieval and
amal. ses of aggregates. The data are presented here in the form of maps and tables, %sithtext in English, 
Spanisi and Portuguese, to permit broad access by indiidials fron research or rural development 
prograns islbo might iiot base computer facilities as ailable to tteiii. 

CIAT and IMB'.\lhAPA are pleased to make aivailable to the scientific coiniiunity and rural development 
planners tite results of more than three years' collaboratiie efforts in the hope that the inf'orn.ation 
contained herein, although far from Iperfect, Mill facilitate agricultural research, as well as the design of' 
agricultural grovstli strategies that take inito consideration the agricultural potential of these regions, 
thereby contributing to iniproed production and productisity. 

As the report is based on data available at the time of'the study, we would welcome new information 
to update the computerized files. 

August 1984 

(ustavo A. Nores Elmar Wagner 
Deputy Director General Head 
CIAT CPAC-EMBRAPA 
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Pr6logo
 

A Arnrica Latina, em particular a Atinrica do Sul, 6 conhecida como a regifo do mundo corn maior 
abundancia de terras em relayio it sua popula~ilo. No momnento, aAm~rica do Sul possui a mais baixa 
densidade populacional por liectaie de terra cultivivel, bern como a mais baixa porcentagern de terras 
cultivfiveis sob utilizayl-o. Comparay5es entre o potencial de terras ardiveis na Arnrica Latina com a 
Area atualnente sob cultivo, nostran quc sornente 10 a 35', sao utilizados para a agricultura. 1istes 
dados so considcravelcnte mais baixos do que estimativas feitas para outras regiogs do mundo. 
Contudo, hl ulna variaao bastante arpla nos nCtmeros, resaitantes das difereneas de inforrna bes 
bfsicas utilizadas edos critrios usados pelos diferentes estudos. 

Dcntro do padraC) atual de utilizapio da terra, existent grandes extens6es sub-utilizadas ou 
inexploradas, de vez qle a major parte da produailo agricola ocorre nas areas trais f'rtei:;, pr6ximas a 
mleicados urbanos, onde grandes propticdades mecanizadas coexisten co11 0u setor razo~ivel de 
pequenos produtores. Cor a finalidade de estabelec-r estrattngias de desenvolvirtnto agricola que
utilizeIn de maneira eficiente os recursos terra, trabalho e capital, os paises da regiab devem considerar 
estratdgias complernentares de desenvolvimnento e seu potencial, emt1termos de vantagens relativas, a 
saber: 

1. 	 I tensificayd(o da produyio pelos grandes produtores que det;rm as .reas mais fRrteis, 
principalmente atravs da mecanizayiio e do maior uso de insurnos: 

2. 	 intensificafio da produyio em pequena escala, atrav~s do uso de gerrnoplasma tnelhorado, 
conbinado corn o uso apropriado de iInsunos, para a obtenaio de rendimentos maiores c mais 
estaveis. 

3. 	 Expanslo da produiao agricola epecuiria para terras rnenos fkrteis de fronteira, atrav6s do uso 
de germoplasmna adaptado e do uso adequado de insuros. 

Corno urn prirneiro passo para a obtenyio da infrniaqio necessdiria ao estabelecimento de
estrat6gias de desenvolvimento que inclham esta iltimna regia , o CIAT e a EMBRAPA atuarat em 
,olabora io na sistematizafaio de informa lo disponivel sobre terras baixas centrais da Arn6rica do Sul 
Tropical, as quais se constituent na maior fronteira do continente. Muito embora exista abundante 
inlfrmaio sobre a irea, a major parte estAicontida em relat6rios t6cnicos nio publicados, de diversas 
lontes e nio necessariarnnte compativeis. No presente trabalho, foi feito urn eslorpa de sistemnatizar 
estas inlarnia 5es, complementando-as, quando necesslirio, corn dados primiarios. Foi utilizado o 
enloque de "sistemas de terra", no qual as intormay6es sobre china, solos, topografia evegetaqfo sao 
apresentadas de forma sistenatizada para efeitos de cornparailo.

A base de dados foi computarizada para facilitar a recuperaybo de inlfrma6es ca andilise de 
agrtcgados. Os dados sio apresentados nas formas de rnapas etabelas, corn textos em ingls,espanhol e 
portugu~s, para permitir arnplo acesso a.usihirios em prograrnas de pesquisa e de desenvolvimento 
rural, que podern nfio dispor de facilidades de computa5ao. 

0 CIA" c aiSENIIRAI'A uimro prazer de colocar t (lisposiyibo da comunidade cientifica e de 
planejadores do desenvolvrnento rural, os resultados de mais de tr s anos de esfar~os conjuntos e 
esperam que a infornmraio contida neste trabalho, ainda que longe de ser perfeita, venha a facilitar a 
pesquisa agricola bern cono ao delincamento de estrategias para o desenvolvimento, que levem em 
considera iio o potencial destas regiogs, contribuindo, desta forma, para o aurnento da producio eda 
produtividade. 

Considerando que a trabalho se fundamentou em dados disponiveis ii 6poca do estudo, amnbas as 
instituiqfes acollterio, corn entusiasmo, novas informaybes que permitam atualizar seus arquivos 
computarizados. 

Agosto de 1984 

Gustavo A. Nores Elmar Wagner
Diretor Geral Adjunto Chefe 
CIA I CPAC-EMBRAPA 
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Preface
 

This hook is the first of three olnmes describing and mapping land in the central lowlands of 
tropical South America according to its various aspects: climate, vegetation and landscape, 
topography, and soil factors. 

Volume I presents a description of the project's ojectises, methodology, and procedures, 
and (hen pros ides inlerpret lions ind(guidelines for local, 5,eed-hased agrotechnology transfer 
using the malp and land-,, stems data. 

Volh me 2 includes the lapdS.'-stemsAlap (in tIso parts), on a scale of 1:5,000,000, and the 
legc,,l to the Map, hich provides a concise summa ry of lie soil constraints by hind system. 
A booklet of indiiidual zone ninas, on a scale of 1:2,000,000, is a.o included. 

Volume 3.,a more complete summari* of the land systemis, includes conliuter priitoilts of 
generhllized land information, specific land facet and landform descriptions, and meteorological 
stltiion data; in addition, soil prof;tI descriptions of many land systens ire irovided. 

The follosing land sysNt,eis are not included in tile Map, Legend, or Computer Stoyuar':
90-91, 115, 118-200, 231-249, 312, 314, 386-387, 487-6(10, 655-800. Land systems siere 
designated by niimbers used to identify them during the course of the study, and do not 
necessarily follis a numrical or geograpiliicll coninuits. 

Computer summaries are missing for the follos ng hind syslems that ire coded and listed in 
the Map and Legeid: Ab 383, Ab 384, Aa .121,Fb 422, lIe 486, and 'o855. Information on these 
land systems %as not sufficiently complete to complerize theim. 

Tle stiulL nliiisin [tlie iork is based %%as coinpleted ser a period of four years 
( 19 77 -1981) %ith the cooperation of many people and organizaions. 

The daltafor tlie siudN icre colsIled from records iniarious countries, including Bolivia, 
Brazil, Colombia., ]euador. Peru, and Venezuela, and from sarious small- and large-scale
studies. The iiide range ofdocumenls and people %shoassisted in this project lire included in the 
Bibliography to V'olume I. 

Special hbanks, hossever, must be giren to lietthstaffslt ENIIBR AIIA-UPAC(and(l AT for their 
dedication to the Itasks of compiling, compulterii.ing, and iipping the data. 'uviza hlirona 
typed the maniuscript; ILigia Garcia, (onrado Gallego and ('arnilo Oliveros drafted and dress 
many of the slilll maps and completed lIhe large land Systems Map; Alsaro Ciullar developed 
and printed tie photographs. -slperanza Castaedi and Alexandra Walter did the editing and 
translations. For till of them. and the many others too numerous to mention Nsholassisted in this 
project, sse are extremely graleful. 
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Prefa~cio
 

Este t6 o primeiro de tr s volumes que contdm a descriqiio e os mapas das terras baixas 
centrals da America do Sul tropical segundo seus diversos aspectos: clima, vegetaqiito e 
paisagern, topografia e fatores cdificos.

O Volume I apresenta ura descriqYo dos objetivos, metodologia e procedirnentos, e 
depois oferece indicay6es e mo lelos para a transferncia da tecnologia agricola local 
baseada no tuso de scruentcs melhoradas empregando o mapa e os dados em sisternas de 
terra. 

O Volume 2 inclui o Mapa de Sistemas de Terra (er duas sqcs), a ura escala de 
1:5,000,000, e a iegendla para o Maa, que fornece urn resumo conciso das limitaqdes do 
solo em cada sistema de terra. Tambib6 foi incluido um folheto de mapas de zonas 
individuals, a urna escala de 1:2,000,000. 

O Volume 3, 6 urn resurno mais completo dos sistenias de terra, e inclui impressos de 
computador contendo informaq~io generalizada sobrc a terra, descriqies especificas das 
facetas de terra. da forma da terra, dados da estayio meteorologica, alem disto, oferece 
descri es dos perfis de solos de v~irios sistenas de terra. 

Os sisternas de terra apresentados em seguida n-o se incluem no Aapa, na Legenda, e 
tambn no Resumo (t Computadhor: 90-91, 115, 118-200, 231-249, 312, 314, 386-387, 
487-600, 655-800. Os sisternas de terra foram designados por nfimcros utilizados para asua 
identificao.o, durante 0 decurso do estudo, 6 esta a raz;(o de nao se observar, nec.ssaria
mente, unia continuidade 1ome rica ou geogrlfica. 

Nao hil rcsumos de cornputador para os seguintes sistents de terra codificados e 
registrados no Afapa c na Legenda: Ab 383, Ab 384, Aa 421, Fb 422, Be 486, e Fo 855. A 
informaio para estes sistemas de terra n~to foi sificientemente completa para a 
compita fo. 

O estudo em que foi bascado o trabalho, concluiu-se corn a colaboraiio de muitas 
pessoas e organizaqoes, no espaqo de quatro anos (1977-1981). 

Os dados para o estudo foramn coletados dos arquivos de v'Arios paises, incluindo Bolivia, 
Brasil, Colrnbia, Equador, Peru e Vunezuela, e de virios estudos em pequena e grande
escala. Os documentos c pessoas que colaboraram corn o projeto estiio mencionados na 
Bibliografia do Volume I. 

Agradecemos especialmente ao pessoal da EMBRAPA-CPAC e do CIAT por sua 
dedicao"a tarefa de compilar, computarizar e cartografara informaqio; aYuviza Barona, 
que datilografou o manuscrito; a Ligia Garcia, Conrado Gallego e Camilo Oliveros pela
delineaqiio edesenho dos mapas ;ndividuais e . finalizaq-ao do Mapa de Sistemas de Terra; a 
Alvaro Clifllar que se encarregnu das fotografias, a EspcianzL Castaheda e Alexandra 
Walter peta ediqfo e tradu Iio. A todos eles e a outras pessoas, numerosas demais para 
serem mencionadas aqul eque colaborararn neste projeto, manifestamos nossos sinceros 
agradecimentos. 
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Introduction. 
THE LAND-SYSTEMS STUDY 

In recent years there has been a slowdown in the pa&e of the 
Green Revolution. Met7 and Bradv (1980) stated: 

The G reenii Revolution has failed to fulfill exnati, s in lost areas oft he worlti. i eld aldproduction level.s IIr 
in s Ia rasofte ndprod tctin reWrId.Yied, evls

only'a fraction of those p'redicted wihenihe new htigh-"vafractinwere preleased (i Thris-(hst the new.yielding -areies,were first rleatsedin the 1960's. There isvicltli ~. sa 

a growing recognition that eiirsionnienial factors .Ire 
targcl. failure or new crop va ritis toresponsible for thislv litoepcain.cudria 

live ipPl:iexptatn.i IAgropccutria 


In other words. many high-yiciding cit ltivars of crops that 
performed wvellin one tropical cliniate-soil etvironmnt have 
often given disappointing results inanother. 

Part of the reason for thisis that, in the not too distant past , 
plant breeders %crc looking for 'super cultivars" of crops 
that Would solve food production problems in the tropics. as 
if the word tropis "was asitffieient teinit ion f etiviro 
ment. Unfortunately this is hot so. Consequently. there is rtow 
an increasing awareness of the need to develop new crop 
ctirscopatible ith e man climate-soil environetof the tropics. and ar urgent need to defite these environ-

tf'nts nore precisely 


Objectives 
CIAT began land-resource survey work inmid-1977 to meet 
the growing concern with deviation m the expected 
performances of so-called "improved" varieties of tropical 
crops v,,henthey were grown in hcations different from where 
they were developed. Frot the outset, this work was designed 
to help with the develipment o'food-production technologies 
based on superior seeds and vgetative propagating material. 
Its objective was to provide ageographical and agroecological 
base to guide selection and breeding priorities for a given crop 
and to assist in choosing representative field sites for testing 
potentially higher yielding or disease-resistant crop cultivars. 
A further objective was to identify analogous areas where 
germplasrn-based agrotechnology specific to, or advanta-
geous in. a location with given climate, landscape, and soil 
coinditions might successfully be tranisferrcd.SF0F2SF2 

The work started in a modest way as a survey of the 
"acid-infertile" savanna regions of tropical America (CIAT, 
1978b, 1979; Cochrane, 1979b) to gain abetter understanding 
ofth,ir climate and soils and to select representative localitiesfor testing promising grass artd legume accessions. In 1979 the 

survey was broadcn,:d to include the forested regions and to 
serve as abase for v'better understanding of environments for 

CIAT's other commodity crops, including cassava, beans, 
and rice, and for tropical crops generally (CIAT, 1980: 
Cochrane, 1980b). By 1981 tire study covered a large part of 
tropical South America and was extended to the Giltf CoaStof'Mexico, a total ,arcaof ov, 1000 millirn ha. The surveyo eio oa c foy'111 i' ia bes ywas collaborative work, carried (llt in conj tctionwithwt theh Miniist ri es re fCColombiaDiitiso of A gricutgiutr ofl BIi via.l mi ,Blva 
Fcuador. Ier6and especilly tie Centrode Pesqtisa Agrope
cuadri s(,C ,E pcaBaierdrasiuleira tiei ;'qi~do~s Cerraderrados (CPAlC), Em nresa gStLItisa 

(lMBRAPA), Brazil. 

eograpiLc Scope

he eogapic extent oftle presc t sttdy as iited to tle 

ofthe least know nareas ofthe tropcal world - thie lowlantds 
ofSoutt America cast ofthe Andes, as outlined in FigureI1 
This region covers 820 million ha and extends from the 

att 
Panamanian isthmus to southern Brazil. Itincludes the
 
A zon and Orinoco basins and the Precambrian shield
 
region of central Brazil. Approximately 200 million ha arc 
covered by savantas, and the remainder by forests.A Land Systems Map of this area, reduced from the 

original 1:1,000,00 scale, is printed and enclosed in Vulume 2 

Area in Land Systems Study 
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Fig. 1 Geographical extent of ClAT's land resource survey.later detailed on the Land Systems Map (Vol. 2). Theletter-number codes refer to sheets of the International 
Chart of the World at the Millionth Scale. 
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ofthis study, T''Land,stens Map andhts Leged.The map
is described and explained in Chapter 2. 

M ethodology 


The methodology for tilestudy was modeled on the i nd-

systems approa ch developed by Christian and Stewart ( 1953)
fin assessiig land resources oftlhe Katheritie-Darwin regio tn1o 

northern Australia, It reduces land-resotrrce information tt a 
cotnton base by defining a lad system as "allarea or group 
of areas throughout which there is a recrrring pattern (if 
climate, landscape arid soils." This definition, while COtlCep-
tuially similar to the Australian approach, differs inthat it 
introduces climate as a direct parameter for Iand-systemn 
definition. Thus,inherent inthe delineatiit tfland systertis isthe treatttnent of etnvirortrial p~aranmeters itttilefollowitng
categotrieci order tofu rift a true ainrd ioonclass ifil 

Climate 

a. Radiant energy received 
b. Teniperal tire 
c. Potential evapotranspiration 
d. Water balance 
e. I 'er climatic factors 

2. Landscape 
f. l.and-fori 
g. Hydrology 
It. Vegetation 

3. Soil 

i. Soil physical characteristics
j. Soil chenical characteristics 

Land systems are delineated directly onto satellite and side-

looking radar imagery after climatic analyses have beert 

performed. 


Althoutgh the work has mainly been an exercise in collating
cxisting information available in the literature, a strategic 

amount of field
work was carried out to help fill in knowledge 

gaps. A small airplane was floswn by the senior author to reach 

hinterland areas. Following the collection, revision, and 
mapping oiclirtite, landscape, and soil infornmation, the data 
were coded and recorded on magnetic tape as acomputerized 
data base to both facilitate speedy, analysis and retrieval of 
information and map mking. Tile mechanisms ofcomputeri-
zation are tmdcrgoing constant improvements as new innova-
tions become available. 

Climate 
The climatic work was initially subcontracted to Utah State 
University (Hancock etal., 1979). Long-term meteorological 
data for over 1000 stations throughout tropical America were 
assembled and recorded on computer tape. However, there 
are some large areas, particularly in tileAmazon, without 
stations and wherc distances are too great to permit highly
reliable extrapolations. Fortunately, it was possible to estab-
lish a relationship between physiognomic vegetation classes 
and climatic parameters, which enabled this problem to be 
overcome(CochraneandJones, 1981). Recently, the prelimi-

Hargreaves' ( 1972. 197 7a) eq,ation based on solar radia
tion and temperaturc was used to calculate pItential evapotranus
piraton (POT FT)to assess the water balance anid provide an 
approximatiot of' tie amiount of energy available for plant
growth. in addition, his monthly water balance tnehOdu1g> 
was adopted to determine the water balance and glowing 
seasons. To delile a wet nr101th, IIargrca yes' Moisture 
Availability Index (MAI)concept was used: inthis concept,
PT01 ET is eqIiated with the 751' pirobalbility level of' 
precipitation orccurrence (I)FP PRIC) to determine tile 
alllttUnt be equalled ittitf rainfall that will 3 ort of 4 years.
Therefore, MAI = DIEP IPRIC + POT FT.A w\et tlontl has 
arnMAI greater than (.33. 

Soil Moisture 
I argreav'es 1975) quotes several sorurces illustrating good 
correlations betweenproductlio, moisture availability indexwhen and cropsoilmotisture is adequa t for a week or 
more, and recomitcnds the level "less than 0.3,4"to define a 
dry nioith. In tits context, it should be enmphaslzed that tile 
Iseofa standard climatic parameter for defining a (iry ionrh 

(or converselv a wet moth)must alwavs be interpreted in 
lightof tile ability of asoil to retain aid sptiply nioisturre. l'ie 
level needs to be adjusted according to te iioisture-holding 

capacity of that soil. the other hand, the use of tie MAIOn 
provides a measure of the climatic potential to supply and 
extract soil moisture at a given locality during a given period 
of time; inthe case of these studies, at monthly intervals. 
Using the MAI for clintatic estimation (detailed in Chapter 3)innovative in that it takes an agriculturally acceptable 
rainfall probability estimation into account. 

Landscape 
After climatic analysis, the landscape was subdivided into 
land systems, which \were delineated on 1:1,000,000 satellite 
imagery and, for some areas, on side-looking radar imagery.
Although satellite imagery is superior to radar imagery for 
delineating land systems, it was not possible to obtain cloud
free irtagery for many high-rainfall areas; in those circumstan
ces, side-looking radar imagery provided asufficiently accu
rate topographical base.
 

Land systems were mapped to illustrate analogous areas of 
land, insofar as practical farming is concerned. These land 
systems are physiographic units, based on repetitive patterns
of topography, vegetation, and soils, within a given climatic 
circumstance. 

Native vegetation classes were identified following the 
physiognomic criteria of Eyre (1968) for tropical forests and 
Eiten (1972) for tropical savannas. 
The mapping of land systems provided a common base for 

bringing existing land resource information together. After 
delineation, maps were collated and drawn at the scale of 
1:1,000,000 and numbered according to the International 
Chart of the World at the Millionth Scale index (Kerste
netzky, 1972), see Figure 1.They were then computerized in 
5-X 4-minute units (approximately 6800 ha at the equator) to 
serve as the basis for thematic map production. The field 
work was carried out to provide on-the-ground control, to nary climatic data base was considerably expanded by help standardize descriptive criteria, and to study the varia-CIAT's meteorologist so that it now contains summaries tion of landscape features within the land systems. Thesefrom over 4000 stations, variations, although not mapped because ofscale limitations, 
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Were (Iescrib (Iiti "Ilil facetS.'" nl the piroportlnt otf eactI 
Iatild tai.t with i li i1 idteS s.,lil .iss eSliill:iteldf1l011 i study. 
itf flie illlii er\ l f[l thi% .., d ila-'l p i" 

Soil ", P1 ill ieiti.. tie c'iiiIuitld oH thLIC hii i 0.'toii,, pHeIII 

the land-facct ,iilidiN iSiot . 
l:jeiiC 2. sIiclm shosts ai pit I land Sttetm No. 46, 

' , ,illihstr:ittIc t l 1 1.\ , ICHII ei ,. l , liti l,d I etOland .'cets.1;1 t 
It shOuld niot,',l hcc Stililh ,t iti p hiie thit, i.e' It l u lit 

%%a-liI' id tS\Ntni. thieritI ic tilaippill! r tie1t1, feturtet ea1 1C'll p)
I'm.rai vi'+en t'hatiuctclitic ill thi, \ llilleC, li t ",, ,,thelikls,-

Staited. rCpre t-lit i'tiie ol iltlti and factil.tIL e 01 l 

Soil Classification 
I tC l't.l)Ii l 0'I, l MU+,.1en h in d 111CLtIlS' il lltaISO 1. 1 e,111 bet %;1sIlid,,


Ilarli land ,:,:csti, %hill ol taisi l ,i1, li it a iatit l in 


properties: ImSmile lvl ofl eelierali'alioil inilt lie illal id 
iakiiin it in enhtt \ of land reources. I i fact, all but tle. 
11t01t detiailed if Siuil ap. iic, lie Soil tnit., tll,( al%\;,l \ 

C.111tail li p lo l ilo tOf soils+ditf.e l froll those of le 

in'iiorit., depictedl I',illa
of 'o<i1,, iunit. 

ile Illost e\tellie soils in each land ficet kere first 
classiied as hir a' itl (ireal (hoilp calegol iif" the Soil 
l'ia\otloti. stSteh' ISoil Stirve\ Slaff, 19751: ile soils were 

then cirh il tertltt lalin phyi,,V.il and che ijcalii of thei 

priipertie',. Ihis \%as hiecaise Soil I i\,tiiiiil\ does iltiilstl 'e 

for tlie grouping titfSoils 'hahlsig Siililar physical and 

ctical priti iie , that re'flect their re,.,sliitsel,., to tilanii~elmeinl 
and tIitlipuliationi for iue'' until tihe Soil F-ailtil\ categor is 
reachcd. FThe ainunint Of soil SuIrseC\ wiirk tieeded to chaii 
siil', to the Fianmil\ ltcel thrioughoit the cii according to 
thal ,,\stinl \ias far tlo great. 

Iti iluitiOii classifing soils accuirdirig to Soil Taxonomy, 
the soils were Clas-ified according to tile l"AO-JnesCo legend 
(FAC)-Uico. I1974). 

Physical and Chemical 
Soil Properties 
.'\pairt Irl descriiing ite soil properties inherent inl soil 
classificatuoio I Pswarai., 10i77). nmanv physical and clhelilical 
properties if tle tupsuiils (define d as the If- to 2)-cl depth)aropetlisiils 't- tosils depthfin ttlie in todiialand facets 

,oas+available. 

Soil phy++siciil properties 
 code~d incIlude slope, textulle, 

preseicte ol coarse tmaterial. depth, initial infiltration rate,
lsd-raulic c~oducliVity, drainage. muuistutire-hulding capacitv 
teitperatiure regime, imioistire regiiie. and presence ofexrand-

Soilcahemical properties coded inClde pll\ percentage 

Al s;aturation; exchangeable Al, Ca. Mg. K, Nu; toituilA] saturationexchangeableAl f eCa, Mn-eng, attalhexcha gea l be'a sesflt );effect ie i s ailgeca\' -e la capaci 

data using tle Olsen (Olsen et al., I95-). Truog fJackson.
1958). and lBrazilian I Vettori, 19691 itethiOIS, approxinated 
to assumle values derivetL by the [fray 11 nethodtl ray at 
Kurt,. 1945)1: Pfixatiot; ai'ail'.lfe soil Nb. S. Zn, Fe, Ciil, 13 
ad Mit; free carbonates: salinity; percentage ofNa saturation: 
presence of' Cat clays; X-ray amorphism; and elements 
itportance to aninal nfitriion. The soil chemliical properties 
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Fig. 2 	 Land system No. 46, subdivided into land facets 1 
and 2. 

were stiiniariied separatelv and alsiiclmptiterCoded accord-
Itng to the Fertility Capabilit Soil ('lassification S*'steln 
(I.C('l,. deSRedl, Itiol ct;il.(1975),btiiina,;lightlyntiifid ed 
forti. 

It liiild lie elnlpliisieed thiai the liiatity and qiiality offhe 
data varied considerably from region to regiiin, that minor 
Iid triceeleilent itl'intatiin was seldom available, itld that 

there \\ere ftei large distances betweeit sampling sites, ill of 
which ciiCll lded probleins of generalizing data. AllipOui the 
sinall-scale "reliability' map has been printed alongside the 
Land Ssteils Map tio illustrale the variability in theqilalityof 
tie base data. 

The Data Management System-
Computerization 

Seee 	starts wit ssstenlati/atilt, Because of the quantity 
of data availale fur thestudy,:and in view of' 

likely interaction %kithinthese datita and with other agronomic
ri . it Was decided from the 

anplexity 

ornation, outset to code alland~~~0cilL~tl~ ~ It ~idvda~ ~adfct~ ~~i fisisQ1-t onl coin piite r-e (litpat ibfle foirmats. Thtese, togethii orotat ion\%,ere recorded, tabulted, and coded, when tlie inftrnatiion n 
cr wiith lhe detailed iethodlogv, have already been described 
by Cochrane et al. ( 197')b). As the data base grew, it wasComnputer input to facilitate d.ivers+e ainalyses and decision 

taking. 
Intl tie itteIhodiiigv for tits aspect of Ite worklii0%,CLed that developed ly tie Statistical Analysis System(SAS) (Barr et al., 1976), which contaihs procedures for 

stiitical analyses anIddata replrtig. Thus storage.tialysis,
and retrieval Of information wsts greatly facilitated and tlheinforimatitn itiriediately Made available no interested institu
l ions oit Computer tape. ('otputerization also facilitates
resision ant updating iilta. 

Data 	Inplt 
The information sumtlrttlary, Or 'data base," (f the and 
sstems if' tropicif Aierica is stintitarized in parts I and 2 of 
VoInue 3 in this StilV (,',i/lfuur id PI'OfilhC0111)11101' ,oil 
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subdivisiol of' the hild systetIIs in1o lild face:s provided the 
CLIMATE MAP {CDEST building blocks for describinu itld comparihg thopgraph,,LONG LAT vegetation, and soils. C(onsequently, Itch oftlihe ilforitatiion 

st;s siitil~l uell)rluIsila sets thillt refer to units or tllits within 
uInlits, whIliclh laWilitutLed progruinici access to dIt alI tile 
revision of specilic parts of the dat hase is aidditional 

/ inlfornation was reoCeived. 
LAND sYsTEMLANDFACEThe lAlsystei infortat: is currently organiedl ill four

LAND .... .. c file'sr SAS files Bllarret al.. 1976), schelat-LA --- ically represented in Figure 3. Three of these files, climate. 
land s\stezn. and lind facet. will be explained ill this section,Fig. 3 Schematic of computer files on the data base concept with relrrence to Part I of Volume 3, which is madel up ofused for the Land Systems Map. Asterisks indicate prilloits of1the data receorcd for indiVidual land systems,actual name used for the four cross-referenced files. ;atIL

Information may be combined from two or more files as 
Part 2, which Contils ;asClCCtion o1 the meteorologicil

data sets. The fourth file, niap, \%ill be explained in terms of itsshown by the interconnecting lines. functiolnin making maps fron the linate., landscape, and 

soil dati. As aIn examInplC Figure 4 replicates ;i printout ifthe 
Descrip tions of the land .S' ;tI'ite. 'ec h nically speaking, the dutu iilf -iasLI.system N o. llndstorage, retrieval, and analysis otdata atid mal reproduction Climate file. The cliate file, also incorporated asby computers is no longer a novelty: this can ba.chieved inl part of 'CIAl's SAMMIA'I'A (South Alerican Monthlymany ways. I1 fact. the new progranis and inntovations that Meteorological I)atl) file, is made tip of datal for individualare constantly cotling on tie narket ensure the speedy meteorolougical stations. These are indexed by geCgLapticalobsolescnce if profievious systems. What should not become coordinates, altitudes, and reference numbers to facilitateobsolete are the base data per se. assignmernt to lid systets atd fIcets within sVStels. TheThe geographical subdivision of tie region into land paratueters recorded were described on a montthly basis ands'stCns provided a ininial unit for map nmaking: further are detailed in Chapter 3. The file allows easy programmer 
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Fig. 4 Base data of land system No. 1from the four computer files in Figure 3. Part 1of Vol. 3 (Computer Summaryand SoilProfile Descriptions of the Land Systems) includes such base data for land systems 1 to 855. 
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5 
access to theidata, which can be updated to incorporate better 

mestimtnates othecliatic para etersas additional i lf rniation 
becomes available. A minimal number of dita set printouts 
appear inPart 2 of the Compinl+r Siowwrir to describe the 
clinmates of the land systems of the study region. (An exanple
is also inclded in Table 3-1in Chapter 3.) 

Oil tile
prJintotts of the individul land-systel descriptions 
ofthe stud( see Figure 4). the subheading CLIMATE indexes 
tilelullber and namec t'i mL'teorllogical datl set that 
approximates the clinmtic factors ol'the ma joirpart ofthe land 

Land-system file. The land-systen filerecords 
genieralied landscape characteristics of the land systetits andtilesubi\'iitmt~l"thelandsysems . etoa rroohe SoilUsl'rilad/' T is sectitin alsontolandfactsdetails c riptio t.i.ithe criteria used to ssithesiye and code thle data input
the subdivisioin iif' the landi systeitis into land f'acets. ~ 

The data in tle I:md-system file. which is largely reproducetd 

in Figure 4,includes the following: AREA. AI.TITUDIE I 
PIIYSI R\(PiRA INII NO.. (ASS]I[('N (&N FRAI. 
('AI'I(ON, 1)1SI."T N(F I: Ii IW.II N PFRIF N NI .SIRA10S. aNdI)III I1: 	 11lS. Thiese descript: .N 

xplaiiid inthe glossar\ to IarlI ofithe C"nlplti' .S ilomolir. 
4 ss,;tsiiasst 

sketched h\ haid. analyses to hell> 

The tOOu dittititi latidlolt ,+iaeraml inilitu~c valudl of coliitteri/ation lies in the speed and flexibility of 

define cliate-soil limitationsand advantages
growvth ,l'crops 

Land-facet file. The itnd-facet file records the vresfCorthe nmire efcective trains fer ofcultivars growing well 
coding of the descriptiin of tile 

fo~r tiht. and toldef'ine anlogotis geographical 

landscape (land) facets of tile in any given envirtninent. 
land systems Under the ftollosing headings: GENE.RAI. 
DESCRIPTION, P-RCENTAGEI: 0F ..S. (litdi. system), 
TOPOGRAPIIIC CLASS, ALTIT.U)DE. ORIGINAL VI.-
GETATION CLASS I;,INI)I1C-I) VEGETATION ', 
SOIL. CI.ASSIFICATION. SOIl. PIHYSICAI. PROI[.R-
TIES, SOIL.CII EMICAI. PROPI1'I ES. I. IM FNTS OF 
IIPORTANCE! MAINl.Y TO ANIMAl. NUITRITION.nd 
FER TII.ITY CAPABIL.ITY CLASSIFICATION. These 
headings continue the descriptive data Of the land system 
printouts of'the studv( Part I in Volhine 3 or refer to Figure 4). 
These descriptors are also detailed in the glossary to Part I of 
tie Comptter .,toitmoar'. 

Map file. The L.;tnd Systems Map units were indexed 
by geogratphica coordintat es it a iap file.Gridss ubdividing 
the 1:1.000,000 and-systems iiaps into 5-niintute latituide by 
4-minute longitude areas were placed over tile I to 1,1)1,000 
lnd-systens naps. Each 5-X 4-minute area was identified by 
the coordinates of'its northwest extremity. The lnid Systems 
Map u sed the l.nibert Conical Projections of tile World Mitp 
it the Millionth Scaile (Wernstedt, 1972) as atgeographical 
base; eatch of these projections covers a.nareat of60 longitude 
by 4'llatitudctl.At the equatr,;inarea off5 minutes oflatitude 
by 4 minutes of longitude covers about 6800 hta. Each iie of 
these areas was identified isbelonging to ii given land systeti lrganiatiti and programs used in the retrieval and analysis 
on the basis of the lind systen occupying the greatest part of 
tlhat
area. 
Once the 5- X 4-tiintle areas hld been code, they were 

compiteried nitl sep;irate filesrecorded its covering the 
satne areas as the World Map att the Millionth Scale and 
identified using the sare terms. Figire 5 illustrates acomputer 
printout of one oifthe sectors of tle land SVstemiis Map, Map 
SC-22. 


Clearly. the systen of indexing the itaps facilitates theatic 
and single-factor napping as computer printouts. Figure 6 is 
it coiputter-prodmced single-factor or thettatic map of the 

percentage of A satttratitln ol tipsoils ov r the same area as 
Figure 5; it was made hv assigning the percentage of 
lllli 1tini saturation in the topsoils of the predominant land 
facets to the land ss,SIiIS. This hecaitie the basic prOcedIlre in 
inking such inaps. The ss'stem also Iacilitates the drawing of
inaps according to various mip projections aid scales and is 
conveiient for revising different seglents as fnther infortita
tin Conicmestoliat1d. 

Data Output 
eThe comPuteri/ed data base descriptors for tile study' atre 

glossa rv to cod ing in Partdes cribed in tile 	 I of the Computer 

i~ 
ild explains hov agrinomists wititII access to coipllers 
night ASO Use tilestidy. F psiCotpt includes printouts of 

the land-resotrce inlornation for individual land svslels,as 
recorded inPart I: meteorological data ofthe type recorded in 
Part 2 and described in Chapter 3: and map coistrttctioin, 
including thematic and single-factor maps. I lowever, the trite 

Use of the Study 
by Agronomists 
Asalready ioted. Part I of the Computer Simimat is made up 
of printouts with virtually complete summaries of tileland
scape and soils ofall the land systems identified on the Land 
Systemls Map. These stumaries provide a ready reference to 
tilelatndscapes and soils of the region. Part 2 presents a 
selection of priniouts o "monthly meteorological data sets to 
describe the climates of the ;iini systenms identified on the 
L.;tnd Systems Miap. This is ,inly a small fraiction of the
nubner of atallsets avaiiable ill the climiate file. 
The criteria useti t tLcscribe the data suinarized in the 

Computer Stoninar'r are expliiined fhilly !ext.inore inthe 
AdditionatliV. use is miade of tile thematic and single-factor 
nmip-making capatbilities of the map file to help illistrate 
overall conist raints and atvantaiges to developing gernplasnl
based agrotechnology throughout the study region. Further 
iiforiation relevant to the Computerization of the study has 
been recorded by Cochrane et al. (1979). The entire study is 
avaiilable front CIAT or EIBRAPA-CPAC onicomputer 
tape. by special request, along with specific details of its 

of 	iiiforniation and imp making. 
Because tiantiV agronomists conltribuling to tiledevelopment
 

of seed-based agrttechnlogy liveinrural areas and do not 
have access to cotputer facilities, care has been taken to 
inchtite ctttprehtensive d ita-hasesitiiiniaries and other perti
nent inf'ornation its appendices. Part I in Volime 3contains 
summiitiaries of the litiscatpe atnd soil infrmation for all the 
land systems mapped and their faccts; Part 2 is a selection of 
meteorological dtta sets that niav be used to approximate 
climatic conditions inany given Iand system. Part 3 records -, 
range of typic.:i soil profiles to provide t better guide of soil 
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Fig. 7 	 Flow chart of relationship of land-system mapping with 
agrotechnological development. Solid lines indicate com
puter pathways for using the land resource study; 
dashed lines indicate contributions of the study to 
spheres of agrotechnological develooment. 



Chapter 1. 
LAND-SYSTEMS MAPPING 

FOR SEED-BASED 
AGROTECHNOLOGY TRANSFER 

Land systeins define areas of' similar landscape where the 
samc type of' 'arming niiglit succeed. Consequently. their 
careful description is 'undamental to land planning and 
transfer of' agrotechnoloy, 

The following text presents a me.thodolog of classifvirtg 
land systems and all lnderstanldi nI of how theY might hie 
interpret'd h. agronomists it Tropical America. [he case 
stlud\ inluded in this chapter enmphasi/es ltowv land-systernls 
tnapping contributed to reseach ,ithhin CIAI's Tropical 
Pastures Program. 

A Historical Note 
After the discovery of tle new world, it was not long bel'ore 

explorers with illusions of the quest I'or "El Dorado" 

penetrated the inner recesses ofthe Sitth American suhcotiti-

nent. Missionaries folloIs\CL; they helped stabili, settlements 

ol indigeniirs peoples. stinlulated agricultural production, 
and were tniinly respotisible for introducing cattle oil tile 
natrie savannas. Nlininit for gold and precious stones. and 
especiall, the ruher hooll ofthe A iton toward the enl of 
tile l9th ce'ni ,.urattracted folrtu ne seekers arid resulted i'1 
further settlement. Ihovexer. it wasn't until the elfects olthc 
build-ip olf population priwstic in the Andeai highlands and 
ill tle ,4iistal l raiil in the 19 

,10s thatStip ki ecbcati.cfelt 
serious efforts \ere made t( encouraite coloni/ation aid 
agricultural dcclopment. 

(Cooritalmonand bringing new land into prioductiin have 
pro,.ceded a pace during tile past t o decades. ,\itli ,arying 
success. M:I new igricrhure-hased cornuritieyuave Ihour-
ished. ()n the o hrer hand, a general lailurc to understand the 
nalture of tropical clinriates aid soius aid a lack if gerrplasa
adalpted to tile \arits ceos 'istellls have, often Ied to irrirreces-
sar, hardship. The success ii trarnsfulrlirg tile world*s 
ul irnate rc erve ol udev.loped lrd resot ces into prodic-
ie agriclltri l lancis sill depehd lit a ColSik.rhle extent onl 

rernreed clforts. uidetrsild the nature of'the land re oulrces.t, 

Previous Knowledge of 
the Region 
Th FAO-Inico Soil Map of tire World (1971, 1974) 
indicates hiat there are extensive areas of' very por ind 

possibly fragile soils, mainly Ferralsols(Ox isolsa id Acrisfls 
(Ultisols), supporting the lowland savannas and Anlazonian 
lforests of tropical South America. This suggests tile need f'or 
understanding the nature of these land resources. 

Thre ian+yli,en conflicting. opinions as to the nature 
of these tIWo reCgilns. IlIIthe case of' the savannas, their very 
existence is an enigima that has provoked considerable 
coritroersy l(iooidland. 1970). Nevertheless, Fiten's (1972) 
review of rimh..sasannas of Central Bra/il, locally called 
"(e.'ertdos" (see photo Plate 22). and many more recent 
sludies. published in tile proceedings of' the fourth and fifth 
s,mpsilms oil the ('errados (Ferri, 1977; Marchetti and 

llits Machado. 1980) indicate that these lands arc now, 
much heter undlerstood. 

Man, authorities consider the A mazon forest soils (see 
Photo Plate 4) incapable olfsustaining agriculture or livestock 
produiction ater tie primary vegetation is removed (Goiri. 
1961; Selt/er. 1967; Reis. 1972: Tosi, 1974: Giidland and 
Iruin. 1975; IBudowski. 1976: Schubart, 1977; Irion. 1978; 
( oodland et al.. 1978). Yet there is ample evidence to show 
that agriculture and li\estock production ot well-drained 
lands is not onl. possible (ilt also profitable Falesi, 1972. 
1976: Alvill. 1978, 1979; S:]Inclre,, 1977, 1979; Serrao el al.. 
1979; Toledo and Morales, 1979: ('oclhrane arid Sincihez, 
1 821. 

The anotunt of soil-survey and land-resiurce inventory 
inforition available fr tropical South Anierica has in
creased rapidly during the past 15 years. An attempt has been 
made to incorporate this wouirk into the CIAlstudy. principal 
sources have been referenced in the bibliogralhy, which is by 
rnictins exhaustive, however. As noted bv McQuigg (l98(0): 

Ilhcre isar astonishing inluoulnt 01irlftruiatiotn available 
it umostcountries oil climate. sils. and other factors 

irmportant to agiculiural success. Ifut this informiatior 
i)ras oilroiest vaitle ro farnmers and plan eis intil it is 
org~ani/eC. tsually' \ i aitrco puter, into Itsstrn%which 
offers capabilities for simulating, predicting results anhd 
berttr mlanaginig arnn prmdtctioi. 

LIAT's methodology for ard-resource appraisal was 
signed toI facilitate the speedy appraisal and systematialion 
(if the large arnitoiit of, irformnation available in tropical 
A iterica. 

Prayw;u- Page BcuJ
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that g O,tils li,i:;il \i ciA Case Study: Using the til , r,,nd(ttcitii, .SON. 198 Htinditesraiilci stj, +lIlItli lb+Iriti,11ic" +ire iItll'iitli tif 

Land Systems Map to fileam,,,,, ,II . Ie,s,s itotcI by i,,nuii
Define A roecosystemss ,ili ti ,lo, tuntt[ 'Llie lilt..),,,, ott,iiltt;,,,cCti/ti,,
for Tropical Pastures ,<,,1.,ILIaLIn1 d,l<,,d ,,,C,,htol' 
The \\o~rkoil;II-altdS+\sqC'lnNI~'ll'lorthe t'C111 .1jlClNC in,c ttCLt 


this botok, \\ist, ritinall\ctil lli ittlletd is I' . iiti'. ottile 
icid-ifllertile NsJ 111i1 il lls \tilt lie C\ptess piurpose o1" 
selccting t<precililtic hlocalitics o'rteslillt pronlisinlg grass 
an1(di-tuill<c <Ccsslttlls (' l. IT) tih.h is tle reh filling(tt) 

ltis id .Il t1111 M Crs % il"h0% tleI'regioll itsai \\iole s\ila
sltIthi itded lita i tttt/t lll or ( IAI'sFrtpica IPastlIllI eN
I'1L' t[llI aii d, s 1elI icI k.I tII il illi/ lie Iilitllvs Irtilll Ilie 

I intl S 'tnl,ll\liI tile ito s 

those Ict/oes ((IAT.19811.
 

alhitt Iliiqjotl tll slills %kitnll i 

.\Iler lthtt il tle ptrttcedures tutliled in laterdlitei, . 
liic ituhdhltidcithelli'alrocco.,es to ttcineand lettlitlical %eieslcted 

hilliul in\liiltnd of Celiri 
 ltlpicil Stlh Allit-ri.i lIhese arci 

,h\ii illMa ) I(see 
 Map Plates). khiich ishbas d till CtotlleiCil 
1prliloll n l llts 

chlilaiCttp, ti 


of Iid-s ,l<.\ tiliII illli1-allil tile blt l 
rlpi liltd nitturil\ce1talitti classes, idlld 


ill lateir chi ple s). It is a 
 irslaillpro inla ito ito pill tross 

ChllilC ;Iid liilldlsNC i)e dill-CiiceO iitio perpectisc. Table I-I 

slilllilai/es the 
 lhC iglttcctt/tllc. terll sil tit their mllajor 

<'LCuilatiol. ililiaIti. and tttptraiphic ch"aclCteristic. ChIe 
\ei poitrls drained tOeired areas iluiail Oilthe iniup \\ere 
ilClIAtled \kithinliheitrcst subdixisitoti according to their 
chlilinaic rcuiilc.) 

The basis tt'r the uhtlit isin t1 the 1illilltlIS ti1 Itiopicil 
Sotil Amierica into Clillatic sublegionils is suniilnaiied in 
Chapter 3. The close relatittillionshp t wel-seastltle ltentiail 

eipottrtnspiraiti (\\'Sill-I{ to tilenatural vetlation growing 

Ttble 1-1. A(Itt.rtzitnts 

Agttc,,zone 

Itoorly drained savanna 

Isttliyptertter n 
ic s,tt1tt1a 

Isotheretic savatti 

Scrmi-evergreen seasotitl 
forest 


Trtpical rain forest 

lotr to i t i t r it +lpleI i lld Ie a+ i lli i tnl'('O} I,¢tllCIItl\. k i s ol l'i lts. dl[iheIlti'lk thldinctls+l;111n,mN1. Ct.
inludin (lit:
 

lictlrcsquel\ dtsciibcj Iti1iltut l it lir il \thi th ic Ittlllnt 
,hrtoit thill, (Ilc Cliliilic Sihicuiolls 1hIto .t(ctlinici in table 
3-, (h:iplc .1).\\crc, irupcd tiot<cli.r is al l'i;lteCti tittle'" 
tl iastiuic tlhloitclitii h<.iJ:lsC thie Mte l ilid , i aiiileCliCd h\ 


<tlnli p hllnltelel l p -tll 
 i 

, 


tllittl of alillii;i 'aleit i
i liet I'sl tuhdi% isitul toftie regitl., llt ce rl istnl
 

plssi le Il:tltlih lile se ttlld-
 gltupiiih the vegetiloll classes 
o f tie S\cll-drIanulCd sth ol"tile aind s tl'lls.I t he. it is 
t lmitt ls icessir\ ,tolIIti Cliilatic ciiralerisics i nniuich 
grealcr dlilhi
 

h \i, aionli< thill [lsil and 


t+onditiots \iilhl tile ail'tctiiies %%itllldhaI <'1I he dcillCd 
illtre carcl'tillytn- II))lltosing rcpresentalive Nilts l.t tesing 
pilttllisuig higtl-y idi-i i paistillure piilia aCccesittl ind (2) 
thvchttllpng reitilahle ciileriafI'rbitii iirtiiini r%screelling
 
ild iViiied iCld luisiin! Oi' crlIlinl 
I1\Cttilpillcri/iing 
the land-resiiiirce stuid'. an it-deptli inl " tifs oilphysical%is 
and cihenlicaI ctillslltiilts within lieal rtecil(llles wis ta~ihiiui
let. lhis resullted it it sllillnlilirY I file soils tiund till tile 
mainlY \keil-draiined. lilt ht step sitpes tie s tiit 3'; 
\ithit tile prfedtlinllilll well-drained agrocil)iinc l'alV2 
1-2. Sections a it I). 

ItoThe niinvlfaltirs rlevant soil physical and cleiical 
ctildilitilsul aried oil thec ttuterfornias iorlhe land 
tacctS Of' tile land s ',stel s, and described in detail by 

(itctrane et il. 1979). were exalilned separately within tile 

deteruined forCIAT'N Trtlpical P.,15utres Proitir.tn in tile cetral lowlaitits if tropicalSouth America. 

Arei (ha x 10') 
in iltc tot,)tograpiy classCliMtic Fia7-t-p-o, -T - T tFar w Percentage ofparamete tir draitagie slope slope Slope (Iha x IVa I totalarea 

\tSPL 900 mi 49 0 0 0 4t9 7
 
6 mo,, s.vie eays ,
 
WSMT - 2!.5 C
 

1,%SPI 100 11ti10 im, I17 72 
 12 10 111 6
 
6-Il i. % %el seonuln
 
ISMT 2.5 i
 

\SS'5 900- 111) rim, 1L 25 9 7 42 6

1-8 mtts w
Wl ,tsesi,
 
WSMT - 23.5' C
 

WSPE 1061-100 Inrl, 53 115 94 
 14 296 141
8-9 vlos. wet seasoin, 
WSMT 23.5 'C 

WSPE 1100 elm, 69 88 55 5 217 30
 
. 9 eos. wet setson,
 
'SMT 23.5' C
 

Total area (ha x 1061 189 330 170 
 26
Percentlaqe of total 715 
area 261 146 214% 4% 

a. WSPE tltlal%,et-seasttn pittentiil evapotratispiralion.
1). %.SliT - wet-season metin tmnlthly tempera tre. 

t 
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Table 1-2. Summary of the aereal extent of major soil constraints of importance to pasture gerrnplasm selection for the well-drain(ed soils of the centrallowlands of tropical South America, by natural vegetaticn and topoqraphic class. 

Order 

Soil 
Percentage 

withinclass Great Group 

Area 
covered(ha x 10 ) Al 

Area with 

Toxicity
A. (sat) K 

chemical constraint,, (ha 
Deficiency 

Ca hiM 

x 

P 

10 

Pfixation 

Ar,a with physical 
costi aintsb (ha x 106)MH 

a)Topographic class 0-8% 
ISOHYPERTHERMICr SAVANNA 

Oxisol 

Entisol 

66.5 

23.1 

Haplustox 
Acrustox 
Haplorthox 
Eutrustox 
Subtotal 
% with constraint 

Quartzipsamments 

Tropofluvents 
Ustipsamments 
Ustifluvents 
Subtotal 
% with constraint 

19.24 
17.57 
6.02 
5.03 

47.86 

12.71 

1.88 
1.49 
0.51 
16.59 

7.53 
14.64 
1.94 
0.76 
24.87 
51.9;, 

0.28 

0.28 
1.6 

7.72 
6.44 
1.6t 
1.01 
16.85 

35.2% 

4.60 

4.nO 
27.7^ 

14.07 
17.57 
5.65 
0.7638 
.05 

79.5 

12.71 

1.49 

14.20 
88.8V 

11.93 
17.57 
3.45 

32.95 

68.8 

12.71 

1.49 

14.20 
85.5% 

8.04 
5.31 
4.99 
0.46 

18.8 

39.2% 

11.23 

1.49 

12.72 
76.6% 

13.40 
17.38 
4.28 
0.30 
3536 

73.8, 

12.63 

i2.63 
76.1 

9.89 

3.46 
0.30 

23.46 

49.04 

9.48 
9.83 
5.67 
1.01 

32.66 

68.25 

12.71 

1.49 

14.2 
85.59 

4.80 
16.50 

4.80 

10.0% 

12.71 

1.49 

14.7 
85.5% 

Alfisol 

Ultisol 

Inceptisol 

Mollisol 

6.7 

2.0 

1.0 

1.0 

Rhodustalfs 
Haplustalfs 
Subtotal 
% with constraint 

Plinthudults 

% with constraint 

Dystropepts 

Eutropepts
SUbtotal 

% ,ithconstraint 

Haplustolls 

2.44 
2.43 
4.87 

1.48 

"0.66 

0.14 
0.80 

0.32 

1.48 
100.0% 

0.17 
0.17 
3.5i 

1.48 
100.0; 

0.66 

0.66 

82.5% 

0.17 
0.17 
1.5% 

1.48 
100.0% 

0.17 
0.17 
3.5, 

1.48 
102.0. 

