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ABSTRAeT 

The evaluation of lan<:! resources le a fundamental research strategy 

fur the development of germplasm-based technology to help imp"ove agri-

cultural p"oduction in the developing Tropícs, eIAT's study.which startad 

in mid-1977, now covars 850 milllon ha of Tropical America, an<:! reduces 

. 
land resource infurmation 10 a common base in terms of lan<:! systems, 

defined as repetí tive patterns of el ímate. landscape an<:! so Hs, el \mate 

was anaH:i!'ed by Hargreaves' water balance methodotogy uslng 

10ng-term data from 1144 meteorological stations. Land systems 

were delineated using 1 to 1,000,000 satellite an<:! side-looking radar . , 
¡'magery as a geograph\c base, for ooth extrapolating information 

when little was available and summarizing detailed work in the few 

areas where it had been carried out. Within the land systems, soils 

were separately described in terms of the major landscape topo-

graphical facete. A large part of the work involved the review of 

existing ti terature, but field work was carrled out over rep"esentative 

transecte 10 help fill knowledge gaps and standardize criteria. 

The land resource tnformation was summarized on a series 

of formate and then recorded in a computerlzed data storage. re-

trleval and analysis system. This facilitated not only the retrieval 

and collation of data in terms of numbers an<:! thematic mapa, but 

also the investigation of interrelated factors. Addítionally, the system 

can be linked to other data sources sucn as socio-economie in-

furmation, 10 help develop geographical1y oriented p"iorities for 



agricultwal research and developrnent. The system ls flexible and 

can be updated as new data becornes available. 

The study is an example of technology development between 

n. 

CIAT scientists and scientists in the several countries comprising 

Tropical Arnerica; in Brazll it is being carried out as a jOintproject 

with EMERAPA (Empresa Brasileira de Pesquisa Agropecuária). 

" 



AN EXPLANATORY N\ANUAL FOR CIAT's COMPUTERIZED 

LAND RESOURCE STUDY OF TROPICAL AMERICA 

INTRODUCTION 

Thomas T. Cochrane* 
Jorge A. Porras 
Lu(s G. de Azevedo 
Peter G. ..Jones 
Luis F. Sánchez 

An up-ro-date appraisal of agricultural land resoU"cas that re-

flects the ever-accumulating knowledge aoout oU'" environment from 

both sUI"'veys and fundamental scientiflc discovery, has become a 
. , 

basic research strategy to guide the selection and development of 

germplasm-based*'" technology to he1p improve agrlcultural production 

In the developing Tropics. Over Tropical America, the area of 

speclal interest to CIA T, the 1and resource inrormation in terms of 

cHmate. landscape, vegetation and soils is far from comprehensive 

and has not been well integrated. In order to address this 

problem, in mid-1977 CIAT commissioned a specific study 

of the Oxisol and Ultisol regiona, the Target Area of the 

Tropical Pastures Program ro help establish soundly based guidelines 

ror technological priorities (1). In 1979 the study was ex-

tended to other regiona ro serve a similar pU"pose 

;¡; 

** 

Land Resources Specialist, Land Resources Evaluation Project, 
CIAT¡ Research Associate, Data Services,Unit, CIAT¡ Eco1ogist, 
CPAC-EMBRAPA¡, Postdocrora1 Fellow in Physiology, Bean Pro
gramo CIAT¡ and Visiting Research Associate. Land Resources 
Evaluation Project. ClA T¡ respectively. 

Seeds and vegetative propagating material. 



2. 

10r CIAT's other commodity programs. The stUdy was 'in fact proven 

wtdely applicable to crop and forage production on many types 

of land throughout T"Opicat America. It represen fs not only the work 

of the principal scientists in'vOlved, but al so valuable contributions 

fi"om the many scientists who have cooperated with the endea'vOr 

in the several countries. In Brazil, the study was carded out as 

a joint effort with CPAC-EMBRAPA (Centro de Pesquisa Agropecuá1"'ia 

dos Cerrados-Empresa Brasilera de Pesquisa Agropecuária). 

To faci litate the analysis of the bastc resource data, 

a computerized data sterage, retrieval and analytical system, Or 

, 
"data bank", was set up. The information recorded in the data bank 

is now avallable as a series of computer tapes. This wlll facilitate 

independent analyses by workers in different disciplines with varying 

objecttves. Consequently, this manual was written te provide users 

with a guide te the scope of the study, a syrthesis of the methodology 

adopted in summarizing agricultura1 land resources, a summary and 

explanatton of the land resource characteristtcs coltated and cOded, 

and in1Ormation as te how the study was computertzed te factlitate 

in1Ormation retrieval and evaluation. 

THE SCOPE OF THE STUDY 

Figure 1 indicates the geographica1 extension of the study; lt 

currently covers atout 850 million ha of malnly lowland Tropical 

Amerlca. Land system maps (maps illustrating geographical units 



in tern-\S of areas 01" groups of areas throughaut which there is a 

recurrlng pattern of cHmate, landscape and soits), at a scale of 1 

3. 

lo 1,000,000, are identified using the International Chart of the World 

on the millionth scale index (Figure 2). For example, the lan<:! 

systems ;nap between longitudes 4So and 54°W and latitudes SO and 

12°5, Is identified as 5C-22. It is also referred to by its common 

Brazilian name "Tocantins (2). 

Lan<:! systems maps are also used as transparent overlays for 

lo pogra phi cal maps (Figure 3). They are avai\able on speclal request; 

rowever, they have been computerized and recorded on magnetic tape " 

as an integral part of the computerized analytical system. In this 

way the l.Ser of the study Is provided not only with a lan<:! systems 

map pr intout facility, but also wlth a thematlc map compllation and 

printout capacity. Thematlc maps can be prlnted according to 

virtuany any of the parameters used to describe the lan<:! systems. 

The clima tic, landscape, vegetation and soil information col

lected for the study has been collated, and then recorded on magnetlc 

tape as an integral part of the computerized retrieval and analytical 

facility. Consequently, geographlcally orlented facts and figures about 

the lan<:! resources may be compiled in convenlent 'prlnteut form 

witl"out having to resort to tedious fact-flnding by sorting through 

mas ses of printed material; further, posslble interrelatlonships of 

para me ter s can readily be established and proven. Figure 4 illustrates 

haw the system provided an answer te a questlon as te the amount of 
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land with Al toxlcity problems over" the centr"al-west of 8r"azil (Fig. 5), 

the ar"ea covered by maps 5C-22, 5C-23, 5D-21, 5D-22, 5D-23, 

5E-21, 5E-22, SE-23 and 5F-21, respectively. Clearly, it is ne

cessary to understand the methodology used for the study and the 

way the land resour"ce characterlstics were classified and coded in 

arder to fully appreclate ite technical scope, and to use the computer 

te best effect. 

It should be noted that the study was carded out using data 

from many sources. T hase varied in detall, precISion and accuracy; 

many parte wnt undoubtedly need judicious revislon as rrore precise . , 
and a=urate informatlon becomes available. However, the methodology 

adoptad and the flexibility of the analytical system will enable the 

updatlng of infbrmation and ite expansion te meet future needs. 

THE DE5CRIPTION AND COLLATION OF LAND RESOLRCE DATA 

In order to provide a geographical summary of the land re

sources, it was decided to modify the land systems approach de

veloped ~ Christian and Stewart in 1953 (3) in thelr study of the 

land resources of the Katherine-Darwln reglo n of Northern Austr"alia. 