0.17 
0.17 
3.5 

1.48 
100.0% 

0.66 

0.66 --

82.59 

1.46 
98.6; 

0.66 

0.66 

82.5i 

TOTAL 

%of topographic class 
Rank order of impertance' 

71.92 26.63 

37.0; 
2 

21.45 

29.8 
i 

2 

54.56 

75.89 
1 

48.80 

67.8%. 
1 

33.17 

45.1; 
2 

49.64 

69.09 
1 

23.48 

32.6% 
2 

47.52 

66.0, 
1 

21.12 

29.3i 
2 

b)Topographic class 8-30% 

Oxisol 

Entisol 

78.0 

11.0 

Haplustox 

Eutrustox 
Acrustox 
Subtotal 
% with constraint 

Troporthents 
Quartzipsamments 
Subtotal 
% with constraint 

7.51 

1.64 
0.05 
9.20 

0.77 
0.56 
1.33 

2.26 

2.26 
24.6% 

0.77 

0.77 
57.9% 

0.48 

0.1' 

0.59 
6.4% 

0.77 

0./7 
57.9? 

5.18 

0.11 
0.05 
5.34 

58.0% 

0.77 
0.56 
1.33 

100.0% 

4.95 

0.05 
5.00 
54.3% 

0.77 
0.56 
1.33 

100.0% 

2.48 

2.48 
27.0% 

0.77 
0.30 
1.07 

80.19 

4.95 

0.05 
5.0 

54.3% 

0.77 
0.26 
1.03 

77.4% 

2.34 

2.34 
25.41 

4.58 

4.58 
49.0% 

J.77 
0.56 
1.33 

100.0% 

0.19 

0.19 
2.1% 

0.56 
0.56 

42.1i 

Conlinued
 



Tdble 1-2. Continued. 

Order 

Alfisol 

Soil 
Percentage 

within 
class Great Group 

7.1 Paleustalfs 

Area 
covered 

(ha x 101) 

0.84 

AT 

Area 

Toxicity 
Al (sat) 

with 

K 

chemical constraints- (ha x J0)
Deficiency 

Ca Mg P 
0.86 

fixati(hn 

Area with physical 
constraintsb (ha x 10) 

S1H 

Ultisol 3.2 

S with constraint 

Haplustults
S with constraint 0.38 

0.84 
100.0-

0.38 
Inceptisol 1.0 Dystropepts 0.11 0.11 

i0o.0% 

0.05 
S with constraint 

100.0% 45.4 
TOTAL 11.86 3.03 1.36 6.78 6.33 3.55 7.3 2.34 5.91 0.75 

of topographic class
Rank order of importance c 

c) Combined topographic classes 0-8 and 8-30 
% of cocmbined area with constraint 
Rank order of importance c 

83.78 

25.5% 
2 

29.66 
35.4% 

2 

11.5% 
3 

22.81' 
27.2% 

2 

57.1;
1 

61.34 
73.2% 

1 

53.05 
1 

55.13 
65.8% 

1 

29.95 
2 

36.72 
43.8% 

2 

61.5% 
1 

56.94 
67.9% 

1 

19.7% 
3 

25.82 
30.8% 

49.8 
1 

53.43 
63.7% 

6.3% 

21.87 
26.1% 

dlTopographic class 0-8% ISOTHERMIC SAVANNA 

Oxisol 95.6 Acrustox 
Eutrustox 
Haplustox 
Subtotal 
% with constraint 

9.75 
7.62 
6.74 

2i.11 

9.75 
3.07 
3.73 

16.55 
68.6% 

3.03 
0.38 
1.64 
5.05 

20.9% 

9.75 
3.07 
6.74 
19.56 
81.1% 

9,75 
1.38 
6.74 

17.87 
74.1% 

2.86 

4.02 
6.88 
28.5% 

9.75 
2.69 
6.74 
19.18 
79.5% 

8.37 
4.07 
1.91 
14.35 
59.5, 

6.52 
3.29 
6.74 

16.55 
68.6% 

Ultisol 3.5 Rhodustults 0.87 

Alfisol 0.9 Rhodustalfs 
i with constraint 

0.23 0.23 
100.0% 

Entisol 0.1 Ustifluvents 0.02 

TOTAL 25.21 16.55 5.05 19.79 17.87 6.88 19.18 14.35 16.55 

el Topocraphic class 8-30% 

% of topographic class 

Rank order of importance c 
65.6% 

1 

20.0% 

3 

78.5% 

1 

70.8% 

1 

27.2% 

2 

76.0% 

1 

5(.9% 

1 

65.6% 

1 

Oxisol 96.9 Haplustox 
Acrustox 
Eutrutox 
Subtotal 

5.57 
3.01 
0.35 
-8.93 

1.98 
3.01 
0.13 
5.12 

1.05 

0.13 
1.18 

5.57 

3.01 
8.58 

3.39 
3.01 

6.60 

1.61 

1.61 

4.57 
3.01 

7.58 

2.01 

2.01 

5.57 
2.01 
0.13 

7.71 

Alfisol 3.1 

with constraint 

Rhodustalfs 0.29 

57.3% 13.2% 96.1% 71.7% 18.0% 84.9 22.51 86.3% 

% with constraint 

TOTAL 

% of topographic class 

Rank order of importance' 
f) Combined topographic classes 0-8% and 8-30% 

RT area wthonstrant 
Rank order of importance' 

9.22 

34.43 

5.12 

55.5% 

1 
21.67 
62.9% 

1 

1.18 

12.8% 

3 

6.23 
18.1% 

3 

8.58 

93.0% 

1 

22.37 
82.6% 

1 

6.40 

69.4% 

1 

29.27 
70.5% 

1 

1.61 

17.4% 

3 

8.49 
24.6% 

3 

7.58 

82.2% 

1 

26.76 
77.7% 

1 

2.01 

21.8% 

3 

16.36 
47.5% 

2 

7.71 

83.6% 

1 

24.26 
70.4% 



SEMI-EVERGREEN SEASONAL FOREST (UNDER NATIVE VEGETATION) 

g)Topographic class 0-a 
Oxisol 48.5 Acrorthox 

Haplorthox 
Umbriorthox 
Eutrorthox 
Subtotal 
% with constraint 

38.80 
26.62 
4.31 
0.35 
70.08 

22.07 
18.42 
4.31 

44.80 
13.9% 

28.31 
21.81 
4.31 

54.43 
77.6% 

30.06 
17.42 
4.31 

51.79 
73.9, 

30.06 
5.61 
4.31 

39.48 
57.04 

4.04 
4.78 
4.31 

13.13 
18.7; 

28.52 
16.46 

0.35 
45.33 
64.7% 

7.99 
4.36 

12.35 
17.6% 

22.07 
23.49 
4.31 
0.35 
50.22 
71.6% 

Ultisol 40.5 Tropudults 
Paleudults 
Haplustults 
Plinthudults 
Subtotal 
% with constraint 

41.75 
15.47 
0.89 
0.35 

58.46 

26.09 
14.11 

0.35 
40.55 
69.3% 

41.68 
14.11 
0.69 
0.35 
56.83 
97.29 

30.10 
6.00 
0.89 
0.07 

37.06 
63.4% 

30.73 
15.47 
0.07 

46.27 
79.1% 

11.67 
14.11 

0.07 
25.85 
44.2% 

34.77 
4.07 
0.69 
0.07 

39.6e 
67.7% 

9.78 
0.22 

10.0 
17.1% 

0.21 

0.21 
0.4% 

Entisol 6.6 Quartzipsamments 
Tropofluvents 
Ustipsamments 
Ustifluvents 

4.79 
3.13 
1.21 
C.26 

4.35 

0.71 

4.58 

0.71 

0.55 
1.30 
0.21 

4.52 
0.37 
0.i8 

4.33 
0.37 
0.18 

4.53 
0.25 
0.71 

4.79 
0.63 
1.11 

Tropopsamments 
Subtotal 
% with constraint 

0.16 
9.55 5.06 

52.9% 
5.29 
55.4% 

0.06 
2.12 

22.2% 
5.07 
53.0% 

4.88 
51.1% 

5.09 
57.4% 

0.14 
6 
69.8% 

Alfisol 3.5 Hapludalfs 4.55 2.12 0.89 
Haplustalfs 
Subtotal 
% with constraint 

0.47 
5.02 

0.47 
2.59 
51.6% 

0.47 
1.36 

27.1% 

Inceptisol 0.9 Eutropepts 0.75 
Ustropepts 
Dystropepts 
Subtotal 
% with constraint 

0.37 
0.24 
1.36 

0.24 
0.24 
17.6% 

0.24 
0.24 
17.6? 

0.24 
0.24 
17.6% 

0.24 
0.24 

17.6% 

Mollisol 0.1 ArgiudollE 
% with constraint 

0.01 0.02 
100.0% 

TOTAL 144.48 90.65 116.79 93.80 91.56 43.8E 91.78 22.35 57.10 

% of topographic class 
Rank order of importance' 

62.79 
1 

80.8% 
1 

64.9% 
1 

63.3% 
1 

30.30 
2 

63.5% 
1 

15.5% 
3 

39.5% 
2 

h)Topographic class 8-30% 

Oxisol 56.6 Haplorthox 
Acrorthox 
Haplustox 
Subtotal 
% with constraint 

33.49 
14.39 
0.07 

52.95 

36.32 
12.85 

49.17 
92.0% 

31.92 

0.07 
31.99 
60.4% 

28.36 
12.85 

41.21 
77.8% 

23.15 
3.17 

26.32 
49.7% 

28.05 
2.59 

30.64 
57.8% 

30.19 
12.27 
0.07 

42.53 
80.3% 

6.18 

0.07 
6.25 
11.8% 

36.65 
3.17 

39.82 
75.2% 

Ultisol 36.5 Tropudults 27.08 3.05 15.63 12.87 12.53 2.77 12.23 0.91 
Rhodcludults 4.43 
Paleudults 
Haplustults 
Subtotal 
% with constraint 

2.54 
0.14 

34.19 3.05 
8.9% 

2.44 

18.07 
52.9% 

0.04 
12.91 
37.8% 

12.53 
36.6% 

2.i7 
8.10% 

0.10 
12.33 
36.1% 

0.91 
2.7% 

0.01 
0.01 

0.03% 
Entisol 4.1 Troporthents 

Quartzipsamments 
Subtotal 
% with constraint 

3.82 
0.02 
3.84 

0.34 
0.02 
0.36 
9.4% 

0.34 

0.34 
8.8% 

0.34 
0.02 
0.36 
9.4% 

3.82 
0.02 
3.84 

100.0% 

3.82 
0.02 
3.84 

100.0% 

Continued 



Table 1-2. Continued. 

Percentage 
 Area 
 Area with chemical constraints- (ha x 106) 

Order 

Inceptisol 

Alfisol 

within 
class 

1.8 

1.0 

Great Group 

Oystropepts 
% with constraint 

Hapludalfs
Haplustalfs 
Subtotal 

covered 
(ha x 10.) 

1.65 

0.860.06 

Toxicity
AT - AIsa 

1.65 1.65 
100.0% 100.0% 

K 

1.65 
100.0; 

Ca 

1.65 
100.0% 

Deiciency
Mg P 

1.65 1.65 
100.0% 100.0 

0.28 

fixation 
P 

rea with physicalMH S 
constraintsb (ha x 10 

1.65 
100.0% 

) 

% w ith con stra int 

TOTAL 93.55 53.87 51.71 56.13 40.84 35.42 

0 . 2830.4% 

60.63 

0.02 

7.16 

00.92 
. 2 

2.2% 

45.34 
% of topographic class 
Rank order of importance c 

i)Combined top raphic classes 0-8 and 8-30% 
% of area wit constraint 
Rank order of importancec 

238.03 

57.6, 
I 

144.52 
60.7 

1 

55.3 
1 

168.50 
70.8 

1 

60.0% 
1 

149.93 
62.9 

1 

43.6% 
2 

132.40 
55.6 

1-

37.9 
2 

79.28 
33.3 

2 

64.8% 
1 

152.41 
6.0 

1 

7.6% 
3 

29.51 
12. 
2 

48.5% 
2 

102.99 
3.0 

TROPICAL RAIN FOREST (UNDER NATIVE VEGETATION) 
J)Topogjraphic class 0-8% 

Ultisol 

Inceptisol 

Alfisol 

Oxisol 

Entisol 

56.5 

14.3 

10.7 

4.3 

Paleudults 
Plinthudults 
Tropudults 
Subtotal 
% with constraint 

Dystropepts 

Eutropepts 
Dystrandepts 
Subtotal 
% with constrairt 

Hapludalfs 
% with constraint 

Acrothox 

Haplorthox 
Subtotal 
% with constraint 

Tropofluvents 
% with constraint 

26.05 
21.47 
10.83 
58.35 

6.72 

4.26 
1.58 

12.56 

9.41 

2.76 

1.01 
3.77 

3.63 

26.05 
21.47 
10.21 
57.73 
98.t% 

6.72 

0.45 
7.17 

57.1% 

2.76 

1.01 
3.77 

100.0% 

26.05 
21.47 
10.21 

98.9^ 

6.72 

0.45 
7.17 

57.1% 

1.27 

1.01 
2.28 

60.5% 

26.05 
21.47 
10.27 

57 79 
99.0. 

0.92 

4.26 
1.39 
6.57 
52.3% 

9.41 
1.0%100.0% 

2.76 

1.01 
3.77 

100.0% 

3.13 
86.2% 

22.56 

1.79 
29.35 
41.7% 

0.61 
0.61 
4.9% 

2.76 

1.01 
3.77 

100.0% 

25.16 

1.80 
26.96 
46.2% 

0.45 
0.95 
3.6% 

2.76 

1.01 
3.77 

100.0% 

8.42 
6.87 
8.42 

23.71 
40.6% 

6.11 

0.94 
7.05 
56.1% 

9.41100.0% 

1.27 

1.27 
33.7% 

1.13 
1.13 
9.0% 

0.45 

0.45 
11.9% 

TOTAL 87.72 68.67 67.18 80.67 28.73 31.18 41.44 1.58 
% of topographic class 

Rank order of imrmortance, 

78.3% 

1 

76.6% 

1 

92.0% 

1 

32.7% 35.5% 

2 

47.2% 

2 

1.8% 

3 
k) Topographic class 8-30% 

Oxisol 74.7 Haplorthox 
Acrorthox 
Subtotal 
% with constraint 

33.53 

7.47 
41.00 

31.42 

76.6% 

31.42 

76.6% 

33.53 

7.47 

100.0% 

13.60 

7.47 
21.07 
51.4% 

13.20 

7.17 
20.67 
50.4% 

32.68 

32.68 
79.7% 

11."8 

28.0% 



Ultisol 

Inceptisol 

Alfisol 

6.6 

13.3 

5.4 

Paleudults 
Tropudults 
Subtotal 
% with constrzi.i 

Dystropepts 
% with constraint 

Hapludalfs 
% with constraint 

2.14 
1.51 
3.65 

7.32 

2.96 

2.14 
1.51 
3.65 

100.0i 

6.40 
87.4% 

1.88 
1.51 
3.39 

92.9% 

4.79 
65.4% 

0.23 
7.8% 

2.14 
1 .51 
3.65 

100.0% 

7.32 
100.0% 

2.96 
100.0% 

1.88 
1.51 
3.39 

92.9% 

6.40 
87.4% 

1.61 
22.0% 

2.73 
92.2

1.61 
22.01 

TOTAL 54.93 41.47 39.83 54.93 21.01 30.46 37.02 13.09 

of topographic class 
Rank order of importance 

I)Combined topocraphic classes 0-8 and 8-30% 
of area with constraint 

Rank order of importance 

142.65 

72.5% 

I 

110.14 
77.2% 

1 

72.5% 

1 

107.01 
75.0% 

1 

100.0% 

1 

135.6n 
95.0; 

1 

38.3% 

2 

49.80 
35.0 

2 

55.4-

2 

61.64 
43.2% 

2 

67.4% 

1 

78.46 
55.0% 

2 

23.8% 
3 

14.67 
10.3 

3 

a. 

b. 
c. 

Refers to topsoil, except for A, (sa,) % Al saturation in subsoil.Al = Al saturation>70; K =-<0.3 meq/100 g soil; Ca =<0.4 meq/100 g soil; 
For details see: Cochrane et al., 1979. 
URll= low moisture holding capacity, <75 mm/100 cm soil; S = sandy topsoils.
I =>50% of area. 2 = 25-50s of area. 3 = < 25% of area. 

Mg =<0.2 meq/100 g soil; P =-'3 ppm; P fixation high P fixation. 

Lii 



16 
Great Group soil subdivisions of the topographical classes for 
each agroecozone. In Table 1-2. Sections c, I", i, and I, the 
topographical classes 0-8*5 and 8-30'i are group.,d together 
to suimnarize the maior soil constraints. The specification of 
soils in terms of Great Groups clearly helps with the appraisal
of soil conditions, but, as can he seen front Table 1-2, it is not 
always sufficient to describe specific soil constraints, let alone 
judge tlieir rela tive importance in geographical perspectise
tbor the determination of desirable gertnplasn traits. 

The fiollowing ecosystems were determined for CIAT's 
Tropical Pastures Program. 

The Al saturation nercentage levels tend to diminish with 
depth: this is very impoitant insofar as root penetration is 
concerned. It also ieans that the correction it Al toxicities 
though minimal lime applications, as calculated hy tile 
iniprovCd liming CqiuationI of ('ochranc et al. ( 1980), would 
provide an alternative. relativel', liw-cost way o o\erconling 
a scrious problem throughout this agreciozonc. 

Tropical Semi-Evergreen 

Seasonal Forest 
IsohyperthermicSavannas 
Fromn Table 1-2. Sections a, b, and c, it can be secn that the 

predominant soil physical constraint throughout this agroeco-)_1zone is low nuoisture-holding capacity. This is particularls
evident in thle Ilaphistox, \criustox, and Ilaphorthiox soilGreat Groups witiin the Oxisol order, and in le Quartsip-
GratGros isthintnensO fte:.tisol i wth horderand 

nmoisture-holding capacities within these Great Groups ac-
count for over 61); of the soils found in the agroecozomne as 
whtole. The tendeiic y lor rainfall patterns to he som ew hat 
erratic in some parts of tie ecozoie suggests a need iol plants 
capable of withstanding moisture stresses, perhaps beyond
that indicated by the length and intensity of the dry season, 

Soil mineral deficiencies, principally P. K, and Ca, are of 
primary importance: pasture plants capable of prodtcing 
suitist'ictuirity,in soils with loiv evelIs of'thlese etcieiints shoult Idtbe sought. Tile ability of plants to tolerate high levels of Al 
andilo Mg is of inmportance over about 30('; of tie area. 
Further, tile percentage of Al saturation in tile subsoil does 
not tend to be as high as in tie topsoil. Phosphorus fixatiuon is 
like:\- to be a problerm in 30(.; of' te soils. In short, tile 

."aphiical extent of soils with potential Al toxicity and 
P-fixation problems is riot as large as rnight be inferred'fro 
small-scale, generalized soil maps. 

Isothermic Savannas 
Table 1-2, Sections LI, eand f, indicate that in isthermic, as in 
isohyperthermic. savannas, low soil moisture-holding capac-
ty is a serious problem. Over 7VO7of the soils, virtually all of 
thieni Oxisuils, have low,, rnoistre-holdig capacities. Thisprohlem is delouinstrated by thre exaggerated effect the 
veranicos erratically occtrring periods with little rainfall 
during the "vet season" in Central Brazil) have on crop
growth and, to a lesser extent, oi pasture production. Pasture 
plants for this ecozone nust be adapted, not only to survive a 
prolonged dry season o1f4 to 6 months but also to resist lesser 
pieriods cf moistture stress during the wet seasoi. Perhaps the 
best vay to ensure this is to find plants that will gros' deep 
roots tinder the poor chemic,il conditions if these soils,coupled ith more efficient soil aniendments and fertilizers topromote deeper rooting. 

prothe deepooth is n , ninfertile 

msiiens and isipsainients othe be changed completely if the vegetationtisols; soils with loresiling ash returne to ie soil. In otheris 

The analytical data of soil samples, taken mainly' from soil 
profilcs describinf, soils tinder native vegetation, would 
-uggest that potential P, K. and Ca deficiencies could b,widespread problenms,ind that soil Al levels are often high in 
the tropical semi-ev:'rgrecn seasinal forest areas (Table 1-2,
Section i. i). I hosvecr, as illustrated he the work of*Falesi
11972. 1176) and Serrato et al. 11979), soils under forestvegetation 

\uriis, an the rteslti rily of soilsni this ecozone tinder 
forest cover isa function not only oft lie soil's fertility hut also 
f 're 1eri s t t incionf s oAl yti lit u t alo 
on preesilt siort ig t t l ic vegeio i 
only provide a satis, actory guide to fertility if thc vegetation is 
completely removed by clearing Ia nds by bulldozers. After an 
adequate htrig of vegetation, the feitility of these oils nay
he restored. If tollowed tip hy carefii aiagetient usingdeep-rooted pastures. this restored fertility might be main
aie aivvas
tamed for mali years. 

Tile phenomenon of' fertility" being stored in biomass 
would indicate that, prtvided adequate management tech
niques .:e used. pastures inot so well adapted to very low 
soil-fertility conditions for the seni-evergreen seasonal forest 
agroecozone might be cultivated. Oti the other hand, there is 
clearly a lot more to be understood about pasture management 
in these areas, and the search for pastures better adapted to
the ecosystem should continue. 

Tropical Rain Forest 
toicu Forest of 

Owin to the inherent difficulty ofburning forests in very wet 
areas, the analytical figures indicating cienical constraints 
for tile tropical rain forest agroecozone(Table 1-2, Sectionsj,k, I) probably serve as a more useful guide for selection 
criteria ftr pasture platts than is the case for the semi
evergreen seasoial forests. Thle percentage of Ai saturation 
levels are iften high, and K levels are alnosttuniversally low. 
The P, Ca. aid Mg figures appear, ott the av'erage, to he 
slightly higher than those oftie itier agroecozones, hut they
clearly reflect the higher proportion of inherently more fertile 
soils, especially the Inceptisols, Alfisols, and Entisols. These 
three soils alone account for abottt 25(h of the well-drained
soils of the region; their presence indicates that the develop
ment of pasture germplasm specifically adapted to acid,soils for this ecozone is not so high apriority as in theIn thle isuithermic savannas, iii contrast to the isohyper-oteecstm.

thermic savannas, both soil deficiency and toxicity problems 
are (if primary concern. Pasture plants should be selected to 
give satisfactory yields in soils with high levels of the 
percentage of Al saturation and low levels of P, K, and Ca. Discussion 
Phosphorus fixation also appears to be a potential andwidespread problem, so emphasis should be put on choosing These summarie., of the major soil constraints in the agroecogermplasm adapted to very low Pavailability. zones of ChAT's Tropical Pastures Program take what is 
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knownt into,acecount. I nlfortiinatelv. tle recorlded soil surve'Y pastlre plant gerniplaisn; w oiulie toleraiice it) low available
and lertilitv wvork rair,.ls intcludes S,Nit., or minor +elitent K, ('ti, and Ng. (Clearl\, dlCeic' lNpr'otblems Of ('aand %Jgassays, because ol'past anal\ ticaland iiter-retalie plobletllis. callbe oVelrt-it liit .modlestappliicationis 01 dolollitic lilie-It is thus possible that gelrniplasiii tleit toIm \ C els siit : ho\ever, lI ek'i ohl'stlchsi Iiilti I0 diStanel
tIo ic il I.'elsit;i) b Itiled't oi .le r r lll'retio't 
The piettil'';la ids 'mterg0d 'roilthis latid-.ssten 

evaluation otfIe natjr soil il e l
priorities For desired genetic traitS in t Pasties I 

,
acid soils tropical icil i' ite coiisidr tlA\i l li ,is l-
difereint l'roii Mhit ss,,s previousl' int'erred f'ri ieticrali/ed 
satill-scale It ips. 

A filst that P f'ixltion 

probletti user nmuiclh rea.l ii inainil\ Ctnfined to 


mijr hildin is is inot a piotitial 
t'lie i 
 Ilie 

istlheriniic igro ct/ti c.Ilis calls li ditferelt elilihisi,'oil 
\\irk d signted h+tickle P probletiis. ~lltospiliite roclk seems ant 
iitrlcti\'C. Io\%cost so luio iu rctrrecihng P deficiencics for 
paistre produicilito er iiiiich itf i'e retion. We stillieed Io 
learn ibtuti tle hehia\io if"rock pthospliie in the Context of' 
omuvrall crop .rol\Ii, hos'e\er. lhere is also atneed 'ormiore 
study oin the abiliil of Pand Oilher minerals to Move dLiii tlie 
soil profile and stilate dteeper rooting d)nd, Consclilyll.,, 
tap more eXtensi\e \\ater and mineial supplies. There is 
e\idt'ic., f'or instance, that single sutprphliisplhate dties this 
iask tore ef ectively than triple superpiosphate I(F. Wagner, 
CPA',pers. cnim). Nevertheless. at this point, itis certain 
that pasture plants should be selected for tolran e to !;oils 
with lowk Plevels. This is particularly important iii the case if' 
plants for the isitltermic savannas. 
Th¢ seend major fitling is that potential AI tOXiCitV is not 

is widespread is presioiusl"v thogiht hli wever, iti's t 
imiportatit consideration in the isothermic savatnna agr ieco-
zone. Fortiutiatel', inlthis ctione, the percentage of Al 
saturatioinitl man' sils diminishes with depth, and, thus, tihe 
strategic use of niliinal littie applications will provide a low-
cost solution to many toxicity probleiills. Pasture plants 
tolerant to high Al sa turation insoils are still highly desirable 
for tile isothermic savait i igrocozo n, although this tolcr-
anc¢ neetd not be as great as previously thought. Pasture 
ge riplasn ned nol all be screened for tolerance to very high 
soil-solution Al levels, as has been the practice in the past

The third major finding is that soil Ca and K levels are low 
on avery high proportion of tle soils. Low Mg levels are also 
common. This would suiggest that a desirable -trait" in 

'(t11 
suitable adl Co iiitn 'ciill\ esloit,.ed (dleposits.) 

.. htulth I'indhiis thit the suhlantial eutilits ret,\'ses ill 
tioreal rl iass hlern thlt car, ttist be tiken il iiterpreiting

l iicalli n c o"oil c(hiie constraints I'r the 

.Si-CVe sCISOII;ll i titc0. Itiiull forest 'rotIO e\idCi t that 
h\ blurningil the lest culmar of"ltln\these soils will undlergo 
tnlijir Cliintes in their ilutirinil iroperties. Further, tIe 
resttdereljili, ii be lltijiailled Iatu uitderIlo" eias 
adequate paillle iliaLwiteit. 'ehis \tild iitlvm'e t ti 
ntimil input if cl iciical Ierijliers. \S ti cOniseliellnce, ile 

s iciChltr gCrilliiti tllledlltoc' reiiiel\po lsuil-fertilit
 
conditioins teed tiutlnecesst 
 il\ le ai priorittI'r Ile swilli
t'Velr lreul se isoniial furesi euits. lii the tiopical 
rain forest
 
ecosystemi, also. tile
high propoltolln ol'inlhereilvl,fertile soils 
suggests tha ilhesearch Ior pailile gerillpla til adapted to low
 
soil fertilit\ need 10oi be itop prioritv.
 
,,Afifth Iindin coiice'rin" soil chienicl resir lis over ile
 

entire area. Although ueru;plaism testinig sites call now be 
more caeiully located to take iulilluige tllie known soil 
cotistraints. tihese trials should he monlitored lor thecotiplete 
galltil
of' potential itiltrient priblemis. A careful monitoring 
of onutricintprblems using foliar analytical techniques ecoiild 
leadit a \wealth of kinowledge about potential soil problems 
over the area. If i' iniie trace element problem is identified 
in an area, its solution could lead Ii signiliCant soCioeeonomn) 
bettefits. 

Finally, it was found that varying mitoisture-holdihig capaci
ties iIll the soils emphasizes the need tomniy of savanna 
miittain perspective in testing pasthre plant accessions 
adapted iii the acid siiil hinterlands. Climate, especially in the 
senuse oif the aniual iieergy availthIle for plait growth as 
accorded by the soilmoisture regitles, is u)fgreat importantice 
in dleternhing the adaptability of'gernipasill to ay agrocoit, 

/one,always proidii g that soil physical conditions are taken 
inti accouiti and that the gerniplasn is adapted io acid
infertile soils, It is therefore necessary that germplasrn be 
tited in representative soil sites within the major agroeco
zones, aid over a period of several years, to accurately assess 
the influences of climate and soil moisture conditions. 

http:esloit,.ed
http:rair,.ls


Chapter 2. 
DESCRIPTION OF THE 

LAND SYSTEMS MAP 
AND LANDSCAPE FACETS 

Land systems were the smallest geographically defined units . - . 
of this survey. An ihdi'idtal land systeii represents air area or 
group ofareas tIhrouogh ou t which there is a recurring pattern' . . 
of climate, landscape and soils. It is a unit of land, identifiable 
both onl the grounid arid fromt satellite irrragery, xithbin which 
tile samie t\ pe of' farmiing is likely to suceed. lrl, tile 
delineation of these IlMd units is fundamental to developing 

~ 

. 

~ 

1, 

K q.-

r ' 

~ c 
practical agricultural technologics. Further. such delineation . 
provides a imeclianism, for con,puterizing arId comparing land 
in a geographical context arnd a mean,; oft sunimarihirig larid 
inlormlation sithina coinion base. 

This chapter describes thle steps taken to produce the La nd..............? 

-

; 
). 

I 
Systems Map in Volume 2 and explains the codes used on it. 

Satellite and Side-Looking .. 
Radar Imagery C'\.-


Satellite and siuic-loriking radar iriagery at a scale of I to I 
million and, insome 
cases, lar_,er scale aerial photography, 
were used to help define land-system boundaries. Fig. 2.1 Land-system mapping on a satellite image of the 

Satellite imaccr dates to the launching ofthe LANDSAT. envirins of Conceiqo do Araguaia, southeast 
Isatellite in 1972 under thIeERTS (Farth Resources Technol- boundary of Amazonia Central Brazil. 
ogy Surey) programi of NASA (National Aeronautics aid 
Space Admiistration), a civil entity of the United States " 388 353(Governntr (IU.S. Geological Survey. 1)77). This was s3re- . 

ceedCd by the la:rnching of IANI)SAT-2 in 1975; additional 

satellites with more sophisticated sensing equipment are now - 358 
inorbit, antd even more are planned. Each iniage covers 185 sq
kill of territorv. The resolution is better than l00 i. ,ir 
Techniques for interpreting satellite iriagery, arid reirot
scnsing techniques generally, are well documented I Draeger 
and McCIClland. 1977; Lintz ;,nd Sirionit, 1977). and (> 
advances in this field continue steadily liarnev etal.. 1977; • "389 
Joliannsen. 1977). . v 389 

With tlie excepnior1 of wyetter areas. nmost ofiliedelie]ineat ion 358 
of"land systems was carried out by satellite irager\' using "
 
black and while photographic prints. Spectral band 5. the 3 
lower red frequency. was 1r1-st commnly used: this gave '"# ,A
useful im;igeolsveget.tioi ;riLdtopography. For some regio, •. 
spectral band 7,tie lear infrared cnd of the spectrum,. w 390,
selected as it gave better haze penetration and land-water 390 

discrimination. Colir-conipsime imager%, which is falsecolor ' " .. 1357 
obtained by the integration of'the four spectral bands, would I.3 
have been preferred, hut was ruled out because orcost. Figure Fig. 2-2 Land-system mapping on radar imagery along the 
2-1illustrats land-systeinmapping o satelliteinage ofthe Amazon river about 350 kin ofwest Manaus. 

2z~~~4- Pcgal~d 
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sampleswifh analyses for fertility evaluation Also map of the world.FAO.UNESCO. 119711 

Fig. 2-3 Principal soil studes used as sources of information in the land-resource study. 

environs of Conccicgo do Araguaia, on the southeastern nearly as effective as satellite imagery in helping to identifyfringe of Amazonia. vegetative cover and soil drainrge characteristics. Figure 2-2Satellite imagery has one major drawback. Due to the shows land system mapping on radar imagery along therelatively short period of time the LANDSAT satellites had Amazon river 350 km west of Manaus.been transmitting when the study started, and because orbits For some areas, including the wet eastern piedmont ofwere designed to pass over the same area at relatively Bolivia, aerial photography was used for interpreting theinfrequent intervals (originally 20 times a year, but now more landscape picture.
frequently with LANDSAT-2 in operation), it was not
surprising to find that, for the wetter areas, it was difficult to Land-System Delineation 
get cloud-free imagery.

The largest area affected by the cloud problem was After climatic analyses and literature research were comple-Amazonia. Fortunately, side-looking radar imagery, which is ted, land-system boundaries were drawn provisionally on thenot affected by the presence ofclouds,was available for most satellic and side-looking radar imagery.The principal soilof Brazil's Ainazonia (available from Projeto Radambrasil, survey references used are summarized in Figure 2-3. A guideMinist6rio das Minas e Energia), and this was used as a to the reliability of the major soil-mapping coverage is givengeographical base for the delineation of lard systems through- on the appended l.and Systems Map.out that region. Side-looking radar imagery produces an Although the work was mainly an exercise in condensingexcellent topographical picture of the landscape, but it is not existing information to a common identifiable base, wherever 
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Table 2-1. Nin. physiographic reqions delineated on the land 

Systems Map. 

PhysiogIraphic PIhysiogqraphic 
__eIncode Ruqior. reojion code Re~ ion 

A Amazon Basin M klojos Pampas 

13 Brazilian Shield 0 Orinoco Basin 

E Elhow of the Andes P Pantanal 

F Andean Foothills R Parana Basin 

G Guayan.i Shield 

Table 2-2. Seven climatic subregions delineated on the Land Systems Map. 

Climate 
Climatic 
subregion WSPE- Wet months

5 
WSMTc 

code (mm) (no.) 1C) 

a > 1300 > 9 >23.5 
b 1061-1300 
 8-9 >23.5 
c 900-1060 6-8 >23.5
 
d 900-1060 
 6-8 ,-,23.5 
e <900 <6 >23.5
 
f Subtropical 
o Others 

a. WSPE: total wet-season potential evapotranspiration, the sum of the 
potential evapotranspiration of the wet months. 

b. 	 Wet months are months with a moisture availability index (MAI) 
>0.33. 

c. WSMT: wet-season mean monthly temperatures. 

possibleandwhenlittleornoinformationwasavailableinthe produced by assigning a rating of any of the coded and 
literature, a limited anount of field work was done to check recorded land-system features to die land-system codes. IIn 
the photo-interpretation and to standardize descriptive crite- the case of hind sslems wilt nioe ti a one Ianc facet, unless 
ria. A small Piper PA-18, STOL (short-take-off-landing) otherwise stated. this feat ore represents a characteristic of
airplane was flown by the first author to cover hinterland the tiiajor laind facet of the land system. The compluterization
areas; every effort was made to examine the principal of the land systents maps is discussed in grealer detail in 
landscape facets within a given land system. During the Chapter 3. 
course of tlte field work, ind system boundaries were fixed. The Printed Land Systems Map 
Map Making The printed Land Systems Map of the Central Lowlands of 

Tropical South America (Volume 2) is a composition based 
The land systems were compiled by drafting boundaries on, and reduced from, the original I to 1,000,000 sheets. It 
directly from the imagery. They were completed on a was produced to provide a geographical overview of tle
segment-by-segment basis, according to the index used by the region, always within the precisional imitation of map

1:1,000,000 International Chart of the World at the Millionth 
 reproduction at a scale of approximately 1:5,000,000. This 
Scale (see Figure I, after Kerstenetzky, 1972). map provides a guide to the location of individual land 

systems; it identifies the predominant land systems in anyComputerizationand region of special interest; and it draws a picture of the major
Thematic Maps advantages and constraints for land use, particularly germ-
The system originally adopted for the computer storage and plasm suitability or adaptability, for that region. The land 
reproduction of the maps was to subdivide the I to 1,000,000 systems have been assigned numbers for easc of reference. 
maps into 4-minute longitude by 5-minute latitude segments Apart from depictit :atnd systems, the printed map synthesi
(approximately 3300 ha a1 the equator), and then to assign a zes information on climate, topography, vegetation, and
land-systetn code oin the basis of that land system occupying soils u 
the greatest proportionate area in any one segment. Once 
these codes were recorded, it was a straightforward exercise to Physiography. The capital-letter code preceding the 
reproduce maps at desired scales and projections and produce land system number identifies the land system as belonging to
thematic orsingle-factor maps. Thematic maps were computer- one of nine, readily appreciated, broad physiographic regions 
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Tile 2-3. Four taaoli jaahiatailclissa's ata!hrlt d on the [.ad Systava-,Vo, ,
 

Toaoaraplhy
 
claissa lta, itara 
 P's, raiataaaa sta'Ialaaa; Maae 

Flat, poorly Flat, poorlyaidraa ed ar small dlts
 
draaeal sevsonally lood [E ]:=
 

8' Almost flat aa, w'aralala,.haahat 
elI -ari,.aa d atlopea~a,j%%11 j

less thaI 1 
: 

8 30'P Uaadulatiuq to l;roliina large dots
 
slopea~ 8-30, 

3l0'i lilly to steept:.,lutes trian lie,a 

(Table 2-1). These regions are described in more detail in I. W\dl-drainted. iohyperlhermic savanrnas

Chapter4: they are only approxinate separations to pro'ide a 2. Well-drained. istothermic salinnas
 
very generalized picture of the major physiographic regi0as 1. Poorly drained savannas
 
Within tile
StUdy' area. 4. Tropical rain forests 

Climate. Ont the land Sy\stenis Map.a small-letter 5. 'o apical seti-ctergreen sea sonal forests
 
Code distinguishCS climatic s11hregions (Table 2-21. The a. *1ripicat t nt-tuccdiau%seasaal forests
 
climatic subregions and tile termtinology utsed arc defined in p
7. ('tt;lin. 

Chapter 3. The subdivision according to WPI (\%et-sa;son 8. ( al.er, lores, ,ociation,%"ithpahut
i,aid oilier "ege
potential capotrarispiration) provides a novel climatic sp.l- '. i . iilhaiaai *\htriapicalltt. atestsc,. 
ratiott: it is ant approxiat,accutitting offtile aitiolilt of 
energy mature vegetation gros ing ott well-drained soils can 
use annuall , assuting that little or no growth takes place Soils-the soil classification legend. .,II.i,ndduring the dr\ season. The number of wet months adds t,the t th Land'I IlowiuMap',,t'for classifying the soils Of the landdefinition of tileclimatic subregions, aid tile temp i.,.tirc lacets ofeach kitd s\sStet. is also etclosed in Volunte2ofthis 
criterion separates liwland front highetr Iaind and/or higher book.The coding key used is illustrated inFigure 2-4. This is
latitude re ions. explained ill iorte dhetail in\'olutte 2. 

Topography. Four Iroad topographical classes Soils were classified to tIe Great Grop category of Soil 
identify the topography ofthe principal land facets ofthe land ,Iuaxonorny (Soil Survey Staff. 1975). according to tile FAO
systcms by the."usc of shading codes liable 23). UN ISCO Soil Map of the World I.egend (1974). and by their 

textures ;otd ferlility constraints as rated in tie FerlilityVegetation. The natural pIyssiognonitc vegetation Capability Classilication (:'C) system of I3iol ct;l. (1975).classes oceurring on the principal land systems' "blaceis" arc Great Group soil classes, according to Soil Taxonomy Soilidentified through color codes. These include the following Survey Staff. 1975) are identified by a series of live-letter
classifications. which are defined in Chapter 4: codes lor tIte principal aind f'acets of tie land systeras. The 

LAND SYSTEM
 
IDENTIFICATION 
 % of each Al.Ititude Fertility Capability 

NUMBER 
 land facet (amsl) Classification 

Physiographic region --> Aa 217 1. (70%) C 300 m LL-hakei 

QORHA-Fo 

Climatic Land facet Landform Great Group FAO 
subregion number class of Legend 

Soil Taxonomy
Fig. 2-4 Soil classification legend for the Land Systems Map, inclUding descriptions of the land facets of 

the land systems. 
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Table 2-4. Coding used to identify soil Orders, Suborders, and Great 

Groups according to Soil Taxonomy (Soil Survey Staff, 1975), 
on the Land Systems Map. 

Order Suborder Great Grou. 
game Code--- i - -- Cod ... N ,-rne. . C-d-

Alfisols A Aqualfs AQ Natraqualfs NA 
Tropaqualfs TR 

Udalfs UD Hlapludallfs HA 
Rhodudalfs RH 
Tropudalfs TR 

Ustalfs US Palcustalfs PA 
Haplustalfs 
Natrustalfs 

HA 
NA 

Rhodustalfs RH 
Tropustalfs TR 

Xeralfs XE laploxeralfs H4A 

Aridisols D Urthids OR Cambrothids CM 

Entisols E Aquents AQ Fluvaquents FL 
Htaplaquents HA 
Hydraquents HY 
Psammaquents PS 
Tropaquents TR 

Fluvents FL Tropofluvents 
Ustifluvents US 
Xerofluver'ts XE 

Orthents OR Troporthents TR 
Ustorthents US 

Psamments PS Quartzipsamments QU 
Tropopsamments TR 
Ustipsamments US 

Inceptisols I Andepts AN Dystrandepts DY 

Aquepts AQ 
lilydrandepts 
Haplaquepts 

HY 
IHA 

Humaquepts HU 
Plinthaquepts 
Sulfaquepts 

PL 
SU 

Tropepts TR 
Tropaquepts
Dystropepts 

TR 
DY 

Eutropepts EU 
Ustropepts US 

MolIIsois M Aquolls AQ Haplaquolls HA 
Udolls UD Argludolls AR 

US Haplustolls HA 

Oxlsols 0 Aquox AQ Plinthaquox PL 
Orthox OR Acrorthox AC 

Eutrorthox EU 
Haplorthox HA 
Umbriorthox UM 

Ustox US Acrustox AC 
Eutrustox EU 
tiaplustox HA 

Spodosols S Aquods AU Tropaquods TR 

Ultisols U Aquults ,Q Albaquults AL 
Paleaquults PA 
Pllnthaquults PL 
Tropaquults TR 
Hapludults HA 

Udults UD Paleudults PA 
Plinthudults PL 

Rhodudults RH 

Ustults US 
Tropudults 
Haplustults 

TR 
HA 

Paleustults PA 

Rhodustults RH 

Vertisols V Uderts UD Chromuderts CH 
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Table 2-5. 	 Coding rsed to idertify soils Cicrrdrirj Iq theI AO-Il,

Soil Levtend (1971) on the Land SystemS Map. 

Soil Legend
Rame --

Clromic Verliols 

Lithosols 

Thionic Fluvisols 
Calcaric Fluvisols 
Dystric Fluvisols 
EuLIric Fluvisols 

Gleyc Solonchaks 

Plinthic Gleysols 
MollicGieysols 
Ilul1c GlCy iF,
l)ystric Gleysols 
Eutric Gleysols 

llumic Andosols 

Albic Arenosols 
Ferralic Arenosols 

Dystric Regosil'; 

Eut ricRegosols 

Gleyic Podzols 

Plnthic Ferralsols 
Ifunmic Ferralsols 
Acric Ferralsols 
Rhodic Ferralsols 
Xanthic Ferralsols 
Orthic Ferralsols 

Cod-

Vc 

I 

Jt 
Jc 

Jd 


Je 

Zg
 

G,1)
 
Gm 


u, 

Cd 
Ge 


Th 


Qi 

Of 


Rd 

Re
 

Pg 

Fp 

Fh 
Fa 
Fr 
Fx
 
Fo
 

Soil I lerd 
I-rilne Colde 

Dystric l'lanosol s W) 

Gleyic Solonetz 
Orthic Soloret z 

Sq 
So 

Luvic 
Hlaplic 

Phaezems 
h'liaeozems 

III 
li1h 

tuvic Xeriosols Xl 

Hlaplic Yermo:ols Yr 

I 

Drvstric Nih,-nl 

Plinthic Acrisols 
Cleyic Acrisols 
Orthic Acrisols 
Ferric Acri'.ols 

NO 

Ap 
Ag 
An 
Af 

Gleyic Luvisols 
Ferric Luvisol 

Chromic Luvisols
Orthic I ivisols 

Lq 
Lf 

Lc 
L.o 

Calcic Cailisrols 
Ferralic Cambisols 
Dystric Canirhsols 
Eutric Camhisols 

Bk 
Bf 

Bd 
Be 

Table 2-6. Summary of the Fertility Capability Classificationr (Buol et al.,
1975) codes used on the Land Systems Map. 

Soil texturel Soil fertility conrslraints"
 
codje e-scriptio Codj-- - r Tn~to
 
S sandy g glhye,L loamy (I dryC clayey e low [-C.CO organic a Al toxicity

R rocky 
 h acidity 

i P fixation 
x 
 X-ray amorphous 
v verlic, Vertisol 
k K deficient 
b basic reaction 
5 salinity 
rn natric 
c cat clay 

a. Classified by the first two capital letter,, which refer to the topsoil
and surs(ril respectively.

1). Or "conditiorirodifiers" given as small letters following tire capital
letters. 
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Itrst letter ol the code identilies the Order: addingtie scd Synthesis 
two letters gives the Sithorder: anod adding the last t v, letters 
gives the Great (roup. For exam1ple, 0ISAC rel',.rs to th e H lhtd S.stems Nlp t s lprenpaed to provideit geographic
Order, O\ ,0I 11SA 0: the Suborder, IIstox l(t'SA.): and rele¢rence base of the land s'stems andit pictorial reprcscnta
finally the Great (roup. Acrustox (01IJSA(). Table 2-4 tion of thir main features in terMs of' climate, landsc:ape
stl11mma ri/es the coding used tt) identifsy' tilSoil Orders,. (including natural v'egetatioii), and soils. It is h(oped that tile 
Suhordcrs. and (reat (iroups found ii the regin, coiiplexitv of' agricultural land resources is thusiinnate 

The coding used to identity soils from the Soil I.,igetrld ws;I%emphized, because these lactors do vary I'ronl area to area. 
the same is that used bY FAO-ltnesco. [able 2-5 lists the soils lFrtunately, in our technologically adv;Incing age, tihle de
identified in the regio: and their codes, tailed description and comparison of the many prop,:rties ofTable 2-6 ,.niari/cs tile codes used to identify soils the land s.\stets and their fiacets can biehandled by coding
according to the Fertility Cap;ability Classilicatiott (FF(). and coiputeriiatron. Ill this study, the printed map can11best 
Some of the dlilnitiots used fi this vork to define fcrtilit. e redid and appreciatted in the light o' the compiterized data 
constraints or, to use FCC' terminology, '"condition unodi- base, summarized in tile fori of'computer printouts in Part I 
ers," dif r from those used by InUol et al. (1975) .hese ofiolVolume 3, ('ompier Sunmmar and oil Prolehscrip
include tile deflinitions ofAl toxicity, acidity, and K dcficienc,' tiov.s oft/h' Lam Ss.tfems, the CtulpUtrizd 1.1h'indresource 
however, the variatiot in defiiitions is relatively milnor. The siinmaries olthe land systems, and Part 2, i selection r1[tie
FCC' coding and definition are detailed in Chapters 5 atd 6. meteorological data sets, also in Volume 3. 

Apart froi Iland-resotmu rce itlform1tion, the L.and Systelims 
Map contains geographical irfornm:tion to identil'y the ap
proximiate location of mItljor rivers, cities, and towns. 

http:rel',.rs


Chapter 3. 
CLIMATE
 

1)1' 

1.G. .honest and 1. T.C'och,'at, 

lie region denoilc in thI tiI Sn, xln s froma Polar Air Massesls tMap 
little I ,Ili1 Ilopic of (aplicorl to thle ippmrilate Invasions ,,th,. are commn during theof lht: cold polarair mass 

tie ii N. \Iposition oIl lge ir- at 10 It tus Nii"elhil W~ler, illIC;II pIo dICLC Illi'kCd and rapid drops in
 
eiin;, is' x>ih., r,,,,)aiin rgitie, th qiiitil~ In Iicd|ssi tifrli riWssells niirlihward. h
,nch itit~liisr the lCaiJr 

1 \% IICA.-hit It: I I Iealntls.Iit11 ,.hH1 ced he\ .llthe Atldeatl liliands tile

iriiiisll') ItIliii ii~i i ll ('Zilie 10 te il , .'clinal lriha,,ian th,.f. reaching tie tippetr A iilrClUientk]. 

h011nd h'uth 110 Ih ll ,, ,i h ti .''1 CL hl111111 UM 'id rcpioll,. O l ld o ,"l, ll],'p li g )'_l [,. )ll ¢o Ilhhle,..'IIJ n o fl 

t oN ci rlh/le o Ii - te Slilo 11u 

iindi, 1 h)lCcI I
Id ITIII 

(allhheii . I licool chiainge, knoviii Iii"iil is fiia,'cm and
 
" ii,,.. i hlih is L C hl \ iC ii ~ rilu I h l l .", ill lldi'.ik ;I,N1111..0. la.iliis firfor3to 5daysor,hi xcI
i ptioil 

Ihi,,.hii,clhtriullk lCsCiiIC,, till iliMu fticIrs Iietl,i illhi 
, ,cs. 15 1 1lie notherv extclll i typical Codup to . of 

O el'i l: urlli, a il,, sisN , slt i, iiiIIILIIII jII IhICsC ueiie;i l I l ro I n Figureii i 3-1(Rilishona, 1976). 

li Ill, Of ..ileL of ie better ki11(m ni clililittic classiliyitiiiiis 

dletlled dleseiplhill of tieanlld (he'll pIiuxkt s to i 1 1"ue

es.I iiatkio, g, iiig-poteitii isl ,, i1I,, iii I[Ith li Rainfall Patterns,,_I 
Rainfall pitternus FIilloi, i oivi'eIlient oiithe eq,.uatorial 

trotugh aiild of'tli coltilllitilheat lo e. Tlcytlie d \clopi cfit 

"'Major Climatic ,irefuther n,0liuied bv iltcrictiin With tile maritime air 
llasses.iis, the \cstern equatorial zone has no distinct dry

Determinants ssl., bu i hinmodality miy he discerned inthe raitifall 
Zone, theiquatorial
I lie maifjor clinmatic delerniitants il' boithi thle Culiltoriill M fiiilbiire,. As onc proceeds castward in the e 

The maji~illcl irtid,..Alu'rl illI" V Mhi.l e bec iid tlhe bimiodality less so. r6111" leS011111lh tia dr,.,Casoli lies Iniire marked
i renains in tlie soithlieatern thelie hitnodalits ::ectionl of 

equatorial trough since the .\ndes elfecti\cls isolate tle 
e uatloril 1 iii a (Ite Iii;'oa sh I 11\ spe I thait tlily1C 10 

reoin frout trliti"" cflfcts, of tihe Pacific antjexlolc. As do in the.. wet• t~uicciti middle ii1lie siunmenr. 
Slimst.( 1976uf and Riel 1979). \\c prefer the termn "equatiirial cililtl lideol iec tIrrir 
Iiou.h pi, (Iterm"e al of' the eIliaturial /oic. typi( al tropical(It)(',InettRoicl(q i). c rclrl, . ~ric On either side 
irh" the luresstro ghma he ~edly distinguse pattellrs of'summer rainfialls ad (Irv wiier periods arev,..rg .