For this study, a land system was defined as "an area 01'" group of 

areas throUghout which there ls a r"ecur"r"lng pattern of climate, 

landscape and sotls". The envlr"onmental par"ameters were ar"ranged 

in categorlcal order to fOr"m a tr"ue land classlflcation: 

1. Climate 

a) Radlant energy received 



b) TemperatU"e 

e) Potentiat evapotransplr-ation 

el) Watar balance 

e) Other clima tic factors 

2. Landscape 

f) Land-form 

g) Hydrology 

h) Vegetation 

3. Soil 

i) Soil phys lcal charactaristics 

j) son chemical characterlstics 

These were the pr-tncipal parameters used to delineate a 

5. 

land system. Paradoxically, the delineatíon 01' land systems was 

effectively used,not only to describe too land resources 01' regions 

where 1ittle or- no intbrmation was available, but also to condense 

and summarize the copious arrounts 01' printed informatlon oc

casionatly avallable for soma regions 01' limitad geogr-aphical 

extent, where detailed studies inc1udíng solt sur-veys, ctimatolo

gical studies and in-1'ield experimentabon had been carried out. 

Principal bibliographic sources have been summarized in Ap

pendix l. WOOre information was not avaitable, 1'ield work was 

carried out, albeit super1'icially, in order to obtain a better idea 

of the resources. Nevertheless, whllst the study does incorporate 

some original res ea rch , too bulk 01' the intbrmation has come 

1'rom previous studles; it has mainty been an exercise in 

. , 



compiling. collating and extrapolating this lnfo.....-nation lO a com-

mon base. 

SateU ite and radar imagel"'Y at a sea le of 1 to 1.000,000 

was found to provide an accul"'ate geogl"'aphical base. Radar 

imagel"'Y was available fol'" the Amazonian area of Brazil (4) and 

6. 

was used fol'" the delineatlon of land systems. By using the 1 lO 

1,000,000 sateUlte and radar ímagel"'y. the lOpographlcal inac

cUl"'acies of many existing maps· ware avoided. As a I"'esult, howevel"', 

the tl"'ansparent ovel"'lay maps of land systems rarely fit perfectly 

ovel'" existlng topographical maps; exceptlons are those basad on 

radar imagel"'Y throughout Amazonia. 

Climate 

Data fl"'Om 1144 meteol"'Ological stations thl"'Oughout Central 

and South America were initially analyzed, and the 

analyses fuI" selected representative stations incol"'porated as an 

integral pal"'t of the land resource data bank. This wo",k was 

cal"'",ied out by J.K. Hancock. R.W. Hill and G.H. Hargreaves. 

Theil'" entlre study ls avallable elthel'" as a printout with expla

natol"'Y text (5), 01" as a computel'" tape. 

The methodology used fu", calculating potential evapotl"'anspi

ration :ETP) followed that desc!"íbed by Hal"grea.ves in 1977 (6). 

This method was selected in deference to the many other methods 

available, as it gave a realistic estímate of ETP using the avall-

able clima tic data. as shown by Hargreaves (9). It is 

. , 
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very important that ETP be calculated as accurately as poss ibIe 

ID determine the water balance and growing seasons, and provide 

a guide as ID the total amount of energy avaLlable fuI'" plant growth. 

Sola!" radiation and temperature are the most ímportant facIDrs 

in determiníng ETP. 

Figure 6 shows a straight printout of the ctimatic analysis 

usad for land system No.l. The data recorded and calculated are: 

lvEAN TEMP Mean temperature in degrees Celsius 

PCT S UN Pel"Cent poss ibIe sunshine 

lvEAN RAD Mean solar rad iatíon in Langley.; per day 

PRECIP Mean precipitatlon in mllHmeters 

POT ET Potential evapotranspiration in millimeters 

DEF PREC Precipitatlon deficit in mlllimetars 

DEP PREC Dependable precipitatlon in mmimeters 

MAl Moisture Availabllity Index 

For sorne statlons, the relative humidity was also estimated 

and appears on the printout as lvEAN RH. 

When temperature data were not available fur a statlon. an 

estimation was made based on stations closely related geographi

cally and by taking lnto account the relationship between elevatlon 

and temperature. Temperature decreases by an amount of about 

0,0055 times the elevation in meters, 01" 5.5°C fuI" every 1000 

meters of increase in elevation. 
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When solar radiation data was not available for a station, 

estimates were made from solar radiation maps developed by Loft 

,!t al. (8), 01' were computad from a multiple I'eg-ession equation 

using such values as longitude. latitude and precipitation. The 

solar radiation (R.S), in Langleys per day, was converted to 

equivalent mlllimeters of evaporation per month (R.SM) by correct

ing ror the number of days in the month (OM) and the latent heat 

of vaporization of water (L) as 

RSM = 10 DM x RS/L 

The average L rol' a month was calculated ñ-om the mean 

monthly alr temperature in degrees celsius (TMC) by the equation: 

L = 696.9 - 0.66 x TMC 

Potential evapotranspiration (ETP), in millimeters per month, 

was approximated by: 

ETP = 0.0075 x RSM x TMC, after Har"greaves (7). 

. , 

The preclpitation defici t in millimeters is the difference between 

the precipitation and the potential evapotranspiration. 

Dependable precipitation, U$ually referred te as PD. is the 

76% probabn¡ty of precipitation occurrence, which can be described 

as the amount of precipitation that will be equaled 01" exceeded in 

three out of rour years. Thls was calculated by using the mean 

monthly precipitation given by Wernstedt (9) in a straight line 



relationship that changed according 10 the area being analy:ied. 

These relationships were developed from previous studies that 

used yearly rainfall records and a gamma distributlon calculation 

10 estímate" the 75% probabil ity of occul"rence (9). The equation 

used in each country 01" area was: 

PO = A + B x PM. 

where PO is the dependable 01" 75% probabllity of precipitatlon, 

PM is the mean monthly precipitation and A and B take the ful-

lowing values fuI" each country 01" area (Figure 7), 

9. 

A value B value 

Central America -23.0 0.84 

Brazil 

Area [ -20.0 0.85 

Area II - 9,0 0.57 

Area 1II -23.0 0.79 

Area IV -11.0 0.67 

Area V -11.0 0.67 

Bolivia -10.0 0.69 

Colombia -25.0 0.84 

Ecuador - 5.0 0,64 

French Guiana -14,0 0.77 

Guyana -14.0 0.77 

Paraguay -10.0 0.69 
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A vatue B value 
Per-u 

Ar-ea 1 1.0 0.18 

Ar-ea II 5.0 0.70 

Sur-lnam -14.0 0.77 

Ur-uguay -10.0 0.69 

Venezuela -14.0 0.77 

Caribbean Islands -23.0 0.84 

The moisture aval1ability index (MAl) ls a moistur-e adequacy 

lndex at the 75% probability level 01' preclpitatiof'l occul"'r-ence. " 

It ls definad as dependabte pl"'ecipitatlon divided by évapotranspll"'atlon. 

The eqÍJation ls: 

Iv\A.I '" PD/ETP 

A MAl value 01' 1.00 means that dependable pl"'ecipitation equals 

potential evapotl"'anspiration, In ordel'" to devetop some fal"'m 01' 

standard classification fal'" measu,..lng molsture adequacies 01'" deficits 

from the climatic conditions as the necessity ar-ises, Hargl"'eaves (10) 

propasad that /1M! be adoptad as a standard index far- measuring 

watel'" deficiencias and excesses, and that too fallowing classifi

cation be woo: 

/1M! == 0.00 to 0.33 very deficient 

/lMI '" 0.34 to 0.67 moderately deficient 

/1M! = 0.68 to 1.00, somewhat deficient 

/lMI '" 1 • 01 to 1.33 adequate 

MAl == 1.34 and aboye excessive 



< 

Thls classífícation seema applicable Ibr the more favorable 

soH conditions. However, Hargreaves notes "when the son 

rnolsture storage capacíty ls adequate Ibr less than a week, the 

correlation between I\t\A,I and crop production probably witl be 

lowered". 