\,hih:tlhe' 
 rouighl 'be readily (list 10Mn.iced Raii t.'I M of' IhIstudv area 
the uctiik cone., iir iones, ofco er e ce are ephem 

ht-prc 1 inguish d, in the si0lti i ,,,i0ii 
l atnd (Mati Grosso and ( ioias) appears nt e fi Ill winds from the

the poitioi ria lie over time. Tutls, the tipper Amamin hehaves more likeoi,.'hed 1)auxitpragirig tipper Aaiiazon. In this. 
trouhe a loneithati a continental one. Indeed, as is pointedmaritimt 


out hy Ratishon (1976). the potential evaporation of the 

The EquatorialTrough equatoirial forest, greater than 1310 iini/\car throighiut the 
region, isactually higher thIan tha f'rimnan ocean sutrface. due 

The position of the equatorial trough follows the seasonal to its lower albcdo (percentage reflection of radiationl). The 
march titthe sun. himllgs behind by about 2 intths. The drlatIds tf'northeast Bracil (including the Caalingas) are the 
range of movemlent from tnortli to soulth is very litilited. wheni result of imstfficienit peletration of either the Ilmaritimne or the 
compared with other ,conti. ;itutions. The equatorial moist tipper Anamin (elitatorial contiental) air masses to 
trough is centered at 5 to , ' during its most nirtherly thisintermediate region. 
advaince ill Atigtst/Scptetnber aind at 0 t 5'S illFebrtry/ 

3-1l. During the southier ClarmttfFigureClassifications 
till heat low develops over northern Argentina. Paragut and C Cis 
IBolini,. Fr~r etil. 1)75) point ouit that some athors Kbppen Classification 
attribute this low to ;lii extlsion of the equatorial trough. 
whereas others maintaini tha t it is a separate phi o nctioli. In ll ntv sCiniles IhaVe beei devised t( Iassi'y the climates of 

either case. tile result i: the saie: an extended area of'high the world, bit perhaps the most widely known is that of 

$ :,.., ,,instabhilit and heavy rain ;i, ,hv F,,rtion of the study - - 

area during the southern stimmer. WtcrutuIgi. (IAI. 

A4-7 46% "1, 
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Fig. 3-2 K6ppen climatic classification of the study area. 
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Kiippen (see Stringer, 1972). Figure 3-2 classifies tilearea in 
tileLand Systems Map according to this s sten. This 
classification is based on rainfall and temperature regimes
and separates the region into two areas: north and sot. T[he
separation lies at aboutl 15S-the inc between the northern 
isothermuic climate types (less than 5"('di'ference between the 
warnest and coolest Months) and tilesouthern climate t\ps
with cooler wiliters more than 5"dif'fIerence). The upper
Amazol is differentiated as Af. that is,alshaving no dr 

season. Itis flanked by smaller zones tiiAi where the dry 
season is short enough so that no serious loisture deficit is
encotIntereI. The rest of' thearea has one mlarked dry season, 
or iii restricted /ones of 'Veneuela. two dry seasons idenioted 
W'). Only very small high-altitutfe areas in Vene/tuela and 
Brail are differentiated by their lower temperat tires frorn tile 
general tropical classification. It is obvious froil the figure
that this
s'stem does lot sul'ficiertl delineate tiearea o,,,he
Land SsteilIs Map. 

Holdridge Life Zones 
Tile Holdridge (1967) life zone classification (Figure 3-3) is ;
silplistic schene, taking into account only the total annal 
precipitation and tile mean annual hiotenlperatire, which, atall points within tile Land Systens Map area, is equal t) the 
annual nmean temperature. It is clear roi Figure 3-3 that the
life-zone classification fails to di fferentiate climates by season 
al variation, and, due to difficulties oifnonenclature, failslo 

account Ior tile tropical rain forest in the upper Arnazon. 

Thornthwaite Classificatinlimatie 
A system mnuch more closely related to tileagricultural
potential of a region is that of Thornithwaite (1948) (Figure
3-4). Climate is defined in terms oita moisture index (/ 1 ) and 
thermial ef'ficiency 77E), wlich is equal to tie potential
evapotranspiration (e). Seasonal vari:tions in water supply 
classif inrg tct (rs. 'n Fhr, 

a' 
'adeparture 

I I/ t tt(IOW - 60d) 

tthere v is tile potential etaput ra nspirat ion, s is tie water 
surplus, and d is tile deficit after allowing for rainfall and 
stored soil water. And, 

= 1.6 I it/tMeteorolog 
tvhere tis tilonlhly temperature C°C), I is the heat index,a isa
cubic ftinction of the heat index, and e is the evapotranspira-
tion in cii per month. The sum 

12 


(t/5)1.514 
j= 


defines the heat index (/), where tis the mean temperature of
month. 

Brazilian shielMl falling into tie mesotihernmal <K 1150 flm)
class. The moisture index was calculated assuming ; 15i0 mmr 
soil water-hodin capacity. The perhiinlid region, with a
moisturc ide\ above 100. quite closeh' follow!, the actial 
extent ol'the tropical rain forest in theiupper Ara/on. l)ue to
lower evapoiraispiratio rates inthe rather cooler region to
the south of the A'niiz/oll LIdeaslt oflManaus, howeX'eir, there 
appears to be a second perhuinid region, which does not 
correlate with rain forest. Because no attempt %'asinade t
tollow topography iii tile sketch nlap, tile extent and shape of 
this area are not niCcessaril. realistic depictions. The sulhunid 
, .'as in\'enezuel. tile Perut iallfoothills. the area around 
',aViVista innorthern Brazil, alnd the Brazilian shield are well 

delineated using tihis method,hostever. 

Land-Systems Approach
to Climate 

Fron tile above examples, it cz;,ihe seen that it ispossible to( 
cl,ssify the climates ofi'the area in several ways, all similar in 
' spects and yet different in c' hers. Fach of these 
sstems fails,
insome way or other, to acount for observed
 
patterns of' vegetation and/or agricullural potential of the 
area. For the Land Systenis Map, then, itwas decided t
 
concentrate on recording characteristics of' the environment 
that would best reflect the range of variation in growing
season potential within the region. This is intended as a 
description of tie region: itis not intended as inalternative 

classification or general use.Throighout the tropics, the major determinant of growing 
season is soilmoisture. Norlally, long-term mean rainfall is 
used todetermine nloisttre avtailability. but this does not take 
seasonall variation in rainfall into account. The expected 
sea sonial variation vithir, ile area on tie L.and Systems Map 
ranges fron a 10-1 5r'; i erage departure Irom normal in tile
An azon hasin and northIern regions of tie arva to a 25-30%
 

iitie drier eastern Brazilian regions (Bic], quoted
by Riel, 1979). Clearly an estimate of water supply must take
this
range into accotnt. Therefore, an estimate of'dependable 
precipitation and tile best available estinate of potential
evapotranspiration were chosen as the starting point for 
climatic determination for the Land Systenis Map. 

i Data Collection 
and Compilation 
Long-term (more than 20-years) data records from over 1100 
meteorological stations (Figure 3-5) were initially gathered,
and meteorological data sets were compiled as an integral
part of the land-resource data base.bTable 3-1, prepared from the computer printout of the
climatic data for Luziania (Hancock t al, 1979), located inThe Thornthwaite method suffers from the fact that 

evapotranspiration isestimated from temperature data and is 
not necessarily universally reliable, but it does allow an
estimate in many situations where more accurate formulascannot be applied. Using this system, the majority of the . T'iis kork was carriedat. (1979) of Utlah outas asubcontract iState thesurvey byuniversity; it tancock, ethas
region in the Land Systems Map is classified as megathermal since been assimilatedintoCIAT'sSouth American Meieorological Daa (SAMMDATA)computer(thermal index > 1150 mm), with only the highlands if the files. 

I 
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boundaries). (Source: Hancock et al., 1979) 
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Table 3-1. A meteorole i(al Idata set of Luziania, CentraIl r'azil ( 16' 15'S 

latitude, 47"56'% lonqi tude 958 i,nsI). 

Parameter- Jalr Feb Mar A )r Mayb jnb juib 

MEAN TEMP FC) 21.9 22.0 21.7 21.I 19.14 18.3 18.1 
MEAN 	 RAD
 

(Lari(ley./day ) 574;. 523. 481. 1195. 452. 4910. 
 961.PRECIP (rmm) 228. 201. 229. 96. 16. 7.
POT LT (rI) 16'. 135. 136. 134. 

4. 
120. 110. 118.PI)F PREC'I (rm) 65. -66. -93. 38. 104. 103. i,".DEP PRECd (rim) 11. 123. 142. 53. 0. 0. 0.MAI* 0.86 0.91 1 .04 0.40 0.00 0.00 0.00 

Augo Set)' Oct- Nov Dcc Annual 

MEAN TEMP FC) 20.0 22.1 22.3 21.9 21.6 20.9
MEAN .AD 512. 526. 529. 527. 175. 500.
IP9ECIP rmm) 5. 27. 130. 215. 317. 11475.POT ET fmm) 139. 146. 152. 155. 1311. 1632.
DEP PRLC'(into) 133. 11). 22. -70. -183. 157.
DF PREC"(mm) 0. 7. 76. 132. 200.
MAI" 0.00 0.05 0.50 0.91 
 1.49
 

a. In order, refer to fi1ealn tlemperature, meat radiation;, Precipitation,
potential evpotr4sipiration, precipitation deficit, dependable 
precipitation , moisture availability index.

b. May to Septemi-r dry season. 
c. DEF PREC - PRECIP - POT LT.
d. DEP PREC - 75V prohability level of precipitation oCCurrence. 
e. MAI - DEP PREC . POT ET. 

the savannas of central Brazil, illustrates the meteorological
summaries used for dras ing the Land Systems Map. The data 
recorded and calculated are: 

MIEAN TM"IP -Nean teniperature. in degrees Celsius. 
I'CT SUN -Percentage of possible sunshine. 
MAN RAD. -Mean solar radiation, in langleys per 

daO. 
PRIPCIP. - Mean precipitation, in millimeters. 
POT I:T -Potential evapotranspiration, in 

millimeters. 
I)tF PREC - Precipitation deficit, in millimeters. 
DE" IR..C -Dependable precipitation, in 

millimeters. 

MAI -Moisture sailability index. 

Ior some stations. the relative humidity was also estimated

and appears (in ihe printout as NIEAN R. -t.: f(4r othoc.,,
an appears o nd pinut, as tmea or lsomean maximum and minimum temperattres arealso 
recorded, 

Mean Temperature 
When tcmperature data (MEAN TEMP) were not available 
for a station, an estimate seas made based on data from 
stations closely related geog, iphically and by taking into 
account the relationship between elevation and tempera) Lrc. 
Temperature decreases by art amount of about 0.0055 times 
the elevation in meters, or 5.5'C for every 1000 meters of 
increase in elevation. 

Mean Solar Radiation 
When solar radiation data (MEAN RAD.) were not availablc 
for a station, estimates were nade from solar radiation maps 

developed by Loft et al. (1966), or were computed from a 
multiple-regression equation using such values as longitude,
latitude, and precipitation. The solar radiation (RS), in 
Langleys per day, was converted to equivalent millimeters of 
evaporation per month (RSf) by correcting for the number 
ofdays in the month 0D) and the latent heal of vaporization 

f water (.) as: 

,,~ = 03t XRS/I. 

The average . value for a month was calculated from the 
nean monthly air temperature in degrees celsius (TAlC) by 
the equation: 

L = 595.9 .- 0.55 X T3lC 

Potential fvapotranspiration 
Potential evapotranspiration (POT ET) was calculated todetermine the wattr balance and growing seasons. It is usually 
referred to as the water c,'suimption of an extended surface 
of 8- to I5-cot tall, green grass cover that is actively erowing
 
and completely shading sod well st! 
 , lied wi'n water. How
ever, Monteitlh( 1973) notes that experiene, on experimental

sites ii 
 icing from field plots to large catchments has shown 
that the restriction to short green cover is unnecessary." An 
accurate estimate of POT ET is a most useful climatic 
parameter in helping to judge the agricultural potential ofan 
area, especially in comparing .,tmilarities and differences in 
climatic reginies and predicting irrigation and drainage needs.

From physical considerations, it is well recognized that air 
temperature.adiation balance. humidity and wind speed are
ll necessary factors in estimating evaporation from asurface 

(Penman, 1963). Many workers have shown that empirical
relationships using only temperature are inadequate, but that 
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Table 3-2. Regression coefficients for determining dependable 

precipitation, by location. 

Region/Country Area A value B value 

Central America -23.0 0.841 

South America 
Brazil 1 -20.0 0.85 

II - 9.0 0.57 
III -23.0 0.79 
IV -11.0 0.67 
V -11.0 0.67 

Bolivia -10.0 0.69 
Colombia -25.0 0.84 
Ecuador - 5.0 0.64 
French Guiana -25.0 0.84 
Guyana -14.0 0.77 
Paraguay -10.0 0.69 
Peru - 1.0 0.18 

- 5.0 0.70 
Surinam -14.0 0.77 
Uruguay -10.0 0.69 
Venezuela -14.0 0.77 

Caribbean Islands -23.0 3.84 

if radiation estimates are incltided, aitacceptable estimate can0 between the nIea n monthly rainfall and dependable precipila
be obtained for sites where complete information is lacking. ion if the sample is restricted In aclimatically uniform area. It 

Hargreaves' (1977a) equation based on solar radiation and is thus possible within each subarea to estimate dependable 
temperature w%,as precipitation (Ia) from mean rainfall (Po) by a simpleused to calculate POT FT: values of POT FT 

(Hargreaves' E7.') in millimeters per nionth are given by his equation:
 
quatlio: , = a fh "',
 

I'+T!' = (0(0175 x RSAI X T"I.
 IThecoefficients a and h were estimated by the Utah group
in which RS! is incident solar radiation, expressed as from the existing gaimma distributions. These estimates are 
equivalent millimeters of evaporation per month, and T'I/Fis shown, by region, in Table 3-2; the regions themse, yes are 
the neanmonthly temperature in degrees Fahrenheit. [itar- indicated in Figure 3-5. 
greaves (1977b) has shown that his equation compares The linear relationship was used to estinate dependable
favorably with otter equ44ations th4t gie a ccepta ble estimIates precipitation for ill stations in tie study area using as a base 
of POT -T. tite nican rain fh data given in Wernstcdt (1972). 

Precipitation Deficit Moisture Availability Index 
The precipitation dclicit (DIF PREC) is sintply thedifference The itoistture availability index (M AI) is a moisture adequacy
 
between tile tiean precipitation (PRECIP) and tile POT FT. index at the 75Y:gprobability level of precipitation occtrrence.
 

Dependable Precipitation ItisdcFilied as:
 

Dependable precipitation ( DEP PREC). at the 75('7 probabil- MA1 =)FP PREC POT FT
 

its' of precipitatio:t occurrence, is fite aiount oprecipitation Ai MAI value of 1.00 itcans that dependable precipitation

that will be equaled or exceeded in 3 out If' 4 years. The equals polential evapotranspiration.
 
probability distribution of ionthly rainfall amounts is known The MAI concept was introduced by I largreaves in 1972 to
 
to be skewed markedly toward the lower values. For this develop aclassificatitn that includcs soil-moistuire lde iiicies.
 
reason. sone workers. fIor examplc Frre ct al. (1975), have lie proposed that MAI be adopted as a standard index for
 
used 14log normal distribution to estinite the dependahility illeasuring water deficiencies and excesses and suggested tihe 
ofrrainfall. A better approximation is the gaitnit distribution: following classifications: 
although it is rather more trouble to calculate, the glttna 
distribution calt noss' be done readily with tile aid of 14high- NIAI vialue Category 
speed computer. H ancock and his collegues at Utah State 0.00 to 0.33 Very deficient
IJniversity have produced gaia-distribution estimates of 0.34 to 0.67 Moderately deficient 
dependable precipitation Ior iainy stations in the area shown 0.68 to 1.0) Somtewhat deficient 
in the Land Systemns Map. However, itt order itobe able to fit 1t.0 in 1.33 Adequlte 
the distribution, large uriitber of vears of record must be 1.34 anl above Excessive 
available. Unfortunately, iany stlations in tile area have in 
insufficient period of record. It was ttticed ( I lancock et al., Hargreaves showed that there is I good relationship between 
1979), however, that there is 1 strong linear relltionship MAI and crop production when soil moisture is adequate for 
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Fig. 3-6 Cluster diagram of vegetation classes throughout tropical South America in 
terms c' total wet-season potential ev~potranspiration (WSPE) and wet
season mean monthly temperature (WSMT). (Source: Cochrane and Jones,
1981). 
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iaweek or more and recommended atlevel "less than (.34" it) 
define ; divImonth. A wet intonth. then. was defined as one 
with an MAI greater than 0.33. hearing in mind that this level 
may be too low for soils with very low. inoistre-tholdin 
capacities. 

M oisture Availability Index 
and Soil M oisture 
Interesting]. tile NAI. if qualified by the corollary "When 
soil moisture is adequate for a week."' would describe soil
moisture availahility in terns ofthle clinatic potential toboth 
supply and extract soil moisture at a gi\en location during a 
given period of tinie. as well as imply tile ability of a soil to( 
store arnd supply water. III this sense, the criterion wvo'uldbe 
more sensitive for i given soil during periods of high potential 
evapotransiration than during periods with losser potentialevapo ra snip irati o :nifu rth r. it would be ii ore cri tical fi lr soi ls 
evapitriaown sirioin g capaerities.ldb erore iiced toisMil to, mistre-oldng herfor, te ned oapaitis. 
take soil m oisture-m olding capacities into acconlt iii relation 
to the water bal ance at i given ttiie of the year iist be 
einphasied. Soil nioisture-holding capacities areChlapter 6. deined in 

M eteorological Data Sets 
Part 2 of the Compucr. S'unmar' VVoluile 3)con tains I range 
of ileteorological dita sets representative of those for tIre 
land systeris in t le L.and Systeis Map. These were originally 
compiled by Iargreavyes and his coworkers for tile klnd
systems stud:v (Hancock et a., 1979). The ('CIAT SAMM-
I)ATA (South America Meteorological Data) computer file 
currentl inchludes over 400 data sets rom stations through-
out tropical America, nayriv of wshich %sere idaptdcl fron 
IHargreaves' data file. These stations are indexed iivb naries 
and geographical coordinates to help delineate and describe 
land systens. 

Climate and Physiognomic 
Vegetation Patterns 
III spite of the large mun ber of meteorological data sets, a 
problem arose for tie Aniiioniin region and parts of Central 
Brail ill that the distances between meteonlogical stations 
isith long-terrn data were often too great to enable acceptable 
extrapolations. 

I nall atte pt to overco mle the problem of extrapolating
cli mmatic patterns betiseen metcirological stations separated 
by large distances. it sas decided to investigate time dependency 
of tile natural segetation oill climitate (Cochrane and Jones,19811). 

Vegetation Classes 
Physiogniomic vegetationu classes, as defined in Chapter 4, 
Were used to describe tile vegetation of tile land facets of the 
land systens. Map 2(see Map Plates) provides a picture ofthe 
maj or vegetation classes throughout tile region. It was niaCe 
by assigning tie vegetation class of tile major Iand facets t) 
lie land systems and by compiling computer print oIuts. The 

vegetatioli classes include poorly drained savalinas, well
drained saanlis, tropical rain forest, tropical .ini-e'ergreen
seasonal forest, tropical decidutls folest, caalinga, and 
otlher hclhding siubtropical and siinhontanlie orests, swanrip 
'orests, and other vegetation classes). "these ire briefly 
described in ('hapter 4. The tern well-drained savannas'' 

covers those vegetation I\ pes rlerred to in Brazil as "(erra
dos." described in detail by liten (1972). The definitions of 
orest types Wlliiw the desc iptions by Fyre ( 1908). 

Discriminant Analyses of 

Meteorological Data 
,\ vegetation class was assigned ti eaci U251 teteorological

vet itatin ss aced ta veti a I se toricl
daltit sets. f'rorn stations spaced its evenly ats possible throtugh
out the regiiil oii the basis oft ie natiVe vegetaiuingrowing 
o. tle velI-drained sils in teir vicinities. Sixt- te eteorolo

gi a l l o n . er l o t d h t g h l t e Sl fl ni S, i l 
tropical semi-evergreen seasonal forests, 49 in tropical rainforests, 84 ill deciduIous forests, 8 in suibtropical serni
fin re 4 . orests, iie r eops ts. 
eve rgreeniifores isaiid I I ii subtiitropi cal evergreenii forests.Matiy eoiibinations of different cli natic pararleners from tie 
datai sets. iitncludhug thneiiuiniber of ss\etiioiilns, Wset-sea~son 
iican iiionthly telperatures (WSM'I'), wet-season radiation, 
wet-seasol potentill evapotranspiratio (WSPF), and dry
season nimoisture availability (DSMA)(an index oftlhe severity 
of the dry season, in contrast merely to its length), were then e aiiied thro ugh discriinailint anal Vses, both parametric 
aind nonparanletric, to see if they followed the vegetation 
classes. 

Vegetation and Wet-Season 
Potential Evapotranspira tion 
Figtire 3-6 sit niritarizes t lie irives[ igation oftile dependency of 
the vegetation classes oil WSP" I,,et-season mean potential 
eva pot ranspirat ion) and WSMT (wet-season mean monthly 
teli)perantires). The observations w,'ere computer plotted in 
tile WSPI x WSMT space, aind clistering of the vegetation 
classes can readily be seen. To delineate the classes, the lies 
of eqnirrobability of assignment were nianirally plotted 
between [lie various popuations, by graplhically finding tile 
intersects of successive confidence elipsoids.

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

Computer cluster code, Ifnrom Figure 3-6) 

A 
AIt 

Deciduous Uiiresr
Dec id %'ores a \VeilI-drained sa~lvaiiina .91.68.68 

I) Tropical serti-cvergreen seasonal forest .71 
1: r pical rain forst .87 
FF~ SiihropicalSubtropical wni-cverren forestsec-'rgreenUorest .67.67 

G Subtropical evergreen fioresm .60 

The poorly drained savannas(C)could not be included in this 
analysis because there ws'ere records front only two sites. 

IUsing the nonparametric technique of nearest neighbor 
classification described by Coverand I-lart ( 1967) as implemen
ted by Barr et aI. (1976). tile dill; set was divided into two 
ra ndolnly selected haves and each subset used both as a 
calibration set and a test set. The two sets of results were then 
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Coibined io fornm estimiates of'tileprobatbilijtof cotrrectabselICe t'ipiititinl. 1I l'tllt\ss. lhrL'lolt.,clissificailion. These were thIitlie siavitias.\ - .77: It- .73: 1) ..41 di:1 - occiipv a %Cl-defitl habitalt ileiniiled.88. F ald (1 Ctlitilhled no correct 'a]sil'iciittos dilei to (le ptent'lial f 

bs tileChjilnitic 

sample Sili. grttwtli; this potelttit is LetielleI ofsmalll til thit 

dccidtlts f' less,
orests bill (hal that of 'eVlicelitid senllli

evrL'I I'Len fo sis. Stiuhrtiopic.ilWSPE and egtltItu Classes. iltlthugh
depeindent oi \'S'PI. appel-
 t bt,
l1irther difl'r'ntiatel, isWell-DrainedSavannas ,\Iectd. h\ povilg-sison teil),ipet
tIrIe. l'hegrotp tfidecidtlotmi, forests (listel C dteTo ihek l Is a cotiposite griup.tle possible variation of WSPI:I hiewientwell- ('%llttuilgis, tie 
thtorn scrub ti northeastdrained savailtnas srith different \et-seasOll I legtli,,. lrahil, iiiv hetile (I differentiated Irn this group using the dr.-Neason mtoisturemeteuoroulogical data sets 'rotl the statiotts located il (he ;iiiltilit\ itides (I)SNI,.\ is shott\n lg"e Thesavannas %%eresubdivided illtthree 1)l'i\ 3-7.itouips
with 6, 7, aid 8 hNI).\I ildicaites the intteisits dl\ oppo11sedillolths ( I' tNlthe.,(r1SeISOl. itsw\et season, 'espeiel\. an1d the totli we't-seusotin ilerel tto itslength. Itisthe lleallPOT FT Iuonilthlv ollOstilcaltues and tle weCt-seasoti aseralgCe inntthl\ PIO F FT lavailtahlit\ ide&\ 01 thle dLr,+\-sa;sot0n titontItlls Ithose with allvalues of the grtoups \were cttpared. Tahle 3-3 slhts tltatM.AI < (.34). corttrecletd to trom leit tt I,wvere Ithere isit11sigtlil'iCllltdilerence hetwee the tOtil ut-seIsI I\raLedt,.seasntilt ltthl\ M.AI i)r .33;thtus /ero" is tliePOT i ales for sa ias hIaving it 7-, tor 8-nioth %el Itist l, (-, Sli seee riaingi.seasoln () > .21.Ott thethlierhIaid, it shiiwsth t[he mttulh1 Iurthir vttrk needs tto be carried tll toaverage \wel-season P)T examnine theliT \alues ire signilicitnt% difTetiti clitatte-\getatitt intrlattsltip, ntr, throuhx; ntver(P< .0011).
The nitothl \ a\erage se-t-,.asotn POTF \vitle,decrease %\filian increase in file length ttf(t' et 

thess, tie fintling that WSit. rlegin1es folitlw ItitJoi vegels antut. Ittu classesIt is clear prttidCS fltr tbttler ttniderstauding of thesethat ilte \VSII! througholut tile ell-draineud iterrelatiotships. In [lte ciontext tf trttpical Soith Aterica,savarilna legions is,\irttallstant. 3.t tps liFig .i 'eie withtf' \well-draiued sttanns,, (cMuister tode 13)falls i itcllli c 
its tpidpl.v.xpanding igiicutlitural Irtltiers, where asolten as itht littlettr notrectIrdel ctlitatic data are available, itband right acutlts tlie cetner ttlthe cluster diagrati. indicatineg is evid!' ,ithat tle nittial ,egeattion gr wiing tithat the\ cain be dillcrentimtcd oi WSPlituten.Indeed. tlt 

wll-drlitied 
s++tCilsenhe used as iguide tltxtrapiolalting liniatic patterns.
ratnge of WSIT experienced is remitrkablv small itnspite


considerabtle differetice tt onk illtwet-seasoit 
tf 

leng th,bit l nai u e i nlso il ,et-sests Clim atic Subregions 
Clima+tic Potential for Thlie WSI regi-ies within ile imajor vegetatin zones were

Growth of Vegetation Cons uently tised to help deline clinatic subregions (Map3).


liugether with (lie length it'the wet season and tileWSNMTs, 
they prtvde a1ctntvenient subdivision tf [lie regiuon intoI:or ;t.\ gisen titith, providitng that MAI is high entiugh to five
ntii adul two less-delined climatic sibregiotns, sttinlllari/ed
almss relittiel \ itirstricted \water ivailability. tile ictull in Table 3-4. WSFIes+tptriutspiratiion %tild Clse 

apprttxinitesitile ltal annual tcirgy'lyIiilltw tihe
POT FT utnder availatble Itor plant growthl. issuming that the soilstdieiatural ,egetattion cttser. TIlerefore, holdtie WSPIT approxi- stlficietlt mtoisttre
It s to citable nonistress grthw for attleasta
te mnntial ct~tt plisc w.,vter tihe vegeutlitm. As week tinder the prevailing POT I| regiines. Further. tinly the
 

use+ 

such. (le \\'SIT is art x,estimate ttlie nin t oifntititil nitural 

energy 

rainlall it tie 751' pritbility level is considered.tilesaanit \egetatitoun cat tise Ior grottit in ite without stippltineial irrigatiton.
 

Table 3-3. Total wet-seasotn pttentii evaptotranspirantiotnI POT 1I1 atleStrii ,ionthly averaqle tset- season POT FT vaIttes. accordittj tothe ttnmber of wet SCtstttit1 FTit ti of the well -drained'tisavannas. 

Lenath of et seisir 

%etenoroli(att data vt% (nn. 1 13 39 9 

Ttitl wet-seasnr POT ET'Mat (mn 904.7 
 969. 4 976.1Variantce 1696 2528 2I15S.D. 
 42.86 
 50.94 
 48.78
 

ionthly .tvertle wet t'esten, 

POT IT"
 

t,,l t50.8 13 .3 t22.1V.,irtia ce t1.t 3 49.77 
 33.05S.D. 6.146 7.147 6.097 

a. t-test probat)tility of dtifference between means: 0.2 (not significan ).b. t-test priability (if differetrce between means: (.001(very highly
SittjtificaotI. 

http:Stiuhrtiopic.il
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Fig. 3-7 	 Plot of total wet-season potential evapotranspiration (WSPE) by the dry 
season moisture availability index rating (DSMA). 

Table 3-14. 	 Climatic subregions of the central lowlands of tropical South 
America. 

Climatic Climate 
subregion WSPE' Wot monthsb WSMTl 
code (mm) (no.) (.C) Subregion name 

a > 1300 > 9 > 23.5 Tropical rain forest 
b 1061-1300 8-9 > 23.5 Semi-evergreen seasonal 

forest 
c 900-1060 6-8 ' 23.5 Isohyperthermlc savannad 
d 900-1060 6-8 K 23.5 Isothcrmic savannad 
e 900 6 >23.5 (Semi-)deciduous forest 
f 	 Subtropical vegetation
o 	 Other' 

a. 	 WSPE: total wet-season potential evapotranspiration, the suIT, of the 
potential evapotranspiration of the wet months. 

b. 	 Wet months are months with a moisture availability Index (MAI) 
> 0.33%. 

C. WSMT: 	 wet-season mean monthly te!mperature.
d. 	 Terms not used in the strict sen,- In accordance with U.S. Soil 

Taxonomy (Soil Survey Staff, 1",751. 
e. 	 Other vegetation on predominat.ly poorly drained or seasonally

flooded lands. 
f. 	 Nonclassifled, or submontane or subtropical forests. 

http:predominat.ly
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Approxiinatel 271 ; oflthe regioi tall, into [lhe tropical raill -,lvt-s eisolI " 

inontlis ol'.ltillar and Fcliuarv intile('erra-
Itircst tubregiou, cliniatic code a) miaini Intihe kestcin Iall dos le ll-draiiied sa, anniiof( ctr1Iflalzil.I lhey lire oftenl 
of,hle Allrlon hilsil. lie se.ll erIre "+O~a Irei'sts. cited istileC'se tMOl'csidlr;lleC , 111LdUctiolls illshlloihwil iil 

h.\ the ooIfall (cloritic codc ))chilac ieli/e,, iro nI lane li S- t;olllilg ) clolN. 
,
9-11olith \eCt W silson,OCCl Ip ; of tili lca.llostil, it lNitnlieill I0 fllt \'' c Ii s;Ill IClei t 'lieultr 1it i lie iilolililh 

lIrai east tl Nla its.. Ihie iOIi peC r 'Sali1a IniiL'tciolii'c l dtLal laliedilleenices etwvenIhIIIiCic s (Cilill[i- setlIsistCollip 
ticcode c). Hi' (t tihe iCecion ir, %%eIl-diahned the NI .\l a'ies of ilec pcaIk wet-s~cisoi iotitlis ol l)ecembere ruth c 

,
grisslands SilrrOilIILI IV\i rti %.gcitmtil. [hi.'iTihincldecllc I\ . r e'iijllipit icail idli set Iorl:t ;I iniltL'toloi 
lilihiiii(',Ir MAl ,aluiespurts 01 the id-N. thie northern and .CetertiI (5,.cladle 3- shms Iowei %,iiaill .htliiary

lhliviauii pamtst. the e, ter l I iim tf t ('olubi,u a lairgc pait 
tht hliecer tral Ilanos t \Vcue/la. parts oitli'lRipuinuni 
pl'irs aII tile Boa Vista ;iid 'lliapI (CeIrilos of Alliailtiii. 
(linatic slhegon , ftie isthellcri'ic sait.lliis., Comlllprises 
illalIl,\ tle cclirol phi!te;iu ot the Ceirados of' Bra.,il:areas 
these dile ftroll lhe .iIanos illernlis ot a cotttle telll uire 
regimie. The\ occupy 5"; tfthe region. (limnatic subl.gloi e is 
comprised of iireiis covered k,ithleciditnis vegeoCgtnit. 

I atI 


ald I Cbruur, laii il I))CCeihcr Or NMiich: nevertheless, 1lie 
actLIulrt+:'rl NI.\l vnihiieI all _I itIiJths ¢wehl ibulc thelie % 

0ttsiinilit' nitl\itle 1).33 UisCtl i 110lthl. lhis wouhl Suggest 
thal the cnontditi-srenss II reduced cropctltion resuhtinpi 
jeiIs isNl t t l v 1clii llit ic prt'hlcIl but ilso I soil prthhiIl;a 
itnIictitoiI ".haIIllow soils %fitliItot\ illoislre-I-hltldingrtotjilg iln 

Capacities. Ill it ]ns recentil delitonstrated ii tlel'ad'., beel 
('erridos ('enter (CPA(, 1I IIRAI'A) near Brasilia that this 

The ch:iractertittion of' clinatic subregions does liot tilke loistilre-siress codllition C:1l1+ethv\.jillet+dinsovbelns (rowling 
into accountt tlie dilferences bet.'eein %ell-drainCdal poorly ill it deeper rooting is eIncoturaged by applying single(isols 
drained sa\iannais. lhis ftidantliiil difleience betweei salanl- ,tIpCrpthspliatC to help ovecoCme soil Al toxicisy and P and 
nas has led to 1 lot of confusion intile past conccrning the ('a deticitic\ conditions IF. Wagner, ('PA(', pers. coini.). 
nature of sa\allas: poorl\ drained savannas are found in N tihi MAI I values and tlie sNoilnoistirc-liolding capacity 
climatic subregions with 2 to 6 tiottlis otfdry season, and ,a rating. wit Ii or withoutt a rating Ior- soil cheriical factors 
Wide range of' WSPIIs. as the edaphic circuistaince of 
\%iaterh,gging, 0tecrrides tlie clitmtic effect. lable 3-5 shows a 
nietcorological data set trout a site in each of tile climatic 
subregionus 


Soil-Moisture Stress and 
the Veranicos 
Inoiisidering the relationship betweeti W,SPFatid vegetation. 
it has beeni noted that soil-moisture stress is described in terms 
of the cliniatic potetntial to supply and extract soil moistue at 
a given location during a given period of tinie, and the ability 
of well-drained, niediuni-textured soils to store and supply 
water. In soils that have less than tie nediuni capacity to 
store platit-available water. such as sanldy Spodosols and 
mny Oxisols, vegtetat ion c Ltlickly suffer uoisture stress. 

Such situations occur both ill(lie At iton basin aid ill ihe 

icluding AIltoxici\ alldPand (a deficiencies asgiven by tlie 
present study, ha\' recenit.lv beII used to lorm i preliminary 
/onihication olthe propensity folthe (eCrradosof'Brazil to be 
alfected by the wet-season drought periods. 

A Fresh Approach to 
Climatic Zoning 
Althoiigh tie authors 01 this studV do nt inteld to put 
forward a universal climatic classification ot the basis oftheir 
analyses, tle wet-season potential evapotranspiration (WSPE) 
concept has provided a Iresh approach for zoning climatic 
subregions throughout lowland tropical America for nonirri
gated, perennial crop proluction. It is leading to a better 
understandinrig if the region and lis provided C'I a basis 
or detifinig broadI. coiipirable climatic conditions for tie 

selecting, testing. iid transferring of new pasture plant 
Brazilian Cerrados. In Amazonia, Alvirn aid Silva (19M) accessions(7'IAT, 1980h). This is described itt Chapter I .The 
note that areas ot'canipinarana vegetation (atype of low, open 
forest) are prevalent oi sandv soils with verv lo\w misture-
holding capacities, surrountided by soils with higher nioisture-
holding capacities covered insemi-evergecn seasonal fiorests. 
(Itmay be noted that nt iy of these campinaranaareas also 
stiffer from a wet-season hvdroniorphic condition.) 
The veranicos arecerratic, but often prolonged (1lO-to 20-

day) periods with no rainfall commonly occurring during the 

concept is cotmpatible with the recently developed theory of 
unifying principles for water movements inbiological tissues, 
including plants (Cochrane 1983, 1984). StudiEs., including 
those recently published by Ranani (1978), willhelp to define 
more preciselv [lie ability of the difTerett soils to supply soil 
nmo isture an improve the water-bIalance estimates for specific 
agricultural systeuis. 

http:recenit.lv


PHOTO PLATES
 
With these photographs, you mzay take a trip through th, various ndlistInct regions in the central 
lowlands of tropical South Amrerca You can readily note the differetces in topography, vegetation, 
climate, and soils and see some of the traditional land-use systems. 

Amazon Basin 
Plate 1 Colonist 

intwrcuhlivating cssava, 
maize, and beans (barely 
noticveable), 50 kin sooth '. hI 
of Santar6m in eastern 

Brazil.Amazonas, 

Plate 2 Poorly drained 
savannas of the Isla de 

Maraj6, Brazil, in the mouth I-A 
of the Amazon, 

Plate 4 The AmapA well-drained savannas 
near the mouth of the Amazon, Brazil. 

Plate 3 Tropical semi-evergreen seasonal forest near 
Altamira, southeast Amazonas, Brazil. 

Plate 5 An Oxisol 
(Haplustox) 45 km south of 
Santarem in eastern 
Amazonas, Brazil. 

.. 
'I7, . 

Plate 6 Varseas, or 
seasonally flooJed lands, 

near Manaus, Brazil, 

Junction of the Negro 
River with the Amazon 

River in the background 
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Plato 7 Tapping rubber lHevea brasihen.mis) in Amazonas, Plate 8 Tropical rain forest, Tefe. Brazil Junction of 
Brazil Contrary to what is recorded in 

IefiRiver w'!h Amazon River insome literature, 
western Amizoniarubbertapping techniques have been used only by local

Indians since pre colonmal times to extract latex from the " "
 
gant Heve, trees 
 ' "l '
 

~~-Y 

Plate 9 Tropical rain forest, largely cutover, near Plate 10 Indian cultivation near the Huallaga River nearYurirauas, Peru
Yurimaguas, Peru. 

Plato 11 River transport of P6rto Velho,Ront;6nia State,

Brazil .. ,:
'", 


Plate 12 Colonization in Rondonia State, sotihwest 
Am a zoni, Brazil Unnece ssary destruoction of 

productive natural rubber anI Brazil nut lgroves ias" " :-".. 
 ttaken place in ri-cent years by overzealotn cilionists' .,. ." " , clearing land fur fhid-ncrop (iminly r ice)liiil(cti n 

Plate 13 The Hunaita 
wetland savannas near 
P6rto Velho, Brazil, 



PlI 

Plate 15 Well-drained savannas in southern 
Amazonia. 

Plate 14 A mature nut tree (Bertholletia 
excelsa) in semi-evergreen forest near
 
Riberalta in northeast Bolivia.
 

Brazilian Shield 

Plate 16 The Alantillados 
e
 

Plate 17 The Central Brazilian highland 
about 100 km east of Rondopolis, plateau near An~polis, 160 km south of 
tablelands showing the red Oxisols, 


Central-West Brazil n Brasilia. Plate 18 Looking across therollir'" plateau surface of 
Land System No. 49 from 

the airport at Rio Verde, 
central Brazil. 

4 - .. .
 

Plate 19 On-the-ground view of tropical (semi -)deciduous
forest 200 km west of Imperatrix in western Amazonas, Plate 20 Campo limpo (almost pure grass savanna) on the
Brazil. central plateau, Brazil. 
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Plate 21 Campo cerrado (ope i savanna) near An~polis, Plate 22 Cerrado (intermediate savanna) nearPlanaltina, central Brazil. 
central Brazil. 

VK 

Plate 25 An Acrustox 

profile, Centro dlePesquisa 
. . . ' . .. ..*s 

Plate 24 Cattle ranching near San Javier, Bolivia, on the 

Brazilian shield. 
- .; .7# 

Agropecu~ria dos Cerradlos, 
Central Brazil. 

, -''A 

PlatP 26 Thea Cerraos Center, Centrndee 

Pesquisa Agropecuria dos Cerrados,Central 
 Plate 27 Agriculture on the Brazilian
 

Brazil. 
 shield near Rio Verde.
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Plate 29 Caatinga vegetation in 	 Plate 30 The Entisol (sandy)Plate 28 Excessive lime western Bahia, Brazil. 	 savanna lands of the Parecis 
applications in south Mato tableland of western Brazil. 
Grosso, Brazil. 

Andean Foothills 

Plate 31 Andean foothills near Villavicencio, eastern 
Colombia. 

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

Pereira, Colombia. 

4, 

Plate 33 Andean foothifs forming a backdrop of 
the eastern Colombian plains, or Llanos, near 
Villavicencio, Colombia. -0 

Plat 	 34 Rolling foothills, mainly cleared of tropical 
rain forest, near Florencia, eastern Colombia. 



Mojos Pampas 

r 
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Plate 36 Studying Ultisols near Reyes, Mojos

Pampas, Bolivia. In the background, a typical islandPlate 35 The Mojos Pampas of eastern Bolivia uf forest on higher ground may be noted.showing typical "square" lakes, a little north of the 
city of Trinidad. 

Plate 37 Cattle doing well near Reyes in Plate 38 An aerial view of the "raised beds" used bythe Mojos Pampas of Bolivia. pre-Columbian inhabitants of the Mojos Pampas, 
Bolivia, to elevate crop production above the 

wet-season water table. 

Orinoco Basin 
Prioe 3 a in 


Plate 41 The well-drainedPlate 39 Farming with irrigation (altil/anura) savannas ofon the Orinoco plains 60 km southof San Tomd toward Ciudad eastern Colombia nearCarimagua as seen
Bolivar, Venezuela. oarg u tha n
 

on the ground. 

Plato 40 Savanna lands on Oxisols near San 
Tom6, Orinoco plains, Venezuela. 



1 .Plate 42 Carmiagua in the 
eastern Colombian LIanos, 
showing the lowland 
(isohypertherniic) savanna site of 

. . ICA-CiAr. Note the presence of 
. W. lower, poorly drained lands. 

Plate 44 Laterite (hardened plinthite) outcrop near 
Carimagua, eastern "high" plains (altillanuras), Colombia. 

Plate 43 A more broken part of the well-drained 
savannas of eastern Colombia, south of the 

Muca River. 

Plate 45 The Casanare 
wetland (Ultisol) savanna in 

Orocud, eastern Colombia. 

Pantanal 

Plate 47 The Brazilian "Pantanal," 50 km ;,..
- northeast of Corumba. 

Plate 48 Better drained lands utPlate 46 Junction of the poorly still hydromorphic) in the northern 
drained and better drained lands Pantanal, 50 km west of 
in northeast Pantanal. Brazil. Rondonopolis, western Brazil. 
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Plate 49 The Biazilian "Pantanal," 150 km northeast of Plate 50 Close-up view of the "colored lakes" of theCorumba, showing the typical "colored lakes". The colors Pantanal, Brazil.are attributed to differences in the lake's microflora. 

Paranb Basin 

Plat,Plate 52 The Paran6 River, Brazil, 100 km upstream from 
,the Paranaiba dam, flanked by Eutrustox soils. 

Plate 51 Burning Cerrados on sandy soils .
(Entisols) 150 km of Trds Lagoas, Brazil. 

Plate 53 The Paranaiba 
hydroelectric dam on theParan River, Brazil. 

Plate 54 At Foz do Iguaci, the color of the 

water is indicative of the excessive erosion
ocurring in southern Brazil. Plate 55 The Mearim River, near its junction with the 

Parin River, passing through an area of good
agricultural lands in Brazil, mainly Alfisols. 



Chapter 4. 
LANDSCAPES 

From north to south, the region in the Land Systems Map 
extends from tie Panamanian isthmus to southern Brazil; 
from east to west it reaches front the Atlantic Ocean to the 
Andean foothills. It covers a large part of the watersheds of 
the Orinoco. Amazon, and Pa raiI-South America's three 
major river systems. Its physiography is molded from geologi-
cal formations spanning nearly 10) million years: from the 
Preca mbrian shields ofcentra Brazil and tile Guyanas rich in 
granites, micas. and gneiss to the alluvial deposits of many 
rivers that occurred in the recent epoch. Between these 
extremes there is a rich diversity of landscape fornation oii 
sedientalry. metanorphic, and volcanic deposits with a 
gaitiut of ages and materials. These include shales from tile 
Devonian to Tertiary periods; 0iudstones and sandstones of 
the recently uplifted Andean foothills and their more recent 
andesitic volcanic ash mantling in tile equatorial region: 
itidstones and sandstones of the Orinoco, Amazon, ad 
tle western Paraniabasins dating from the Tertiary and Qua-
ternary eras: and at extensive Cretacean tufa (volcanic) 
capping over parts of the Precambrian-shield region of 
southern Brazil (Mozart Parada andt(Maia de Andrade, 1977). 

This chapter describes the 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 ofeastern Bolivia, and its more northern 
equivalent, the Guyana shield, seen mainly in southern 
Venezuela, date to the Precambrian era. They support the 
oldest land surfaces in South America. Nevertheless, in some 
places, outcrops of hard granitic rock give these regions a 
more broken topography than that often associated with old 
surfaces. The landscapes of the two shields are separated by 
the much younger Tertiary, Quaternary, and Recent sediments 
of the Amazon basin. Continental drift theory suggests that 
these shields were once a part of the African continent, 

The Brazilian shield extends at a relatively shallow depth 
from the northern plains of eastern Bolivia (at a depth of 
about 600 ni at Trinidad) to the sub-Andean piedmonts. 
According to Schlatter and Nederlof (1966), Bolivia can be 
divided into a tectonically higher northern half and a deeper 
southern half, separated by a tectonic belt or "fault line" 
extending from Arica, Chile, on the Pacific coast, to the 
"elbow" of the Andes in the environs of the village of Buena 
Vista about 80 km to the north of the city of Santa Cruz, and 

continuing eastward across the continent. This phenomenon, 
considered in relation to the tremendous centrifugal forces 
caused by the spinning of the world around its axis over the 
cons, might provide a possible explanation for the directional 
change inthe lie of the Andes. North of Buena Vista, the 
Andes swing from a northwest to southvest direction, 
resulting in a considerable effect on climate. 

Schlatter and Nederlof consider that the Andean uplift 
started in tiid-Tertiarian times. Movements were spirogenic, 
and two nmajor Neogene depositional basins were formed: the 
Altiplano IrTrough. sandwiched between the Andes, and the 
Eastern Foredeep. Both received sediments mainly from the 
Andes. 

At the end of the Pliocene or possibly the start of the 
Pleist ocen era. the main Andean uplift created the high 
Andean Cordilleras. These are tlie result of largely vertical 
tupliftwith block faulting (aGermanotype style) and asym
metric folds. They are in a stage of active erosion. 

Erosion is particularly noticeable in tile sub-Andean foot
hills, places show evidence of very recentwhich in many 
uplifting. Erosion, particularly in parts of Peru and Bolivia, is 
taking place in spite of the forest cover; it is dramatic where 
soft sandstones and conglomerates are found in the foothill 
region. 

Hydrology 
The Orinoco, Amazon, and Paran, river systems drain most 
of the region; they provide waterways for transport and 
fishing and are an immense resource for power generation. 
The Amazon river system is navigable for large, seagoing 
ships as far inland as Manaus, and for quite large vessels as far 
inland as Porto Velho, the capital of Rond6nia State in 
western Brazil, and to Iquitos and beyond in Peril. Small 
riverboats penetrate much further. 

It is unfortunate for Bolivia that rapids (rocks belonging to 
the Brazilian shield formation) make the principal Amazonian 
tributaries, the lower Beni and Madeira tivers, impassable to 
river craft. To overcome this problem, a railway was built 
during the height of the rubber boom to link the cities of 
Guajari Mirim and Porto Velho; this was abandoned in 1966 
but is now being rebuilt because road transport has not 
proven economic in this part of our energy-short world. A 
hydroelectric power station was recently constructed near 
Paranaiba on the Parani river, and immense power reserves 
exist at Iguaqu, the site of the world's largest power complex
under construction on the lower ParanA river (see Photo Plate 
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53). The erostitn in sotltei, Itil. .;od the need It urgent 
control Imeasures. is indiated hb tile :,lor of the water in the 
photograph (see Photo Plate 54). 1 

M aior hNdrologiCc t disasters could well t lk, place in Iletered 
colming.cars oer p;rts otle aterhteds (itheI h)ilioco and, 
especiall .,the Att.1on I iers, tne , ti present tlldenc\ t 
encourage coft i/ati n in un stablefIoothill regions is discon-
tinned. [fhc so-called carrvi'ra iiald It /awhwI ntargitta] 
jungle road), present .\,projected to follow%along tile Andean 
ftoothills, siould he relocated .sell into the plains to fielpavoid
the deforestation oft eodable lantds b\ colhoists. 

Piysiographic Regions 
Map 4 (see Map Plates) sninitlnies tite major titacropltysi0-

aanpea e tth d froph tfgrahifrc s u I Ohiltivle [.a rSytems Map. tilephotographs in the Plate. 

Amazon Basin 

This is the lossland region of Amazotia between tile sub-
Andean foothills and tile Brailian and (iuyanian shields. 
(See Photo Plates 1-15.1 It is drained by tlany tribttaries of 
the Atna/on riser. The land sttrfaces are predoninantly plains 
or peneplains eltibiting variots p .ttrns of dissection and 
recent terrace firniationts. A large pari oftie region, especially
in tle trth\ et is poorlk drained: sonic areas, particularly no 
tfie vcinity oi Igt ri vers, arc susceptible to annutal flooding.
Most of the reion is still coeeted with native vegetation, 
although cotnsiderahle destructin tfforest has taken place in 
recent sears. 

Brazilian Shield 
This refers to tfte elevated and exposed Precambrian shield 
region of Central Brazil a-d is characterized by old, stable 
plateau sttrfaces. (See Phto Plates 10-301.) A large part isstill
covered in natise vegetation, mainly savannas locally called 
"Cerrados." however, considerable development has taken 
place during the last 21 years with the establishment of
Brazil's administrative capital. Brasilia, located virtually in 

the epicenter of this unit. The formati on extends into eastern 

Bolivia. 


Elbow -f the Andes 
This unit has been delineated to emphasize the fault line
 
across 
 the South American cntinent extending eastward 
from the "elbow" of tile \ndes near [Buena Vista nestling in
the stb-Anden foothills ofBolivia. Apart from physiographic 
implications, the region has climatic characteristics transi-
tiomal from the tropics to the subtropics.
Andean Foothills 

This region defines thie sub-Andean foothill region. (See
Photo Plates 31-34.) it is particularly important as many of 
the foothills are susceptible to erosion. The indiscriminant 
clearing of native vegetation front the foothills is already
aggravating flooding problenms in the Amazon Basin and 
Mojos Pampas region of Bolivia. 

Guyana Shield 
., tiI rcfer to the lelated and rugged lPrec:utttrian shield 

l,'loll n of I .\ maton ivucr It is still rnaindocd 
nalc \vegtltg on--Wre.t tandsVattIa. 

Pampas 
Toois a m p as 

This is at e ,tenite area of wetfand Savtntas ht tte eastern 
plnaits of Itoliia. allegedly formed frott the inill (if a
geoogi, all' posttlated ancient lake between the Andes and 
the Bra/ilian shield. (See Photo Plates 35-3X.) Apart frot 
being a miajor catte-producing area Photo Plate 37), it is 
hoth geological and archetologicaly unique. The presence of 
hIndre, f "stfuare" lakes (Photo Plate 35) has baffed 
geologists for vears current theory postulates that they are all 
effect of, faulting in the itnderlying Brazilian shield. The 
presence of "raised beds" (Photo Plate(l)enevan. 1964) 3X) in tian. siteshas presented an enignia to archeologists. 

The senior authtor believes that pre-Columbian peoples
chultivatcd their food crops on these raised beds simply to raisethem above Ihe high, wet-season water tables ofthe region. It
is interesting to speculate that their major grain crop was 
probably lh's tears ('oi.\ lacri'ma.lobi), as this crop is still 
ciltisated by some of the indigenous peoples in the region. 

Orinoco Basin 
Ihis is the lowvland drainage basin of the Orinoco river and its 
tributaries. (See Photo Plates 39-45.) It is largely covered by 
savannas otn both poorly and well-drained lands, but includes 
sotne forests. particularly those abutting the western edge of 
the Gtana shield and itt the northeast. 

Pantanal 
This is ai area in western Brazil mainly along its border with
Bolivia. As the name suggests, it is a lower, poorly drainedsavanna region. Nevertheless, landscape differences and 
grades oif seasonal inundation exist. 

Paran Basin 
This region includes a large part of the watershed for the 
Pararti river found in sot thern Brazil. (See Photo Plates 
51-55.) It is largely made up of savanna and some deciduous
 
forest covering dissected plhin surfaces. There are extensive
 
areas of' sandy soils in the western portion of these plains.
 

Physiographic Units 
Within the physiographic regions, physiographic units were 
identified to separate distinctive landscapes, using locally
recognizable names. As the land systems were delineated, 
they were assigned nutmbers identifying them with these 
physiographic units. These are listed by country in the 
glossary to Part I If the Comptter S'monar1.1 (Volume 3).
Figure 4-1 illustrates their use to make a physiographic map
of Central-West Brazil. They present a pictIt e of the major
latdscape differences within any one country or region.
However, for agricultural production considerations, the 
land systems per se must be considered. 
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Fig. 4-1 Physiographic units map of Central-West Brazil. 

L and S s tem s, La nd Fac e ts, 
L dSysmaking 

and M apping Scales 

The description and coding of the landscape features have 
been described inChapter 2. The subdivision of the land 
systems into land facets emphasizes that landscape is not 
constint, but continually varying. As practical farming has to 
cope wit ha variation ii kand surfaces and soils, the description 
of the land facets within a land system is clerly important. 

It should be remembered that there may be lesser variations 
in topography, vegetation, and soils within a and facet: 
however, some level of generalization must be accepted in 

b the m es
detailed large-scale maps. such individu,s
an inventory of land resources. This isinh inerentall ;, 

farm maps. Therefore, the generalization made in classifying
the soils o the land facets according to their predominant 
soils is no more serious than those currently accepted in soil 
mapping. In fact, the emphasis given to describing land 
systems iltermis of facets adds to the usefulnessand precision 
of this Sturdy. 

For very small-scale maps, further generali/ations are quite 
acepltable. As lhemapping scale becomes smaller. the degree 
of detail is diminished. It is quite permissible, therefore, to 
depict the topography, vegetation, and soilsofthe major land 
facets as those predominating over a region. this is useful to 
provide antoverview of najor fealures-to rephrase an old 
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saying. "to see tile Iirests and 1101the tree,." Tlhe colliputcri-
zatin of the Studylfacilitated the production ol', tch ovcr iV% 
maps. 

It also tacilitated titlnlItiiC~ion ot properiie,, li.cause 
qlualtification is mlde on the basis of the land facets, 
however, the figures reflect agreater degree of precision than 
the mapping units based oi tile lanl-system subdivisions. 

Topography 
Ma p 5 isa cornputer-based nap su na n 

of the region. 


riin tig t lie topogra phy 

Poorly Drained Lands 
Approximately 21';( 170 million ha) of the region is poorly 
drained: 82"; oftiese poorly drained linds( 139 million ha) is
covered with forests and the remaitder by native savannas. 

The vast extent of poorly drained forest lands along tile

Andean fIoothills and northwest A mazonia iniposesa natural 

barrier to agriculture. Nevertheless, the seasonally flooded 

Lands or vdrzeas (see Photo Plate 6) of' major river systems 
often have naturally fertile soils, and it is likely that increasing-
ly itportant areas will be brought into nore intensive 

production of crops, inicluding wetlud (ipaddy) 
 rice and jute,
in the not too distant future. 

The poorly drained S;iIaiil Iis have been used success-
fully since colonial tines for extensive cattle production.
Significant areas are found in tie Brazilian Pantanal (see
Photo Plates 46-50); tie Bolivian Pain pas de Mojos (Photo
Plates 35-38): the Casanare plains of northeast Colombia 
(Photo Plate 45), Which extend into southwvest Venezrehi as 
the Apure plains: the island of Maraj6 at tile mouth of tie 

Table 4-i. 	 Topography of the climatic subregions of the central
of tropical South America. 

Area (million hal in 
eachpgraphyclass TotalClimatic 'Flat, ' 7.OaWe-V areasubregion 	 Subregion poorly -- 8 8-30% >30% (millioncode 	 name drained slope slope slope ha) 

a Tropical 
rain forest 65 128 20 
 4 217 

b Semi-evergreen

seasonal forest 
 50 189 64 5 308 


c Isohyperthermic 31 76 13 
 9 129 

savanna
 

d Isothermic
 
savanna 
 0 33 6 4 43 

e {Semi-)deciduous 
forest 23 62 10 8 103 

f Subtropical
vegetation- 1 9 I 0 11o Other b 

0 0 2 6 8 

Total area 
(million ha) 170 497 116 36 819 

Percentage of
 
totalarea 21? 61% 
 1ii% 4%
 

\lila/on rser (Ih'fioto P'late 2): the I ilnaiti plains noirtlt of 
'rto \'Vllio ill Rtith'ni: in llrLil's ,utllstO . AluniaOlli 
lrts, f the Aniap'i savanna near tli nioutth ol the Amlion 
river on itS lolthtlell Side (Il'hit Plate I) parts 0l" the Boa 
Vista suvanlllnas ill no thern lra/il: aiid lhe contiguous 
Rupitulii sa vanllas of ( ;lu, ana
Well-Drained Lands 

About 79J'' (64') million ha) of the region is reasonably well
drained. The major part ofthis area. 508 milloitn ha, isco'vered 
by forest, and tie remnuining 141 million ha is covered by 
savannas. Approxinately 77; of tlhe '.'ell-drained lands (497
million ha) has slopes less than 8"';. and 23"; ( 152 million ha) 
has slopes greater than 8'; . The relatively flat lands are often 
closely dissected by sinall streams. liract, over 8'; of the 
entire area has perennial streaIsillt less thanil ll intervalsand 39(; less tlhian 5 kill apart (see Photo Plate 43). 

Topography and 
Climatic Subregions 
Table 4-1 provides a suntmary ol the topograpity within tile 
broad cliniatic subregions described in Chapter 3. It is based 
on computer printouts. 

There isa significantly higher proportion of poorly drained 
lands inl subregion A, tile triopical rain forests. liven so, 70 
of these areas are Well drained; of these, 128 million ha have 
slopes less than 81' . With tile notable exception of' son areas 
in the sub-Andean foothills, such as tile ilorencia region of 
Colombia (see Photo Plate 34) and the Yinilnaguas region in 
iile low Selva of Peru (see Plhoto Plate 9), most of these lands 
are still covered by native tropical rain forest vegetation.
Variations in physiography are coninion and picturesque
along the narrow sub-Andean footlhills (see Photo Plates 31, 

lowlands 

Total
 
area
 
1%) 

27
 

38
 
16
 

5
 

12
 

1 
1 

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

b. Nonclasslfied, or submontane or subtropical forest. 
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33, 34). Between the Andeant foothills and the lIeCaihriiaii iS made up it'praicticallv the same species as the ground laver 
shield much of the landscape is unil'orin and gently undula- of'canpo e'trado.(Note that the use of caotpo limpo here is for 
ting, although it is often interspersed with extensive areas of' a variation olfthe Cerrado flora.) Sometimes, when a ('errado 
poorly drained linds. grassland has a le%. sers, scaittered, low hint cillspicuitis 

By far the largest area of \,ell-drained land, is found ill slrubs or aC;ndLesCent palnls, it isdisthiguislied as nimpo nm/a. 
subregion B,the tropical semi-evergreen seasonal torests (see 
Photo Plates 3, 5. 14). In central, eastern, and southern 
Amazonia, these firests are largely intact, although siceable 
areas, especially iii Rnmndomnia slate of BIrail's siiuthern 
Anaonia, have been cnt down in recent years (see Photo 
Plate 12). 

Ahoiit 73(' (189 nmillion hal of the well-drained lands of 
subregion Bare relatively flat, with slopes less than 8" . Thelandscape tends to he 

lsslauiscae ariale ~ta inuutler tihegins.internised, iiv'er a eontinuiiiis h~rshighitl. iipen haven inf 
Nevertheless, there are major pfh'siographic differences a 

large part is closely dissected by fhe many tributaries of tie 
Amazon river. 

Subregion C is largely define by t lie well-dratined iso hyper-
thermic savanna lands. Some extensive areas of flat lands are 
found, such as the altillanura plains aloi g the south bank of 
the Meta ri%er (3-4 X 10 hai)inColoinbia'seastern plains (see 
Photo Plates 41-43), but large tracts of these lands are 
strongly dissected. 

Stbregion D is comprised of the isttliermic savannas, 
mainly confined to the higher (graater than 900 m) plateau 
lands of Central Brazil, and the cooler southern Imniits of 
Brazil's "Cerrados." which contait extensive tracts of flat 
lands dissected by small valleys (see Photo Plates 16, 17, 18, 
21, 	 23, 26. 27). 

Subregion E covers a wide range of topographies. 

Vegetation 
The Land Systems Map and Figure 3-6(Chapter 3) summarize 
the distribution of the natural, physiognomic vegetation
classes over thle region. Thle use (if physiognomic terms dues 

not imply any preconceived ecological or climatic conditions; 
the description of the savanna and forest classes ,used 
throughout the study strictly follow those quantitatively 
defined terms used by Eiten (1968, 1972) for tropical well-
drained savannas and Caatinga and by Eyre (1968) for 
tropical forests. Only the classification "seasonally inundated 
pampas" has not been defined in a physiognomic sense; these 
pampa.s refer to any lowland tropical savanna or grassland 
with soils that suffer from prolonged periods ofwaterlogging. 

Savannas 
According to Bernal Diaz(1975), "savanna" isa Carib Indian 
word signifying "treeless plain." In modern usage, its mcaning 
has been extended. Eiten notes that "The range in structural 
forms in cerrado is completely coutinUous in the sense that 
stands can be found in any region which may be ranged in a 
series from arboreal, through all grades of scruband structural 
savanna, to (usually) pure grassland of the cerrado type." 
This continuity was recognized by many early travelers and 
particularly emphasized by Smith (1885). The classifications 
used by Eiten for savannas, or Cerrados, are summarized as 
follows, 

Campo limpo. Grassland with tall visible woody 
plants essentially absent (see Photo Plate 20), and whose flora 

Campo cerrado. Includes several firnis with ttal 
sood. plant cover rather open or sparse (see Photo Plate 21), 
that is. less than 30t-40'; cover, such as: 

; 
a. 	 Quite open serh 
C. 	 l hmireal. quite e. imflduiid 
. l ph'sionnmie savamnia, catlered neifiul-l-tallwte i.e.. 

or ow trees. or siuris. mr tustlall,hotfh trees and shrubs 
grsse,her a mItiihs od sei ishirfs 
grasses herbs, tharf shrubs, and smishrubs,
 

Cerrado (strict sense). Itncldes several fortus with the 
total woody phint cover closed down to about 30--40K;, (see 
Photo Plate 22), sueh as: 

a. 	 Closed or seini-open lowarboreal firnsicanopy g tieral
lyless than about 7 li tall). 

b. Closed or scmi-open scrub forms tcaiopy generally less 
than about 3 in tall), the elements of' which may be 
definitely shrubby, arborilotm. or the two mixed. 

C. Closed or senin-open scrub mixed with scattered trees of 
various heights. The trees may be enicrgents antd form a 
single upper layer usuafly, rise toor, varying heights 
along with varying heights ofscrub elements so thatthe 
tupper surface of the vegetation is "hilly." 

Cerradio. Medium-tall arboreal form with a closed 
or semi-open canopy (see Photo Plate 23) (but not less than 
30--40 tree crown cover). 

Forests 
The following descriptions briefly identify the tropical forestclassiicnions (see Plates), as used by Eyre.
 

Tropical rain forest. Most trees are evergreen in 
habit, castingtheirleavesandgrowing newonescontinuously 
and simultaneously (see Photo Plates 8-10). Some may shed 
all their leaves for a short period at irregular interval.,. Large 
trees may develop plank buttresses, although these are more 
common in areas with impeded drainage. The trunks of 
certain trees, especially "lower story" trees, such as cacao, 
may bear flowers and fruit. This phenomenon is termed 
"cauliflory," and the bark of such trees is usually very thin. 
Palms may be present. but not in the great numbers found in 
poorly drained areas. 

A tropical rain forest is usually well over 30 m in height. 
Statistical appraisal would indicate that it has a three-tiered 
structure. Under the often-open uppercanopy may be found a 
layer of smaller trees, and, in turn, below this, a lower 
"story." Trees in the different layers are frequently specifical
ly adapted to particular niches within the microclimatic and 
structural complex of the forest, and are not necessarily 
simply immature forest giants. Thus, trees in the lower forest 
layers largely consist of species adapted to reduced light 
conditions. 

Usually a large number of tree species exists in any one 
area. These commonly belong to the Rosaceae, Compositac, 
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aidlIegIIIinosa eaInIili+.s. I iutandepiplrt.s Icare cIOIniMon. Ih LI
The shrub Iacr i poorI dc\ eloped (o~,.l 

d withIt t h\% tIr e etItIn Cl asses. \When eCII' ts weiCt,r f fe'tS thx ere to ,lset S,ttitmfoitld. ,isiln,. tic lass. 
atnd seedlinigs). and, for this reasont, it is usuallI (litteclasS to\alk through i tJuupical raintorest. Caatinga. ('aitiga Ihas beeti desCribCI bY ItIltClas till


Tropical semi-evergreen seasonal forest, Ifiorinscr itof iitheautetti Ilai (seenotatrUturl t 29)).Iottntuin l'fui Plait It islCerrad bitt a diftert c2).thse fres,, getterahlk hive a two-la-cted strtt re, ias largIe-scal 
Idte, 

reach heights of 25 in or citsid, ribl 
ve getatiin type with tdifferent flola: trevertheless,tmore when growing

itherentl, 
stie (anthitiis Corit a proporthult of Cerradts species.fertile soils, and pussiblv 20 tio ?(10;if the tipper Closed scrlub is tie ctcani tttIlotest lotrlof ('aatiitga, hut thisdry seasoII.px trees lose their leaves in tile Apparenlyrt vegetaliti tyvpe also occuis iliitraly tther structures, allutinof tie e\eritreen species of the tpper lyer are faculta-

tsels deciduos. In other woLIds, theY have tile 
natural it sorie regions: forest, arboreal woodlalnd, closedability Itlose shrub (inostty of definite shrubs 2their lcjes in 5 in tall), closed scruban extrene drY season. A higtprportionofthe with energent low trees, open shrubfus\er story tre:es aire everg'reen. (nostly of definite
.;trbs 1.5This t\ pc 

it tall), shrub savanna (scattered low trees oroiforest differs fttin tfre tropical rain forest in shrubs over a closed strortgrass layer, tite Serido forni), andother respects. I:ever trees are buttressed. II tire earl. winter itiers. Maiy of tire shrubs and treesseasot. ire spiny. Cacti arera in species prod rice fliowers, especially tle Ii oer aliinlst always prese nit,such iastree cacti of tie CerCus tribe,laer trees tha~itentd toibe saitull-leaved. low clumps of globular and cylindrical species, and Op ntirtia.
Tropical semi-deciduous seasonal forest. Terrestrial species of'bronieliads are very abundant in inostT his fitrest (see photo Plate 19) has two strata. The tipper itabititt 15ittis prediiiititlyi. dcciti F.Iverg'rcet trees tire Catitingas. 

abotun15 tiise lyer ; &it1[1tit 1.sTiir eni Sub m o ntane forests.r in itliser tvider at 4 t I 0in. Subtm ntane f oirests tirefotund italtitudes between abi t 10000and 2000 it. TheTree species differ osiderablesv fro tolttse fn'rledi selrli- classificatitts of Evre were used aud tinted in tileoriginalese rgrceni sea sitia I fb rests. Ttic% vie iore gnrarledt t ruiks~aItCoinrg sheet s. 'Ttheseppiised t ilo estraight ttruks o the seni-evergreen seasinal g maiesumrzdnntefolwn 
,'tbe sU n rlried in the ollutwirigforests): tiles qIitie near tilebran ground tnd iaive rnibrellashaped canopies, or cantopics with distinct horizortal strati. * Suh-niuotant, evergreen forer;. This forest l'as a twtas compared with tire compact. conical, or roUtIttled crOWIsIs of' tiered structuretire wetter Itrest. with ;tit open etinopy of trees reaching tohottle trees, Acacia species, aud gialnt cacti heights of'15 to 20 in.are iisitualytpresent. The bittle tree flotwers abut late April to 

Ferns tire cormmortOn iii tite shrub layer.

Most of the tree species tire either evergreen or only shed their
May with the late rains, fruits, then sheds its leaves. Siie


paInts tlt appear to withistanid drought iay also be present. 
leaves for short periods a!irregular intervals. 

T 
 his ftrest issimilar
A high proportion of the trees are Inicritpivlhus. The forest
 
tendN to he poor til
lianes,
Ilerbaccous plants.especiallygrasscs; rescantily represent-

in structure to tie sutb-iorntine evergreen forest iii that it htsebtttis p'rt pit grasesre ea eprett 
i doiuble stritirn of trees and til open canopy bitt isgenterallyii 'ts. s pitts hIwer ( 13 to 16 nit).A noticeable prtptrtinittftrees shed theiref trefor iesft, tiltogi e sy' Ittnits.~ rt Ir leaves during tie June to Autguist period. Leaf shed in soimeTrheseliaecae species. ma be verrecomtnton. species is preceded by flowering about April, follwed bylThese fitrest classes corresputnd to thotse growing oil well- fruritinig.drained suils. The varitus sub-seres (mdtification) ecotoniecharacteristic (grad;iotnts between tsvto groups), tinrd features 0 Si-nronlwtanedeci'idtdoiLs.ieaItworthi *a/foresi,.Th s forest usialof special nite it" any one type of vegetation tire not lv has t
reflectcd intile vegetation cuding. When very different sub-

single layer o trees and t.nids to be open. Heights vary

Ifroin about 8 to 12 on. Thorny scrub and cacti are coi iimon inseres f tie to naturl phenoniena were fotnd, e.g. hydroseres the shrub lyer.Almost the entire forest sheds itsleaves for 3(vegetation adapted to wet soil conditions). they Werc clssi- to 5 months of the year. 

Table 4-2. Areal extent (t,)of the savannas- of tropical South America,subdivided on the basis oufrelative arboreal biomass contents,with major soilchemical constraints. 

Low P Low K At toxicI 70'tAt sail Low Ca Low Mg -__ 

.. 6. CD 94.3 CDC 93.5 C 2.3 CL.CS 77CC 82.9 C 9._ _C. 7.8 CC 74.0 CC 51.
CD 8i.1 CC 88.5 CC 54,. CL+CS 6t.6 C 21.1 
CL+CS 58.0 CL+CS 68.1 CL+CS 40.0 CD 49.0 CD 15.5 

a. Brazilian terms commonly used (see Elten, 1972): CL+CS = campolimpo + campo sujo (grassland with occasional shrubs). CC = campo
cerrado fopen savanna). C = cerrado (intermediJe savanna), CD
cerrad~o (closed savanna).
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Table 4-3. 	 Areas (ha) of usMan-indUced veetattion throughout the 
central Iwlarlds of tropical Soiith America (from satellite 
imatjery taken during period 1973-76). 

Climatic 
subregion 

code Subre(|ion name 

Area 
planted to 
pastures 

Area 
planted to 

cro )s 

a 
b 

c 
d 
e 

f 
0 

Tropical rain fo
Semi-evergreen 

forest 
Isohyperthermic 
Isothermic sava
(Senli-deciduous 
forest 

Subtropical 
Otherb 

veg

rest 
seasonal 

savanna 
nna 

seasonal 

etation' 

11,697.490 

20,9011,120 
13,259,220 
8,738,000 

5,622,700 
2,751 320 
1,460.510 

6.959,370 

11 999,580 
6,006,850 
3,571 620 

2,6147,440 
737,870 
804,740 

TOTAL 614,433,360 32,727 ,470 

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

b. 	 Nonclassified, or submontane or subtropical forest. 

0 Sub-ntontane ntirophyllous forest. This is a los,,4 [o 7 m 
high, often open forest or scrub. Cacti are ctmmon. The 
density of the vegetation appears to increase with increasing 
availability of moist tire. The forest is relatively leafless for 6 to 
8 months of each year. 

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

following the relative arboreal biomass contents ol a limited 
area of the well-drained savannas. However. :isshown in 
Table 4-2, such a sequence was not confirmed by this study, 
with the exception of Mg, the significance of which may 
require further investigation, although itis possibly just a 
coincidence. 

Induced Vegeition 
Table 4-3 summarizes the areas ofhitman-induced vegetation 
throughout the region. It nuost be noted that these figures 
were based on imagery taken over the period 1973 to 1Q76, 
and as such are very approximate. They do not take into 
account areas that have been ct over or partially altered; 
only those areas with obviotts signs of vegetation changes. 
They should be used, if atall, swith qualifica tion. 

Conclusion 
There is no doubt that the 613 million ha of well-drained lands 
in the region with slopes of less than 30%, from aclimate and 
landscape point ot view, represent one of the world's major 
reserves for crop, pasture, and agroforestry production ttnder 
rainfed conditions. It follows, therefore, that their soil 
conditions should b,.carefully eyamined. 
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Tr66 U 48-

H Ferrasols Cambisols I] Planosols 

Acrisols - Regosols Solonetz 

[ Fluvisols * Podzols I Solonchaks 

* Luvisols E Nitosols Yermosols 

[ Gleysols Andosols * Xerosols 

Arenosols [ Phaeozems [ Vertisols 

D Lithosols 

-4 



SOIL UNIT MAP/FAO-UNESCO LEGEND 

F Q Central Lowlands 

l ' I -P"' 

CARMAGUAD 

0 , I ') of-8.Tropical South America 

A B 

3 7 

~-o, 

H) 

IQUITO 

F 

7 

z 

OVATLANTIC 

B-0. 

MANAUS , 

OCEAN 

-4. 

-

F G OAIB

-24-

F R 60' 4' G A 

SXanthic Ferralsols (Fxc) 
A Orthic Ferralsols (Fo) 
B Acric Ferralsols (Pa) 
C Rhodic Ferralsols (Fr) 
D Plinthic Forralsols (Fp) 
E HunmicFerralsols (Fh) 
F Ferric Acrisols (At) 
G Orthic Acrisols (Ao} 
H Plinthic Acrisols (Ap) 
I Gleyic Acrisols (Ag) 
J Eusric Pluvisols (Jo) 

K 
L 
M 
N 
0 
P 
0 
R 
S 
T 
U 

Dystric Fluvisols (Jd) 
Calcaric Fluvisols (Jc) 
Thionic Fluvisols )Jr) 
Orthic Luvisols (Lo} 
Chromic Luvisols (Lc) 
Gleyic Luvisols )Lg) 
Ferric Luvisols (Lf) 
Eiitric Gleysols (Ge) 
Dystric Gloysols (Gd) 
Hurnic Gleysols (Gh) 
Mollic Gleysols (Gm) 

V 
W 
Y 
Z 
1 
2 
3 
4 
5 
6 
7 

Plinthic Gleysols (Gp) 
Farralic Arenosols (0)) 
Albic Aronosols (QO) 
LUrhosols () 
Ferralic Cambik?, IIf) 
Eutric Camhisols (Be) 
Dystric Cembisols (Bd) 
Colic Cambisols (Bkc) 
Eutric Regocols (Re) 
Dystric Regosols (Rd) 
Gioyic Podzols (PB) 

8 
9 
X 
I 
# 
' 

$ 
(@ 
& 
% 
10 

Dystric Nitosols (Nd) 
Humic Andosols (Th) 
Luvic Phaoozems (HI) 
HapFc Phasozams (Hh) 
Dystric Planosols (Wd) 
Gioyic Soloneti (Sg) 
Orthic Solonetz (So) 
Gloyic Solonchacs )Zg) 
Haplic Yormosols )Yh( 
Luvic Xerosols (XI) 
Chromic Vortisols (Vc( 



SOIL FERTILITY/FCC SYSTEM 

12- 72' 66' 60' 54' 48' 
CARIBBEAN SEA i 

D flE' D HCentral Lowlands 
8'- ,- ',:\ CIUDAD BOLIVAR '-o 

H- Tropical South America 
J,/CARIMAGUAUA 

- , - '. B.,OAV STA
",.= ,I u . "L<. v -0 %/"~-'./ L. , ,9 "A NTI''C O N: PP TL-A" C EFA 

' H ' , ,> .M O -M -. '. k BLM 

0 - T-GG H,: 
,- ' 

0. 
0-I "M 

N 
" 

1u ma ' M 

I. N "-8' 

!.' U ,~~~IBRANCO . M, i"u%.,°,. . +, -4-a - " ,- 11 
G 

2I H,2 , 

"-- 0 " H DU. 8-,/ No.,.-
PACIFICOCEAN2D 

- F R I BRANAON G = ",D D GN=hke D 

= contains "g" - N hake =hhae 

H =h L =hai P =haki T =hke 
I =ha Mhak Q=hei U =k 

-0 



SOIL TEXTURAL CLASSES/FCC SYSTEM
 

12*- 72' 

CARIBBE AN SEA 

66' 

u S.LCocc. 

60' 54' 48 

1 

Central Lowlands 

AL C Tropical South America 

I4.E 
CATLANTIC 

SL 

h r7'¢ 
ccC-47-4 

OCEAN 

~12'
 

S Sand C Clay 
L Loam R Rock 

NOTE: The first letter at the code indicates topsoil (0-20 cm) texture. The secondletter indicates subsoil (21-50 cm) texture. 



SOIL MOISTURE-HOLDING CAPACITY 
12' 66' 60' 54' 48' 

CARIBBEAN SEA 

Lowlands'x Central 
of 

CRU) LTropical South America 

/' 4BA VISTA 

'-0. 

SPACIFIC OCEANOC 

rM 

* > 150 mm per 100-cm soil depth
 

r 75-150 mm per 100-cm soil depth
 

E< 75 
mmrper 100-cm soil depth 



pH LEVELS IN TOPSOIL (0-20 cm) 

72' 66' 610' , 

CARIBBEAN SEA 

1Central Lowlands~CIUDAD B]OLIVAR 

of-.
 

Tropical South AmericaCARMAGUA %I
 

4( BOA VISTA i -4' 

ATLANTIC OCEAN0,; .0, 

-4. 

MANAUS 
 16 

48 

RAMPOBRANN C0
 

E>7.3 

I <5.3 



AL SATURATION LEVELS IN TOPSOIL (0-20 m) 
72' 6k. 60' 54' 48' 

CARIBBEAN SEA 

CIA B A8, Central Lowlandsof
 

CTropical South America 

4 BOA VISTA 

ATLANTIC OCEAN 

0. .0, 

RIO~ BRAC9 

PACIFIC OCEAN 

2W- CAM_ 

72' 

*> 70% 40-70% 

r- 10-40% < 10% 

20 



AL SATURATION LEVELS IN SUBSOIL (21-50 cm) 
72' 66' 
 60' 54,
CARIBBEAN SO I I 

IDOLIVAR Central Lowlands 
/ H -8. 

of 
CARIMAGUATropical South America 

v s TA
< ~ ~BAI
4 -4' 

,,, , / A ATLANTIC OCEAN 

(A BHA .. -A 

H A'~ Ak 
AA H A- -4-

A~U 

0 0RCAMNPOGRANCE 
- 20 

> 70% 40-70% 

10-40% <10% 



POTASH LEVW:LS IN TOPSOIL (0-20 cm) 

2- 72' 66' 6n 54' 48'
 
CARIBBEAN SEA 

Central Lowlands 
CIDA BOLIVAR-

South AmericaATropical
CARIMAGUA 

OCEAN;ATLANTIC L. -0 

040
 

j~, RIO BRANCOm 

TRINIDAD 

PACIFIC OCEAN 

20'- CAMPO GRANDE 0 

72' 66' 60- 4- 4.' 

FA]> 0. 3 meq /100 g soil 

F_._ 0. 15-0.3 meq / 100 gsoil 

N < 0.15 meqilO00g soil 



04 

Ca LEVELS IN TOPSOIL (0-20 cm) 
72' i ~ 66" 60" 54"48 

" 

!; :;'CARIBBEAN SEA. .. . 

Central Lowlands8,11/'r 
 o f 

CARMAGU l Tropical South America 

M~ i ATLANTIC OCEAN 

10. 

[ OCEANAU 

,'+ # : tCAMPOGRANDE -20 

466 600 4480 

*I > 4meq/100 g soil 

I]0.4-4 meq/100 g soil 

*I < 0.4 meq/100 g soil 



Ca LEVELS IN SUBSOIL (21-50 cm) 
66 o720 600 540 480 

12o_ CARIBBEAN SEA 

M Central Lowlands 
of -8o 

B4 

Tropical South America 

4°- SBOAVISTA 

ATLANTIC OCEAN 

M -oA B 

IC O I - 40

4 o - B 

"40 

OCAMPOBRANNE 

° o
 o
7 6 6 0 0 540 4 8 0 

A > 4meq/lO g soil 
M .4-4meq/lOOg soil 

B < 0.4meq/lOg soil 



P LEVELS IN TOPSOIL (0-20 cm) 
72' 
 66' 
 60' 5 484


CARIBBEAN SEA 

Central Lowlands 

Tropical South America 

BOA VISTA 

ATLANTIC OCEAN0. 0
 

4 
-4
 

RIO BRANL 

12s- 12' 

PACIFIC OCEAN 

20vL-' 

CAMPO GRAND "20, 

72. 
 6'. ,4.
 

U> 7 ppm 

D 3-7 ppm 

E < 3 ppm 



P LEVELS IN SUBSOIL (21-50 cm) 
72' 66' 60' 54' 48' 

CARIBBEA N SEA 

I -8' 

Tropical South America 

BOA VISTA -4, 

ATLANTIC OCEAN 
-
0 

-4. 

8e- .8' 

' 2' 

16k- GOA I 16' 

PACIFIC OCEAN 

201- CAMPO GRANDE 0' 

72, 6'6' 60' n' 48' 

> 7ppm 

D3-7 ppm 

< 3 ppm 



P FIXATION IN TOPSOIL (0-20 cm) 

12 2, 6.61 640' 54' 4S'
 
CARIBBEAN SEA 

Central Lowlands 
fICIUDAOI3OLIVAH o 8 

Tropical South America 
CAR IMAGUA 

40 4' 

ATLANTIC OCEAN 

-0. 

O BELFM 

MANAUS! 

IOUITOS 

-0 -12* 

PACIFIC OCEAN 

CUIA BRASILIA 

GOIANIA -16c 

201-

72' 

, 

66' 60' 

,:w ll O 
CAMPO GRNDE2 

S4'4 

-20' 

Phosphorus fixation 

(35% clay, % free Fe203/% Clay> 0.15) 

No or 
forl -

low phosphorus fixation (.< than specified 



SUBORDER SOILS WITH POSSIBLE
 
VARIABLE CHARGE
 

121- 72$ 66 60- .$4' 48' 
CARIBBE'AN S EA'..'' 

Central Lowlands 
CIUDAD -OLV 

a . of
 

Tropical South America 
4 !-4, 

B ATLANTIC OCEAN 

14! 
 .-4'
 

CIABA BAII 

20-

ir. , 60, 
'CAMPO GRANDE 

54. 4'8-

A Aqualfs 
Udalfs 
Ustalfs 
Xeralfs 

D Orthids 
E Aquents 
F Fluvents 
R Orthents 

P Psamments 
LNJ Andepts 
I Aquepts 
T Tropepts 

C] (Dystropepts) 
M Aquolls 
G Udolls 
H Ustolls 

Aquox 
Orthox 
Ustox 
Aquods 
Aquults 
Udults 
Ustults 



GREAT GROUP SOILS WITH POSSIBLE NET POSITIVE
 
CHARGE IN SUBSOIL HORIZON
 

72' 66' 60' 54- 48
 
12- CARIBBEAN SEA. 

. . OCentral Lowlands 
S _ of 8 
*.DADBOLIvAR8s, of:3 

C -Tropical South America 

ATLANTIC OCEAN 

0. 

PCFC OCEA R• v MAAI"4 

\ Natraqualfa 4 Psammaquents : Sulfaquepta N Haplustox
* Tropaqualfs 5 Tropaquents B Tropaquepta 0 Tropaqu, ds+ Hapludalfs 6 Tropofluvents C Dystropepts P Albnquults
$ Rhodudalfs ) Ustifluvents D Eutropepts 
 Q Paleaquults

- Tropudalfs * Xerofluvents - Ustropepts R Plinthaquults@ Haplustalfs 7 Troporthents E Haplaquolls S Tropaquults
& Natrustalft 8 Ustorthents F Argiudolls 
 T Hapludults
-1 Paleustalfs 9 Quartzipsamments , Haplustolls U Paleudults% Rhodustalfs Tropopsamments G Plinthaquox V Plinthudults+ Tropustalfs K Ustipsamments Acrorthox Rhodudults? Haploxaralfs I Dystrandapts I Eutrorthox VW Tropudults


S Camborthids / Hydrandepts 
 J Haplorthox V Haplustuts1 Fluvaquents = Hapiaquents K Umbriorthox Z Paleustults2 Haplaquents A Humaquepts Acrustox X Rhodustults3 Hydraquents # Plinthaquapta M Eutrustox 10 Chromudents 



Chapter 5. 
SOIL CLASSIFICATION 

Identilication of land famets withio land s*stels was used to describe them in ternis of iheir physical and chemical 
bridge tIle g lp betIML land Units and soil units, as Iactis are characteristics in such a way as to fIacilitate the computer 
ofl en relatiovh tin ol'tOlll illsoltr -is still proipe r ics are coni- grotpuping aid coollpa risoill of propert ies. 
cerned. \s ciplitisiced in (hap r -1, ;l hollgh laud facets Iht' Iilt% .Ip and i.t I.,% 'ndi IVohlle 2) detaijls771hLnd 
i1:t cttnlan Silsn ,sllh differing properties, soie level ftt the soil classification of tlie land facets within the land s.stels 
clnerili/tttion lluist heCaCCCltCd ii Inaking an ililentiro' of' 

kind resouwces. Ilhis chapter describes tle soil classiflicatiott 
ssenis,used io sunilniarie soils antd their lertiliito Constrailnts. 

Soil Tax onom 
I 

The soids (i l Ielind tmi. kitle first classified ts far is tlew 

(Great ( irtip c; tegor, of Stil laSiliiornlo (Soil Sirv.e. Sillf. 
197 	 . lihet des.cribed in teri, ot their ph,,sical aod chelilti 
pripelies. Ii Soil la\,in,,n,. .s. ilsare ritgrouped according 
Itt (i lua s tntd chemical properties thathtie ,iiiil.r phl, ,ical 
retIt their response to llC1gelCIlt aid iailliplilatittn fOr 
use" unitille soill Fariil\,categtr. is reachCd. Ihis fllttws lhe 
subdiisiilol tleC (ireal (;rtilps iitoSti igrotiips.acctrdiig 
to the scheie: 

i)1 I)Tie[I sttdlis.itl 

* 	 Sutirr .17 tuuljtsucl ) 
* 	 (ire.t ( olp 1231) tlbttlil,tlns) 
* Sub.groutp 0t7 sitdmtiiisll the USA) 

*I Itllllili 


The Order categol\ sepetrates soils according to theirt(oss 
lirphli g bi tlie presence tr ibseice oi diigitstie itri/tmns 
The Subirder separates the Orders according ti criteria that 
distinguish the ilajor reasons for tile presence or absence i'f 

tiri/( dif'tferenitittio. prillipall\ as related ti ili sl ire lid 
temperature regimes. ilhe Great (irttitp furtier separales soils 
aicciirdingo tile coililete asseimblage ol'theilr several hri/tns

andhemst ignlicntproertiesof' li wolesoi. HwevrSoilan~d ihe litst siutllicaill prtipertics ofl'the whitie stiil. I litwever. 

the Subgrttip categir. is virluly tinly a separation of' t 
Grcit (rioup ctegor.. in terms if sils which: 

titFltiw (lie cenilt concept ol (lie (iredi 6rn tip 
1). Are illtergrades ir Irua tiioi l Itornis to otlher Orders. 

Suborders. or (Great (irups; 
C. 	 Are eItragiades-stls tlht ha"s solte properues n 

represeritatiii of tie Sitiogr itp. 

In other words. the separation according to Subgroup is a 
colv',enience thal does ((ot add miuch to our klnuowledge about 
the chtr cteristics tif ile soils. For tbis reason, it wt s decided 
to classify sils otily as far as tlie (ieat Group level, then 

to the (ireat (;rotip level. Table 2-4 (('hapter 2) suininariies 
thle (ireat Group classes identilied. A stiniar of the land 
f'acet soil classilication to the (ireat Group level, together 
with equivalents according to the FAO legend, is also 

recorded in Part I of'"Voltliine 3,thle 'omiuler .iml,,miri tiMd 
't~~oil 1seMap Plates) arePri*fle /)ittriptioio%. Maps0(. 7 aiid 8 
siall-scale naps hased oi cmpulter printouts illustrating the 

cteon oIf the sotil Orders, Suborders. and Great Groups. 

FAO -Unesco Soil Legend 
For the convenilnce of readers accustomed to using the FAO-
Unesco soil legend, this soil classification system (FAO

lnesco, 1974) %%asalso used and has been recorded for the 
land facets within (lie land systenis oin the soil classification 
legend acompalnying tle lland Systels Map. This has also 
been coded to fi, :ilitale mal making. Table 2-5 (Chapter 2) 
sttlnliarnes the major stil classes identified by this sy,'stel. 
Soil climate parameters are not inherent ill application of'the 
FAO legend. Mpit9and I0 are siall-scale maps if't lie region 
using ire FAO legend. 

Brazilian Soil Classification 

S 	 stem 
Appendix I contiis an aipprximate cross-indexing of tihe 
Brazilian soil classification systeni (Catiargo et al.. 1975) with 

e - nTaxonomy and the IFAO-tjlnsco soill leg.end. 

Nle
Note on Soil Classification 
Termlinology 
Soil clissificattioll terminology is regarded by mnIly agrono
iunists as io niich gobbledygook, reserved for tile special 
precinct otf coiInmmlnicti ont betwiseen soil surveyors. Yet, as 
illustrated hV FsWt itli (1977), a lot ol'illformtatiil concerning 
soil fertility is available iromstil names. particularly in tihe 
case of soils classified according t Soil Taxonomy (Soil 
Survey Stall, 197'). Table 5-I lists the llain soil names used, 
td wlit Mighlt be deduced froMii these nMtics, following 
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86 Table 5-2. Fertility Capability Classification (FCC). 

FCC 
code Name/condit lon CIaracteristics 

Sandy topsoils Loany sands arnd sands (IUSDA)

L Loamy topsoils .357.clay hut not loamny 

sand 	 or sand
C Clayey topsoils 1359 clay
0 Organic soils 30% O.M. to a depth of 

50 cii or more 
Substrat T_peb 

S Sandy subsoil Texturp as in Type above 
L Loamy subsoil Texture as in Type above
C Clayey subsoil Texture as in Type above 
R Rock or other 

hard root 
restricting layer 

*g Gley 
Condition Modifiers'

Mottles*_2 chronm,iwithin 60 cm 

of surface ano below all A 
horizons or saturated with 
11,0 for > 60 (lays in most 

•d Dry 
years 

Ustic or xeric environments; 

e Low CEC 

dry, >60 consequtive (lays per 
year within 20-60 cm depth 

4t meq/O0 g soil by bhases 
unbuffered Al 

<C7 me/tO0 g soil by 6cations 
at pft 7 

,10 ineq/l00 g soil by cations 

*a Al toxic 
+ Al 4 

<60% Al 
II at1pl1 8.2 
saturation of CEC by 

( . bases dild 
within 50 cm 

unbuffered Al) 

<67 Al saturation of CEC by 
I . cations at pll 7) within 
50 cm 

<86% Al saturation of CEC by 
( : cations 
50 cm; or 

at pll 8.21 
pfl- 5.0 in 

within 
1:1 

Ah Acid 
11,0 ex,'ep in, organic soils 

10-60H Al saturation of CEC by 
( . bases and unbuffered Al 
within 50 cm; or pl in I:I 
HIO between 5.0 and 6.0 

I Fe-P fixation free F(:O,- clay:,0.15 or 
hues redder than SYR and 

x X-ray amorphous 
granular structure 
ptl'- 10 in 1t1NiF or positive 

to field NaF test or other 
indirect evidernces of 
allophane dominonce in clay 

V Vertisol 
fraction 

Very sticky plastic clay 
> 35% clay and " 50? oif 2:1 

expanding clays; COLE:.0.09; 
Severe topsoil shrinking and 
swelling 

-k K deficient < 109 weatherable minerals in 
silt and sand fraction within 
50 cm; or exch. K , 0.20 
meq/O0 g soil or K •2 of . 
of bases, If 1:of bases O10 

*b Basic reaction 
meq/tO0 g 

Free CaCO, 
soil 
within 50 cm 

(fizzing with IICl)or 1)1I 

*S 

*n 

Salinity 

Natric 

> 7.3 
4 mmhos/cm of saturated 
extract at 25

0 
C within I meter 

> 15? Na saturation of CEC 

*c Cat clay 
within 50 

pH in 1:1 
cm 
ffO is 3.5 after 

drying, jarosite mottles with 
hues 2.5Y or yellower and 
chromas 6 or more within 
60 cm 

a. 	 Texture is average of plowed layer or 20-cm depth II"), whichever 
Is shallower. 

b. 	 Used If textural change or hard root restricting layer is encountered 
within 50 cm (20"). 

c. 	 In plowed layer or 20 cm 18"), whichever is shallower unless 
otherwise specifiec by an . 

SOURCE: Adapted 1romIfluiletal.(1975). 
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isa 	 ranif's approach. Iii I, w lich S",l l hr lhI,,n il It bIII l.AppelldI, lllllli/i 	 Icedc I ).I1 

equivalent namle s ng Soil Tilool. I:,.\A Legend uc e edi*sa.~..5C~ tlitlttlct 

(i.O-sne scl , 17t . tl Btlr i classilicatitit s.ster sl t I ' lkald,soa nd iithiet ll its es acl 

it is ev','del [I it So~l es o flieCh clIss i s s. III's ".: s l 1\ (itOd )ICuNillsN LISNlCCIlal
tiltle 11:1111 hcilt I ion 	 .litCILIluL ]Ru'g ' soil

calt 	alsio bi uSed I'Ve 'I soil- gl, I,.,to Olaill ;1i1 tM i. pitte it.il uuailua.eauieI 
niutrienit protblemts.~ uiu tos*siut t Itst[hhieitilcutl 

situ is II u I( it. f "in\ ccs\ lootitliS I. hill stls Call lie 

Soil Fertility Capability 	 1 px:dkici u i i i 
V: 	\-III% aliollillh,,,"..tt'il Ll l i .(0 hl.e P-1Iili ltl 


Classification Ma o, these coiiditio itall occur together in the 

"he FIC Ierlttt •Capulitv (ClassihiItion)systi proposed IOw Ids Ir,,Pical AmlericIce'ntral hll Mip II. 

b Iuol et ill. (1975), and incorporated inia slightly modihied s hpeIt inde xies the Csmmo hsitfoanal t soilIcrtili 

form as :fit the present stud., synthesi/es ke¢. 	 htprvdes ove ofintegral part ofl 	 iiatios a itlchecklitpotentllial limitations. It 	 checklistprovide's it Convecnientl of'
Ilerility ilorn~iatin usuadll alvilableI'rollsoil ,trve\ re.po~rs. ptnilcwri( n s; e\hnysplmn otl 
It is considered a technical classilication systelll ((line, 1949) d oil rai i l i	 tohtiplil 
Sl)ecili ctllv designed to help Soil le'tilii ,l lSpeI' -iil cht.al data. 
Is. It s\slitnii/ i c.h of1"whtil ii\lbe Cleined I'ront oil 
stirv'-rimrts. prticularl,, Soil Analytical Datathose followinL Soil lainous 
.,h~dolh,.Itprovides a conVenient checklist o lli tjr 

pottntial problesl, affTectin tind reports contain twealth of'soil prol'ileailyses;Soil fertility, bot It phsicill, Soil sir, ey 
che ticall. Speaking. hI so O1i0n, it obviiies tile need for s il onistnational soil laboratories furnisli giLelinies for iterpret
fertility, Spieciatlists to hlve an in-depth knin edize of soil ing lthes-analyses. A lot ofint'ormation can be obtainted froinl 
classiticatiotn and soil surve ttiitlolo&. sich da a. but tile' list be' interproted intle light of crop 

The I[TC sstem cotsists o tlhree cutetorical levels: the requireninits. 

lype, h,, pe. brief.Innovtion "'s introtdtdcsd tonSubstrata , and Condition Modifier, Ili 
lype is h, aheriweletur, oil he topsoil 10-210 cnm), tlte provide a gitide to soil-nttrient levels: levels were detailed it) 
Substrata " pl'is lita era e textire of tte t bso il(21-511 r lel1.it r 'ex in e ,P -levelsare(esecrilI edtertus tif crop reL.tlii lsa 
tll),andilte Conditiont Modifiers, rl.r it chenical or as lowlinaete for roost crops except those tolerant to low 

ph,sicil c nditions. Table 5-2 di,'lIts ilte F:ertility\ Capability levels).,nlediut i iladiequaltliite'"orcrols reqttiriitg high levels of 
Classificatin IFCC) ispro)ptosed b) lotl et al. (1975). [tle tile iutrient), atl high (adeqttate I'r most crops). This 
Conditioner Miodiher ctnstraints, aind the mitoir mhanges approach shOitIld provide atclearer idea of'soil nutrient levels.in 
their defitnitioti used it the land Systels, Map, Ire aS I'ows: partictilarly fItr the fertility specialist 'aced \\iltcloitting 

basic Field trial Ireatmtients antd developing fertilizer recont
i: 	Altoc. Iit I71,tiul i1t); ii) "i pt ,tld. inendaitions fomriew,, genctic materials. especially those purport

tleflined a,greater th;n 7(),,alituniIIon of the l i(l('l ed t)hac partial toleiaince to toxic elemetuts, such as Al and 
contirast wiit littol i al.'sll+;level. Plants sensitivitt Al Mn, or to IrLt~ ice satlisl'actirily with low levels of soil 
to\iCit ,ill he ATClleid. i etntriitts issuth ). 

b: 	 base retctiin free carbonate. Rock hl phsati itl lther
 

ntinitwater-soltle pltlhtaie shltild be i'oitled. lottillIo
 
delicie it, Sme nucrontrint, . tanis \l. e.aid S ummary Soils
Z,,. 	 of the Region 

c: 	 eat cla\s, potential acid sulphate sttils. l)rainage not f
 
recomttnedi. ultouill ,pecial practices such is brine
 

lushing I, Ikai, per . ctn i.). MI ight be i ,ged Soil Geography
 
,
with planttlierint iolooding aindhigh water tibles. The distribution, by area, of soils of tle region is shown in 

d: idry condition...\ ii t aat dr seas)n)))i at least 6it Table 5-3 il t e Order, Subttrder, and G reat Gr0outp levls. 
cutnsectitke d i,, l.iittiiiin itil iotitiure. Itlainitg (This table is cmnsidered tentative and slbject to change as 
dates foranitintal crps,shluld plain for flusl olfN am t- tmore detailed slrveVs become aivailable.) All 10 soil Orders 
of, ralll. 	 are represeinted in the region: however, because of their 

e: 	 low (TCl(. Lo, abilits io retain ntiritit for plantis , Iliited extenit, I-listuisols and Vertisols lire not shownt in Maps 
iainly Ca. K. and Mg. 6, 7, and X.The majority 'fthe soils are claissified as Oxisols 

g: 	a gle Cionditttio in[lie slbtlil i'.as n itndiatioi of ,,uter and Ullistuls, which Itogetlher a it nitfor 66' f*he region. 
sliUratitun \\iwtlim-Il in it"tile stil sturl'ace. Followinig in extensiveness lre tIre tntisols with abuti 19I , 

It: acid. Higi acidits, l ftr liniinigand suie ill' rivers ill ttsl,hleh.n moust which ;tre of' alluvial trigin h(olund aloig the 
trace elerneit,. Ilii It jrtj, .ttPI i 111fi t,'ttifl, netwtork. Tie remaining orders cover relatively small arets,1// 
thii ha4 been delitnetd is thtt,: sits \uuh IphI lessthin 5.3. billtile are loeally itmpirtant: AIlisotls cover 6.7'i :Incepti
phtispliutriu, listtin Potentiall] high lt -li ilin calpacit'v. sols,. i..ta d( SpItd)i sols, MillisolsAridisols. Vertisutls, ind 
Retulircs tigh let itstt I Flrih,. Soirces intl.ttnethtt,, Ilistuisols. with less tI an I';iill her. 5-3 ills i slowstogell 'abl 
ifP lertiler applicatii shoul he careiull., ctttsitleretd. that 48";' tif he regiton is incluided in five Great Groups: 

-k: 	 K-delicietnt. imtt abiliv it ,Uuppl K. hi /oll,l,,Id ilaipl(rtllosx( l I),Tro)udultslls(1lt;),Acrorhiox(18f:I),[:tvi 
.S'i It," mrit I 'ii ,the le.'vel itt sc un~.'ahle K qtents 16' ),and Quarl/ipisainrienl s IV ' ).\u,,,t1i 
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88 	 Table 5-3. Aereal extent of th., Great GroUp soil Class' in the centrallowlands of tropical South Ameirica,. (Tentative classificatiorl. ) 

Area Percentage 
(million of totalOrder 	 Suborder GreatGroup hal area 

Oxisnls 	 Orthox llaplorthox 150.0 18.3 
Acrorthox 62.0 7.6 
Umbriorthox 4.0 0.5 
Eutrorthox 0.8 < 0.1

Ustox 	 Haplustox 53.0 6.5
Acrustox 32.0 3.9 
Eutrustox 
 24.0 3.0
 

Aquox 	 Plinthaquox 1.0 0.1 

Total Oxlsols 326.8 

Ultisols 	 Udults Tropudults 82.0 10.1 
Plinthudults 30.0 3.6 
Paleudults 29.0 3.5 
Rhodudults 4.0 0.5 

Aquults Tropaquults 37.0 4.4 
Plinthaquults 15.0 1.8 
Paleuquults 0.3 < 0.1 
Albaquults 0.1 < 0.1

Ustults 	 Haplustults 8.5 1.0 
Rhodustults 4.9 0.6 
Paleustults 1.6 0.2 

Total Ultisols 212.4 25.9 

Entlsols Aque 	 Fluvaquents 50.6 6.2 
Tropaquents 8.8 1.1
 
Psamnmaquents 3.9 0.5
 
Hydraquents 1.1 0.1Psamments 	 Quartzipsamments 52.0 6.4 
Ustlpsamments 6.1 0.7 
Tropopsamments 2.2 0.3 

Fluvents Tropofluvents 16.0 2.9 
Ustifluvents 0.7 < 0.1 
Xerofluvents 0."' < 0.1

Orthents 	 Troporthents 9.4 1.1 
Udorthents 3.3 0.4
 
Ustorthents 1.1 0.1 

Total Entisols 155.9 20.0 

Aisols Aqualfs 	 Tropaqualfs 19.1 2.3 
",aqualfs <0.1 <0.1 

Udalfs 	 rropudalfs 19.1 2.4 
Rhodudalfs 0.5 < 0.1
Haplustalfs 6.6 0.8

Ustalfs Tropustalfs 6.2 0.8 
Rhodustalfs 2.7 0.3 
Palpht'talfs 1.2 0.1 

Xeralfs Haploxeralfs 0.5 < 0.1 

Total Alfisols 56.3 7.0 
Inceptlsols 	 Aquepts Tropaquepts 19.1 2.3 

Sulfaquepts 3.0 0.4 
Humaquepts 1.0 0.1 
Haplaquepts < 0.1 < 0.1 
Plinthaquepts < 0.1 < 0.1Tropopepts Eutropepts 12.5 1.5 
Dystropepts 7.7 0.9 
Ustropepts 
 6.6 0.8 

Andcpts Dystrandepts 1.1 0.1 
Hydrandepts 0.2 < 0.1 

Total Inceptisols 51.4 6. 

Spodosols 	 Aquods Tropaquods 11.0 1.41 

Moillsols 	 Aquolls IHaplaquolls 1.3 0.2
Udolls Argludolls < 0.1 < 0.1 

Total Mollisols 1.3 0.2 

Arldisols Orthlds Camborthlds 1.2 0.1 

Vertlsols 	 Uderts Chromuderts 0.5 0.1 

Histosols 	 Hemists Tropohemlsts 0.2 < 0.1 

TOTAL 817 101.5' 

a. Numbers ar" rounded the nearestto decimal; amour=ts less than 0.1 were 
counted as 0.1. 
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OxisoIs. flaplorthiox are well-drained Oxisols with stich as the Psamlinients il l le vicinlitv ofTrs I .1goas. mainly 

very lowv native fertility b. tfjirlv gooid ,oil strtlCtLre They arc eastward of the Paranil river. 
also knosvn as Xanthic Fetilsols (FAO) and latossolos SpodosoIs. A soil Order that attraits atteio is ile 
(Brailian system). Ianyivofthem have very high clayco Spi i Stel SO also k ii n s Pod z ol it d Water Podzols, 
Acro rtbox aic si mifar except for ower clay catio i-xc iigc aind (iant Tropical Podzols, including their deeper variants 
capacity. labi 5-4 shows chermical data fron, two Oxisol 

as Psa n ments. These soils are derid front cioarse sandytlie('rra oI C lt rf 

from Amaonia. Iicy are deep. uniform, well-drained soils
 

proils tnefroiio ra i atidt ie ir iiaterials and are foiind inl elearl', definable spots in parts of 
the Aiiazon awa'y froni tihe flood plains. Native forest 

dominated by low-act ivity clays. Their structure is goo-d, but vegetaon i from foa d i i sos 
he,, arcyeiy acid a ndl low in bases aiid P. [lie OxisoIs (if thl vegetation is often different froi that found On OX Isos andU~ltisols. It is called cam~inaralias in Bra,/i;. The Pro.Ietosax aannas mlay be IiighIi f ixers; those ltou rd ini lie forested Radambrasil recently identifi .cd large areas of Spodosolsregions are generally not high P fixers. Oxisols are co atonl withicitfioual(]theelldranedswth~rra-zn nnaregons along the headwaters of the Rio N,.gro, which largelyaccount

(se olihot t lie Ama/oil:and tle xveil-drained savanna regions for tie color ot tIhis rier; waler passing through Spodosols 

characteristically carries suspended organic matter. Table 5-4 
shows one example near the Ducke Forest near Manaus.ULIisols. Ultisols are fai, y extensive in both well- Because of this extreme inierility and susceptibility to 

drained and poorly drained positions. Tropudutilts, Pale udi Its, erosion, it would be beiter to leave the SpodOsoils in their 
and Plinthudults are fairly well-drained, acid, infertile soils natural state. Unfortunatelv, they have received more scientific 
hilt with less desirable physical properties than the Oxisols attention than they deserve in terms oflheirareal extent ( 1.4% 
beca use ofa significant clay increase with depth. They are also of the regionh. Therefore, [lie research onltropical Spodosols 
knowi: as Orthic Acrisols IF,,O) aid Podsolico Verniellio in the in'ernational literaturc (Klinge, 1971, 1975; Stark, 
Amarefln Red Yellow Podolics) in Ilie Brazilian classification 1978; Sombroek, 1966, 1979) should be kept in perspective; 
systen. The difference between these Great Groups--the rirtlier, unuer no circinistances should results be extrapolated 
depth to the "clay bu lge" in the st, bsoili-is oflittle agrononice tilt le dominant Oxisols and Ultisols. 
relevance. In Table 5-4. examples are given for a vell-drained 
Paleidilt and a poorly dlained P] intlaqI;tilt found ol tile Well-drained fertile soils. Unfortnnatly only 
well- and poorly drained positions of tie tropical rain forest, about 5.2"( of the region has well-dra lied soils high in native 
subregion A. The vell-drainecd miember is acid, infertile, indI fertilit". These are classified mainly as Tropudalls and 
susceptible to compaction beca use o fits lov clay content. The Paletstalfs (Terra Roxa ELstruturada), .ut ropepts (Eutric 
poorly draiiied member shows Idgh exchangeable Al conltents Cambisols), Tropoltivents Iwell-drained Alltuvials), Argiu
in the subsoil, corresponding to a clayev nmttled layer, a dolls {Chernozems), Futrustox aind Etitrortlhox (Terra Roxa 
mixture of kaolinite and montmorillonite, which appears at l.egitiia), and Chromuderts qVertisois). Nevertheless, they 
first glance to be plinthitc; however, analysis shows it is lot represent a total of 42 millior ha, and, where they occur, 
(Sinche and Buol, 1974). It is suspeced that many of 'he permianent agrictlture has a better chance of success. 
soils classified as Plintliiidults by v'riot; authors are either The Terra Roxa soils cimbine high native fertility with 
Paletifults or Ilapuhduits. Some of these soils are devoted to excellent physical properties; Table 5 4 shows all exaliple ofa 
shifting cultivatito in the tipper Amazon, but most are still l erra Roxa Est iturada near Altami:a, Brazil. Many of the 
tinder native vegetation because of th1low prt.dtictivity. successful cac to plantations are located on sach soils. ExaIn

pies are found near Altamira, Porto Velho, and Rio Braico in 
Alluvial soils. Soils aIoig tie flood plains of the Brazil, and inl the "orient" (eastern region) of Ecuador 

rivers. although less extensive, are very important because i ted with reltiiely receit volcanic deposits. Their 
this is where food crops can be expected to yield Wvell wiitilut relatively limited extent can be seen in Map 8, showing theGre-it G rotip soil cltasses. 
the need for soil a meiinients. They shov little or no profile 
development and are c!assifiedi as Fntisols (Great Group. Laterite or plinthite hazard. The area ofsoils with 
Fluvaquents), l,,ceptisols, aindi Mollisols. These soils are plinthite in tl:e suibsoilI Plinthaiuox, Plinhaquutilts, Plinthirk ii ii t iotierc lssi ficatioi systemns as All uvia Is~ildronuir- dills) is limited. They total about 46 million ha, or 5.64 ofthe 
phics, Low Ilumic Glevs, and Dystric or Futric Gleysols. region. This point ideserves cniphasis, given the broad general-
Periodic flooding is tile main limiting factoir. i:,aiion that many tropical soils, if brought into production,

An example of in Fmtisol is given in Table 5-4. 1however, will be irreversibly transformed into hardened plinthite or 
from region Ito region there are often major differences in laterite. These three Great Grotips are the onlv soils where 
native fertility iue toi tile source of sediments, a highly this phenomeno etnaocciir. However, as the soft plinthile is 
variable characleristic of vdrzeas and harrialessoils. Conse- in the subsoil, the topsoil has to be first removed by erosion 
qIiently, it cannot be generalizef that alluviil soils are always and the remaining soil dried out before irreversible hardelning
oI high native fertility, to laterite can take place. Since these soils occur mainly oii flat 

anf often poorly drained landscapes, erosion is not iikely to 
Sandy soils. Extensivc areas 0if saiiix siils, mainilv be extensive. 

Quartzipsaniments. are found in the Espigai Mstre and It should be noted that many fpoorly drained subsoils of 
Parecis tablelands of eastern aind western Brazil. respectivel y. other soil Great Grotips have iiottt,.1 colors resembling
The former region is desert in appearnce: the titter iscovered phintlhite, but are. in fact. mixtures of 1:1 and 2:1 claiy 
by grasslands aiffeced byia strng ifry season. There are minerals(Tyler et al., 1978). The subject of hardeneid plinthitc
considerable areas ofuother light-textured soils in tie regioi, is discussed in Chapter 6. 
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0Eutric Tropofluvent. (Solo Aluvial Eutr6fico). FCC: I. Lat. 1 521S, Long. 67°41'W. Municipio Japur6o Edo. Amazonas, Brazilh
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 9.66 32 1.7 0.7 0.11 5.7 32 1480- 90 12 65 5.6 0.35 25 2.1 1.0 0.11 6.2 25 16
90-180 10 74 5.3 0.23 24 1.7 0.7 0.09 5.0 24 19 

ALFISOLS 

Tropudalf tipico. (Terra Roxa Estruturada Eutr6fica). FCC: c. Km 8 road to Panelas, Altamira, Edo. Parh, BraziP 
0- 8 40 44 7.0 2.51 0.01 25.24 2.28 0.28 29.16 3.4 8
8- 26 49 28 7.3 0.84 0.11 5.96 0.70 0.27 8.91 1.4 2

26- 60 50 24 6.9 0.53 0.01 3.22 0.65 0.10 5.55 0.23 2
60-100 56 23 6.4 0.26 0.11 2.47 0.09
0.43 5.34 0.32 3
 

100-130+ 
 55 24 5.5 0.22 0.11 1.29 0.06
0.75 4.86 4.4 3 

INCEPTISOLS 

Udoxic Dystropept. FCC: cha. Transverse road - Florencia, Municipio Florencia, Caldas, Co(,n-bia 
i 

0- 16 37 46.3 4.7 2.02 3.2 0.95 0.80 0.23 5.66 61 3.516- 85 52 29.8 4.7 0.51 
 6.7 0.22 0.43 0.03 7.74 90 0.9
 
85-173 49 29.6 
 4.9 0.22 6.3 0.10 0.47 0.08 7.19 90 0


173-208 28 40.9 4.9 
 0.15 6.1 0.10 0.41 0.13 7.68 90 0
 
208-228 20 56.2 4.9 
 0.08 5.3 0.20 0.56 
 0.11 7.71 85 0
 
228-247 28 33.1 
 4.9 0.09 8.1 0.16 0.63 0.17 9.60 89 9
 
247-350 21 38.5 
 4.9 0.07 6.1 9.16 0.53 0.21 7.55 87 0
 

SPODOSOLS
 

Arenic Tropaquod. (Podzol Alico). FCC: sgaek. kn, 4.5 of BR-174 SUFRAMA, Manaus, Brazilk 
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 0.84 83
25- 50 2 94 5.0 0.1 0.1 0.10 0.02 0.12 83
 
50- 90 1 98 
 5.1 0.0 - 0.10 0.01 0.11 
90-105 
 5 93 3.7 1.1 3.0 0.10 0.04 3.14 96
 

105-125 
 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. Profile 3 of Min. of Agr. Tech. Bull. No. 8 (1979). 
c. Profile SBCS-4 of Camargo and Rodrigues (1979). 
d. Profile 89 of PROJ. RADAMBRASIL, Vol. 12, 1976c. 
e. Profile Y-6 of Snchez and Buol (1974). 
f. Profile 24 of PROJ. RADAMBRASIL. Vol. 16, 1978a. 
g. Profile I of PROJ. RADAMBRASIL, Vol. 1, 1973. 
h. Profile 39 of PROJ. RADAMBRASIL, Vol. 14, 1977b. 
i. Profile 8 of PROJ. RADAMBRASIL, Vol. 5. 1974b. 
j. Profile of BENtAVIDES, 1973. 
k. Profile SBCS 2 of Camargo and Rodrigues (1979). 

The citntions for these references are foutd in the Bibliography of Main Soil Studies. Citations for (d) and (i) are in the References. 



Table 5-5. Aereal extent (million Fal of Great ,roup soil classes tof the central lowlands of tropical South America y climatic subregion (,, to e)tr 

Order -- Tropical rain forest b = Seni-e reen seasnal foresh 

Sem-e1rtre, i r lierWell dranied esrn Ifret c nl ii, savanna
and Total - T . WF3,1rr,e ! l 7poorly (4 slope) poorly 

- . We IiTha, Ee -Great Group P slope) poorlyarea drained P, slopedrained %0 -03 dirai-0 -- o- .... -

OXISCLSfiaplorthox 150.0 38.5 20.4 49.2 22.2Acrorthox 62.0 
7.2 5.0 - 5.6 0.3 0.12.2 5.4 1.1Umbriorthox 35.3 13.8 4.14.0 


Lutrorthox 3.3 0.1 0.8
Hapluston 53.0 0.0 O.t 

.. t 0.7Acrustox 32.0 
.0.1 0.1Eutrustox 24.0 17.9 7.9 6.1
 

Plinthaquox 1.0 14.2 3.2 0.5

0.9 -7.TOTAL TT 1.4 0.10.7 25.8 8.3 0.9% of total area 100.0% 8. ' -- % i 44.8 12.8 6,812.4% 
 7.9% 2.51 0.3%W 27.2 11.3% 2.8% 13.7W 3.9% 2.1% 

ULTISOLS
TropUdults 82.0  8.5 3.3 0.3Plinthudults 47.1 16.9 4.130.0 9.6 19.3 0.3 0.3 -0.6Paleudults 29.0 0.9 
Rhoductults 4.0 

- 7.6 2.5 < 0.1 14.3 3.0 0.2 
1.3 2.7 0.4Trop .quults 37.0 5.8  0.1 t1 .8Plinthaquults 15.0 9.8 06.8 

Paleaquults 0.3 0.4
Albaquults 0.1 0.3
ItaplustuIts 8.5 

0.0Rhoduslults 4.9 
0.1 0.1 0.1Paleustults 0.1 0.2 0.1TOTAL 1.6712.4 25.2 35.4TOTALJ5.40.8 6.1 0.3 9.0 1.9 <0,1l .9' 23.1 4.8 17.3 2.0 .3.8 0.7 0.1Wof total area 100.05, 11.9% 16.7$ 2.8% U.1% 4.2?, 30.6 10.9% 2.2% 8.1% 0.11.8% 0.3 

ENTISOLSFluvaquents 50.6 25.1 18.8Tropaquents 8.8 1.8 1.0
11I

Psammaquents 3.9 2.2 0.2 

5.3 
0.4
 

Hyoraquents 1.1Quartzipsamments 52.0 
.4 

0.3 4.1 0.4Ustipsammen0s 6.1 0 0.7 0.3
Tropopsamments 2.2 0.1 0.5 1.3 0. <
 
Tropofluvents 16.0 <0,1 0.1 0 0
3.5 - 1.9 3.1 - -

Ustifluvents 0.7 
 2.4 < 0.1Xerofluvents 0.7 -Troporlhents - - 0.29.4 
 <0. 1 <0.1 0.1 0.9 4.0 
 2.3 
 0.8 0.5 
 0.5
Udorthents 3.3
Ustorthents 1.1 29.1 __4.7 0_1_3____-_----"_.3,5 <0.1 _TT--'-'- L- 0. <0. 0.1TOTAL 5jT

(,f total area 100.0b 18.7% 2.2% <20.91 <0.1 0.1<0.1 <0%1 205 5.75 3.0 1.5% 5.2% 10.6% 1.2% 0.4% 

ALFISOLS
Tropaqualfs 19.1 
 1.3 
 - -Natraqualfs <0.1 <0.1  - - 3.8tapludalfs 19.4 0.1 
 10.3 6.5 1.1 1.1 0.3

RhodudalfsHlaplustalfs 0.5, 

6.6 -

Tropustilfs 6.2 
 0.7 0.7 0.3 
Rhodustalfs 2.7

Paleustalfs 1.2 
Haploxcralfs 0.5 1.TOTAL 1.21.4 10. 6.5 1.1 5.6 156.3" .1of total area 100.04 2.5 0.3 3.8 ' 1.910.3% 11.54, 0,2% 9.3t 1.9% 0.7 0.30.5% 6.7% 3.4% 1.2% . 5% 
INCE PTISOL[S 
Tropaquepts 19.1 3.3 

Sulfaquept. 3.0 6.3 - 2.4 0.6 3.2 
Ilumaquepts 1.0 
Ilaplaquepts . 0.1 <0.17
Plinthaquepts . 0.1 
Eutropepts 12.5 0.1

3.5 2.0 
 1.0 1.2 0.1Dystropepts 0.4 7.7 0.9 0.1 0.1
Ustropepts 6.6 - 0.7 0.8 0.3
 
0.3 0.5
Dystrand epts 1.1 0.2 0.9 .0.1 '20.1 - -0.3Hydrand, pls 0.2 0..05TOTAL 0.5.- - . 0.5i 


, of tota, area 100.0; 6.8 10.3?, 4.18, 
0.7 2.3 

3.79 17.9% 4.9% 1.60 0.69, .9? 1.0% 1.4% 4.5% 

SPODOSOLS 
Tropaquods 11.0 8.5 - -

1of total area Th%77 T-
- 2.5 

2.0
 

MOLLISOLS 
liapldlJuetls 1.3 0.8 
Arguidolls 0.5 

TOTAL. 0.1 
, 0 01 0.1of total area 100.01 61.5v 38.5% 

ARIDISOLS 
Cambor thids 1.2
 

of total area 10 0T
 

VERTISOLS
 
Chromruderts 0.5 0.5

S of tol.l area 100%T -, 10.0e 

IIlSTOSOLS 
Tropohemists 0.2
 

ot'ftotal area %l%--____________________,__________________________
 

a. Climatic subregions f and o account for onlyb,. Numbers are rounded to nearest 
18.2 mllliol ha.

decimal. Amounts less than 0.1 are not included in the summation. 
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d = Isothermic savanna 
FatF Well-drained 

poorly (%slope)
drained 8 -30 >30 

e 
Flat, 

poorly 
drained 

(Semi-)deciduous forest 
Well-drained 
(% slope) 

70 U-30 >30 

<0.1 1.0 0.2 

6.6 
8.6 
6.4 

5.7 
4.4 
1.4 

5.0 
0.5 
0.1 

-

-

1.7 

2.4 

1.0 

3.9 

0.5 

2.5 

21.6 
6.6% 

11.5 
3.5% 

5.6 
1.7% 

4.1 
1.2% 

5.9 
1.8% 

3.2 
0.9% 

0.2 10.5 

0.2 
<0.1'% 

0.8 

O,0 
.11 

0.1 

0.1 
<0.1% 

- -
<0.1 
10.5 
1.94 

7.7 

0.2 
0.8 
0.7 
.1% 

0.1 

<0.1 
-
0.1 

<0.1% 

0.1 

-
-

0.1 
<0,1% 

2.3 

0.114 
1.0 

- -

<0.1 0.2 0.4 28.3 
2.5 

2. 
0.5 

1.9 
<0.1 

<0.1 

1.2 2.6 

0.7 
<0.1 

<0.1 

<0.1 
<0.1 

-

0.1 
<0.1 

0.1 
<0.1% 

0.2 
0.1% 

0.4 
0.2% 

14.9 
3.1% 

1.0 
35.1 
22.5% 

0.2 
3.1 
2.0% 

0.4 
2.4 
1.5% 

1.2 6.6 

- 0.5 

- 1.4 2.9 0.6 

- 0.1 0.1 - - 1.0 0.3 0.1 

1.2 
2.1% 

0.6 
1.1% 

0.1 
0.2% 

6.6 
11.7% 

0.5 
2.9 
5.1% 

-
3.2 
5.7% 

-
0.7 
1.2% 

2.3 

0.2 <0.1 <0.1 

-

0.1 
0.1 
0.2% 

0.2 

0.2 
0.4% 

0.2 

0.2 
0.4% 

0.2 

0,2 
0.4% 

-

2.5 
.9% 

0.3 

0.2 

5.0 

5.5 
10.7% 

0.1 

0.9 

0.1 

1.4 
2.7% 

0.4 

0.7 

0.1 

1.2 
2.3% 

1.2
 
100.0 

0.2
 
107.0% 
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Soils in Relation to
Climatic Subregions 
and Topographical Position 

Table 5-5 provides distribution estimates of the Great Group
classification according to climiat7. andsubregions topo-
graphic subdivisions. It may be seen that tilehigher ratio of 
Ultisols to Oxisols in subregion A. tropical rain torest, as 
compared with subregion 13,serni-evergreen seasonal torest, 
isassociated 'itti thepoorlydrained areas where wet U ltisols 
are abundant. On tilewcll-drained lands insubregion A, the
ratio of UlItisols is significantly lower: 0.54 compared with 

0.69 in subregion 13. UIltisols account for a m uch lower 
percL .[age of tie suiils in subregions C, I), and I. 

There isa higher proportion oiflaplurthIo x in subregion A,
Acrorthox insubregion B, Ilaplustox insubregion C, and 
Acrustox in subregion D. Oxisols only account for a small 
proportion of the soils of subregion F.The high proportion of 
Acrorthox in subregion B indicates a greater extent of soils 

wih very lowcation-exchange capacityI(less than 1.5 rneq/ 100 
gcla,) than in subregion A. The relati,,ely large extent ofwell-drained Inceptisols in subregion A is mainly associated 
wvith sediments derived from materials of volcanic origin trom 
the Andes. 
The Alfisols totind in subregions A. 13,C. and 1) are alsoassociated with superior soI-parent materials, oftten basic. 

indicating tilestrong impress soil-parent materials Lave in 
t'orning soilseven under vigorous weatheri iig conditions. The 

best soils lounrid throughout tile region generally are the recent 
alluvials, Fntisols: imoever, this is bv no ineanus always tile 
case. Further, many alluvial soils are suibject to periodic 
flooding. 

Part 3 in the (omputer Summar' and Soil Prolfhi,De.srip
tion i''lftte.1/laSiven.n IVolumie 3)contains a series of soil 
profile descriptions f'roni Land facets described bytypical 

ia niv different aithlors.
Assuch it provides rcaders,especially 
soilscientists, vith a more detailed picture oftlle niorpholugy 
and properties oI some of tie soilsin the region and 
emphasizes the great diversity in soil properties and [grictul
iural potentials. 



Chapter 6. 
SOIL PHYSICAL AND 

CHEMICAL PROPERTIES 

After the soils of the land facets were classified, they were 
described in terms of their physical and chemical properties. 
This chapter summari/es hese properties. 

Summary of the Soil Physical
Properties of the Region 

Propofrtie he R gionof' 

Soil physical properties were classified and coIed interms of 

Erosion Hazard 
Table 6-I also provides a synthesis of the slope classes of tile 
region. Flat, peorly drained lands cover 21 ,:of the region. Of 

well-drained lands, about 61 have level to gent 
(0 to V;' slopes). Topography is rolling (8to 3V; slopes) in 
14"i of the region, and steep (more than 30('; 

tile ' eslopes 

slopes) in tire 
remaining 4'; .The presence of a textural change within 50 cm,, L c
 

thle soil surface, such atsI.C, SI., arnd SC, makes the soils 
susceptible to erosion, particularly ol steep slopes.Table 6-1 

also shows that 64.8 rilliin hia(8 of tie region) have soils 
slope, depth, initial itfiltration'rate, hydraulic conductivit'v. ,itha sharp textural (SC. 1.C) change on slopes greater than 
drainage, moisture-holding capacity. temperature regime. 
presence of expanding clays, and texture and presence of 
coarse materials. Details of their definitions are recorded in 
the glossary to Part I inVolune 3. 

Ilhe basis of physical propertiesclssification osoils ol th 
is designed to evaluate their stitiability for crop production 
from a plr stCal standpoint: in the %\ordsf F.Ilardy (student 
notesI, to studs tie "root of' or its physicalroom' t stil. 
charcteristicsasia gros tl enrirontirii for roots. tubers. and 
underground steors and tissues Of allkinds, including odules 
for s.mbiolic nitrogen fixation. The cassification contains 
the factors riecessary to apply the technique developed by 
ManrsfiCld ( 1977) for assessing land capabilit. for crops based 
on soil Pir sitcil limitations. It also conraris the information 
necessary to use tile soil Fertilit\ Capability Classification 
(FCC') method of lirrlrl clal. (1975). 

Although there are important phsical limitations, such as 
p or drai age. in2 ('of the regio ,severe erosion lra,ard in 

W'; , or have shallow soils i l.R and CR). lle:deep soils with 
textural changes, mostly classified as Ultisols or Alfisols, are 
gcnerall.' qlite susceptible to crosion unrless pritected by at 
plant canopy during periods of lavy rains. 

Indiscriminant forest clearing, especially in hilly regions, 
often leads to serious soil rosion and also increases the rate of 
flo\ ofwater (alonrg vith topsoilaway front catchment areas. 

Thi.inturn, proke,flooding fron rivers, often mail\, miles 
do nstrear. It is a particularls serious problem iil parts of' 
the sth-Andeat foothills where "colori/ation" is proceeding 
apace. [or example. inBolivia, tIre greater frequency and 
intensit\ offloodiing inrecent \ears, at Trinidad, a city' located 
near tlre Narnri river in the middle of the Mojos Pampas, 
can be associaled witlh the uncontrolled atrd excessive forest 
clearing b\ settlers in the Clhapare district, a major siill-
Andean calchielt region offthat river (Cochrane. 1973).
Such problems can o ly be avoided by ensuring thatcoo

poor d arI n egre e f droiglrt stes il tilirnetra byr oldstress ollover, ti 
phsical propet ties of (lre soil ill' Land Systems. c: e
generally considered favorable.pl 

Soil Texture 
Mal 12 (see Map l'late,) is a cnirpuiler-based iap iif soil 
texture to tire 50 cur depth according to the :C( citeria. 
Table 6-1 shos the tabular data br clitiratir: and topographic 
stubdivision. The most extensise textures are loamy (I.) 
(18-35'; cla )and loart5 oser a clases, ,uhsoil(I.C). These . 
aind I.C classes together accoutirl for 55' of the soil 
I.Cniforil,, cla.,es C(profilesaccount lo& 261 ;oftIcarea.the 
remainder beingidided b.\ oser rock atd otherssalhlm soils 

textural combinatuions. Table 6-1 shuss that there is a 
plrysical barrier to root decloopment at50 cur or less it 15.8 
million ha (21';f tilte region). Srand\ topsoil textures are alsot 
important. 

etri/ers have as little access as possible into the sub-Andean 

fmap
ooithills"i.e., that mrrajor road svstetrs are located well into tiei sa e .pilainis areas. 

Soil Moisture Relationships 
Thedefinitior of'soil (ireat Groupsand lhirextent(shown in 
Table 6-I) permits a calculation of the relative importance of 
soil-noistutre regimes in the region. as defined in Soil 
Taxoni\r (Soil Siurve. Staff, 1975). Aliut 61(' if the region 
has air udic or periudic soil-iroistire regime. indicating that 
the subsoil is tmouiist during 9 or more nrontlrs per year. 
\pproxirnately 21"; of the area has air aquic regime, indi
cating tIre presence f svaterlogged conditions insome parts of 
the soltowudtring tire year. lh e remaining 18"; has air istic 
regime. \shicl indicates that tire subsoil is dry for more than 
90 hitt les, thatn 180 consecttive days during the \,ear. 

The iroistire siltuttion is notit clear irs figuresas these 

http:favorable.pl
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suggest because subregitn 13,which covers a large expanse of 
tileAmazon, includCs both udic and uistic soil-nmoistLire 
reginies in well-drained soils as presently defined (Ranzani,
197,,) in detailed soil-watcr halance stuties doie ear the edge
of subregion lE(Marabi, Pari), which are classified as well

• 	 , ' 
 drained soils in ustic subordeis.Cochrane et al. ( 1981 ) have coinpared the classification of 
tile 
* ,, 	 main soils in the region at the Great Group level with 

.~I 	 r
, ~ 	 moisture-reginie classes a'nd total wet-season evapot:ins. E 2 piration regimes (WSPE)(Table 02).Thereis a pproximate
relationship, presumably because tie definition o' mioistureD.. 0" w 

,regimes 	 for bt d i t -gatrtGt 
., -

prov ides for a broad scpa rat on oft lie a oups.However, there is tie iiiplication that tli defitnition of WSPE 
- ,,-0 IN2 0 ° "" reginivs, or an equivalent approximation of"usable energy"e" 	 "o 
°0 0 regities as accorded by annual water balance patterns, could 
.-. .. .. 
 .. lead to an improved classification of soils in the tropics. The 

o I 	 . definitions of soil-tmoisture regities according to Soil Tax. .
 C onomy, incidentally. are currently undergoing reviesw because .,-0o00 0.I o.n0 of certain doubts as to tie applicability of tie present criteriato tropical circumsta ces (A. van Warbeke, pers. co n ., 

. C .'s ;> 	 1980).
' o Classification considerations aside, itis relevant to point° 9 g out that most soilsinsubregion 13suffer from temporary0 ° -0° 0' o IN moisture stresses during 3 to 4 months of the year; this affects 

-
E'LI N 0 "E 
. 

plant growth.ti The clearly defined dry season in the savannasmac 
. .makes thissituation more obvious, especially in tiL well
c ,I,.I -	

drained soils of subregion C and 1). Even in the clearly udic- ' •-
. 

soil-nioisture regime of subregion A, temporary soil moisture 

stress occurs sporadically and severely affects crops like0- upland rice and corn (Bandy, 1977). Thus it appears that-C 00* * - o- t I, 0 shalow-rooted annual plants growing oin most well-drained 
c t, 	 0 soils in tie region cati suffer frotm lack of water during some 

.,Nn _ ., part of the sear. 
,; 
 I Map 13 illustrates tile soil iioisture-holding capacities ofL.0 C 	 41 soils throughout the region. More detailed or crop-specific

0100..0I . .. E-- .. .. 	 studies must take such capacities into greater account.d hi 
-n0--- - I - --...- Hardened Plinthite 

'Z 
 or Laterite 
, 
 - ~ , It is pertinent

- -; 
to note 	 that tie physical properties of mostE Amazon forest and marty savanna soils are generally quite

-. 
 good. The dominance of coarse gravelly topsoils underlain byC', 0-' o, 
 z plinthite ill much of \Vest Africa's equivalent to subregion B 
Z). poses major limitations to tiledevelopment of permanent

U I. I,' eN '. agriculture inthat vast region (Lalo.I 	 o ' etal., 1975). As noted inChapter 5. this situation is virtually nonexistent intropical 
"L 0 Ino0 ,,., I South America. I lardened plinthite or laterite outcrops do 

-ccur 'landscape, but in geoma,st1161 as phically predictable positions in theoil edges of' penieplins or plateaus that 
w--,0 o 9 I have been dissected by streais and rivers. These are common 

in tie Guityanian and trai/ilian shields, and in tile> > 	 Tertiary< 
 > > > > > C suirfaces of the Amnazon and Orinoco basins. Laterite out>-_ >'";'.' crops olclir in tilehigh l.ianos (if eastern Colombia near 
o , -J Ej 	 Cariniagua (see-~ .... _ -_-_-	 Photo Plate 44), aii- biano Agropecuario) National AgriculturaiICA I nstitto Colom-Research CenterN ,n where
U .' %%e Illien ('IAl work cooperatively incrop, pasture, 

and short-term research. These outcrops provide excellent 
low-cost road-blilding materials and. consequentlv redutce 
the cost ofopening tipmiany hinterland areas. In fact, tie lack
of laterite inmany areas is a definite constraint to road 
building and construction ingeneral. 
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N = 	 inadequate for crops requiring high leIcs of tile 
ntl1trient 

Definition ofSoil 
 i for most cr1ps except those toleran tto o,
Chemical Properties levels of (fie lnutrient.
 
Soil chemical properties fOr both the topsoil (0-20 cm) annu Exchangeable K (IN N11 4 Clextraction).In practice,
 
subsoil (21-50 cmn) were coded and sit mmarized ts deltliled il there does not appear to be mtch difTerence hetween tlie K
 
the glossary to Palt I of Voltime 3. Some aspects of this levels extracted with NI14(I and Nll4OAc. The tentative
 
coding and definition lerit additional comment. classification of exchangeable K also qualifies the potash
 

pH (p1 1in water, 1:1 soil to %katerratio). A plt less than levels according to the FCCcriteria. This stipulates as an 
5.3 was considered a realistic levelto separate soils w tIha alternative definition of low K that the soilhas less than 10% 
potential Al toxicity problem. Above pi1 5.4. Al is virtually weatherable minerals in the silt and sand traction withil 50 
insoluble atid not found either inthe exchange complex or in cm of the soil surface, or that K levels are less than 21N ofthe 
the soil solution: below about pll5.3 theatoutt olfAl insoil 
solution inay be significant. Therefore, pit5.3 gives a crude 
critical level for identifing those soils for which the equation 
developed )b,Cochine elal. (1980) tor estimating the liming 
requirements Of acid mineral soils might prllfitablv be used. 

sum of the bases, if the sutu of the bases is less than 10 
lie(/I((f g soil. 

Total exchangeable bases (TEB)."Iis is the sum 
of tileexhangeable Ca, Mg. K. ai Na. In some acid mineral 
soils, Mn and even Fe levels obtained by extraction with IN 

The letter "i'"wits used tolcode soils With a pNl less thtan 5.3; KCI tntv be high and cottribute to thi 'TF1. Zinc and Cu 
this is the sanic letter used bs the FCC system ( tuol et al. 
1975). and the definition approximates the philosophy of the 
FCC definition of soil acidity.

Exchangeable Al (Al extracted bv IN K'I). The 

lecaren eedAltAetratend by apiNCITle 

levels usedtre sidered ntaive nd miainv tpplitbletco t 
soiIs ithIi tlow\efleeti c tion-xctiange capitcity. 

Exchangeable Ca, Mg, Na (IINKCI extraction), 
This is it first attempt to equate soil-nutrient levels vith crop 
needs in the sense: 

Table 6-2. 


levels could also be included, billin practice are generally so 
lto\% as te be insignificant. 

Cation-exchange capacity (CEC). This reft: 
the effective cation-exchange capacity (IFCl-C) calculated by 
the stmn of lthe'IFI- plus Al(IN KCI ex raction).The level, less 
than 4 ieq/100 g soil. wouild correspond approx rr,-tely to 

less than 7 nieq/100 g soil, if the CEC is determined ny the 
suti of the cations atp1 7.0, and less than 10 when deter
mined by the suim af the cations at p1-8.2 (13tiol et al., 1975). 

Comparison (in percentace of totalarea) of the well-drained 
Great Group soil classes by iSPE' l1d moisture regime 
classes. 

'e t llln ths 
WSPF (rmn) no.), 

Great Groupb f 3110 1001-1300 900-1060 ' '100 .8 6-8 <6 

Ustic 

-OSTA,AUSPA,
 
AUSRI,
 

OUSAC, OUSEU,
 
OUSIIA,
 

UtUSltA., USPA,
 
UUSRII 


Orthic 
0_0IIC, OORE3U 
OORIA, OORLIM 


Udic 

Ul075HA,
tltPA,
 
UUDPL, LtJDR 


0 2.3 20.1 5.4 0.6 21.6 5.5 

6.7 	 20.1 1.3 0 14.4 21.7 0 

,

ULIUDTR 15.6 20.4 0 0 17. 18.2 0 

TOTAL '' 3 50.8 21.4 5.4 32.9 61.5 5.5 

a. WSPL - let-seIson potntial evapotranspiratioln. 
b. A Allisol; 0 Oxisol; 11 - Ultisol; US 7 ustic; OR : lrtlic: 

UD udic; IA - hapli:; PA - paleic; RH rhodic; AC acric; 
EU - eutric; UM Umhric; PL - plinthic; TR - tropic. 

c. Months with MAI (Moisture availability index) > 0.33. 

SOURCE: Cochiraie el ill., 1981. 

http:Clextraction).In
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Table 6-3. Compariswn of P levis (|)JI TI) h ' (lassif(:,jt 1i1, syste, 

tP coid,- fBray 11 _ Trtuoi Olseni "Availa le P" 

A alto, Im li 7 5 . 3 

N1 TIlediri 3-7 2- 5 1-3 

13 hajo, Iow 3 2 1 

Tihe classification of T Ii3and ('IC in terms oi" high, 
mediLm, and low clearly has no direct signiicance with 
respect to planitl nutrient needs. Neve rtheless. thev are con-

sidered COMnItient 
groupings to help with the interpretation 
of the soil's ability to supply inutrients. \\'ienetonsidered 
together with organiic matter contelt and Cax niiner",log, 
they provide an idea of theiahili, tl'a soil to retain nutrients
and its state of leaching. 

Organic matter (OM). [ht.• clisiicaition hls beeen 
made to help with the i.\erldl interpretationl os soil fertilito, 
lte peitare of (,INI is dteterrnined b ituhtijpf\ing the 

or.eitlic c fix 1.7. 

Phosphorus. (liet. .clsrecr t P xiractsd b\ the 
B~rak I I ntclhod i has and Kurt. 1945). In veu, applriximte 
terltl1. fable (-3 gl~cs a Csotmparisnt of P lesels et' 1)tr:iI\ 
the lIrLx II niethtol e.lI 1u0g l)til,. J ( 1958). ;tndt. 

the *-a;iflhieP- nutlld (1 \thr 
 ( 1969) .
 

The classilic;athos ait ilso usedlo 
 euaute soil exels k\itlh 

plait roquiretiienis. 

Phosphorus fixation. l'htsplurus fixution isdi-
ficuilt li quLi;tif . Ihe citerion f i tald)( 1975)\;Is used: 

soils, \\ithIta cl\ conte.,nt Lt.it ,r th 35';*iind tio1110:e (0,3 t. o i.'rc eti ' cl a, er.a r than 0 .15, 
fL'* 

r t h ose \ ith 
alhi'phatio.-dot inanIl cla nunt-rlox . are classified ts poten-
tialls hitch-Ih fixe sr. In the ihsenc. oi mote speiitc inforia-
tion. these plar;ilt.teu s gl\e i t ll(lli lItiig il" po itiaf
P-flxation prblet',,. 


Manganese. TI.'lie l,,
K an.gnied"s rler to ne\trftcl ,\%ill) I.. [l eesrefer i "I'extralted it'i I'e.' 

It toxcil\ is greater thaun 15 orppni greater thai I'; 

saturation tt F(I( is prituxisital, i. ints \'ir\ wi(l,,in
Iheir hilit t s ithtadhigh ll ef%.k NIt in the soil stlution.rtheirb't ' F trtleritirc.. M 1 letei it t Is tn d build iP. s onitit tis rm 

relitiselx short periods. tutder re duintg cioditionts ICoillinis 
and Ituil. I969). 

Sulphur. The classifications low. satisfIacttiry. higlht 
and Linknoit hase beelt imade without attemtptirig to define 
ail extraction prociedure or limits for soil 8; ii nlyreflects 
wyhat is known ibouti S deficietcies as recurled in the 
literature. 

Zinc (I.N K('I extractionf. Onl. the classes losk, satis-
faictirv' and nkit;\ri have been us+ed. These levels are based 
on relatively Iew studies %kith coninercial croips: little is 
knowit cincerning crop tilerance it) different levels of' Zi. 

Iron ( I ' KCI extraction). The classes tw, satis'aclory. 
high, and tknotwn pros ide onl.x a ritigh guide. as they dt not 
take crop tlieiance differences into accottnt. At the high level. 
sonie crops, e.g. rice, mav silfer (rom excess Fe (I tloweler, 

7 

3-7 

3 

1973). [ike Mn, soil ife ievela vary with the fluctuating 
oxidation and reduction conditions hrought about by dif
ferent soiI-lioisi tire levels. Tentmpo rary Fe deficienc' somle
times occurs in sugarca ne as plant roots grow through well
aeiated, unsaturated topsils CIA'. Cochtrane, unpublished 
data). As tile rtoits pienetrate sturated suibsoils, tile Fe 
deficiency generall \ disa ppeirs.

Copper ( IA KCI extract). little isk n. iabout critical 
('u levels. Geiieili/ed leiIs have been determined based oi 
experiences frliml other tropical areas. There is evidence to 
SlggentlI t tle\' 11i, be Corr..lafed with P levels ill sone acid 
tuittral soils (]T]. (I chrCiUIle. tipiublitslid datal). 

Boron (i \trctio 1h water for I0by relluxing xxith I00"(C 
tint.s). fhe claes used approximate critical levels f'or 

se\eral cotps icludUing Slig rcaI. 
Molybdenum (I,\ K( i cnatf. littlh is known 

conce-uitug soil ",o levels in the region. The classes used are 
based ntiilx on generalied criteria urotother parts of the 

tropics. 
Free carbonates. This characteristic refers to ear

btiates detected siiiplx by driping 30; II(1I onto soil 

satiiples taken toi a depth if' 50 andcm observingel'f er escence T ie p rese tec e ' ,diLi i aid 
CO,

tlln in ilg iesitli 
carbinaites detected in this wax is also ued as an FCC 
modifier: "b' = basic reaction. 

Salinity. This is the salinity of the saturated extract at 
24"U ila soil sanple taken toia depth if I ii. The levels arebased oii (lie general values de\hdped lhv the U.S. Soil 

xiii centalTutit4t reeitnriilti-(orhost 
soils wth s t salinity to preset problems lr most 
crops. It should he ii ted. hiwever, that soite crops aresuscepltible toi a sig'iiicantlh fkwer lexel if si il salinity. The4 n iili s level appro\imates a 1:2.5 soil-tt-\ater extract 

conductivity reading ot1400 ftnho . 

Natric. Siilin lexels xx'Ciegi 1 Seteparate nlelntion to 
identify problemt soils. Sodium affects clax dipersioi and
noisture a ailailitx. The le els reler io readings for soil 

saniples taket it depth tf5f ciin atid are ithse limits set by 
the t I.S. Soil Salini l.a rLboraii.\r(1954). 

Cat clay. This identifies the presence oflacid sulphate 
soils I Nltortni. 190)3). It is identified by the criterion olplI
inl I:I soil-tt-water extracts less than 3.5 after. drying or 
.arosite mottles with ('tes 2.5Y or yellowver and chroiias 6 or 
miore witlhit a depth tigf ciii. It is used with this definition as 
an FCC nidifier: "c" = ca clay. 

X-ray amorphous. Greater than 351'; clay and pH
greater than I0 in I N NaF, or positive to field Nai: test, or 
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other indirect evidences of allopha'e in the clay fraction ,i as are defl'j.ences of these elements in others. Trace element 
the surface 210cii of' the soil. This criterion, the definition of" defhcencies. including It. Zn. And ( u. are coinilonly seen 
the FCC' m1odifier -x," purports to Lenni', soils With (CoClirane and Si'llCh,. 1982), and MO deficiency has been 
alhophane-dontated mineralogr the,, ofen have high P- identified in the IBraziiian ('errados CIAT. 1980a. Table6-4 
fixintg capacity and lok rates of shieraliatul. ianv of these fertility limitations in theShows the extent of 

regilo. Table 0-5 disaggregates the topsoil data accordlg toElements of importance mainly to animal ~climatic subregiitis and topographical positions. Table 6-6nutrition. This evaltiation is based purely on specific 	 interprets these data in terms of" L( units.
 
knoMwedge abIitit deficiencies aid tixicitics occurring in a 
 In examining these tables, Iwever, it host be reimembered 
givenarea. e:atph.,certainsoilareasacassociated Worwith that the lfigures are largely based tin soil-survey iforlation 
iodine deficncy iii animals, 	 taken under natiral ve,'ctation conditions. As shown by 

Examination of 	 Falesi( 1976), in lie semi-evergreen lorcst circulisrtarce wihi alarge bioiass cttent, burninig in situ can result inl reutrning 

Soil Chemical Data 	 ti the soil vr\ large quantities ifbases, including Kand Ca, 
Whet exairninitg soil chemical data, it is good practice to thus cortiplelv chaiging the chemical characteristics of the 
idtntif: potential soil toxicity factors first, then exaine topsoil. The subsoil conditions may also be affected as 
potential .l'ficiencies in the light of what is likely to occur, nutrients leach front the topsoiil. 
once corrective iieasire have ieeni Pusiilated itoovercome Soil acidity. Tables 6-4 and 6-5 showv that 751 of'the 
tile soil toxicity problem Isee Appendix 2). Such i1t eXiiitIi- region has soil pI I values liiver than 5.3, indicating not only
nation tiust he preconditioned by the appreciatint ofclinlatic an acid reaction bit also the presence of potentially toxic 
and phsical cotiditions. levels uf exchangeable Al for tmuany crops. The proportion of 

Ilistoricatllx,. (ochrane (1962 cxaminiied Ministry of Agri- acid soils is less in the flat, poorly drained topographies
culture files dating to the late I800fs in the Caribban Island of (52(; ). Map 14 is a computer prititout cupoSil1ioi map of 
St. Vincent iiid f'OtIid Ile \aS able to detect a hitherto topsoil (0--20) p1t levels over the region. Siil acidity is 
unsuspected relationship betseen the fertilizer response of itldicated lv the "ft" riodificr in Table 6.6. 
cotton varicties atid their genetic adaptation to acid, infertile Alumintutm toxicity in plants is the main ctsequence of' 
soils. For \cars it has becn assuiiied that the "best" varieties extretite soil acidits'. plantt species and cultivars within a 
were those that gus c tile greate responses to the higher speciCsdiffcr in theirtolerancetoA; thisisexpresscd in terms 
fertiliier treatmnients. of the percentage of' Al saturation of their effective cation-

Appendixes 3 and 4 proiside agrotitmists l'acCd With the cxchaige capacity F'C(). Sotme plants sensitive to Al suffer 
task offitnmestigaiting soil fertilit. probileims forspecific crops it it levels as low its 10"; Al saturation. In general, hoiwever, 
tiore detailed guide as to ,hat may be deduced fr1tt CxiSting when there is70; Al saturation or more within the tip 50 ciii,

soil SIIr\ex and fertilt, c, aluatiot Studies and how agrono- the soil is cotsidered Al toxic. Such soils have been assigned 
mic sork tight be spetded up to proivide field-prmen the ut" niodifier ofthe FCC systemi. Table 6-6 shows that 358 
ans%%ers hir farming practice. The u,,e the llanios Orientales million hai. or441. of the soils in the region are potentially Al 
of ( lombia I the Castelrn hjlolat.l well-drainted plains) as a toxic in their natuural state. Map 15 is a coiiputer printout 
case studv. (hapter 9 also discusses this tiipic. comiposition ial. of' topsoil (0-20 cii) Al saturation levels 

over the regit.Plant Tolerances to Map 16 shows a cotiputer riap ofthe Al saturation levels in 

Toxicities and Deficiencies 	 the subsoils (21-50 crn)of the region. It may be noted that 
there ae significant changes in the distribution of the subsoil('learlx. atnil) inrpreatiott tfhil chetmiicl data laund certain 	 levels as compared vith the topsoil levels. Table 6-5 shows 

h) sicaul data) tiist take tlhe toleratices ofdiffercti crops in that there is a considerable loxering of'subsoil At saturation 
varieties or ctiltivars of those croups into account. It may be levels in subregions C and D. the sa'aan regirns. 
ntoted that several Ilra.ilian sieat varictics have a niuch 
greater tolerance ti soil AI than those dCveloped ill Canda. Correcting Al toxicity. Al toxicity in soils may be 

corrected by liming, unfiortunately the atmonts of limeSummary of Soil Chemical ,turrently being used by farmiers to overcome Al toxicity are 
usually far in excess ofthitse really needed. Large. unneeded
applications of' linie have been made in sOiuthern MatoIt ias cncutltudcdf that thelhysicl ,,,ii :ties of thc soilsolthe Grosso, Brazil, for instance (see Phot(i Plate 28). Recenitly,

central loMantds can getierall\ be considered favorable. The Cochrane et al. (1980) have published an improved liming
i,|p,;ite statemiett calt be Illade ias to their chemical proper- equation ihal permits the calculation of the ininintal litic 
ties. lhe vast majorit\ of' the regiot's soils are acid and retluirernent for it given acid, mineral soil that swill enable the 
infertile in their tuditurhedstatc. healthy growth of t crop with Ia known tolerance to Al 

Froti the soil survey classification data, it waits notel that toxicity. This equation hts been recorded in Appendix 2 for 
otlv about 5'; of"tle region ha, high ast status siils witi the convenience of agrcnornists.
relatively high native ferlility. The aitaly tical data indicate It might be noted that lime per se is not a scarce resource in 
that the intairn chetnical sil constraintt, in the regioi are sotil the region; deposits abound along the eastern foothills of the 
acidity (Al to\xlcit ), P delicielc ,. low efl''ctive cation- Andesand thecentral plateau of Brazil. lowever, miiiiilgand
exchange CIpitcit y, Mmdx\ despread deficiencies o1 N, K, S, transportation costs are major limiting factors especially for 
Caaid Mg.IoTxcitics of Min arid Fe arc present in stme souils, distant frontiers. and the estimation of minimal lime re
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Table 6-4. Summary of selected fertility parameters in the central 

lowlands of tropical South America. 

To soil (0-20 cm) Subsoil 
Praercentage Area

Code' Range (million ha) of total (million ha) 

M > 7.3
5.3-7.3 0.4245.11 <0.170.0 0.6203.2 

h < 5.3 570.8 30.1 613.0 

Organic Matter (
"X If.5 1.145.0 17.8 4.1 
M 1.5-4.5 614.4 75.2 90.5 
B - 1.5 57.6 7.0 722.14 

Al saturation (%) 

M 
B0 
10-40 

221.5 
95.5 

27.1 
11.7 

243.6 
91.3 

H 40-70 141.4 17.3 100.0 
a >70 (toxic) 358.6 43.9 382.0 

Exchangeable Ca (meq/IO0 g)7 2. 6. 
S 20.0 68.1 

M 0.4-4.0 338.3 11.4 184.6 
B -10.14 315.0 38.6 564.3 

Exchangeable Mg (meg/10 )
A 0.8I 166.6 
hi 0.2-0.8 410.8 
B < 0.2 236.6 

20.8 
50.3 
29.0 

63.3 
184.7 
568.9 

Exchangeable K (meg/O0 g(
A > 0.3 10 7.4 12.0 6.3 
M 
k 

0.15-0.3 
< 0.15 

240.8 
477.1 

29.5 
58.4 

105.6 
705.1 

ECE C 
b 
Imeq/10AT m g 

255.6 31.3 119.6 

M 4-8 319.0 39.0 283.3 
e 4 242.4 29.7 414.1 

V 7 97.1 11.9 28.4
M 3-7 341.5 41.8 89.1 
B 3 378.3 
 46.3 699.4 


P fixation 
I > 35?. clay and 

free FeO/ 
clay > 0:15 1n .2 12.4 

0 low 7,5.7 87.6 
U no estimate 0.1 ,0.1 

a. 	 a Al toxic, FCC modifier in topsoil; A and H = high:
It acid, FCC modifier in topsoil; i FCC modifier for 
k - K deficient, FCC modifier in topsoil; M = medium. 

h. 	 ECEC = effective cation-exchange capacity. 
c. 	 By Bray II. 

quirements, along with the use of crop cultivars with a certain 
tolerance to high soilA) levels, are important agrotech-
nologies for the agricultur5l development (f tile region. 
Consequently, the estimation ofa minimal "liming need" can 
lead to the more effective use of lime and cotnsiderahle savings 
in food production. 

Phosphorus deficiency. Table 6-4 indicates that 
86% of the region's soils have topscil available Plevels lower 
than 7 ppmaccordingtothe Brayll method. Map 17(seealso 
Chapter 7)shows the distribution of available P levels inthe 
topsoils over the region, and Map 18 (see Chapter 7) shows 
the distribution of subsoil P levels. Since the generally 
recognized adequacy level of this method for annual crops in 
Oxisols and Ultisols of Brazil is 7ppm P, it is safe to state that 

(21-50 cm) 
Percentage 
of total
 

0.1
24.9
 

75.0
 

0.5
 

t1.1
 

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
 

B = low;
 
P fixation;
 

the vast majority ofsoils in the area are deficient in P for most 
annual crops. Fortunately, this widespread P deficiency is not 
accompanied by a widespread high P fixation capacity (see 
Map 19). 

Thles 6-4 and 6-6 show that an estimated 100 million ha, 
just 12% of the region, have soils with a high P-fixation 
capacity, as defined by the 'i" modifier of FCC. Only those
topsoils with more than 35% clay contents and with a high 
proportioni ofiron oxides present are considered high Pfixers 
(SAnchez and Uehara, 1980; Sinchez et al., 1980). This 
situation is largely limited to clayey Oxisols and Ultisols, and, 
among them, only those having the "Ci" notation in the FCC 
system. Phosphorus-sorption isotherms, conducted with soil 
samples of Ultisols from Peru and Brazil by North Carolina 
State University (1973) and Dynia et al. (1977), show that the 
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fixation capacity is low. Figure 7-3 (Chapter 7) shows the Rapid leachiin losses and scrious K-Mg imbalances have 
distribUtIon of soils with possible P-fixation problems over been recorded in I Itisols in Peru (Vilhlclhica, 197N; Villachica 
the region. Clearly, while P lixation is a possible lajor :1n1tlSnIllchel. 198)O). 
constraint ot*Osisols in the Cerrados of Blrazil and the I-lanos 
ot 'Colonbia. it is not a %widespread!problem in tile ,.\iita/on Sulphur deficiency. c( lung (1)5)) founl seee 
although it is locall illpot-tant. The Use ' SI)ecieLts ad i rencies, in lrceliiu,,e tial Il theulphur lef a vilh soils 
ctiltivars tolerant to low P level, is a possible alternative to ,t.Oe (i (ioJ, lhla/il, in soils desclicJ ;is Ilriouic latosols 

Ittcleasing P fertilization in P-deficient Soils. (Aclusto') and in af sadttl Tlia Ro\a hl\ttlrath (ilt hmhs-
Becar se (t its lltllportanc recentl. aIdvaIeeS in Manas and tall)it lPalo. l ieciiiiiiIti IIccrent.ceofs tleficiettc. Iin 

;i\ Ifcorrectittg P deficiencies are specificallv discussed in the sils Of Cetrral Ilt;r/il has bell cotilitied b seceral 
Clhapter . COllLetlitettt studies. itltditg the reCent gleetrhtots tals ot 

the ()xisol ofPlamaltitla repO. ted (.\IAT())a). Altlhtlgh
Low potassium reserves. [able 6I-5 shi\sv that les ield-trial results seemtohIris e beettrecordled..Sdeficietrev 

about 5s' ; it1(lie eiiIt (177 trillion hA has !;oils %vithlow K is ptlolla! a lltijor collsliallit ill rall\ sasatlI oil slrehts 
as iihabiht\, "lable 6-t6 indicates ;I lotcr figuire, as soils wi tlt siulr is lost tr1r11hout Iutnring. Stulplr tleficietncies h ae 

g" (gle) "d' %) mtodiftr fit) alsto beet ieltoitel Waitg cl al. ( 197() itn rice in t'rzrta,o (hWt are taken into account. h\ 
.\lthotugh hlltill tiati\ e forest. incit aes aval\ilt K levels. (Ifood pills) atloll! tile .:1i i\er ill estll Alltt11ouilia. 
tis effect tends t be shot t-livcd. tinles , r;tpil rec.seltri, takes 

phice. In aitamrartgioms. seastal bunit do little to increase Deficiencies of other nutrients. "Iie region is,. 
tile ii%1,1hhls\n let els of the s"S. ('OllIselutet '. thi's is an Iit;iveitl fir sciettists HItMtcstetl ill ltit,iell deflciceties. In tire 
iIt ,tn)IttLcutittr1C corstrait in tle tegion. Mapt 20 illus- I Ihtisols of utt turrautt. lo cxiIeItlec, deliciencies of all 

c ,trates le\eis of potash in tile tllpoil tlrlrirlit tihe legion. essential ftlrietrtl[ellt. escep)t hir lFe anttl ('IhIve heen 

Low calcium and magnesium levels. I ahle 6-5 recotided ill ;rrlutial ciols I Vilh chica itid Simlre,. 1980). It 

sltists that 391; I tie rcuit 1315 million1ha)Ias stkils stilt udit oit t N. I'. and K delictencics, tile most \sidespreal 

million hIa) h1imrriirieut iii, theseIo\t ('a lesels lltdQ ; ( 2.1 t Imlos lg Irels. 1ll ".'l.,. secttt- Ie MW ZH. I Ie litited has liih 
tlis e lirest, both at)d Mg2 levels. I11sivattla ll'lrlatcs llllpcdcs l irtal tiiteeaes (a; a geogaphic o etre spiccilic 

arleas., I1o eel, (a :tld Me tlelicies titt, lte .ditrrcr'tl Its ttei.'riciens occutulrld Iteir tchtionltip to Soil prpcrtic. 

lertill/tiot: ;Iding a rules)t dressirtg f lll itic lititcstitnC Constraints occurring together. Tahle 0-6sshlovs, 
IIt1a be a co'.t-etTecti\e tllcatis of iselcortirg these deli 
clercies. Ill at.it111:111\ sills lovs itt (a amild g tie poettiall\ mlt set eral of these cotrst;iirn , 

icetir tigetlrer tt tImesitte 
AI l 'c:itt stich cases, tlre adition of lilonlitic litrestolte iand units. ;Is delilled I' !lie tItouis R"( irrdilier cotllilli

still suIte btilt IreAl to.icit and tie Ca- ald Nle-d'licictcs lltttits. ()nl. ahout .12 milliin Im 15; ol the Ire;) sliotsel if 

priiblertrs.. Mali 21 illhrtesc. (a'; titlisil inltl Map 22 (' a Maitr fertilit\ lititatiots. 1ht test sthowed variois colibittasubol lselMap 21 illusis tme Camti Mapt iguitosuie : tnt Al t, Xilt,SIlh1OtII ICCl., thrtl-MIU1t thie (It IOtl shtldietd. (a). atcil but noi AI toxic (It). ittw I(1(' 
(e), ho\ K esertes (k). rigtI fitati iot (i). pool dr tlilagc g1.

Low ffective cation-exchange capacity. Iotv atLI dr1 setsoltu drit.ight strCs (d). The tnust freqctei 
Il:C' isIl i rtroit:iirt soil cornstrainrt becausimcollhe stiscepti- cmiinittatitis itt tilted AlI txiucity, lio K reserve, lis 'l(. 
hilits (l K ti leachin fimrn the soil prufile altd the dalger i" arnd high P 'iai\;lli. (lcirls the I( s stern (toes not lake ltiw 
creaitng serlious iutrlcll ititbalites urm tig catiotrs slich as o it stllliciellcs letels of pIlsrhtoiritls itto accotntt oil 
K. (';, ant M!. lablics (i-4 atnd (-5 litms that approsrrtuitelv potential Pfixation. h\t' tels tf P are i tirallunivcrsal in 
2-12 million Ila (3))'; oi the ICLoi(tate this conttditioti in the (lte Oxiois;ant I Itisols oft the regitn. 
tips)sil. at.414 Million Ira) 5;)i hive it itt the sibsil. l.ts Ilecause if th basic iinoratce f1)P lbr crop productitn 
1EC is more pretalent it subregiots B aid C MttidiC"tiorS throughout the region, recent advances and means or ways of 
Itmainly ill ()xisols. sidy-teXtured I !Itisols, atdi all S)ostiSls. correcting these deficiencies are described it Chapter 7. 



Table 6-5. Aereal extent (million ha) of some topsoil (0-20 cm) and subsoil (20-50 cm) chemical properties within the topographic subdivisions of theclimatic subregions of central lowland tropical South America. 

b Semi-evergreen
a Tropical rain forest s2asoi.' forest e (Semi-)deciduousc = Isohyperthermic"t . Well-drained- -T-- -- - d 

savanna d = Isothermic savanna forestraned -Flat We-drained
Parameter poorly ( slope) poorly (% ,looe) poorly 
Flat, Well-drained Fiat. Well-drainecslope)and range' drained 7-A-- T 0 drained 7'_0 -30 drained 
poorly (% slope) poorly (% slope)
S pe3 0 drained 
 ' drained 

pH
 
TopsoilA >7.3 0.;  - 0.1M 5.3-7.3 30.0 15.9 6.0 1.3 30.0 15.9 - -0.16.0 1.3 10.1
h <5.3 28.5 143.3 18.5 6.7 4., 0.6 2.0 1.7 0.961.8 15.6 28.5 143.3 61.8 15.6 17.8 46.3 7.2 3.824.6 46.0 10.9 6.0 0.3 20.8 11.1 5.5 6.5 9.8 6.0 3.7
 

SubsoilA >7.3  - - - <0.1 1.0 - -;,, ._ ..a 28.8 13.1 J.0 0.5 31.9 17.6 4.6 1.0 
- - - 0.1 <0.1 - 11.5 8.6 2.3
h -15.3 36.2 85.8 37.4 11.6 2.0 0.8 0.4 1.0 0.8 10.1 38.726.5 141.5 63.2 5.7 3.0
15.9 23.2 55.9 15.3 8.7 0.1 
 22.4 11.7 5.6 14.2 
 17.4 7.6 4.5
 

4 Or anic Matter 
A opsol>4.5 27.3 13.9 
 4.0 13.6 
 22.8 18.3 
 3.9 0.3 19.1 12.2 4.9
M 1.5-4.5 33.3 83.9 35.2 4.5 0.9 0.4 0.9 0.3 2.5 2.7 0.99.1 31.0 124.1 53.1 1.2 15.4 0.8
44.0 11.7 2.6
b •1.5 0.5 1.1 1.2 1.7 1.0 22.4 11.9 6.1 21.5 53.4 11.9 6.74.8 16.8 10.6 15.3 0.3 
 8.3 1.0 3.5 --
 0.4 0.2 0.4 -

SubsoilA 14.5 -:0.1 .i - - 0.3 0.1 - - <0.1M 1.5-4.5 21.8 .5.4 - - -4.7 1.2 10.2 14.4 
 4.4 0.6 10.0 4.8 <6.1 <0.1B 1.5 42.8 0.1 83.4 35.6 10.9 45.6 - 0.3 0.7 0.1144.2 63.4 16.2 24.5 59.7 17.6 10.7 
 0.8 22.9 12.8 6.4 24.1 
 55.7 13.2 7.5
 

Al Saturation
 

aTopsoil
, 70 24.7 70.2 23.8 6.0 14.3 
 94.0 42.8 ic.
H 40- 70 7.6 1.8 20.1 6.2 5.0 0.3 14.88.9 9.6 4.6 6.9 2.6 0.4
3.3 36.8 13.4 4.4 4.2 2.7
3.4 7.6 10.1M 10- 40 5.9 2.1 4.1 2.6 0.1 2.6 3.6 2.8 7.1
0.3 0.2 i4.0 14.2 6.6 2.4 11.4 5.5 1.8 1.2
19.9 2.1 0.5
B . 10 26.8 17.7 6.8 1.2 0.1 4.1 1.2 0.3 2.2 0.5 0.426.8 14.2 6.0 0.5
0.8 9.9 14.4 5.3 2.6 0.4 
 1.2 1.1 0.8 14.8 46.0 6.0 3.1 

Subsoila >, 70 25.9 73.4 23.4 6.0 20.1 115.0 42.8 
 9.2 3.7 17.6 3.1
H 40- 70 11.1 3.9 C.1 4.45.6 7.7 2.1 3.6 17.1 8.0 1.4 0.2 8.7 10.9 4.7 2.9
1.3 -9.4 10.6
M 10- 40 3.5 1.n 0.6 6.5 6.3 3.4 3.4 1.3 4.0
3.4 6.4 11.6 8.6 3.5 5.8 2.8 1.2 1.0
11.5 3.0 1.0 0.1
B .: 10 27.6 13.4 3.1 0.6 28.5 16.5 
10.4 4.3 1.3 0.3 1.3 1.3 0.28.2 2.8 15.7 21.8 8.0 4.8 0.8 
 4.7 3.6 3.6 11.5 41.2 7.0 3.4
 

ExchangeableK (meqlOO 
)
 
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.M 0.15-0.3 0.1 18.9 29.6 11.5 3.3 11.1 46.4 0.5 2.0 0.9 0.819.3 5.1 17.2 
 17.5 7.0 5.9 0.6k < 0.15 23.6 62.1 27.2 7.0 0.5 2.0 0.5 10.6 11.422.1 100.1 42.6 10.8 11.7 3.6 1.5
43.8 10.5 4.7 
 0.3 18.1 10.8 5.8 13.4 
 43.0 8.7 5.2
 

SubsoilA > 0.3 0.7 < 0. -  1.1 1.0 
 - -<0.1 -M 0.15-0.3 13.3 - 3.8 1.7 1.8 14.8 9.9 5.3 - - < 1.9 - 1.0 10.9 8.4
k < 0.15 3.1 2.2 0.451.0 94.9 38.6 10.3 42.6 148.2 62.5 15.8 23.3 
0.9 0.7 0.2 6.2 4.7 2.9 0.7
5.6 14.5 
 8.5 0.5 21.9 12.1 6.2 
 17.8 49.8 10.4 0.7
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Sult-ii 
A 

B 

. 0.8 
0.2-0.6 

5.0 
2-.3 
35. 

1 

G. A.7 

1.2 15.f 
1 F., 20> 
9.1 18.1 

6.1 
33.7 

119.5 

1.0 
14.7 
52.0 

0.1 
3.7 

13.0 

7.9 
9.1 

17.6 

1.0 
10.2 
53.2 

0.1 
4.3 

13.3 

<0.1 
2.6 
8.1 

-1.7 

0.7 
0.2 

1.4 
21.5 

1.0 0.3 
".8 6.1 

7.6 
15.1 

2.2 
4.3 

49.8 

0.9 
3.4 
9. 

n 

0. 
0.9 
3.8 

-Topsoil 

A 34.5 &4.0P:.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 0.1 5.2 .. 6 0.4 1.5 
14.8 51.4 27.2 1.908.4 62.9 33.0 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 

4 5.8 10.9 5.2 0.8 3.0 46.5 18.2 1.9 10.3 40.9 10.1 4.1 0.3 16.4 9.1 5.1 1.6 34.1 7.4 4.4 

Subsoil 
A 

M2 
1 8 

4-8 
16.7 

43.3 
I .4 

41, 
(.7 

8.6 
1.3 

3.2 
25.1 

22.1 
20.8 

66.8 
5.9 

31.6 
-0.6 
9.1 

10.3 

8.2 
1.3 

8.4 
-

h.6 
-

4.4 
0.1 
0.7 

-
1.4 

-
1.0 

-
0.3 

'0.1 
8.0 

0.2 

6.1 
0.8 

3.3 
0.9 

5.9 
e 4 5.1 38.Q 2L.4; 7.6 11.3 71.5 30.3 7.3 16.0 54.7 13.0 6.3 0.1 21.5 11.8 6.1 15.9 48.3 9.0 0.7 

a. a = Al toxic, FCC modfier in topsoil; A and H 
deficient, FCC modifier in topsoil; M - medium. 

high; B - low; h = acid, FCC modifier in iopsoil; i = FCC modifier for P fixation; k K 
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Table 6-b. Aereal extent (million ha) of Fertility Capability Cla''sification 

i1uditier curtlinationo f the soils of central lowland of 
tropical South America. 

FCC FCC 
modifier 

combinaiJon' Area 
ndifier 

CrirIOa ifni A rea 

63.1 qb 0.7 
ae 10.3 q(Isn "O.,
ai 2.0 ga 19.3
ik 145.6 ga1 0.5
ake 44.5 qak 13.7 
akei 114.8 qake 3.6
aki 16.2 gh 17.6 

ghi 0.2d 	 43.3 ghk 16.4
da 1.7 ghke 12.1 
dae 0.6 gi 0.6 
daci 	 2.3 gk 11.5
daek 	 1.0 gke 	 0.11 
daeki 0. 3 gkei 1.2 
dai 3. 1 gs 0.1 
dak 	 1.8 
(lake 28.7 h 	 23.7 
dakei 28.5 hc 3.0 
dki 	 1.4 he 2.0
db 0.4 hei 4.3 
dei 2.1 [ hi 1.1 
dg 1.1 hix 0.2
dh 	 6.4 hk 	 22.0 
Elie 0.1 like 3.4
dhi 3.3 hkei 8.1 
dhh 5.4 hki 1.5 
dhke 30.8 
dhkei 	 1.31 0.1
di 	 3.7 ix 1.1 
dk 12.6 
dke 39.5 k 6.2 

e 	 <0.1 

9 79.75 Without modifiers 42.4gak 2.6
gake 2.1 TO1AL 816.9 

a. a = Al 	 toxic, c = cat clay, d dry, e = low cation exchange capacity
(CEC), g gley. h = acid, i P fixation, k = K deficient, n 
natric, s salinity, x = X-ray amorphous. 

Table 6-7. 	 Average chemical composition of the topsoil (0-20 cm) of an
 
Oxisol under semi-evergreen seasonal forest and Panicum
 
maximum pastures of different ages In the proximity of
 
Paragominas, Parb, Brazil. 

Exchange
able Available Al 

pH cations elements satu-Vegetation Clay OM N In (me/10g) (ppm) ration 
type () (%) 1%) HO a ,0 K P (%,
 

Forest 	 65 2.79 0.16 
 4.4 1.47 1.8 23 1 53
 

Pasture
 
(age in no.
 
of years)
 
1 50 2.04 0.09 6.5 7.53 0.0 31 10 0 
3 60 3.09 0.18 6.9 7.80 0.0 78 11 0 
4 55 2.20 0.11 5.4 3.02 0.2 62 2 6
 
5 50 1.90 0.10 5.7 2.81 0.2 66 
 3 6
 
6 51 1.90 0.09 6.0 3.84 0.0 
 74 7 0
7 48 1.77 0.08 5.7 2.61 0.0 67 1 0
8 52 1.69 0.08 5.4 2.10 0.0 39 1 0

9 50 2.34 0.11 5.9 4.10 0.1 70 2 2
 
11 45 3.37 0.15 6.0 4.10 0.0 86 1 0
 
13 62 2.80 0.20 5.6 4.80 0.0 54 1 0
 

SOURCE: Serr3o et al. (1979). 



Chapter 7. 
PHOSPHORUS LIMITATIONS AND 

MANAGEMENT CONSIDERATIONS 

L. A. Leo, and L L. 1lannnoda 

P osph o 'ts is undllouhIed ly one of the llost severely limiting 
e:lenitus it the acid, infertile soils of tropical latin America, 
as shlonl by Maps 17 and 18 (see Map Plates). ictal P ranges 
f'romi only about 200 to 60) ppm and available 1) (Bray 11) 
from I to 7 ppm. It is obv\,ousi thai, to eflicicntly increase crop 
production. phosphatc fertili/er Imustbe added to these soils 
and plant species that are etficient P users imust.b selected. 
Because of the acid reaction of" Ilost soils inl the region (p11 
4.0}-5.5),Nsome soils, especially inl tlc central sa.anna area. are 
high in tree Fe and Al oxides and hydroxides which tend to 
rapidly fi\ large anmotnts t" P(Map 19). This is especiall, so 

[hen it is applied in soluble forms such as motraltillllonilltt needs ol'agricuiltN% rc with the resources (raw tmtaterials, energy,
phosphate (NIAPI, diamnnoliniut phtosphate (AI ). single 
superphosphatc (SSP(, or triple superphosphlate (ISP) 
Fcttster and I-c6n, 1979). 

To develop a sound, economic P-mantigement strateg. lor 
pastures and crops gros; n onl theacid, infertile soils of tropical 
latin Aneric,. :everal strategies might be taken into consid-
eration Ilhe. c i'clude but are ntot ncc0:ssarily limited to: (I) 
use of'chaper, less-sol th Ic "r ns ot "P such its pho((,phlatc rock 
I'R (or partially acidtflatcd 'T:(2) use o'soil atmendments to 
enhance tite availability of soil-applied P: (3) determining 
optitnal placement and rates of P fertilicer to increase its 
efficiency. both initially and residually: and 14)selectiontof 
plant species that will tolerate relatively low levels oflavailable 
soil P. 

Cheaper, Less Soluble 
Sources of P 
The use (If phosphate rock (PR) as a P source for crop
productioa, appears both econormicall*v and agronomically
atttractivemchlr nmuch the region No~t only isttracive r Ifthrgioo1" ot tish thethe unitnt cost of'o oruiS 

Ite PnitcIt lower-ot e-ti rd t one-fl ththIt at of'TS or 

IFDC, I979(-btt also the residIual alte (f tle product isand they generally exhibit onlv low concentrations oflP in the

likely to be eqtal o or greter than thai ofthe more soluble P soil solution and exchatigeable Ca in the soil. Still, the
carriers ricttcoitintiois dissluttion (lPR can occur ii acid 
soils, it is .el that release of available P will be (ore in
tttn~i sith the requtirements. cf glow~ing irages w.hich arc
predomti nt it much o t f regi' % fo eh. 

Dc to tile high requirement f'or 1'. and especially lolhowingthe sharp increase in phosphalte rock prices during 1974-1975.
there have been intersificidetit e xplrat n efforts that have 

at .lacupiranga. Araxa. Iapiraarld Catalflo(i. II. McClellan. 
IFI)C, pers. commni.. 1979). 1here atc over 20 niajor deposi:s 
located in tropical Latin America (Figure 7-1). 

The International Fertili.er l?.velopmenr! Center (IFI)C) 
has developed l research Prograin ni phosphates, which is 
strongiy oriented toward ideniflying methods For using these 
resources. Much ol the agronomic research on phosnhates in 
lLati' &nl.erica has been conducted in cooperation with CIAT 
(Centro Internacional de Agricultura Tropical) in Cali, 
Colombia. The aim has. been to select adapt, or develop 
tcchltologv that is the miost cost tTective for meeting the 

ittrast ructure. etc.) at hand. This apptlach involves devel
((ping or identif ying phosphate l'er1:li,.rs that are well suited 
to tropical and subtropical soils in agrono:ic, technical, ind 
econotic aspects. Application or adaptation of conventional 
techtology may or may not Fe the best choice. 

Direct application oftilmc!y divided phosphate rock may be 
onetfl'the cheapest wavs to supply Pto crops in many tcid soil 
arcars in the tropics and subtropics. The degree to which direct 
application will be elfcctive is determined by a number of 
inerrelated actors. These include. but are not linited io: (a) 
tihe reactivitv, or potential, of tie rock source as determined 
by the chemical composition of' the apatite; (b) the physical 
properties of the rock: (c) the properties of the soil (acidity, 
available P, exchangeable Ca in the soil, and P-sorption 
capacity); (d) the type of crop and cropping system; (e) the 
niethod of application; and ) the ine of reaction (Parish et 
al., 1980). 

Chemical Reactivity of 
Phosphate Rocks 
Many Oxisols and Ultisols possess properties condtctive to 
thie dissolution 0if directly applied ground phosphate rock. 
They ar acid: sone ofthftIempossess high P-sorption ca iacity; 

effectiveness of each potential rock source for direct ;:pplica
tion will be determined by the chenical reactivity of the 

phosphate rock. It has been shown that the teactivity dependstin the degree of carbonate substitution for phosphate in the 
apatite structure (L.ehr attd McClellan, 1972); several solubilitv tests are suitable for estimating reactivity. These include

"iednnewphostecreoura T t effot sthiat otas' extraction with neutral aninmonium citrate, 211Tcitric acid,2%dent ified ttewsphIto(sphtate res (((rees. lThe nio(st sign ificarnt (If 

tltese developmietnts has occurred itt Brazil where abot I X a.Si ('themtist, (I the IFt(" (tAtI t( sphorlus Project and Soiti Scientist
10' tons/year are now being produced front igneous deposits ,Itthe ttt)(, respectivcl. 

http:l'er1:li,.rs
http:Fertili.er
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Fig. 7-1 Locations of 20 phosphate 
deposits in Latin America. 

MEXICO
 

Za" ieL ' 

tornttlc acid, atnd actd atttntotttmt~ traHt. it p1 3 ((hicnt ,tii COLOMBIA' --. VENEZUEL 
I lttitioid, 1978). Itisd on thtse e ,t hass been Huila ', seti ,,us 
possihle to catvgii/e phosphate, rockS itto rhativ rmkings .I"ha Trau,.a
ot tigh. mcdnit. or l11w polc.ntial tt direct ap plication.
1ilse ollot rli't Illic'i clluaiiil of phtosphtc rock Itroill I aymal 

Pau ta 
Selpa rate it(pisit, irIOtItd tie %wii. it can h, genc-iui/cd that. BRAZIL Oiihnia. 
rocks i critcr titan 171; tf tlt total Pith cirntc-siluIbc P PERU -cail he rmtkc i ta : t\ Itthight tellitil iri",ilcct application.
lttl,+ \\ ih t2 17;- citratc-,osi hic ]' v.mild h cntsidced it 
tt c dirtim\t rai %lici t k itk i 2 itl'tcIto tal , ,. . ..... 

I[ hciitgrtratc si hihic \"otitl be esccict~xi"t c ti'ntrc~t\ 
pttrI xI\ cn Ic,: t o irctdti t i iItIt(i rp ic t se posihl-
\%itt \\:tcr-slltilc P fcrtili/,rs m ilthte shr,'actixc phos-

- , 

MlonL 

CHILE' 

'f"" 

" 

C,,Palm da Mtim 
Araxra 

- ', Tapia: . panerna 

.Juqua 

" - I, . up, 

phite rocks. 
Figurc 7-2 ilh stratt, thehiccseittcrencS ih itcsults froiiiI 

silit-tcrilt gucitnhoutsc c\pclii lit h ]it' uSuplicd b\ a 
itinmbcr ot Icks troIIi Stit I Aictricit. \Whi c Seil I ocks 

pertirncd ncarl. as \%iel ats 
can be olscrvc.t, I)cpclld~itl 

S'P. a ltago Ii c it llecti . -ncs, 
S0stl prt0,crticS, crop t l., anId 

I 

nt;ititc it. finlv groutnd rock \%ill hig h. m,:tCi i tl, tland ow 

5)--st. anod 304-01(O rcspcctixCtvl'. \hIci cotttptrcd to fle. 
Iinitial crop -tspin,scS toi "SP. Rececnt studits.ot residtul \,tialue 
tI JihtiltIi.C so0IICOS shtt . tht. Cxcii lfi il tI -ic;itti\xtxl 
rocks in Soe: ,oil-tcroij cllithitlatiolns. tilt itiilitl dil'l'rciccs 
ht\c eil ,oIics dimini.sh , iit ith tilc, 'ablet 7-I. m ftact. sho\ws
that ttirhLIts t1iccit sictiticatti "Lcspilscti iit}t 11i iitrcncc
htWcni hittrecs il itin t c f tsil'to rtl idtif/ll'tlr especially
teioll itit .1 iportant I ctodueveloping cotittrics. whtichcars iII Ioatctolt diCtpitd tic tc thaIt yields ia\' rock dcpositls hillhtlIa limited availahlitty o'ilcid for 
furi ti c irt uIttinO tIhIxIctd tit tcv.clS iirttcd hs lcitrat piocta+tctioti of oitvcntitionllt trtfliir.s. 
, hlhilit%. Rc,c~irch hls itlqls sho%\ n thatll % ille of file In tici nt stulic' it tIas hecl oh icVCdthat phosphoric acid 
imin oiijcctioinaihle pilpiertics tf phsphat rock, cin he (Il , ) is higlt efttecti\e in ittersingthe inittt Pavailabil-
CtiniatCd xxitItit toss (Of Cll'clt\ icsS \tei it raitutititcd or its,\of Io\-reactivity,\ phosphate rocks. tusin only 10-20c:; of ,"Imiigriitiuiaed, a it is catiled, to i si/e range of'50 t. 150 lie ilotillt riccC.saii\ to make triplc siipcrphospaite (I lam
iieshI(Iler ,ctccts). Iicsc i ll llll areil cllliiS Cl IInt nlioidt.t at.. W80)).h W ith ttte I'csct PT hto ('onhm bia, for 
CtLatl to or lic;i\ is cffcctic is Iposit'crcd rock. it contrastl. C\illplc. 20i; acidiilitit %vitfi 11Y) \\ar, hOscrvcd hlohe 
c itoni a l L r il i tlla i i n(6 - to t1 -n cs t -lir I gr iti st ) Mncrt a s i l ttc c it d ua t S l cu a ciiil \ 1 0 : C l c rir icnt.siuhstaittillix retticc,licicrtiou cttfcticuicss ot titctoi. whttcts tic uttiutuct rick wa;r, out]\ I0t ;s. cttcctlixc. 

I 'Sint ,siulplu ic cit. 10 (t, of tihc I I.SO, rcqiircd ttimake 
silulc siii)cipllspti;lt ll;\ h ic-ucimd to hc cquIItv ;is

Partial Acidulation of cfrccic ste mnacril rcitcit illh 1-201 IIY'O,. It ist RlrPhosphate Rock lisini , uiirclrc, that !crtili/cr piClurctd \\itt less thail Cllctllloil;ii (tIilllic's of acid call alci ultl ic cftectvc 
in somiune'ilitilimi, th eI , InCM Icit phiiltlmltiri trttici lins of ,ipp int; . 1tic i oI iidic ous phtslate rock
iitiull iti.: in slat' i]h Ciit aspp ctici\\Lcil dilfieli\ ; 1 isL'i :lti t lwtiii iiita crlt . 0I tict ro esci,, b.\ bo t(inh ' 'tiil ldIiock titl il\ci li ill"s ldit ttIIt i I iI- it lcimt 1. 1ill trid li llo tcilitlillI ccillllcwics, is bciliI/I .C. :l tIh t l l V d I. 111)r"t JlI+I[A L-. lll '%.hVIL" O w It.;lcltIt\J ' d I l c . ()III\ 1ALIL-lid 11I'l+l, 1 i t:,'. n l.llli 1A , ;III(I CL'll()[()ii c 

o\ u.111h , .,, h l .l,,i ,) h',M III I~ut,,I'll' 
thuL I' V',dhtI1hW l' .J I, lhick, iccl ti ct f.. 1u-tJ these1/atji~ol 

t',II rt 'l Itfl) I~ I + [l!t'lI l h ltll < I h phtxi+hi . l( k dep".,[I 11111111Ih. l .l st,I\il1!ll II~I lemiof 
%,Ith't +h~ !!~ ' c\a - 1i',1 iP, TIIJII% J11IiI~it1Cd (I x'h~ i IM CLI!'I1C'kt 1Imltw cL fmI I1lm1) , tm 1112 t( llll t' ", , ch Ilhla" 

1'u([\+!'r';~ttlritI(tIl+Itll11 i 1 11101h i tl di'ill'IJ hc l "w;,t iidl( ;,ht' J 11111,1]I rL',dt +, ;1ll ii \. 

http:dimini.sh
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Fig. 7-2 Greenhouse cmparisonsof various phosphate rocks using Panicum maximum as the test crop.Source:
Adapted from CIA Annual Report (1979)r 
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Table 7-1. Effect of phosphorus sources and levels (I ot TSP residual)

on relative yieldof Brachiaria decumbens grown in theIeld on a Cariinagua Oxisol Colorliia (sum of i cutin;q ). 

Phosphorus P.,C) addied, 
source --- --5 t-s-jfia5O ii i _--T--
 l -


Trile super hospihate (TSP)
Annu l T --
Residuap 100 


(22.0) 


hate rock (PR) 
,oao]09
Florida 
 122 


Gafsa 
 109 

Huila 
 95 

Pesci 
 1Il 

Tennessee 104 


Check (14.4) 

a. Figures in parentheses 

(35.9) 137.4) (15.2)
100 100 t0o
 
130.6) (32.4) 
 (38.1) 

86 102 109
94 
 100 
 105
 
103 
 104 
 104
 
113 
 98 1,0
 
81 
 Ill 
 116
 
76 
 95 
 t08
 

are dry matter yield It/ha).
b. TSP residual considered as 100 at each P:O, rate. 

Table 7-2. Decrease iinP fixation due to lime and silicate applications
sufficient to neutralize exchangeable Al in a clayey Oxisolfrom Brazil with an original pH of 4.6, 1.45 meg A/100 g
soil and 80?, Al saturation. 

Decrease l')
fixed PJMl to ive in P fixedAmendment 0T- .0 .20 .03 .t0 .20applied lpm P in solution) (Ippm P in 

None 230 325 415 - -

Lime (1.5 t/ha) 135 275 370 41 15 

Calcium siliate 
(1.8 t/ha) 125 265 355 46 18 

SOURCE: Adapted by Snchez 11977) 
from Smyth (1976).
 

Soil Amendments to 
Enhance the Availability ofoil-Applied. PThe 

One of' the problems encountered with some of' the P-
deficient, acid. infertile soils of tropical Latin America is their 
high P-fixation capacity (see Man 19). To decrease this 
fixation capacity. soil amendtnents, such a' lime or Ca 
silicates, are sometimes applied. h is important here to nlte 
that 'tie cotcept of adding lime to increase production 
through ttilization of tie native P in the soil is probably 
erroneous in tileacid. P-deficient soils of tropical LatinAmerica since the total amount of P in these soils is so to"'. 
The concept of adding lime to increase or maintain the 
availability of applied P. however, has merit.For example, a greenhouse experinent was conducted 
using a Carimagua Oxisol, in which varying rates of P were
applied with combinations of Ca silicate, lime, and Mg oxide 
(CIAT, 1977). In all cases, the addition of one or more of ite 
amendments significantly increased the yield oflt'ltosantt s 

solution) 

-

11
 

14
 

.,,i,;e,,,,.,;
(two cuttings) over that of TSP applied aIone. The
highest yield was obtained with TSP plis additions of Mg
oxide and Ca silicate. 

main problent enctuntered i tatiy (f the Pamendment experiments is lctermining irthe lime or Ca 
silicate is enhancing the a\vailabilh, of' the applied P orwhether there I atnadditional littleand/or nttrietll response. 
Or these acid soils. ('a and Mp; deficiencies are cottntotn, so 
the additiotns ofatnendtents may v'erNwell he responses to 
these cations. Research by Sn'yth (1976) in B~razil wtould 
indicate, hoswever, that there is definitelhy at attnendtnent 

)
effect of decrea sing fixation rrom both the littleand Ca 
silicate lTable 7-2). 

Placement and Rate 
of P Fertilizers 

Placement of phosphorus. ittropical latin
A,,merica. IPfertili/a t i 

in offfpasotires has generally f l(lowedit e
classical approach of broadcasting and incorporating basic 
slag or superphosphate duhring establishment, followed by
pcriodic top-dressing. Recently, however, some research has 
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been condtcted to ascertain tile effect o P pl Lcien .nton 
estahlishnment ofpastureand annual crops (I.cl alld [enste.r, 
1979). 

Preltiinary results tron i conttiing e\perinient it the 

Quilichao experlient station near (';l, C'lom bia (lenstcr 
and I etn, 	 1979) indicate that broadc;asting P is superior to 

Specie P Piociiumer 

* Pnictm mamimr+m - oodcosr 

12--	 i.. d 
* 4tiropogo gayanjus-BroodCast 

++ - Bond 
B 

10

ar 
.t,,aanu.s ec 
banding in grow inc I'tjum ma vium an | dro 'oi'ogon 

pastures (l:igture 7-3). Nevertheless, this sarue 2 8, 
experiment, broadcast plus hand application ot1P gave ile + / 
highest +iclds. This w\ould suggest that banding is important 
I estabhlishing these pastures, but broadcast tracttments are 

necessary for mai,tenance. 
It is also probhle in \er\ Io%.P-srrpph ing soils, that vhei 

onl banded P isapplied, root growth is restricted to tileband 
area i tius the plants are suscceptible to drought, even during 
short periods when itdoes not rain. Short periods of drotught 
are coritnoril Inllt O\isols arid [ Itiso's hecltSe oh their lownr 

,%ater-holding capacit\. 

In another experinlrent initiated by Le6n arid Fenster 11979) 
wkith lBrach/rhudiipnthen.s at Quilichao. tile highest yields 
were realized with 00 kg POC/h;a of TSP broadcast and 
incorporated. lii this case, bro;dcsits arid incorporation of the 
TSP %%vassuperior to other methods of application. When a 
basal treatment of' 100 kg lt:O/a as phosphate rock was 
broadcast anid incorpora ted, thowveC r. tlhere was rio difference 
in yield due to method of application of TSP. Nevertheless, 

riehd increases due to Plevels wsere evident. For the establish-
ment of tlrachiariadrumrbno. itapparently is not necessary 
to apply 	more than 50 kg PtO,/ha isTSP. Iong-term 
experiments by Yost ctal. (NCSI1. 1973, 1974. 1975) witt' 
corn at the ('errado ('enter Station near Planatltina in Cenitriil 
Brazil indicate that ta combination of broadcast plus band
placed P is tie most promising strategy. 

Rates of phosphorus. Several 'xpcriments haebeen conductede it a iillnuher of crops to dcterine tie 

rates Iecessary I illaxirtine prodtuction, btt only One is 

discussed inthisSection. 
laminnind and l-e6n (CIAT,1977) established an ex

periment on a Caririagta Oxisol inColombia Iland system 
No.201 )with Ir'hiaria uiig rates of 25. 50, 100,us'numhcn+ 
and 410 kg PO,/hta as TSP. Figure 7-4 shows tile response o 
tiis grass to different levels otfphospiortis. This experiment is 

& 

/ 

.r
 

/ 

o 	 5 0 16o ......... 200 
P205 (kg/h)a 

Fig. 7-3 	 Effect of rates and method of application of phos
phorus (TSP) on two grasses grown on a CIAT. 
Quilichao Ultisol. Source: Unpublished data by 
Sdnchez atal.(1978).
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showidg gtd residual effect of the stluble phosphor t Fig.
applied initially.Fertilization after the firstyear with tile 
:;arte P ieels as a maintenance application, would appear 
reasonable oinl. for tie 25 kg 1'O/a treatment, wvhere the 

7-4 Phosphorus response of Brachiaria decumbens 
grown on a Carimagua Oxisol (sum of eight
harvests). In the annual treatment, Pwas reapplied 
1year after planting. 

yield increase \%-a;isniore thai 4 ton/ha. It is not considered 

necess-try tn use annual applications of 50 kg P.O,/ha or 
more. t Lcatrse yield increases due to th.se treatments ire only 
of' the order of 2 tin/ha. Selection of Plant 

Althouigh the P-fixatin capacit' r these Oxisuils is ap- P pecles
preciable. it is not as hiil., foirexample, as in the case of the Tolerant to Relatively Low 
Aridepts arid sonie Oxisols froo Brazil. This inpart explains 
why the forage grasses yielded soi wsell at lower Prates than did Levels of Soil P 
forage yields front experiments carrid Out in the Cerroe 
Center, Blrail IFcnster and le6n. 1979). According toiseveral researchers (Ozanneet al., 1969; IRRI, 

There is a gooid initial plant response to sotluble forms off 1972: Salirs and Stinche,. 1976: CIAT. 1978a, 1980a),
added phosphorus in many Oxisols. The residual effect, species or varieties that are tolerant to low levels of P produce
however,depends upon both the iineralogical and chemical maximtim yields it lower levels of applied P than do the 
characteristics of a soil its weli isthe test crop itself, sensitive species or varieties. 
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Chapter 8. 
LEACHING LOSSES AND 

IMPROVEMENT OF SAVANNA AND 
FOREST SOILS 

Perhaps is muchi as 75; of' tile central lowland region tf strenght, or the dielectric constant of the soil soil. ,n. 
tropical America has soils that nay be descrihed as leachd Tie variable-charge cclialnge-ca pacitv ol mail\. tropical 
aid soils or run a seere iisk offiill iler chenical degrada tion slhis beeti 'tudled b\ ian.%. alit hors including .aniRiaij itnd 
it used unwi s-l\. Tllese inucldtie I large percicntage of tIlie Pecll (1972 , ( itlll ;Il ("1974). Kecng atld I ! 'ldia(1974). LI
()iitls,, Itliso, alnd SpoILISols :iod somet- Alisols and S:if. aull Stsetlh ( 1975). (allc, el Ai. ( 1976), (ilinan and 

Inteptisols. land clearing practices., cropping p'itterns, and Hell ( 197(q, Motlis c al. ( 197h). and (octllne and Sousa 
Soili ailendinllents and flnilit.r, nlax degralc, imtaintain. or t 1984)for llI/ilian soils. The Later \.orke, ha .e deeltped a 
estil iniprose soil lterilit.. ( llelilt tl1, i l ch.plpter Col- siIplelIt eltlodolog+ to[ flcast ilnlg c ilIo - iai tlliolI-ex-

Id'Is nillc of tile illc'IC'illl4 priltiples hi ;it ctmerging chillge cilsiciLies MIid both es\cllall ,dt' e ';iHl ;llid lloitls 

conce rnitI1w lie i1:11attICelltnt of the lertilits of these soils, in acid minrial soils that proides a lie\% approach lor 
especlall, ;l, the. lit il o the cotlpariNi of rlllna pprosilllaIn soil llrflace v riahl.-cl arge cclliilltge-c ilpcrii and 
lrest ciltlit lits, it', an t.as s to lie d colltliliol,. "I topical soils llias-c 1)v and 

large been l'olt.teI lllIi old cailhcred naterials andtre 
it ttoilssiuall, residlil inuaterials, pinicipallyrich in kilolinitic tpe

Propensity of Soils cla and irlot idaliuiuuiii o .ides,.\s e'hllasied b,to Leach (;lttat111tesuirfuc charge Ii) ,teir cU,s aedependlel 
t Lipl1, itoic strengtlh, dielectric cotallt, and even lhe 
coutlllt-eli \il ci-llc\, of ilt.e Soil solutIionl 

leaching ini soils is sotieltinles referred to as "cheticnif 
' 

erosion." It miI', lbe ( ilditd as the ittnt-ell 01 iniof lutrients 

soil solution away;t 'ront the rhliiisplhere. tile legiot of soll in Leaching anions. lieci se of tle variable-charge 
Mslticli plant tots are h'uitd. lI 'ully appreciate thesuiscepti- e\cllaitc-cupicil tialutre of"mav (o the soils itt the region, 

il. ofI t soil to le ch if used lot a spccific pirpo+, 01L tie\ llave both a cation-exchanige capacity and all anion

lilletactiolls o" climtate. VeitL~atit.oI, Noll biotic (.lors, and et.\chige clpci.:. the formler is responsible r retainting 

± ,illiticriloical stllls must he comsideed. nutrietnt bases, pinicipally Ca1 +, Mg K
I

. . Mi 4 4 . 
,

W ilt Ci lll t.aiCvCeeti'Cll ,tllndsoil biotic lai.tot arce \ I .iil ti' itht iiiioi iiiiliidiin N(,'.So,-. i 
i. odiill kIi.i',.t.il Is ,.niihles. i I t It so %clIc r le,gili/ 11l1) ('I. Itl lie oil olut io u s . lie iIIIII ili.s ate No ,' aild 

that lile i) nliiliriiu ical statius is also I variable. [le cla s() . isithk Ic,,Cl m ltiINts If (T aldIll'(),-. mlilliighlilthe 
fractulmi, )h ",ol,, hi .,.aeboth plsitlvm,] and ntegaticl atmlunts of' free hicarbiinac lons that can exist in acidic 
chargcd snliricvs the, charges. lltTisuirCd ill lterlS of their siluiions. 'Ce-pt lust oil tile acid side of neutrality. are 

cilectlre catio.".cli capaciies arc p1l-depetnt. esirenl snint..lllll (N \c and (ireenlad, 1965).i 
If*nitrittes, sulphate,., or chlorides are added to the soil 

Variable Charge Soils -. 11t1it11. sNte \sill be ibsilid, depeuding on the anion 

.\s shio in hs ('bIcllru nt ci l I.19I) . l;ut' t lhe slils ii'lllc cipacit\ (1t a soil, Ih1OW.'rer, in t \%ill remtain in the soil 

reittllit class.'+.ils sariable clharged (Map 23 ). A p"rportilon oif solution where tilcy iuist als.\as be blanulced by catins. Ttl 
these soils nias inl (act a sllu nIIltthal is ltcglli , llIlill cations ttatha lliltle these antliols itt soil solutiion are"iiasc ol hol l l 

,
l1 h111,' ilt plll I K IIIlI Mg K(. and I ili lt,ecolling 

nicuttee. soils are tiet'iaie cllrgced: if p,)sitie. soils are impolltitt in ,sils with p lower tlhan 5.3. Conversely, if 
L. c, .1,,1111'I 11C1ha,1 -pllK (' ;uNtI A I I 

,
posilivel. cltirged.) It is ssllleld tat such lltri/oll 

+ liasc a citio eCiadded ih the siiil. sime will be altsorhed i the soil 

gret er capaitiite l taii itatilltiilt cmliui. Ior it teis . as slll tcs. hut teile t ailtinder %skillsti il siilution, where ihey 

slh \
.
n 1)\ \it p 24. lhe coulllpirtle t ellsiill of these N io IiIs tt .,l be halant'tl 1) ai litl. I lloier viud's. Im ;Iho , soil 

, 
the 

lot l iii. N ,.tthclel 1 t".t11C.es o ciilipisi that tile ti CItcllt tlil ofl atlo in itt the s' iloitmio'lildep e n 
ds Ill 

clirite t ctlt sti, lI i ', I ol tIme region ;lltire i t til (1),'11 ellctl I oll0IilIII itiIS, itld Vcc-\sl' 1 t hCYl ilstt Ill\ ei 
variable. This picture contrasts with many temperate regions h, :tce. 

of the world where soil parent materials are often relatively 
young and the principle clay minerals are the 2:1 types. These Changing charge characteristics. To coipli

have virtually a permanent negative charge, or at least one latc il'er, the adtilii Ifsigitificant tlttntities if nutrient 
which is not greatly affected by variations in p-1, ionic Citillt'tihlllitin particularly soil aitendinleltssucl as 
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112 
time. ct.aproduce it Change ill [ime charge characteristics ml 
mian 

It I jrii'hIh1IM tlh imrapid htild-ump Of iImitrCimiml tItisstof Thiese soils. thisnillmmIdlfy t,.ileaflits oI a si to p icularls litr.mact ia at Il- stlt of tile vel s,aso . isLi
restrain fie loss O IuIrients thrmlit!i lea.hmi. 11ntfortunattI, assmociated \ith N nin.ralIa tion ( itImh. 195S): tim,
studies o'(l pri:ct.'the 'etfecI of'soiIam nitinettetits oilIie stir'ace cha rge IisiCr ;ittile inT (of tie snilsare still 
.'s ltlms iItillt t ,i1!ri a Lr\ -,'isolmvitualhl it the 'm"ietltif'iC ioni of i prlhd. % ire Sel l )'mtlh i<Rhilnsompotentialm prohle '" si 

and ( 1969) h11\ee, and mt clh work needs to he domme pmoie' ihiltlitlIicitt .1.mt.1'1I;I atct tht.;tbefore tilk ull il \ Io\% ,oilimtplications of"the pthenomttenoni cani he itiott 'dt1,tit slhq! JI Ni mm ,ii) tHoItIm ll s simml.ti i lketransliteid mito practii a]larlttim
ig lei'Is. drt slisoilt. 
)

OirgdrnicMatter 
\W ild 172f sh tv.ed that itllraite., tll'o tlpit.ld 1 iilllii 

tm thto\nmiml tittig time d *lt-imil C( Cset'lh, SemhIt a 11.% 

)lI+hl % j\ ~l i\til t.t-'Ih't. e hlll le 
, I, l tl l 
 \ i ipaittl''ll I 1itmimmI ts rh ,llm lttil mmll mm ,l' th e 


simil, mItt mmthe -im, tm ' t toiii int" l tier i, ili!C it1111tih. .'I ; ile+ imC t hlm mil 111.rl"lt-hm h it ti t tisie t ,,.(;i.,m1n lite'it tttit\ p t I'ol lltl't t\'mlmlLmrmmm p t't _is m* SmCCC'tIm l soil t ti\Cts(I1 Iti mtt." titIlhi' lh ;itit.iLI h\ muttlmitlt Ciimi s. thelttlldil 
 lhllotmimlh tlitl.m 'ttt m tit l Itt!isi, \01%iiim the, it. )m oimttisUltmC mmmldl Ill tmmlsfl' ihi -mmm IC+ itm tgmlmissespOlhiOmm
Imlt.mi (ttl ImmimItIilmmimstlt Cl btillthmm t- mime it1tll h ttt t t.ittplt.s csl+un+ltlsIi111,1 n[I.'lttuet\t l11 1tllllItsuch lilt'loill 
is is \mmmmlh ). iTtie ml.iimt ;Mei-'11 11111 .pll ls lllhsmi'iti'n'g licN Iim hmaImtIht Ilih ithtit tail. AmiJ t IS0 "'IIll ltl c+IHuand (,)x. Old a pe'lntallet.II+, flttl'.tl+,r<tisW110is pmnt tt itstttt i,+,phicrIn tctms Kini and iPiatittit i hi\ t m1971t1At 1(ii dillith imi ' mit imimilmmimthmththtnil . inu mdthmliit 
 il
, t lmim tt i t'Illsltm'.d t+id iheim bsmil ha)m mlmm mm s 

iis" tilm ,c iolqii , 11t11mlit mit[I tt i [i .Ile IntI-m l A otmt.'I. Ill l tlmt1mi\id.. tti mm. c1110 

Soil-Water Percolation Leaching Treds in 
I Caching ciitmitiot icimir mttlsls '\atim percolates thmimugl so.l Savannas and rorests
'lie atm tt t i tphciati n l' 
 \!thtmmmh m+'ittit-s ita iteitt r'ccPlrimprtit, t,I'oilthat enahle tliim t, hmoldmi 

rd,: mirmpim lAmerica, 
,m ti k e thl emccithI ct ilhtmi mirmts" %illi t wiith percolating soilre-s IIrt I t i' i ti,.tttntsmi\\itIa mtitt lth imimecl ltic\ki telt itlt', n'1rt,blaniIce. and i emi 

he,m,,dfiieimmitmactioeIv growinlg rimizosphere,itim.'co t.'r 'ig,iIit\pe ill'+e- t its stuige mit s'm llAitt' (Itt s ml S t;Iisiillttti m ! .'%Ii siiVni condittinserim tim. 
1.1 s .lhis.('..I . p ts,CtiniI.). It is probable that thisSoiI Ittsimt 'c;m il t'apa,tl.e ta'i r\n'm tsideii. hh A;\-] olItet ritl.IllmIu Mid \itt's (t ti ' .lachetthmmimi ti,1; ls)emmirmllh ho ii'iMi 

d,ciiid tondition vervmulti r t' thimImI.'mmt'mmiItC tttm til itil tst iimres. limmI,. inaml\ 
imm riie gi nriti'a:tes diimicclm , (\ii, ,Il nit
h simt llm:t ii ldi at. C i imlp img ctm s pe'colate d %nitihe soilprofile fisterits,a pt'aclhingt tose-mit liiht-t's\tirei soiils,.ti ilac.,tire m\ ththalltie tm nbod it rl ti grnu's, o fIsltr ill;iltihoise Micilimi tm-it h llri .it[mcitics if ()\isleii iihi is ' t ri c slur


,,Nmt 
i\uthe dr\ ciry n antthsih somililltoisiile. Ociti glmiss
imisim ttmln f ('Cuiil liramil esmimmrat.- the inImpm mc iof' the so- r)mts art o.ill estaihished '.iis s mit 'nsiui.,r:ibhr,.tlced;called m',"t/mm. mr idla smttIuinimrs. time irmegiim r period, of 11\%i %iler h tital timme timeilmainiit'cltoilme+'ilm sh" o1"nitrates

iim'mtu hlii nttiI thItm \t ctll if i m it ' t Seis. itl. is 0%\er.('imill ic tI i 1cirmimtrI,_ m tt+ ' mt., is AIredai Ctimh miisud m I tiiltrIStt ios ivi mimmis,Nit ( iieeimiln('CIpter 3. cars miid d (I )(0) rieportI\ ll icis,+ tt'tttlimIl't' t hi'irictmnl y intime tihit there are tm esY' stdi iiesconmmltel i f' perci-,olam , tihese lmltist 
t imimtt SoiIl\iihi ]l iildimite mlie qualified hY the soil riu'ilmuIIIul Of'leicim imtiismiure-holdiry apacities. 

hbey mnd tie rihi/ .pihere. The re:iinsm 
flit" t\fm t for thisare threefolid. First. th i1ai hotir eg tremmitofgroo\ti, i1 1ldiehMAmk )It roots doesintile dr* s.'sot, ;isisco ll %-ll grasses


anid the ruta t ii inch 
 itmttrmnptt-,, i.
l

put it ciruii'sl, ho it tierefmir., tihey afimrd l imore efficient nectihaisinm tio absorbpmiti s \%;ilai:r o t oIlia soili il Il m amiisignti'icant eifect mmmti e percolating water. Siectn rmmmehid,itumoist ret. it leaist that f"rontrmtte of* siiiI-m istur- pee kimion. "limi spim tiomwillobvi- lightrairniaIIs. is held oit time lemiVc, of tree', ainti abs rbed
ousl., priceed apace during perimds of" high potentiml ciapm- directly. or is absirhed by
iratnspira tme lea liter; conseqenvtly, thed sice-ersi, alhi .vsprtin, Ill siding thii siil ilmmtmiimfi at-wmter cialiv enteritg tie soilpinlmistulre isimot lilmitint. .The of 
is reduced. Third.'rot-rouni" mmsoil.or the t ilhtlme exceptioin

suitahilit, oifmiproportion (if tie senli-esergreenof*te smilf'or rmti de\ thmmptietnt inbothit ph sicmal seasnal i r-i,ts, the dry seaso n is Vencralllvand ehenoical tiotso severesense. \%ill affect percolation minldcontse.Uellitl,unilder !frestmisunder saiiimi conditions and thus there isaleaching osses, particumlarl,, it' rimots can penetrate deepl,. A lesser huild-up 01i lithites ill time topsoii. It is evident,
tiecr is obhiuls, I iprerequisite toaimeliirate tierefore, that uorest vegetation provides
water percolatimm itld ,.conseqlueti Iss otittirieIts. 
mt 'err efficient
 

good iegetaie 

system of' nttrient re-cycling, iwihich imrgel\ avoids amnet 
leaching of plmnt nutrients. 

Nitrogen Flushes 
 It should alsoibe noted that nut m ' re forests much moreeff'ective in rec'clitmg nutrietnts thin savanruis, but also theyand Leaching 
Nitrorgen flushes were first described by I ilrdy (1946). 

provide mimuch greater stmrehouse for nutrients. In i certain
These sense, they mav he described -s being able to "leach" soils:occur itt tropical soilswitm mmmarked dry season. They often they havei maxiiimm ability to withdraw nutrients from afoillow mipattern ol'gradual nitrate btild-up in the dry' season, soil and use them to produce biomiass. Recycling int rients viaa rapid but short-lived increase at tie start of tie wet season, leaf fil a nil tree aging and decay is probably onlyi casualinda rapid tapering offas the dry seasn progi'esses. Flushes pbeinmenon Consequently. under their nmtive ivegetmion,are most marked in ustic moisture conditions, many forest soils are as chemicaly poor their savannaas 
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,coiititelmp Irs derived trot similar pelit mnaterials. litlle Nliiiild lr iir.piat at lie sc shCojIfoft II nC' oJiSl" 

(0llatI'ie lii'reS of IIltie'lllnts toled illforests VCIiIS ICeaible, ')COtii tilestll|otthe 'ACIe'a;Ison \\'i k to 1ltIpiiseC 
5i it\inllt\ege.itjati l ,ILe [lota ailalI thiteilter. io Ut ldatai I mIa gll n tiIpracticesl ihi' ll a hctt'i tiiileisti iill of lie 
fron the Atticii crililient (Vin'.ItNS) ,srilrl iiHIrifM e 1h1M nitrio.gle flush antd i l ;i'lilie 2geuill c ld le;Idtio 
f'orests Ina store ptipf 10 times lie a.,tinlt tit tltrients hiehtr., liire stalc fnlodrctl ltl sI[lliie,. 
stired h\ sax .anias.ha,.,u 'e. les Is',,cil [ stoL l.and In Conlliast .Ith itiIll\ I bis. lik in 	 ';\;llllasoils ',t.eitliyl . leached 

cndI glil1the aillb.iealconteIt .\V ie recorls' 
figures to shoss that sNi\l'Inas osd a high arbtcal coniteIt 
hae a;gratere r il plallnt 

Ito 	 \i'SiliiaI 

vnr\oir llti0tlnts than don(he Openi 
grassland tpes, 

Fertility Im provem ent in 

Savannas and Forests 
nsilse to ensuIrlle tit l 

reftnilll tnsoi]s h\ biurniiig and prodiucing ash, itlands are to 
beclearednftlhi,. and useidifalvegetatioti.eCItiagricutItitire. 
lbsJ,simple stitiiatet has hen used h, trIpical bush farners 
for thunid , of \eai . his is palrticularly mportant in tle 
caset.ofI nstsu"hif t lisn bl snil ilcce in savanna' 

\kill) a consideIrahc arbul, binniiass content, such as the 

It is g ud 	 ntutrients stored,ilbiiniiiass are 

('e ad . 

Neverthees,. for lit tsviiiilI.+ t.%lichdo not hae a 

significant bioiltl,s inIptt.illent of Iheir snls, if*these (re 

%CetherCd iid lchedIIC. lltin! Iric I. oillCIrCCtilltOl 

toxicit, problets land It'iliation. ('ae nist be tikeur in m 

ferliliatiin and the applicatin of atu+endituents to avoid 

sign ificatit hsses Itlte nrig inil cost, intputs. Further, excess 
lhittintg has often ben resptnsible li0r indncitg ilUtricnIt 

deticientcie,, cpccialll)' l it (Spain. 19761. 

The nitrogetn flush effect is particularl e\ere Jinsasatta 

regions: fertilitiou anid Soil-att ndtent practices such as 

unrcst snils cali Usitlill\ he siinilicattl h\ItII, iii+,tlv.cd 

iiI tcnipolin nOl '40teM their 1inniii;issnl lltslll ill tIhruligh 
burnitng. I:.pelieic'te iin lie cleliIe f tu r'ts ;Iasbei 

( t Sl
detailed inl Iluae Mid ib, ( PLS.l. (Iniet the mllOst 
Spectaci'lr lelnolisltItil. tle effect hmllilig allrof 01 
cti sit, Is eini nkit l., bli'-971 

rec'ords dta~ t,"nrir les*Is, senurk Serin-(t et +Ii.. 19T7h) inlwhicht 

seti-cvrgre t seasnal ftet imkiug urn an I IiNnl near 
IParagoninas. alorng the Icleiii-Mlrasia lfiigh ',\,%%as cit., 
huried, ;Mid tta'titl'tllfdInto pnttlrie. It1 ittiar ed IlifIriveC
miint ill toipsoiil clhemical proipertics is cslenei buirnin and 
tile ittcorptrationt I ash cniplecl.\ changed ntliient 
pripcrtict. 

What is t even llore interest is that these changes persist 
for n srI %kithtileexception of 

. 


ly nlledrlrass cultivation 

I levels. Probabl, soil N is largelv tied up 1y the grass, and 

little leaching takes place. The climatic regiime in this 

circu n,tance wioulu also help avoid the excessive nitriogei

flush effect of' the savannils. 

Not aIll rstiltsrelated to burninfkuotests and thesittsetIu]nt 

anageennt of improved soil fertility arc as promising as 

those indicated from Falesi's work, as demonstrated by 

(ochrane andStnche. 11982). It is probable that tropical raitt 
lt.orsts present a ituore difficult sittatiiin, partly due to the 

problems if' hurning these fiorests in their miore humid 

climatc. Nor is it implied that cutting and burning even seni

evergreen seastital foirests will solve soil f'ertility problems for 

Iintin are best desigined tii take this phetntiiciu intot all crops. As indicated by Monrn (11977), cutting and huring 
accOitnt. (rps aid pastures shohuld be selected attd ianaged, 

insofar as it is possihle., to hlIpavuid excess nitrate leaching at 
the start I thet\ dry scason. Nitrogen fertilier treatmeIts for 

many crops tli\ best be delayed iuntil after the effect of' the 

initial tituugn lush htas Conversely, gpassed. in Imini 
puactuces to arreliilte high soil Al levels for thlose crops 

sensitive to Al or to overcoume Nm toxicity problemls, 
advantarmay be takett olthe nitrogen flush to help vith the 

itncorporation of(Ca deeper into the siiil profile. In such cases, 

forests growing o siils with a higher fertility status due to 

hetter parent nate ials, specifically the Al'isols of' Altamira 

along the trmttt/onc lti ghwav of lra ,il, results in Intch 

better croips than cutting and burnintg forests on intrinsically 

less fertilehntds.e T fundarntafertility ofa soil will haea 
very significatit effect ott croppro(dutimimn, aidtlteselection of 
superior soils in biith savanna and forest circuistances will 
facilitate firming success. 

Table 8-. 	Average ertmical omposition of the topsoil (0-20 cm)(fan Oxisol under semni-evergreen seasonal 
forest and Paoicurn maximnum pastures of different ages in the proximity of Paragominas, Par,, Brazil. 

Topsoil Clay OM N pit Exchangeable Available Al 
I 


(110) Ca I M!, fAt I K P Sat, 
P.) (meq/lO0g) (ppnl) P.) 

Forest 65 2.79 0.16 4.4 1.47 1.8 23 1 53 
1 year pasture 50 2.04 0.09 6.5 7.53 0.0 31 10 0 
3 years pasture 60 3.09 0.18 6.9 7.1(0 0.0 78 11 0 
4 years pasture 55 2.20 0.11 5.4 3.02 0.2 62 2 6 
5 years pasture 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 0 
7 years pasture 48 1.77 0.08 5.7 2.61 0.0 47 1 0 
8 years pasture 52 1.69 0.08 5.4 2.10 0.0 39 1 0 
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 1 0 
13 years pasture 62 2.130 0.20 5.6 4.80 0.0 54 1 0 

Source: Serr~o et al, 1978. 
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Chapter 9. 
ADAPTING SEED-BASED AGROTECHNOLOGY 

TO LOCAL CONDITIONS: 
SOME GUIDELINES 

\gronornists and fardlers cverywhere are keenly aware cif he dIi fere it ove.all clihmatic pitterns. \'bat isiprtaint isto tv
 
, crop varieties aid ctliltivars to 	 lice,need I'(h*\new 	 ilimprove priidiic- to miatch tie waler-halance . rg. reilnies. dia.Iclgths, aid 

e tihte 'iretill.I low sc . ofc, faced with the problet of so, on. to lisure t the local cliinalicctirditions dIiriing the 
IudL.ing tile sUittili6 i % r , 	 ofl the promising ciuiI iii thosetiil.ivirare, coiipatile %% 


clseMlcIre . Ior a local :liillac aitd soil Condiitn. lhe land illwhich they were liginllk siese'ipC'.
 

a il il i bsel i ie a1colleI tiS s l t ani s: ot'dSC lCli 'tCgraphi- 0 1 t' iiitliotic fiictolis aft-iectlinWtile siccessifil inlrttiic
ciloilli llolcijiite. lmate,capc., aind sol! pi;ll-lliters tit oi' proiiiing ciltivars., peiiaps tielimst tiick to assessoC rl'l 

thispurlpose, llecileii ithe. iaol its iacrliltiulists iie illrtial is lie ;[bilit' o hfcal soils t lice! their illtriCIt CCLt
s WithtOil 
hlleas%\ ihitl access to collIpltuie ltciliie,. Ihe Iat isC, tie Useil' Iiult cc llll ic ipplica itns of' Soil inllerldtllits.TIhis 
isitlg stillin;iri/cet I'mriats. j, pulblished isVolhittii 3. is paiiiIcilr Irtie i lteuiildCn Cide ,pd.icid-iileCtile soiln s beehn 

n.1 iit I(lie ( ouh,u" ,t ,d .'ol I'l ide' 1)P'u i'tolls o/ 'w circtlntstanaces,, ie tlie slccif'ic traits desired in a cultivar 
/and .al lat)tPal I'OtIinti/es the ldiscipe itl s;1il ta i li'oleiance ItoexcesNsive aluniit t (see Appentdix 2) 
featilcs ofiallthe laitid ssii Ncllillpilet.i,p ;iSdetlaled w. d lel ill lw iloh sphlate ,iuillhilit\.
 
Parti2 is , t s take, l ll rIht
selection oittlltoogica

)Ilancock et il. (1979 collection,. \hich ,iat he used itohelp Enhancing Soil Fertility

approximate Ciniatic 'onditio is in ;hy giCl land Infornmation
it *stem. 
Pait 3 records a iin e of typ1ical solI pil l to pro ide ailln
i-detpth ~uide, ithelp)with the xisiali~atiuti lilndiniterletaiti i m llieeiitllihisi/cd'tlliailtituutili tniuchi itfilriiatioti ciin 

of 	 Soil IOlo ertile. letlc sInl inills, te tet lIt ll iil-scA iliCitlillg anllsl ti 
lhis chapter explains hot\these data miy bleused for local naps, llese iips ar scale Iitiited; ct ,setlIitltlV, in the 

aurctulttural laitinlg. sheltc,f detailedf soil stilulies, it will iiften Ie liecesslat imt 
elhinti siuil intl',;uirlnisi, tol lite );inaiiiin art particular 

arei o interest. 

Transferring Technology e litulioltit0 Soil sulvv thlThe careful ata call help 
agruluhomist "/otte-in onf what :are likely to be probable soil 

,utrientBased on Land Systems 	 problems. Visual ctop uleicticsyvptils seen in 
any area also help. In f'.act, the ps enc'e ior lislece of,the 

The comparisoin of land systems is a tisefil starting point for rinintr antid trace eletilent co istraints recorded illthe lald
the transfer of' seed-based agrote htiolog, throughout the st'ltiis priitouts in Voluinte 3 \\tr ofien onfiriedli)'v 
region. Their enivirontimental descriptors also provide a haiis observing vistial symptomson i crops. Ill his stldyr 

of the 
for tilemore selective ititrodhiCtion of" primising ciltivars tropical lowlainds olfBolivia, (ocliraite 1973) paid iarticillar 
Iritil tiher plarts of tiletropical world, with knowi cliniate attention to tle idlentilicationllo visual delicielcy'vs nillitins 
aind Notilconditions. UiforttiatelI, the presence of biiotic titi .lrf (*avenilih bintias (see Photo Plate 321. 
factolrs, ilnclutdinig pests ati diseases, againlst which all For ianv untleveliped areas, especiall'vwhere siiil fertilit\ 

au
oiht-rwise promising etiltivar niay have little or no resistance, Ice been little ,iftectel ivy the iilcorpoiratioln (f"soil atinetd
is 	 tot always kiown; such ili excltide tileuse of, thoe tielits, the value ofa siiil survey cati lie euirtnoi enlihanced, 
cultivars in ia given land system or even otire anietitire witha iminitiltil ofeftirt. aii.nuinberifsiiil prof .iles or even 
colntinent, as is the case of'a sava varieties with no resistaice topsoil sainmples, can lie esciibed and saipled. This will 
to 	Af'rica liosaic disease. hermit the statistical cormiparisoit ofsoil nitrient levels liver a 

Withitn certain limits. it tmuay he pioissiile toidevelop givell Soil tliit. (oclirane (11969) has sowlinmvthat 12 to IS 
agi oinic practices fIor lo-al climate-soil enviroinmenit to topsoil sialtples, slaced over a relatively constait soil unit, 
take advatiage iifprolihsig ciultivars a(lptedl to appareilk will provide at leqitlate popiulalii in statistical se se, ti 
differctit environentits clsewhere. Clinates titlist Ilecoti- calculate niearns, standard deviations., ani correlations he
sidlered il relation to the type of crop being grown. For tween soil chunlical l irolperties: these are te iingfil Ior 

ierenitial crops. the atimual clinialic patteris shouldioicide. helping itounderstand soil fertility. Iy this priocedtre, utitlined 
Oil the oither land, for shiort-tert aintilal crops, the seasonal in Appeidix 3, tinnecessarily repetitive Soiil sampling is 
and nitthly characteristics are paraimoutiin. Conseultyeril, avided, and Siil analytical time cati be prfitably spent, it 
ainutiai crops are itfuen grown sucteessfu lll ii regions with very carrying itt as implete a set of anialyses as piossible. 
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'%lost Iolitiile soil stir e% samle anIaikles ii" trCSti ttteto i+I*I i f! itiolo I' ,,iI t icteIIl. i nltmt i ilItrlelIIt 

d e sc r ih i n g iet i iiilt c-CI l : 1 l t "ll p I l .ll lC , 0 1 " ' 1 1 1 1l l ' I , lC I M N I ltj h1 
,total 111i ci'al lllill % s c'ixNlo I; l l cp t il.", Iiel. ,. ' clitili 'lt lL'lit IC'Il ill tLi ihc 

pr Vidiecomtplete i ia t l jiI. cC CIClLlt il;lsel Ii tnIl ;lsistllO \ CtOIIIItolllV L.'arl led o~lit ltl soil ,Slpttl .IaWn !o ldi]' . I.'ll(Ilil\, m wa+t) Int ltlls.I 

fact, thle lack of Imlinor inld ite element mia1 licil (li 
Ihr 'tlzhtll tile regiol II \ .tCd \iws pilliti ciii lll , diSapl itt-
IL'. Part tl'tle riason for this il hist icll. itthe past. iior 
mu pecid'll trace lc'iniit tlalsses ort.lCiffict'ltt 

Tile ;IlIllt 0Itnli t iabsorltio0n spectroietlk illi te 
Cla.ed this situation, tilfforttel. old habits (lie ilnd. 

,TliICItt10 th0olo~g\ tleselopet ttstefinlecolntext oftlie 
presetit work oil lald s\stern No. 201. n which (liel( i 
(Ilistittito ('olottlbiatto Aropecirio)i-(l \Tl('taiiii ii i-
cultulral station Oc;itetl, nt. relults M rIcol tr , is Ill 

Appendi3. Tle results l"jhltn, i jg sil tuicmt, lii blttix, 
prlhule ittitrhIicilt 'eficierlc, lrblemts, alnd possible nitI'eIt 
pioblhiii itipare iel t itl the acttal itldihgs frttl CIA IY'seetiul it al \tork o\cr the pist 12 ,ears. lThe uppit aclth 
ii~kocites i brieaka\y fron nlormal dOglllil C01nceriling tile 
collectiotn otfsoilstiinlhes for fertility analysis, which involve 
m aking artil'icials~~cou ll p l e s , ~pmtposite satples f'rom 12 to 20 s i-

samplesx 


Field Trials 

Atltututh soil itiforuation cii be ctsiderablv enhaticed liv 
relatively tminor tnouit of work. field trials Intist still hi 
carried o1t ti tliiati'y the nutrient it.eeds of' promising crop 
cultilars. I t'ortuiiateln,inian lesscer teV.hled circinistan-

.ces, progress is ol'ten slit\ aild recotmtmendtiationis itcll1teIt 
li supplving fertilt/er recommenditiois ftor tl negenira-

titlis of, Crop anld pasturi plant cultivars with tldegree of 
tolerance to suil tuxicities arid low tlutrienit levels, it is 
ntecessatll to Ise proven., comprehensive, bitll tiie-saving 
methods to etablish i recoinmrtendations. Ii m1a ny tropical 

III otlh n]N its, q+uickk, i I , ,,d~,, 


I I197)) lwshtt II Ih.ii %tllhlll a ItIin 

lie %%;Inx l 0 t td iiLt hIu(h tt 

fliI-pt..nCII Ciiditii,s II ait a ( 


ll 'L t, ,I c 1 1 '. M i l I I C ' 

iitfII I 'HIhl:tl', -
It - 11t ts\1W Ih L ,,Ini fil, 1UoI LLt (llhfillIC 

,'p l of l',s th;Ill ? t,;l . 
Mid Iitlt .l Iit InCi'iic Cit s 


,. Itoll\is .
 
IhlicstlsIi'tli ll , M\hih ito\Cs e lie IiioiitoriiiI of held 

tise il;,tlt.se\. his h.et recodeil 
ill .\ppeindi -I. lieC philxlih of' the appi och lis it 
stirtmil field tliill, is sooln i s possibl ainld Illaiiliiziii 

t i b, ,iub ctigtiss.e ttl tati taike ion1 pltt
I.\. II,( basis. il prceteruined stage of' crmp gritlh t he 
s tllli sIii+tical uttlIs is %i d d mItut. 

Summary 
ilti h tld-s\IsttnIS ,.ttu hise prvidtes : geigripiti :al and 

tcchnii.dl base to gitlti tile stI:CCSSful transflr of eet'-filed 
igrotechitologv hoth thioughoit the reu it tutunfrui nl uther 

l te .'c ml nfl 

elsewereiu-m t lie pruiet ill the 


ur ts fo the t.t r" op ics . Nes ert hie s s , gies, de.v,,l- e d 
locill ciIctiitllstuice. The 

teIttli.e., sti!,esteld flr eIhamig the soil fertilit*, inflirtn
tiit to help with tile selection of trettinetis ii field trials :nI
tile cot liri;tive,.C tissile iualysis It.'thOtdOt0,. sug!,esttl hir 

ineiing i itioi from suh trials are built pallictlti-ly
 
icltlt to t opical 
 ieas with limited reseatrch facilities. 

[lie use (of' the tid-SStIn dlltil base aiif1 Colpcmentarv 
irolltllic tlecliitlues sllld lead to [lie selection of high
,ieldiig crop varieties with furnl-effecti, - fertilizer rccoil
titendatiotis for a gisen ecosysteit, tnll1r speedily and Imiuich 
mIlore clyieap N than has been the nori ili the past. It should 
alsui contributeto thle iresuccessltl cotiervaition n:lduse of' 
tile soil resources ill tropical Soutlth Amcrica. 

http:tcchnii.dl


Epilogue. 
DEVELOPING LAND SYSTEMS MAPS
 

FOR OTHER AREAS
 

This iitork d.inluin ics the f'j:isih ili.t oI und rtiking a 
cttoilrlt.iciii'h V aisss 'etinc.lt it t opical land res)uirces oll a 
continntial h ,,is. ixci, [lie suppol t of itolln i scientists, iii l 
still pcliod of t.le. I ticonlip ltcri,.cd i;itd-s i, ap-
Ijittichi laic Itfi. s the \ tislh,.."is iiti llii;igcj i tmidillhtl-
Illa tin llt ailliil, III %a ijll'.,i'tllis ill Illait\ ltiacli/;iittls 
lhll ht ltl f i w itl] . It p.llllll , a l i ll gh aiil.\,i s of 
t.'lilii ., LIIttst;ip. ,. Mld )II kjdirlsl iitd 1rt is ;I li id 
lcalljis oi tIIiiiiijll jLig th s, emil i .ielal ctlIIilis t ' 
'T-d!' i t ic iihlel gcrli]it lt;istaits I'r pllille inld cl-p
C iiIII:ui,. It pI)I LS a g.'Cr1I haSC 1 f l t lllrster ofies phiC;i 
sjUcesii1 'ecid-h,.itd ;igt lchi logitcs rtill tilelo atitl 
'imothe r. indi tit,1.1 tigt l t.,C;irch iljectds.h cillelal 

It compleents %lort. heini caiircdi Olit h\linititial pit-'k 

gl",i i hd elll i ac r.c .iv ing t Iit hllatil proij ct s, 

inclding (le FO\() lind rcstjrcC studlCts: iCtiVuills i 
il.ejiatotlial Soils Milisii. Wigir,-c : lic (. S. All)-

ftijiicIt Soil .latiigctIgij Si ii p rt .ci0 icSti\i IIi N,.SAt 
litc.rliittiol 1] lBehmi k Sitcs Ncm ork lt .\grotcclnoli.,.itrtisi .r) pirtratis hbisce at the In]\lversit.\i l' haii :iii :iiit t ic.

I ni\t.crsit of Puertt Ricti: iintt ile trtopic:al sOi:s tCSCirLil to t i manl clinuiiic-soi ciiViI niiintits ofi th tropics, cn
pltglill ai North ('irolinta Sttii lii\'c sity., 

The d-*ss.stctIIs thata hiIsc is iiath heiui! pinl to good ic 
iII dceti~iing and t rais'rring new pastiirc-plait ind 1,0i-
crop cuiivars over irtipical America, and is pro\'ing a noel 
way to investigaltc basic cnintatc/]andscia/vcgclaliuit/.il 
relationships per se. I lowever. experience shows thal c ,p 
cultivars often do just as well in continents away from thwir 

Cct.tncr,, t dv.loipiictif i lcit .alw s pl idin cliima.t iid Still 
ciIcil'llltiils r' coinparihhc ('iir,, th , Ic174). It is Intla 
estic to reflect, th er'fire. thiat treilintijs Imittiiil het.tits 
lie III slteoll r i oIIIli it.es it siniiila slll"c\s iiid aialvslcs 
ctuld tie ,'tnitcidd tlrti ighi t [lie tropics ill g ciat . 

\W ith ; Il pic- ittid I td-S ,slciiis his . clop silticlis and 
,;IgIr't.-Ch oL~iit 

.. 
su'c,tsIll.v C lt.c ll ,opiC;ii .Ciidit 01 

s,.NICiII Coild tt0) he (lillsllrl'd tI thth i ilcllc1tincii ll \ 
cttli)p til,,. ;ic.as \itih 

success tiiaill is clitlcltl 
pl ductilin ditliciltic.s 
,p.cilicSp hiotigiicil ipirt 

a liiicih 

p ,sihic. 
i ll no 
tlills (p, 

ti ltitcrdegl.. of pitclitil] 

IIl is lt to suggest thi t 
ilisc. C.r\ Co ,hillntlt his 
ts, discascs, wetds., and soiil 

Illicl'oirit lllisills) th;i could all.ct ti sUjcctss i trlll cil of 
t-cdiittgi.s. Necilltiess.ciiisiti irjl. lil and eIll t iill 
hc s '".Cd ) ' , Irh c pti IhIcih atchic- l wcc iin t'cd- hasc,.i[1g i 

iltc.o.CIII ii 4cgr r111hhgilsititdiiii:itlc-sil llvilllllllnts .; Itll r (1;1i
using fit li rI iiss" ill iods still ireh.l In v gic ttttii\. 

I I tuildihenu s,dii;titililhl ii its rii titisitf iroiCh 
at glihia in'titin tit s,si ii. Not iti l tast\,tuid be theitgrc-ssiw.c hiiilt-iip ti iiihtiiiitti iii cit'rs wc.'l-adiijitct 

haicing the itiili\ of natiotns tIt tictttr puil and tillnage 
production prtihhclems ill Civiritnnlcntally, sociall,, oir cd) 

fragil, Iiiiillyrcgitiis. In short, a trIopic-wide litind-systens 
datai base would he an invahuale resource for individua' 
tatirins now striving to meel the cscalating need fI'r food it] an 
ever-charging world. 

http:cnintatc/]andscia/vcgclaliuit/.il
http:ltcri,.cd
http:etinc.lt


APPENDIX 1. 
APPROXIMATE EQUIVALENCE BETWEEN SOIL 
TAXONOMY GREAT GROUPS, THE FAO SOIL 

MAP LEGEND, AND THE BRAZILIAN SOIL 
CLASSIFICATION SYSTEM 

Sources:
 
The numbers in parentheses refer to the following citations:
 

1. 	FAO-Unesco. 1974. Soil map of the world. 1:5,000,000. Volumel. Legend. 
Unesco, Paris. p. 14-20. 

2. Camargo, M.N., et al. 1975. Mapa esquem~tico dos solos das regies 
norte, meio-norte e centro-oeste do Brasil. Bol. Tec. 17. Centro de 
Pesquisas Pedol6gicas, EMBRAPA (Empresa Brasileira de Pesquisa Agro
pecu~ria), Rio de Janeiro, Brasil. p. 86-88. 

3. 	Sinchez, P.A. (ed.) 1976. Properties and management of soils in the 
tropics. Wiley, New York. p. 52-86. 

U.S. Soil 
Taxonomy FAO Legend Brazilian Classification 

Alfisols Luvisols (3) 
Eutric Nitosols (3) 

Terra Roxa Estruturada (3) 
Podz6lico Vermelho Amarelo 

Equivalente Eutr6fico (3) 
Aqualfs 

Albaqualfs 
Gleyic Luvisols (1) 
Eutric Planosols (1, 2) 
Orthic Solonetz (1) 

Planosols (1) 
Solos Hidrom6rficos 

Cinzentos Eutr6ficos (2) 
Duraqualfs 
Fragiaqualfs 
Glossaqualfs 
Natraqualfs 

Gleyic Podzoluvisols (1) 
Gleyic Solonetz (1, 2) Solonetz Solodizado (2) 
Solodic Planosols (2) Planosols (2) 
Eutric Planosols (2) 

Ochraqualfs 
Plinthaqualfs 
Tropaqualfs Eutric Gleysols (2) Solos Gley Pouco Htmicos. 

Eutric Planosols (2) 
Eutr6ficos (2) 

Solos Hidrom6rficos 
Cinzentos Eutr6ficos (2) 

Umbraqualfs 
Boralfs 

Cryoboralfs 
Eutroboralfs Albic Luvisols (1) 
Fragiboralfs 
Glossoboralfs_ Eutric Podzoluvisols (1) 

Natriboralfs 
Paleoboralfs 



120 

U.S. Soil 
Taxonomy FAO Legend Brazilian Classification 

Udalfs 
Agrudalfs 
Ferrudalfs 
Fragiudalfs 
Fraglossudalfs 
Glussudalfs 
Hapludalfs 

Eutric Podzoluvisols (1) 
Orthic Luvisols (1) 

Natrudalfs 
Paleudalfs, Eutric Nitosols (1, 2) Terra Roxa Estruturada 

Ferric Luvisols (2) 
medium to high base status (1) 

Lateritico Bruno Avermelhado 
Eutr6fico (2) 

Podz6lico Vermelho Amarelo 
Equivalente Eutr6fico (2) 

Rhodudalfs 
Tropudalfs -

___ 

-
_Eutric 
Eutric 

Nitosols (1) 
Nitosols (1) Terra Roxa Estruturad 

Ferric LuvisolJ (2) 
medium to high base status (1) 

Lateritico Bruno Avermelhado 
Eutr6fico (2) 

Podz6lico Vermelho Amarelo 
Equivalente Eutr6fico (2) 

Ustalfs 
Durustalfs 
Haplustalfs Calcic Luvisols (1) Podz6lico Vermelho Amarelo 

Natrustalfs 
Ferric Luvisols (2)
Gleyic Solonetz (1, 2) 
Solodic Planosols (2) 

Equivalente Eutr6fico (2) 

Solonetz Solidizado (2) 
Planosols (2) 

Paleustalfs 
Eutric Planosols (2)
Eutric Planosols (1) - Planosols (1) 
Eutric (Rhodic) Nitrosols (2) - Laterftico Bruno Avermelhado 

Ferric Luvisols (2) 
Eutr6fico (2) 

Podz6lico Vermelho Amarelo 

Plinthustalfs 
Rhodustalfs -

Plinthic Luvisols (1, 2) 
Luvic Yermosols (1) 

Equivalente Eutr6fico (2)
Laterita Hidrom6rfica Eutr6fica (2) 
Terra Roxa Estruturada medium 

Ferric Luvisols (2) 
to high base status (1) 

Podz6lico Vermelho Amarelo 
Equivalente Eutr6fico (2) 

Solos Brunos n~o C~lcicos (2) 
Xeralfs 

Durixeralfs 
Haploxeralfs Chromic Luvisols (1) 

Natrixeralfs. 
Palexeralfs 
Plinthoxeralfs_ 
Rhodoxeralfs 

-

Orthir Luvisols (1) 
Orthic Solonetz (1) 
Eutric Planosol (1) 
Plinthic Luvisols (1) 
Chromic Luvisols (1) 

Planosol (1) 

Aridisols Typic Yermosols (1) Soils with Natric B horizon (3) 
Argids 

Durargids 
Haplargids 
Nadurargids -.. 

Natrargids 
Paleargids 

Luvic Yermosols (1) 
Luvic Xerosols (1) 
Luvic Xerosols (1) 
Orthic Solonetz (1) 
Orthic Solonetz (1) 
Eutric Planosols (1) Planosol (1) 
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U.S. Soil 

Taxonomy FAO Legend Brazilian Classification 

Orthids 
Calciorthids Calcic Xerols (1) 

Calcic Yermosols (1) 

Camborthids_ 
Gypsic Xerosols (1) 
Haplic Xerosols (1) 
Hap!ic Yermosols (1) 

Durorthids Haplic Xerosols (1) 
Haplic Yermosols (1) 

Gypsiorthids , .- Gypsic Yermosols (1) 
Paleorthids 
Salorthids Orthic Solonchaks (1) 

Entisols Regosols (3) 

Aquents 
Cryaquents 
Fluvaquents 
Haplaquents Eu-Dystric Gleysols (1) 
Hydraquents 
Psammaquents Eu-Dystric Gleysols (1) 
Sulfaquents 
Tropaquents Eu-Dystric Gleysols (1) Solos Gley Pouco Himicos 

Distr6ficos y Eutr6ficos (2) 

Arents 
Arents 

Fluvents - -- Fluvisols (1) 
Cryofluvents 
Torrifluvents 
Tropofluvents Eu-Dystric Fluvisols (1) Solos Aluviais Eutr6ficos y 

Dystric Cambisols (1) Distr6ficos (2) 
Gleyic Cambisols (1) 

Udifluvents 
Ustifluvents 
Xerofluvents 

Orthents P egosols (1) 
Cryorthents Gelic Regosols (1) 
Torriorthents 
rroporthents 
Udorthents 
Ustorthents 
Xerorthents 

Psamments Regosols (1) Red and Yellow Sands (3) 
Arenosols (1) 

Cryopsamments 
Ferralic Arenosols (3) 
Gelic Regosols (1) 

Quartzipsamments Albic Arenosols (1) 
Ferralic Arenosols (2) 

Red and Yellow Sands (1) 
Areias Quartzosas Vermelhas 

To.ripsamments - Albic Arenosols (1, 2) 
Amarelas (2) 

Arelas Cinzentas corn fragipan (2) 
Udipsamments - Albic Aren(Lsols (1) 
Ustipsamments 
Xeropsamments 

Histosols Histosols (1) Solos Orginicos (2) 

Inceptisols Cambisols (3) Soils with incipient B horizon (3) 

Andepts Andosols (1) 
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Cryandepts 
Durandepts 
Dystrandepts Ochric Andosols (1) 

Eutrandepts -

Hydrandepts 

Humic Andosols (1) 
Mollic Andosols (1) 
Humic Andosols (1) 

Placandepts 
Vitrandepts Vitric Andosols (1) 

Aquepts 
Andaquepts 
Cryaquepts 
Fragiaquepts 
Halaquepts 

Eu-Dystric Gleysols (1) 
Gelic Gleysols (1) 
Eu-Dystric Gleysols (1) 
Gleyic Solonchak (2) Solos Salinos Costeiros 

Haplaquepts. 
Humaquepts. 

Eu-Dystric Gleysols (1) 
Humic Gleysols (1) 

Indiscriminados (2) 

Placaquepts 
Plinthaquepts Plinthic Gleysols (1, 2) Laterita Hidrom6rfica Distr6fica (2) 

Plinthic Acrisols (2) 
Plinthic Ferralsols 

Sulfaquepts
Tropaquepts Eu-Dystric Gleysols (1, 2) Solos Gley Hiimicos Distr6ficos 

Humic Gleysols (2) Solos Gley Pouco HLimicos 
Distr6ficos (2) 

Ochrepts 
Cryochrepts Gelic Cambisols (1) 
Durochrepts 
Dystrochrepts 
Eutrochrepts 

Dystric Cambisols (1) 
Eutric Cambisols (1) 

Fragiochrepts 
Calcic Cambisols (1) 

Ustochrepts Calcic Cambisols (1) 

Xerochrepts 
Eutric Cambisols 
Eutric Cambisols 

(1) 
(1) 

Calcic Cambisols (1) 
Chromic Cambisols (1) 

Plaggepts 
Plaggepts 

Tropepts 
(OxicTropepts). 
Dystropepts 
Eutropepts 
Humitropepts 

Ferralic Cambisols (1) 
Dystric Cambisols (1) 
Eutric Cambisols (1) 
Humic Cambisols (1) 

Somoritropepts 
Ustropepts 

Umbrepts 
Cryumbrepts 
Fragiurnbrepts 
Haplumbrepts Humic Cambisols (1) 

Rankers (1) 
Xerumbrepts 

Mollisols 

Albolls 
Argialbolls 
Natralbolls 

Mollic Planosols (1) 
Mollic Solonetz (1) 
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Aquolls 
Argiaquolls- - Gleyic Phaeozems (1) 

Mollic Gleysols (1, 2) 
Solos Gley Himicos Eutr6ficos (2) 

Calciaquolls 
Cryaquolls 
Duraquol 
Haplaquolls 
Natraquolls 

Mollic Gleysols (1, 2)- - Solos Gley Ht1micos Eutr6ficos (2) 

Borolls 
Argiborolls 

Calciborolls_ 
Cryoborolls 
Haploborolls 
Natriborolls 
Peleborolls 
Vermiborolls 

Orthic Greyzems (1) 
Luvic Chernozems (1) 
Calcic Chernozems (1) 

Haplic Cnermozems (1) 
Mollic Solonetz (1) 

Haplic Chernozems (1) 

Rendolls 
Rendolls Rendzinas (1) 

Udolls 
Argiudolls 
Hapludolls 

Paleudolls 
Vermudolls 

Luvic Phaeozems (1, 2) 
Haplic Phaeozems (1) 
Eutric Fluvisols (1) 
Luvic Phaeozems (1, 2) 
Calcic Phaeozems (1) 

Brunizem Avermelhado (2) 

Solos Aluviais Eutr6ficos (2) 
Brunizem Avermelhado (2) 

Ustolls 
Argiustolls 

Calciustolls 

Luvic Phaeozems (1) 
Luvic Kastanozems (1) 
Calcic Kastanozems (2) 

Brunizem Avermelhado (2) 

Durustolls 
Haplustolls 
Natrustolls 
Paleustolls 
Vermustolls 

Haplic Kastanozems (1) 
Mollic Solonetz (1) 
Luvic Phaeozems (1, 2) Brunizem Avermelhado (2) 

Xerolls 
Argixerolls 
Calcixerolls 
Durixerolls 
Haploxerolls 
Natrixerolls 
Palexerolls 

Mollic Solonetz (1) 

Oxisols 

Aquox 
Gibbsiaquox 
Ochraquox 

Plinthaquox 

Umbraquox 

Dystric Gleysols (2) 

Plinthic Ferralsols (1,2) 
Plinthic Gleysols (1, 2) 
Plinthic Acrisols (2) 
Humic Gleysols (2) 

Solos Gley Pouco Himi'.os 
Distr6ficos y Eutr6ficcs (2) 

Laturita Hidrom6rfica Distr6fica (2) 

Solos Gley Himicos Distr6ficos (2) 

Humox 
Acrohumox 
Gibbsihumox 
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Haplohumox 
Sombrihumox 

Orthox Orthic, Acrix y Xantic 

Acrorthox Ferralsols (3)
Acric Ferralsols (1, 2) Latosol Vermelho Amarelo 

Orthic Ferralsols (1, 2) -- -
Distr6fico (2)

Latosol Vermelho Escuro 

Eutrorthox 

Gibbsiorthox 
Haplorthox 

_ 

Rhodic Ferralsols (1, 2) 
Humic Ferralso=a (2)Orthic Ferralsols (1 )-
Rhodic Ferralsols (1, 2, 3) 

Acric Ferralsols (1) 
Orthic Ferralsols (1) 
Rhodic Ferralsols (1, 2) 

-

Distr6fico (2)
(Rhodic Ferralsol=) Latosol Roxo (1) 

Latosol Roxo Eutr6fico (2) 
. Latosol Vermelho Escuro Eutr6fico (2) 

Latosol Roxo ou Terra Roxa 
Legftim (Dusky Red Latosol) (3) 

Latosol Amarelo Distr6fico (2) 
Latosol Roxo Distr6fico (2) 
Latosol Vermelho Amarelo 

Sombriorthox 
Umbriorthox 

Torrox 

Xantic Ferralsols (1, 2) 
Humic Ferralsols (2) 

Xantic Ferralsols (1) 
Humic Ferralsols (1) 
Rhodic Ferralsols (1) 

Distr6fico (2) 
- tatosol Vermelho Escuro Distr6fico (2)

(Xantic F=) Pale Yellow Latosol (1) 
(Rhodic F=) Latosol Roxo (1) 

Latosol Vermelho Amarelo 

Ustox .. 

Acrustox 

_ 

Acric Ferralsols (1, 2) 
Orthic Ferrafsols (1, 2) 
Humic Ferralsols (2) 
Orthic Ferralsols (3) 
Acric Ferralsols (3) 
Xantic Ferralsols (3)-
Orthic Ferralsols (1) 

-

Eutr6fico y Distr6fico (2)
Red Yellow Latosol (1) 

Latosol Amarelo (3) 
Latosol Vermelho Amarelo (3) 
Latosol Vermelho Escuro (3)
Latosol Vermelho Amarelo 

Acric Ferralsols (1, 2) 
Distr6fico (2) 

Latosol Vermelho Escuro 

Eutrustox 

Rhodic Ferralsols (2) 
Humic Ferralsols (2)Orthic Ferralsols (1, 2) 
Rhodic Ferralsols (1, 2, 3) -

Distr6fico (2) 

Latosol Roxo Eutr6fico (2) 
Latosol Vermelho Amarelo 

Eutr6fico (2) 
Latosol Vermelho Escuro 

Sombriustox
Haplustox. Orthic Ferralsols (1) 

Acric Ferralsols (1, 2) 

Eutr6fico (2) 
Latosol Roxo ou Terra Roxa 

Lngitima (Dusky Red Latosol) (3) 

Latosol Roxo Distr6fico (2) 
Latosol Vermelho Amarelo 

Fhodic Ferralsols (2) 
Distr6fico (2)

Latosol Vermelho Escuro 

Humic Ferralsols (2) 
Distr6fico (2) 
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Spodosols Podzols (1) Podzols (3) 

Aquods 
Cryaquods 
Duraquods 
Fragiaquods 
Haplaquods 
Placaquods 
Sideraquods 
Tropaquods 

Gleyic Podzols (1) 

Gleyic Fodzols (2) Podzol Hidrom6rfico (2) 

Ferrods 
Ferrods Ferric Podzols (1) 

Humods 
Cryohumods 
Fragihumods 
Haplohumods 
Placohumods 
Tropohumods 

__ 

Humic Podzols (1) 

Placic Podzols (1) 

Ultisols Acrisols (3) 

Dystric Nitosols (3) 

Podz6lico Vermelho Amarelo 
(Red Yellow Podzolic) (3) 

Aquults 
Albaquults 

Gleyic Acrisols (1) 
Dystric Planosols (1, 2) Planosols (1) 

Solos Hidrom6rficos 

Fragiaquults 
Ochraquults 
Paleaquults 
Plinthaquults 

Tropaquults 

Plinthic Acrisols (1, 2) 
Plinthic Gleysols (1, 2) 
Plinthic Ferralsols (1, 2) 
Dystric Planosols (2) 

Dystric Gleysols (2) -

Cinzentos Distr6ficos (2) 

Laterita Hidrom6rfica Distr6fica (2) 

Solos Hidrom6rficos 
Cinzentos Distr6ficos (2) 

Solos Gley Pouco Himicos 
Distr6ficos (2) 

Umbraquults Humic Gleysols (2) Solos Gley H~micos 

Humults 
Haplohumults 
Plaehumults_ 
Plinthohumults 

Humic Nitosols (1) 

Sombrihumults 
Tropohumults Humic Nitosols (1) 

Udults 
Fragiudults 
Hapludults 

Paleudults 

Orthic Acrisols (1, 2) 

Ferric Acrisols (2) 
Dystric (Rhodic) Nitosols 
(1, 2) 
Humic (Rhodic Nitosols) 

Red Yellow Podzolic Soils, 
low base status (1) 

Podz~lico Vermelho Amarelo (2) 
Podz6lico Vermelho Amarelo (2) 

Laterltico Bruno Avermelhado 

Plinthudults -

(1, 2) 
Ferric Acrisols (2) 
Orthic Acrisols (2) 
Plinthic Ferralsols (2) 
Plinthic Acrisols (1, 2) 

Dist-6fico 

Laterita Hidrom6rfica Distr6fica (2) 
Podz6lico Vermelho Amarelo 

Plintico (2) 
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Rhodoudults-_ Dystric Nitosols (1) Podz6lico Vermelho Amarelo (2) 
Ferric Acrisols (2) 
Orthic Acrisols (2) 
Dystric (Rhodic) 

Nitosols (1) 
Tropoudults Humic (Rhodic) Nitosols (2) -- Terra Roxa Estruturada low 

Ferric Acrisols (2) 
Orthic Acrisols (2) 

base status (1) 
Podz6lico Vermelho Amarelo (2) 
Lateritico Bruno Avermelhado 

Distr6fico (2) 
Ustults 

Haplustults Ferric Acrisols (2) Red Yollow Podzolic Soils low 

Paleustults -
Orthic Acrisols (1, 2) 
Orthic Acrisols (1 ---

base status 
Podz6lico Vermelho Amarolo (2) 
Podz61ico Vermelho Amarelo (2) 

Plinthustults 
Ferric Acrisols (1, 2)
Plinthic.Acrisols (1, 2) 
Plinthic Ferralsols (2) 

Laterita Hidrom6rfic. Distr6fica (2) 
Podz6lico Vermelho Amarelo 

Rhodoustults _ _ Dystric Nitosols (1) 
Plintico (2)

Terra Roxa Estruturada low 

Orthic Aerisuls (1) 
Ferric Acrisols (2) 

base status (1) 
Podz61ico Vermelho Amarelo (2) 

Xerults 
Haploxerults_ Orthic Acrisols (1) Red Yellow Podzolic Soils -low 

Palexerults Ferric Acrisols 
base status (1)

Terra Roxa estruturada low 

Dystric Nitosols (1) 
base status (1) 

Vertisols Vertisols Solos Grumossol.icos (2) 



Appendix 2. 
RECENT METHODOLOGY FOR 

CORRECTING AL TOXICITY 

mid-I9tOs. the preferred method of' making lililng 
recommendations to correct Al toxicity in acid inineral soils 

has been to base them otnthe equation: 

Since tile 

meq ('a 100 g .. il - 1.5 lctl e\ch. Al 110 g soil, 

( 1)65). and Kamnrrathais recorded h\ Molit t1961,), (ate 


(1970). rather than oI iienL, to i gknise pl. Neverthelcss. 


[sans and Kamprath I 1970). Kaiprath (19711, and sitb-

Seqtunt \orkers hncludiigSpain (1976). hae itdicatcd tbt. 

for iait crops. the equLation Il.,allk grossl ocrestillat..s 

liming requiteritnts, partly bccautse of ar\ illgdegrees of 

plant tolerance to Al. 

hirecent cars. Spain( 1976). Rhucalld (irog;in 1977.arid 

Salinas 197) ha\e shosi that consisteti differences in Al 

tolerance are folnd antiong plant slpccies at ctilisars withij 

species. It is C\ident. thereforc. that crop tolerance to Al 

ofshould be taken into -count illestiutiting the a.lnollills 

liele needed to correct Al 'oxicit\. Aitother problemn wOli the 

abose equation is that it is based solely ointhe amllolunt of 

exchangeable Al ill the soil: it does not take the lesels of 

exchangeable ('a, Mg. and K already iil the Soil itnto account. 

[lie lesel I these exchangeable cations is important in 

determinin! hiluing iLClUirCntet. 

An Improved Lim ing Equation 


1980, C ochratne et ill. publisfhed [ie IofsingeIqration forIt 
mineral soils to cinitiinsate crop ahminittin 

tolerance atnd take the lesls of exchtatngeable Ca antd Mg il
timiig acid 


the soil itnto account: 1 

- RAS (Al ICa('( f I 1 Al 
ti hal 

Mg) I1)11 Il 
, L'( .ttn I I- ,5.5. 

in hicth: 
1 nieq Al 100 g soil. IN KCI extract 

('ia = rt-q(a 11)f g soil. IN K.I extract 

Mg nieq Mg 100 g soil. INAKCI extract 

RAS = required I' \1 satimation of theefl'ective 
cariOtt exchanrge capacit. 

In this equatition. rhe lime requiremet estimated by die 

fortmula is multiplied b\ I-I 3 if it exceeds the value of the 

meq Al 100 g soil, I' KCI extract. 

Itis roted that: 
to calcullate rlme limiing requtireineniI. it olrdecr niiitl 	 mifua 

te RAS \%ill be tilesaini as the 
soil for itgi\en crop. 

percentage iftA\Isaturation at which the crop tolerates 

soilAL; 

that the apparent specil'ic gravity 
olthe stil is about 1.2. For a soil %nith a kno n apparent 

,pecilic grasit., a correction nay be made b\ dis ding the 

estimated lime requirement b\ 1.2and multiply ing b\ the 

2. 1his forrnl-la asstlllse 

kionno specilic gra it. 

no exchangeable Al or soil solution Al is found in 

1nieiral soils (containing less than 7(' organic matter) with a 
\ittuall.\ 


I hiplher than 5.4, as noted by McCart and Kamprath (1965) 

and Pratt and Al\ah do (1966). I icreloie. the term -acid 

ineal soil is tsed in the context of a soil haying a phl less 

than 5.5 ail]ailorganic matter content less than 7";, 

In acid mineral soils, soil solution Al and percentage Al 

il 


arc related, as shown by [sAans and Karnprathsaturation 

1197) and Ilreetns 	and IPearson (11973). Furthermore. Nye et 
,

al. (IX'I1 ) ba\e sho i that thealitount of Al insoil Solution is 

until an Al saluration of about 00(11'is reached. 

Sesclal insestigators, including [vans and Kamnprath 

19701), Ariia et al. (11975), and Sartain and Kanpralthi 

1lo\\ 


(1975). ha\esho\\nia close relationship between Al saturation 

and plant response. Fsals and Kattiprath (1970) noted that 

fiai/c tolcite tipto 711 Al saturation conpared with 30' 

for so\a bea ii,IUpland rice. csa,sa. cus pei., groundnlt, and 

mils pvle ,peces are tolerant to quite high rates of Al 

siturtito. as showi bSpai (1976). Recently.Salinas I1978) 
has identified sarietal tolerances to Al toxicit' itt wleat. 

aind beans its part of ia low-inputniai.' sorgtuitnr. rice, 

strategy to tlllattaCha/iliatn Oxisols. 
the etlatiollI Isc ttceps \el integrated to f'ormulate 

for itning inincral acid soils. [his equation estinmates milillal 

liming ieeds alldifferent les els lAl suiartiion. It is clear that 

pit valuies los er than 

and that it -:1o1il. reduce Al saturation to at lesel 
commensurate s\ith the tolerance of tilecrop to Al. The 

litie shirold oil' be applied to soils \sith 

equationsssc dersed inthe followin.L ssay. 

Assming that all the Al is iiltire exchangeable form, the 

follossitgrl:tioihip w tld cxpress Itie bsi lining concept: 

All Ca [2], 

wvhere: 

Air = titeq of Al 1001gsoil replaced by liming in the exchainge 

coiplex. and 

Ca t i tle of(Ca I100 g Soil added to the exchange complex. 

I.ikewise. in order to calcilate the anount of Ca that 

should be idded rumthe r'xchange complex to reduce tile Al 
yel ev cI, :suit iratirotn to a givc the eqtnation 

(AI - AlrlIAI - Al i . + Ca - Ca.\+ Mgt = RAS/ 100 [3] 

could be used in which: 
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..ll z "lei (1 01 ln%) it h eI OlIQ1i, \t+.t L O ,'i~oa tih sta te ill illIhiii in c lud ed .'ll p .\ to IP so t thic il. Ih is, K a ntl 
Al me]i if l I I0) g So illepl'ice% jml lratl 's f1 7 ) Intcu atin d at i lot i N o rth ( a.li ta. I i nmi , 


o iginalCat z [l,.it11('i10 gt)m,IIlltilt- ,.Cwhanlge,ml',\. tltiols: I A. ICoi's ((' I [XIX m e,+I (A 10(0g sil added l tthe ,\c han\, c' t' , li 
I,pel. conllli.) ilcihat iolldilztlC L 
 itle\ )ii(oh llhiall (m)\itlsaiindI'Ilsols; liul ili;IiliiillaMg = n1e.L) l0 gsoil ill thle o)I Mg i nal i\,. t ciriplesv Ifailiam . iljnas l97,) dIi Iiliii IlehlItulaimId 

RAS i t-'Itliledt flilc il.rtg- M 

FlYusiig equatioii I.'[. Ccht 
[3] call he replaced bv ft y. 

equation fir (';i., ui\e2: 
I .  -

l 

,-ui
eirrencc of All incllatiOl 
Ilhel,soi Ing tile t o,1"ting 

('a A I-R \S I\1I , ('t M".g)100) 141 

.i
Since n ,ottic Al replaced I). liini is chane it 
emphasiCelCd b Kampiath (197 1). lie lightside f the 
etlu a tion sh o uld be m ltitprliCd b .%i ict r otf1.5\\ieul 
m oderate leels of Al smatiratio inir requiedelfmind aitctor 

ihencry\r\ I ltimuatihnof 2 ho\\ els are needed. [4] then 
b'co e.,: 

lie (a 1ilt,ilg s 
rtqiiirt for liiin 1.5I\- I \1- ( ,M0 1001151 

'shere the factor 1,5 isreplaced b.\ hen hlieestimated liiiing 
reqtuirement using liefactor 1.5 is greater than the clietinial 
Iiie equi alcnt iftlie exchangeable AI. I i,criieriun follihsi
from the calculated dat. It is clear that the highest lime 
requirenient cstimated by tile cqilitititl is t i e the ciemiCallinte equivalent of the exchangeahle .\i. 

as giien b \ equatitn [I]. It assumnes that a soil has an apparent
spec+ific graitv tif1.2: that I hectart; of soil ti tle 211-emtndepth
\would weigh 2.4 mtillit kg. 

Testing the Equation 
Cochrane etal.( 1980) tested the equatiotn using data from 
other authors' fieldand inctubation studies over a variety of' 
soils ranging fron North Carolina state in the United Stales 

trials ili ll citls t(\ I oI aoll';iSiil'atlo( Ru tii 19 7 7 );aill ctal., 

a.uiratioivantl dalita irroni llther liell i rials oi .i (Crntll lii,iliai 
Act tsi\(IsIoi/ilc'-I'iitu 19)7o). Itpac\ea ti\ Upoud stinia
tion il thil' licl-piti litle tiliesneeted too theledlic'e 

percentagt' 01Al saturatioii toi reqilitied \ali'. 

Soil Analysis for the Equation
11w use ofthe eqim in it i s ios il analysis 

l IhN the n of itn d MI . . her oid thetati ,L. 
litK U et rtiti o i Al.(ao l eiiM .eI he lrei amosplelitenatitiii trcipl icral ett Al.hl ters iiAll '+pecetage 
.saiiiratiiii, to lise aI"-eliltiiar\ t inMake reasontbleas, guide 

R.\S (required Al sitltritio iri
pecenit) estiiates. Additionalinflo matiton isatc u tiilmating raridl. . Interestin gl\, ishere 
secific linming trials hae been 'arried oi. the eqtiontiiin may
be isel, in ti comisee sense fitestimate the tilcalice of it 
pmirtietlar crop mcess.in olctiltivar. 

Surmmary 
I lie eo.ipitio syntltesies \%hat has been established todatel'quation [5]ians used for estimnatiiglield lime req Ilitrnlent,crmcerning the problein ilAI toxicity in soils to permit a 
realistic predictiotn ofinnial lile relUirenetnis. Inherent to 
itsdel+ehiptnit \\iasthe organi/ation ioifcurrent knowledge
cunlcerning soil .\l. lhe equtiOn shilild 011V he tsed for 
establishing litring retlitirntemnts to solve Al toxicity pro
blens. lhis emphasis is retluired because liming is also used to 
reduce excessivecamounts ol'soil N n.to stppl,, trace elenettsfound as impturities in hitting mnaterials, and to make attrace 
element like Mo nore available. (itmnight be noted that in 
Iitling to correct Nin toxicities, soils should be properly
drained as a prerequisite for overcoming such problems.) 

http:mcess.in


Appendix 3. 
A STATISTICAL PROCEDURE FOR 
ENHANCING SOIL SURVEYS FOR 
SOIL FERTILITY 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 often erro-
neously, associated with sample density; much sampling and 
many analyses are demanded for surveys with large mapping 
scales. 

The approach advocated by Cochrane (1969) for enhancing 
soil 	surveys for lertility investigations is to examine aad 
sample 	 12 to 18 soil profiles or topsoil samples over a 
relatively constant soil unit. Once these samples have 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 be, '! it mind the crop and its 
genetic make-up in terms of nutricat tolerances and demands: 

I. 	 Methodic scrutiny of the statistical data. 
A. 	 Inspect means. maximums, minimums, and standard de-

viations to: 
1. 	 Identify probable and possible toxiity prohlem 

(Al. Mn, Fe) from the soil analytical figures. 
2. 	 Identify probable and possible deficiency problems 

in the same %kay. 
3. 	 Note circumstances that could givecorrelations with 

little implication insofar as soil properties are con-
cerned, including those populations with small stan-
dard deviations compared with their means (perhaps 
those with a standard deviation less than 20% )f the 
mean). 

B. Inspect the correlation matrix for possible meaningful 
correlations, in the sense of A-3 above, and list bo,h 
positive and negative correlations in order ofsignificance. 
It has been well known for many years that relationships 
exist between the availability of certain major and minor 
nutrients. The presence of strong correlations within this 
sample may indicate that the relationships in question may 
apply to the specific soil under study, 

II. 	 Interpretation. 
A. 	 In the event of a probable toxicity problem: 

I. 	 a. For Al, calculate liming needs according to the 
equation of Cochrane et al. (1980). 

b. 	 For Mn,"guesstinmate" liming needs. 
c. 	 For Fe toxicity, ensure that the soil is well 

drained, 

2. 	 Then reconsider the implication of these treatments 
on the deficiencies and their correlations. There is a 
possible implication that a positive correlation be
tween two elements will mean that raising one will 
increase the availability of the other if it is not in 
short supply, or cause more serious deficiency if it is 
in short supply. For a negative correlation, the 
reverse situation would apply. 

I. In the event oif probable deficiency problems: 
I. 	 Consider first tlteiniplicat ionofany actions that will 

probably be taken to solve a toxicity problem, ifsuch 
exists. 

2. 	 Starting with the most serious problem, estimate a 
fertilizer application for adequate correction. If this 
probable deficiency is.orrelated with amother, con
sider possible effects of the correction. 

3. 	 Continue this process for other deficiencies, in 
descending order of apparent importance. 

The procedure was applied to land system No. 201, land 

facet No. 1, the principle soils (Haplustox) of CIAT's 

Carimagua station located in the eastern plains of Colombia; 
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 
soils, including soils from central Brazil and northern Bolivia. 
In short, while the methodology is still in an experimental 
stage, it indicated the presence of: 

I. 	 Toxicity problems for At and Fe (the latter if soils used 
were under wet conditions). 

2. 	 Probable tiutrient problems for P. K, Ca, and Mg. 
3. 	 Possible nutrient problems for Mn. Zn. and B. 

Recommendations from the 
Statistical Procedure 

K deficiency. The addition of K might aggravate the 
Mg deficiency problem. Therefore" .d Mg should be added 
together. 

Possible Mn, Zn, and B deficiencies. The 
correlations of these elements with ohers are not as highly 
significant as others and could procably be field tested 
without too much problem. For example, the negative 
correlation between Zn and pllI(in 1-1,0) is probably only 
significant if major changes take place in pH. Although S 
levels appear moderate, availabilitycould be questioned. The 
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positive correlation between P and Cu levels s1hou hIhe borne over t lie past 12 years: AI to5ci an Iow lec Isof' a id basesin mind. In this respect, the type of P feritili/er to be applied (K, Ca, and Mg) wtrc ioundto be the major limiting factorsmust he considered intle light of its ability to supply otlier for mrry atailcirpsiSpairr. 1976). I'ctoxicirs .ssasreportednutrients (such S and Caas it tie case of, single Super- 'or lloouled rice( ll'osscler. 1973). Ngo.gi et al. ( 1977) found Kpho;phate), apart from the elffct oflthe, iertili/ercopoients and S deficiency rohbl ,ins ,i Ica.,sa,.Ifosler ctil.( 1977)oilleaching, also descrihe little by I, Mn. II, and ('ii interactions inIhis, it is clear that fertili.er trials should be designed to cassayr: ftlher, the.%found that high holing rates reducedtake liming, ), K. and Mg treatments ilt accOUnt aid, if yields hy inducing /ir deficienc and pos,,ibl Mit and IIpossible. Mli. Zni.I3,amllpossibly S and eei ('in. lie soils 	 deficiencies. Nitich costlly e'peiinrntal ,,orkshouldI be %\ell used 	 .,eit into esdrained and not for wetland crops to tabhlishing these and similar testlts (reported iii CIAl'savoid Fe toxicity problems. annual reports): had the statistical sampling procedure dis

cussed inthisAppendix been incorpurated into the initial soil 
survey Stild of the region, the soil fertility specialists wouldDiscussion have saved both time and costs. I here isclearly a critical liced 
tu improve tire role soil surryys play inpro\ iding a basis forTle recommenridatioris Ironi tile statistical proced tirecornpare 	 soil fertility iil.estigitions, especialy wihen carried out on%%ell with actual findings from CIAT's experimental work urldevcloped lands. 

Table 53-1. analytical oSoil data samples of 18 profiles lhroughout land facet No. 1. L.andSystem 201: horizon A. 

Sample plC p t I 
no. 1120 KCI POM At Ca Mg K Na CEC 5 74 S B Zn n Cu Fe S Mo 

4.8 3.9 1.5
1.7 1.4 
0.09 0.02 0.05 0.03 1.59 90
2 4.7 3.7 	 0.26 0.40 1.8 0.36 24.4 5.0 1.04
5.3 1.7 3.8 0.07 0.01 0.01 0.03 3.92 0.32 2.3
98 	 0.55
3 4.6 3.6 4.2 	 0.53 15.4 4.5 1.31
1.6 3.8 	 0.15 0.02 0.10 0.03 
 4.10 93 0.30 0.55 4.0 0.53
4 	 3.7 23.4 4.5
4.6 	 1.23
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
5 4.4 3.6 4.3 2.1 	 38.4 6.0 1.18
3.6 0.12 	 0.02 0.14 0.04 3.92
6 4.4 	 3.7 93 0.26 0.70 3.3 0.71 58.4
3.8 3.1
1.0 	 0.08 0.01 0.07 0.03 3.29 0.30 1.9 
7.0 1.24
95 	 0.55
7 4.5 3.7 4.5 1.8 3.0 0.11 0.02 0.03 	

0.53 40.0 3.5 1.01
0.11 3.27

8 4.3 3.5 3.6 	

93 0.24 0.50 5.9 0.53 16.8 3.0 1.04
1.2 3.7 0.11 0.02 0.09 0.03 3.95 
 94 0.26 	 0.55 3.9 0.71 39.0
9 4.5 3.6 3.6 2.6 	 5.0 1.17
1.5 0.12 
 0.02 0.07 0.03 2.84 93 0.23
10 4.6 3.7 	 0.60 2.8 0.53 44.0 6.0 1.363.5 1.5 2.3 0.14 0.02 0.0711 4.7 3.8 3.4 	
0.03 2.56 91 0.28 0.60 2.6 0.35 50.4 6.0 1.274.8 2.0 0.18 0.02 0.11 0.05 2.36 87 0.23 0.60 2.2 4.9412 4.5 3.8 3.9 1.4 	 60.0 8.0 0.992.5 0.08 0.02 0.07 0.03 2./0 94 0.24 0.75 1.9 0.36 51.6
13 4.8 3.7 3.3 1.2 2.9 	 8.0 1.20
0.08 0.01 0.07 95
4.8 	

0.06 3.12 0.25 U.50 0.71 5.0
14 	 3.6 2.4 24.4
2.8 1.7 2.5 0.09 0.01 0.05 0.03 268 0.30 3.6 	
1.01


94 0.50
15 4.6 3.9 4.8 	 0.53 39.0 7.0 1.31
1.0 2.6 	 0.09 0.02 0.10 0.03 2.84 93 0.17 0.50 0.71
16 4.4 3.8 4.1 1.1 2.9 0.09 	 2.8 41.2 4.5 1.36
0.03 0.10 0.03 3.15 0.23
93
17 4.7 3.7 3.5 1.1 2.7 	
0.45 2.6 0.90 66.8 4.5 1.36
0.08 0.01 0Oil 0.03 2.90 94 0.22
18 4.7 	 0.45 2.8 0.53 26.8 6.0 1.29
3.7 3.9 1.1 2.8 0.07 0.01 
0.06 0.04 2.98 95 0.28 0.40 
 1.5 0.53 	 49.6 5.0 1.40
 

Table A3-2. 	 Preliminary description of analytical results from
 
Table A3-I.
 

No. 	 of Preliminary
Variable samples Mean S.D. description 

iM H.i 18 
 4.5381889 0.15296631 L
 
pi KCI 18 3.71111111 0.09633818 
 L
 
0 18 3.77177778 0.77955912 
 M
P 
 18 1.63333333 0.84575062 
 VL
Al 
 18 2.83333333 0.62778790 
 H
Ca 18 0.10277778 0.02986352 VL
 
Mg 
 18 0.01722222 0.00574513 VL
K 18 
 0.08000000 0.02970443 
 VL

Na 18 0.03500000 0.01043185 
 L
 
CEC 
 18 3.06833333 0.63078149 
 VIL
liAt S 
 18 93.22222222 2.28950433 
 T
 
B 18 0.26222222 0.04236474 
 L

Zn 
 18 0.54166667 0.09275204 
 VL
Mn 
 18 2.50000000 1.05160941 
 VL
 
Cu 18 
 0.79722222 1.04454778 
 M
Fe 18 
 39.42222222 15.12222967 
 T
 
S 18 5.47222222 1.39823652 
 M
 
Mo 18 
 1.20944444 0.13798859 
 M
 
a. 	T = toxic (Fe under poorly drained conditions), VL = very low,

L = low, M = moderate, Ii - high. 

http:fertili.er


Table A3-3. Correlation coefficients of analytical data in Table A3-1 (prob >IRI under HO: RHO = O;N = 18).

pH H20 

pH H20 K CEC Mg Al Zn OM Fe Na 14n pH KCl P S Cu Ca 8 1AS fl
1.00000 -0.51784-0.50621 -0.50573 -0A7983 -0.42151-0.39190 -0.39049 -0.-863 -0.28889 -0.24837 -0.21219 -0.17724 -0.12865 -0.12162 0.11296 -0.09331 -0.05605 
0.0000 0.0277 0.0321 0.0323 0.0439 0.0815 0.1077 0.1091 0.1322 0.2450 0.3203 0.3979 0.4817 0.6109 0.0307 0.6554 0.7127 0.8252
 
PH KCI
 
pH KCI CEC Al Mn
B 'Al S Mg Zn pH H20 __Cu Ca Mo OH Fe 
 P K S Na
 
1.00000 -0.63468 -0.2896-0.45320 -0.42386 -035855 0.27161 -0.25235 0.24837 0.21836 -0.17493 -0. 16766 -0.12;37 -0.10884 U.06738 -0.06167 -0.04124 0.00300 
0.0000 0.0047 0.0052 0.0589 0.0796 0.1440 0.2756 0.3124 0.3203 0.3840 0.4875 0.5061 0.6081 0.6673 0.7905 0.8079 0.;709 .0030 

oH 
OM Al CIC Al S PHH-.0 ,10 S Zn Nn K Na PH KCI P Cu Ca Mg 8 Fe


1.00000 
 0.69754 0.59746 0.48412 -0.39190 0.35423 -0.29741 0.27389 
0.24755 0.18036 -0.14467 -0.12967 -0.10141 -0.07283 -0.07047 -0.01108 -0. 03048 -0.02b20
0.0000 0.0013 0.0013 0.0418 0.1077 0.1492 0.2307 0.2114 0.3220 0.4739 0.5668 0.6081 0.6889 0.7740 0.7311 0.840_8 0.9044 0.9116 

P
 
P Cu Ca %AlS S MO Na Zn
K 1l Fe PH HC FCC ' OH C- H : n


1.0000 0.91160 0.70180 -0.66023 0.53307 -0.37181 0.29336 0.29268 0.26245 
 -0.25703 0.23322 r.2119 -0.20299 
 .- 0:0
0.i049 . 9'002-0.0673- 0.023,1

Q10000 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 0.9253
 

Al
 
Al CEC O %Al S pH KC pH HO Mn 
 S B Cu P Zn Fe HO - , Mg Ca - a
1.0000 0.99585 0.69754 0.64936-0.62896-0.A7983 0.39115 
-0.34735 0.30669 -0.2E771-0.25703 0.21215 
-0.20332 0.20258 0.13764-0.11960 -0.07739 -0.05287
0.0000 0.0001 0.0013 
 0.0035 0.0052 0.0439 0.1085 0.1579 0.2158 0.2828 0.3032 0.3980 
 0.4184 0.4201 0. 915 0.6364 
 0.7602 0.8043
 

Ca
 
Ca 'A] S P Cu 
 K Mg Zn S Mn Fe TO pH KC1 pH H0 N1a Al OH 8 CC


100000 -0.74945 n.70180 0.62916 0.53712 0.45904 0.35925 0.31892 0.29595 
 0.27365-0.24370 -0.17493 -0.12162 0.08497 -0.07739 -0.07047-0.7026 0.-0120

0.0000 0.0003 0.0012 0.0052 0.0215 0.0553 0.1431 
 .1971 0.2331 0.2719 0.3298 0.4875 0.6307 0.7375 0.7602 0.7811 0.7818 0.996,2

Mq
 

Mg K % Al S pH H20 Fe Ca B pH KCI Na Zn Mn 
 Cu Al P CEC S HO OH
 
.000000.58597 -0.53168-0.50573 0.46522 0.45904 -0.31150 0.27161 -0.24537

0.0000 0.0106 0.0232 0.0323 0.0517 0.0553 0.2083 0.2756 0.3264 

0.22998 020446 0.14959 -0.11960 0.10492 -0.06466 0.06306 0.05730 0.05108

0.3586 0.4157 0.5535 0.6364 0.6786 0.7988 0.8037 0.8213 0.8405
 

K
 
K Mg Ca pH H20 % Al S Fe Mn 
 B Zn Cu P CEC OH Al Mo 
 S Na PH kC
 

1000000.58597 0.53712 -0.51784 -0.47572 
0.42874 0.40863 -0.32721 0.29891 0.29859 0.29268 
0.21411 0.18036 0.13554 -0.13203 0.11330 0.07593 -0.06167
 
0.0000 0.0106 0.0215 0.0277 0.0460 0.0758 0.0922 " 0.1850 0.2282 0.2238 
 0.2385 0.3936 0.4739 0.5915 0.6015 0.6544 0.7646 0.8079
 
Na
 
Na Mo Cu pH H20 P 
 Mg Mn S OM Al S 
 Ca K Al CEC Fe Zn B pH KCI
 

8.00000-0.42703 0.38571 0.36863 0.29336 -0.24537 -0.23057 0.19156 -0.14467 -0.098520.08497 0.07593 -0.06287 -0.04067 0.03431 0.01520 -0'.01331 0.000-0
 
0.0000 0.0772 0.1139 0.1322 0.3264
0.2374 0.3573 0.4464 0.5668 0.69'3 0.7375 
0.7646 0.8043 0.8727 0.8925 
0.9523 0.9582 1.0000
 

Contnued
 



Table A3-3 Continued 

CEC 
-ECEC Al OM PH KCI A] 5 pH H20 !4n S B Zn Cu K

1.000000.99585 0.69746 -0.63468 0.58192 -0.50621 0.42060 -0.32152 0.2d345 
P ,b Fe Mg Na Ca
 

Q124457 
-0.21485 0.21411 -0.20299 0.17732 -0.16440 -0.06466 -0.04067 0.00120
0.0000 0.0001 0.0013 
 0.17047 0.0113 
 0.0321 0.0822 0.1932 
0.2544 0.3280 
 0.3919 0.3936 0.4192 0.4815 0.5145 
 0.7988 0.8727 
 0.9962
 
SA! S
 
AIS Ca P Al Cu 
 CEC Mg OM 
 Fe pH KCI flu
100000-0.74945 -0.66023 0.64936 -0.64663 

K S 8 Na pH H2 0 Zn Mn0.58192 -0.53168 0.48412 -0.47572-0.39302-0.39126 -0.35855 0.357910.0000 0.0003 0.30997 -0.09852 -0.09331 -0.07387 0.007330.0029 0.0035 0.0037 
 0.0113 0.0232 0.0418 0.0460 0.1366 0.1084 0.1440 0.1448 0.2106 
 0.6973 0.7127 0.7708 
0.977r
 
B
 

B p, KCI K Mg %Al S A] CEC Cu Fe Mn pH H,,O Zn P Mo Ca S OM100000 -0.45320 -0.32721 -0.31150 0.30997 0.30669 0-21,345 
Na 

-0.24936 -0.24028-0]25430.11296 0.10230 -0.09905 -0.08430 -0.07026 -0.05848 -0.03048 -0.01331
0.0000 0.0589 
 0.1850 0.2083 
 0.2106 0.2158 0.2544 
 0.3133 0.3329 0.6199 
0.6545 0.6863 
 0.6958 0.7395 
 0.7818 0.8177 0.9044 
 0.9582
 

Zn s pH H O Ca Fe2 K OM P pH KCI CEC Mg Al Cu
LO0OO0 0.56508 -0.42151 0.25925 0.33984 
B Mo 'Al S Na Mn
0.29891 0.27389 0.26245 -0.25235
o.oOOO 0.0145 0.0815 0.1431 

0.24457 0.22998 0.21215 0.12543 0.10230-0.09001 -0.07387 0.01520 0.00603
0.1677 0.2282 
 0.2714 0.2927 
 0.3124 0.3280 0.3586 0.3980 0.6200 0.6863 0.7225 0.7708 
0.9523 0.9811
 

Mn
 
Mn PH KCI CEC K Al Fe S Ca pH H2 0 OM Na Mg 
 B C6 r,, P Al S
1.00000-0.42386 0.42060 0.40863 0.39115 -0.33897 -0.31604 0.29595 -0.28889 (124755 -0.23057 0.20446 -0.12543 -0.10849 -0.08067 0.02381 0.00733 0.00603
 

Zn 

0.0000 0.0796 
 0.0822 0.0922 
0.1085 0.1588 
 0.2014 
0.2331 0.247ti 
0.3220 0.3573 0.4157 0.6199 0.6683 0.7503 0.9253 
 0.9770 0.9811
 
cu 

Cu P % Al 5 Ca S ;a Fe Mo K Al B pH KCI CEC Mg pHH.0 Zn.00000 0.91160 -0.6J663 0.62916 0.41015 0.38571 0.37432 
!In OM

-0.36646 0.29859 -0.26771-0.24936 0.21836 -0.21485 0.14959 0.128650.0000 0.0001 0.U037 0.12543 -0.10849 -0.072830.n052 0.0909 0.1139 0.1259 0.1347 
0.2288 0.2828 0.3183 0.3840 0.3919 
 0.5535 0.6109 0.6200 0.6583 0.7740
 
Fe
 

Fe S Mg K 
 Al S pH H.0 Cu Zn Mn Ca ro B P Al CEC pH KCl "a1000000.52054 0.46522 0.42874 OX-0.39126 -0.39049 0. 37432 0.33984 -0.33897 027365 0.25749 -0.24028 0.23322 -0.20332 -0.16440 0.108840.0000 0.0268 0.0517 0.03431 -0.028200.0758 0.1084 0.1091 
 0.1259 0.1677 
 0.1690 0.2719 0.3023 
 0.3369 0.3517 
 0.4184 0.5145 
 0.6673 0.8925 0.9116
 
S 

S Zn P Fe Cu %A S Al CEC Ca 
 Mn Om tNa pH H:0 K M)1000000.56508 0.53307 0.52054 0.41015 -0.39302 -0.34735 
Mg . CI 

-0.32152 
0.31892 -0.31604-0.29741 0.19156 0.17724 0.11330 0.08071 0.06306 -3.05348 -0.CZ124
0.0000 0.0145 0.0227 
0.0268 0.0909 0.1066 
 0.1579 0.1932 
0.1971 0.2014 0.2307 0.4464 0.4817 
 0.6544 0.7502 0.8J37 0.0177 .E,70-

MO
 

Mo Na P Cu %A1 S OM Fe Ca Al CEC pH KCI K Zn100000-0.42703 -0.37181 -0.36646 0.35791 
8 S Mn h{ 

0.0000 0.0772 0.1287 
0.35423 0.25749 -0.24370 0.20258 Q17732-0.16766 -0.13203 -0.09001 -0.084300.1347 0.1448 0.1492 0.3023 0.3298 0.08071 -0.08067 0.05730-0.5,5O0.4201 0.4815 0.5061 0.6015 0.7225 0.7395 0.7502 
 3.7503 0.8213 0. 252 
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Table A3-4. Soil analytical data of samples f 18 profiles throughout land fa( et No. 1. Land Sys;ern No. 201: horizon B. 

Sample pH pH .. 
No. I1 O KCI OM P Al a Mg K Na C[C Al S B Zn Mn Cu Fe 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

5.0 
4.9 
5.1 
5.0 
4.8 
4.9 
4.7 
5.0 
4.9 
5.3 
4.9 
4.8 
4.9 
4.6 
5.0 
5.1 

4.0 
4.0 
4.0 
4.0 
3.8 
3.9 
3.9 
4.0 
4.0 
4.2 
4.0 
4.0 
3.9 
3.9 
4.1 
4.0 

0,7 
1.4 
1.1 
1.0 
1.3 
1.3 
2.1 
0.9 
0.9 
0.5 
1.0 
1.1 
0.7 
0.9 
1.5 
1.5 

0.6 
0.3 
0.3 
0.4 
0.4 
0.4 
0.4 
0.3 
0.4 
0.3 
0.5 
0.4 
0.3 
0.5 
0.4 
0.3 

0.9 
1.4 
1.7 
1.5 
2.1 
1.7 
2.2 
1.6 
1.2 
0.6 
1.2 
1.2 
1.5 
1.7 
1.2 
1.4 

0.09 
0.08 
0.07 
0.07 
0.09 
0.08 
0,06 
0.08 
0.14 
0.09 
0.06 
0.07 
0.07 
0.06 
0.07 
0.06 

0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.03 
0.01 
0.01 
0,01 
0.01 
0.01 
0.01 
0.01 
0.01 

0.05 
0.05 
0.05 
0.04 
0.06 
0.04 
0.05 
0.05 
0.04 
0.04 
0.04 
0.03 
0.04 
0.04 
0.07 
0.05 

0.01 
0.03 
0.03 
0.03 
0.03 
0.03 
003 
0.03 
0.03 
0.03 
0.03 
0.02 
0.17 
0.01 
0.03 
0.07 

1.08 
1.57 
1.86 
1.65 
2.49 
1.86 
2.35 
1.77 
1.44 
0.77 
1.34 
1.33 
1.79 
1.114 
1.38 
1 59 

86 
91 
93 
93 
93 
93 
95 
92 
85 
81 
92 
92 
93 
94 
89 
92 

0.15 
0.17 
0.16 
0.10 
0.17 
0.18 
0.13 
0.16 
0.25 
0.13 
0.10 
0.15 
0.22 
0.14 
0.14 
0.12 

0.40 
0.70 
0.40 
0.45 
0.35 
0.40 
0.35 
0.25 
0.35 
0.25 
0.25 
0.35 
0.25 
0.25 
0.40 
0.25 

1.6 
1.6 
1.7 
1.3 
1.6 
2.3 
3.9 
2.9 
2.1 
1.5 
1.5 
1.8 
2.1 
2.0 
2.6 
2.2 

0.18 
0.36 
0.18 
0.18 
0.36 
0.18 
0.36 
0.53 
0.18 
0.18 
0.18 
0.18 
0.18 
0.18 
0.36 
0.36 

6.3 
96 

10.4 
17.6 
12.8 
16.6 
6.4 

10.6 
13.3 
8.0 

22.6 
14.4 
6.4 
4.6 
6.8 
6.8 

17 
18 

4.9 
5.0 

4.0 
4.1 

1.1 
1.1 

0.4 
0.3 

1.6 
1.1 

0.06 
0.05 

0.01 
0.01 

0.04 
0.04 

0.03 
0.03 

1./4 
1.23 

94 
92 

0.14 
0.10 

0.35 
0.35 

1.5 
1.4 

0.36 
0.53 

8.0 
5.2 

Table A3-5. Preliminary description of analytical results from 
Table A3-4. 

Variable 
No. of 
samples Mean S.D. 

Preliminary 
description 

pH 120 13 P 93333333 0.15718105 L 
pH KC 
OM 

118 
18 

3.98888889 
1.11666667 

0.09002541 
0.36822308 

L 
M 

P 18 0.38333333 0.08574929 VL 
Al 1s 1.44444444 0.41476035 M 
Ca 
hg 

18 
18 

0.07500000 
0.01111111 

0.02007339 
0.00471405 

VL 
VL 

K 
Na 

.8 
18 

0.04555556 
0.03944444 

0.00921777 
0.03403670 

VL 
L 

CEC 18 1.61555556 0.41599240 VL 
% Al S 18 91.11111111 3.62813984 T 
B 18 0.15055556 0.03932851 L 
Zn 18 0.35277778 0.10910360 VL 
Mn 18 1.97777778 0 64767054 VL 
Cu 18 0.27888889 G.1'447012 VL 
Fe 18 10.33333333 4.92917485 H 

a. T 
L 

= toxic (Fe under poorly drained conditions), 
= low, M = moderate, H = high. 

VL = very low, 



Table A3-6. Correlation coefficients of analytical data in Table A3-4 (prob - IRI under HO:RHO = O;L = 18). 

pH H20
 
pH H 2 0 pli KCI Al CEC Al S P OM tin B P Na Fe Cu K Mg Zn Ca100000 0.73441 -0.61056 -C.59766 -n.59483 -0.43644 -0.36588-031588 -(116494 -0.25400 -0.23250 -0.14361 0.09857 -0.063010.0000 0.03080 0.00333 0.000003.0005 0.0071 
 0.0088 0.0092 
 0.0702 0.1354 
0.2016 0.5131 0.3091 0.3532 0.5697 
 0.6972 0.3038 
0.9034 0.9895 
 1.0000 
pH KC1 

pH KCI CEC Al pH H2 0 C.Al S B OM 'r. Ca K Mg Zn Na Cu Fe1.00000 -0.85430 -0.83671 0.73441 
-0.64434 -0.34705 -0.31349 -0.25G70 
 0.13051 0.10827 0.10585
0.0000 0.0001 0.0001 0.0005 
--. ,4002 0.03665 0.03207 -0.02050
0.0039 0.1582 
 0.2052 0.3038 
 0.6057 0.6689 0.6759 D.8747 
 0.8852 0.8995 
 0.9357
 

OM Mn Al CEC Al S K Cu pH H-0 Ca Zn pH KCI Na 8 Mg1.00000 0.59854 0.53136 p Fe0.56656 0.51369 
0.43904 0.40343 
-0.36583 -0.31435 0.31358 -0.31349 -0.20104 -0.18753 
 -0.14685 -0.10246 -0.07503
0.0000 0.0087 0.0097 
 0.0142 0.0292 
 0.0683 0.0969 
 0.1354 0.2039 0.2051 0.2052 0.4238 
 0.4562 0.5609 
 0.6853 0.7673
 
p
 

P pH H. Cu Na pH KCI Mg Fe 8 Om Ca Mn CEC Zn Al S Al1.00000 -0.43644 -0.42070 -0.30568 -0.25400 -0.24254 
0.20806 -0-11919 -0.10246 

0.0000 

0.08544 -0.08120 -0.06486 -0.05764 -0.05042 -0.04411 -0.02481
0.0702 0.0821 
 0.2174 0.3091 
 0.3322 0.4074 
 0.C376 0.G858 
 0.738I 0.7487 
 0.7982 0.8203 0.8425 
 0.8620 0.9222
 
Al 

Al CEC pH KCI Al S pH H 0 OM Mn K Cu Ca B 'g Zn p Na1.00000 0.99537 -0.83671 0.76661 -0.61056 0.59186 0.43309 
Fe 

0.27011 
0.2184I -0.18370 0.12822 0.09360 
0.05561 -0.04411 0.03519 0.03318
0.0000 0.0001 0.0001 
 0.0002 0.0071 
 0.0097 0.0726 
 0.2764 0.3034 
 0.4656 0.6121 
 0.7118 0.8265 
 3.8620 0.8895 0.8960
 

Ca B 'AL S OM Cu Fe Al CEC D4 H'O Zn N;a P Xg 'In1.00000 K pH KCI0.72649 -0.64615 -0.31435 -0.29194 
0.19530 -0.18370 

0.0000 0.00%L 

-0.1334 0.13051 0.12758 -0.j0762 0.08544
0.0038 0.2039 0.2398 0.4374 
0.J6216 -0.03620 0.03179 0.00000
0.4656 0.53G5 
 0.8057 3.6139 
 0.6708 0.7361 
 0.8064 0.8866 
0.9003 1.0000
 

Mg Cu Mn P Zn OM K pH HO "'I CEC Na Ca CL S B1.00000 0.50349 0.35536 KCIKH Fe-0.24254 -0.23510 -0.14685 0.12033 
0.10535 0.09360
0.0000 0.0132 0.1479 0.3322 
0.09266 -0.06925 0.06216 0.06114 0.05993 0.030800.3477 0.5609 0.6344 0.6759 0.01097
0.7118 0.7146 
 0.7848 0.8064 0.8095 0.3133 
 0.9034 0.9653
 

K 
K OM Cu Mn CEC Fe Al Zn rig pHH:0 Na nH KCI Ca1.00000 0.43904 0.41073 Al S B0.32734 
0.28448 -0.28007 0.27011 
 0.21771 0.12033
0.0000 0.0683 0.0904 0.10b27 -0.08333 -0.06331
0.1848 0.2526 0.2603 0.2784 

3.03179 -0.02481 -0.01954 -0.00931
0.3855 0.6344 
 0.6689 0.7424 
 0.5038 0.9003 
 0.9222 0.9386 
 0.9717
 



Na 

Na B P Zn Fe pH KCI O1 %A]S Cu CEC Ca K Mn Mg pH H20 Al 
1.00000 0.37377 -0.30568 -0.29261 0.25986 -0.23250 -0.20104 0.13867 -0.13345 0.10908 -0.10762 -0.08333 0.07412 -0.06925 0.03665 0.03519
 
0.0000 0.1265 0.2174 0.2387 0.2977 0.3532 
 0.4238 0.5832 0.5976 0.6666 0,6708 0.7424 0.7701 0.7848 0.8852 0.8898 

CEC 

CEC Al pH KCl S Al S pH H20 OM Mn K Cu Ca Na fihg P Zn Fe 
1.00000 0.99537 -0.85430 0.73930 -0.59766 0.56656 0.44391 0.28448 0.20043 0.19985 -0.13384 0.10908 0.092E5 -0.06486 0.04241 0.01672
 
0.0000 0.0001 0.0001 0.0005 0.0028 
 0.0142 0.0650 0.2526 0.4252 0.4266 0.5965 0.6666 0.7146 0.7982 0.8673 0.9475
 

Al S 
<Al S Al CEC Ca pH KC1 pH H20 O,1 Cu .f-In B Na Fe Mg P Zn K 

1.00000 0.76661 0.73930 -0.64615 -0.64434 -0.59483 0.51369 0.25299 0.22891 -0.19834 0.13867 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 0.4301 0.5832 0.7711 0.8095 0.8425 0.8862 0.9386 

B 

B Ca Na pH KCI Cu CC SAl S 01X pH H20 fin Al P Zn Mg Fe K 
1.00000 0.72649 
0.37377 -0.34705 -0.24500 0.20043 -0.19834 -0.18753 -0.1u494 0.16442 0.12822 -0.11919 0.08873 0.05993 -U.02 16 -<«1<1 
0.0000 0.0006 0.1265 0.1582 0.3271 0.4252 0.4301 0.4562 C 5131 0.5143 0.6121 0.6376 0.7263 0.8133 0.804 0.9717 

Zn 
4
Zn OM Na ,g K Mn Ca B Fe Cu P Al CEC pH H20 <Al S pH KCI 

1.00000 0.31358 -0.29261 -0.23510 (.21771 -0.18221 0.12758 0.08873 0.07994 0.06088 -0.05764 0.05561 0.04241 -0.04002 0.03633 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 0.8362 0.9895
 

Mn 
Mn OM CEC Al Mg CaK pH HO Cu Fe pH KCl SAl S Zn B P Na 

1.00000 0.59854 0.44391 0.43309 0.35536 0.32734 -0.31588 0.28936 -0.26121 -0.25670 
 0.22891 -0.18221 0.16448 -0.08120 0.07412 -0.03620
 
3.0000 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 0.7701 0.8856
 

Cu 
Cu Mg P K OM Fe C. tn "Al S B Al CEC Na pH KCI Zn pH H20
 

1.00000 0.50349 -0.42070 0.;1073 
 0.40343 -0.37203 -0.29194 0.28936 0.25299 -0.24500 0.21864 0.19985 -0.13345 0.09857 6.06088 0.03207
 
0.0000 0.0332 0.0821 (.0904 0.0969 0.1284 0.2398 0.2442 0.3111 0.3271 0.3834 0.4266 0.5976 0.6972 0.8103 0.8995
 

Fe 
Fe Cu 1 Mn Na P Ca pH KCI Zn 011 AMS B AI pH H20 CEC Ig 

1.00000 -0.37203 -0.280,7 -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.i951 0.2977 0.4074 0.4374 0.5697 0.7525 0.7673 0.1711 0.8804 0.8960 0.9357 0.9475 '.9655
 



Appendix 4. 
COMPARATIVE TISSUE ANALYSIS 

FOR ACCELERATING FIELD TRIALS 

The phil osophy of this approach is to start field trials as soon 
as possibleand to rraxiimi/e information that can be obtained 
through carefCu monitoringusing conratrui'f tiss ueana.l sis, 

Selection of Treatments 

for Field Trials 

If sufficient soil analytical information from sioil surveys is 
lacking, the teclniq tie described in Appendix 3 can fill a void 
in helping to determine nutrient lactors that sotuld be 
examined in i field trial. iThis approach atdvtocatCs a break-
itway fron normal dogria concernirg tile collection of soil 
samples for fertility analysis. \which ustally recommends the 
making of ai artificial ctnmposite sample from 12 to 20 
subsamples in the field. Stich it technique is useful for 
ronitoring fertilit,, characteristics of indiidual plots in ia 
field trial. but is not so useful for obtaining a preliminary 
judgment to select treatments. 

Once the treatments tire chosen, field trials shout ld be kept 
as simple as possible; replicated plot designs are often 
adequatc. lowever, the si/e and number of plots are impor-
tant considerations. Plots should be large entigh to facilitate 
'splitting" of treatments. Additionally, nontreated plots 
should be laid dowvn aIongside the trial for further work,
wherever possible. 

Monitoring 
Once the treatments and design of a trial are chosen, i 
program for monitoring the trial through soil and, especially,
tissue analysis on a plot by plot basis is essential. Composite 
samples for both soils and tissue samples should be used to 
fairly represent the plot by plot treatments. Tissue analysis 
should be as complete as possible. Most laboratories. even in 
lesser developed countries, have a capacity or could easily 
extend their capacity to do this work. Consequiently. the 
fertility specialist has a reading on all elements necessary for 
plant nutrition. 

Treating Tissue Analytical 
Data as Yield Data 
By taking plot by plot composite tissue samples, Cochrane 
(1979a) has shown that the need for a prior knowledge 

concerning tissue analytical figures is obviated, fie illustrated 
that the anal ytlical data for the samples can be treated and 
analv/cd statisticlly in the same wav as yield dat. to 
determine an significant differences. This is it considerable 
h-ck from existing practices, which center around the time
consuming and costly procedures previously advocated for 
establishing "critical" levels for tissue analytical data. Ob
\iously, thse oftissu canalyses \%,ill be enhanced if previous
work isavailable to obtain an idea its to possible deficiency 
le\ els. 

Cochrane has emphasi/ed that in order to take meaningful 
tissue sarics, the trial must be monitored formetoroh/gihal 
conlitibots, espCcially tmoisttire stress. Tissue Samnples are thus 
best collected after a suitable period of noriclimatic-induced 
conditions. 

In the tcaseofthe plot by plot composite soil samples, these 
should be taken to reflect changes in soil brought about by 
fcrtilier treatments. It is not sufficient to take "before"and 
''after'" sarplcs; they shoult be taken to fairly monitor the 
effect of fertili/er on soil conditions such iis ptl and, ideally, 
the transport of nutrients down the soil profile. Certainly 
both 'topsoil" (perhaps 0-20 cm) and subsoil (21-50 cm) 
samples should be taken. 

Implementing the Results 

of MAonoring 
Once the trial has been laid down and monitoring has started, 
any results of the monitoring that suggest the need for further 
in-field trial treatments should be implemented as soon as 
possible. Comparative tissue monitoring ensures that ap
propriate action cal be taken timely enough to investigate 
problems not obvious from the original soil analytical data. 
For example, Table A4-1, adapted from one of Cochrane's 
trial results, shows ho' the Mn conccntrations in the leaves of 
,utgarcane altered with increasing applications oi'iNl[,).SO 4
This wats detected soon after the trial started and led to the 
speedy laying down of a supplementary trial to confirm that 
Mn was indeed deficient. In :,nother trial reported in thesame 
paper (Cochrane, 19 79a). the levels of Zn looked suspiciously 
low: again, speedy action by splitting the trial for Zn led to the 
finding that Zn was. in fact, deficient. The net result of this
work was that fertility problems were identified and fertilizer 
practices formulated with it minimum of delay. 
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Summary 
Appendix 3 describes ways and means for enhancing the soil
 
fertililv information in streys with r little effort.
soil clatie'' 

Appendix 4 was prepared to emphasize that there are proven 
innoations for speeding the process of making field-tested,
 
farm fertilizer recommendations. Ihe use of tissue analyses to
 
complement fertilizer trials on a plot by plot basis is
 
independent 
 of a prior kno'k ledge of nutrient content and
 
would have wide applicability.
 

Table A4-1. Effect of increasing rates of NHSO. on yield of cane and 
sugar and concentration of mineral constitue its of the leaf 
on a dry matter basis. 

Wt. o1 Wt. of

N cane per sugar Mineral conLentrations in leaf
rate plot per plot N P K Ca Mg S Mn(kg/ha) (k) (kl 1%) 1%)
(91 1%) 1M1 Ml P)l
 
0 393 
 30 1.14 
 J '6 1.00 U.18 0.10 0.10 23.8
22 453 34 1.17 0.., 0.97 f.20 0.09 0.11 26.3
44 506 38 1.26 0.16 1.14 0.20 0.12 0.12 26.3
 
66 532 40 1.13 0.13 1.00 0.20 0.11 0.13 20.3
88 611 
 49 1.38 0.14 1.01 0.19 0.12 0.13 36.3
110 701 
 50 1.39 0.16 1.15 0.16 0.12 0.11 41.3
 

LSD
 
(P = 0.05) 36 4.14 
 0.11 -  - - - 6.8 

SOURCE: Cochrane (1979a).
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