Apart from the climatic work leadíng lo the estimation of 

the water balance, separ-ate note was taken of other clímatíc 

hazards such as hurricanes. 

11 • 

It should be noted that a system of dírect access inlbrmation 

sto r-age and retrieval files has I"ecently been developed in erA T 

lo manage the meteorologícal data from this study and from other 

sources. These files (SAMM DATA) allow easy programmer 

access lo the data and can be updated to incorporare better 

estimates of ctimatic parameters as they become avaílable. A 

manual describing the program structure and use will be avaílable 

in 1980. The oper"ation of this additlonal system, and the 

ongoing active accumulatíon of climatlc data, should previde Ibr 

a more comprehensive analysls of clímate in the future. 

A land system, ther"elbr", was limitad te an area with a 

deflned pattern of cltmate. This was the flrst Hmltatlon imposed 

in delineating ite boundaries; the second was landscape. 

Landscape 

Farming is carded out on units of tand. The l ands ca pe • 
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especiaUy topographical and hydrological aspects. is often critical 

in determining the type of farming systerns adopted. For this 

reason, in considering practical agricultural production and evalu

ating land as a resource fur farming, it is very necessary to have 

a clear appraisal of landscape characteristics. AH too often soil 

sUl"veys have failed to provide an accurate picture" of the landscape. 

SateUite and side-looking radar imagery, and in some cases 

normal aerial photography, were used to help define land system 

ooundaries. Figure 8 illustrates land system mapping on a satetlite 

¡mage (11) between longitudes 48°20' and 49°45'W, and latitudes 

7°45' and 9°20'S. Techniques for interpreting satellite imagery and 

remote sens ing techniques gene rally are well-documented (12, 13), 

and advances in this field of endeavour continue te be made almost 

daily (14, 15). With the exception of Amazonia, most of the delíneation 

of land systerns was carried out using satellite imagery, us ing black 

and white photegraphic prints of the spectral bands 5 and 7 • 

Band 5 (tower red), gave a use fui image of vegetation 

and topography, and band 7, the near>--infrared end of the spectrum, gave 

better haze penetration and land-water discrimination. 

SateUite imagery (11) dates te the ERTS (Earth Resources 

Survey) Program of NASA (National Aeronautics and Space Admi

nistratlon), a civil entity of the United States government and the 

launching of the satellite LANDSAT-l in 1972. This was followed 
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by the launching of LANDSAT-2 in 1975, and additional satellites with 

rrol"e sophisticated sensing equipment are planned. Each imaga 

covers 185 sq km of terriIDI"y and the resolution Is batter than 

100 m. color ccmposites, a false color obtained by the integl"a

tion of the fol.l'" spectral bands, would have been ideal fol" much 

of the initial work in delineatlng land systems, but owing ID theír 

high cost it was decided to use black and whi te I"eproductions of 

band 5 and wha...e considerad mOl"e SUitable, band 7. 

Unfortunstely,satelHte imagel"y has one major drawback. Due 

to the relatively short period of time the LANDSAT satellites have " 

.baen transmitting, and because orbits are designed to provide a pass over 

the same area at relatively in1Y-equent intervals (originally 20 times a 

year, but now more 1Y-equently with LANDSAT-2 in operation), it 

is not surpris ing ID flnd that for the wetter areas of Tropical 

America it is difflcult ID get cloud-1Y-ee imagery. The largast 

regíon affected is the wetter part of Amazonia. 

Fortunately, slde-looking radar imagery has now become 

available for most of Brazllían Amazonia (4) and this was used as 

a geographical base for the delineation of land systems throughout 

that region. Side-tOOking radar produces an excellent topographical 

picture of the landscape, but is not nearly as effective as satellite 

imagery in helping to interpret tand resource. characteristics such 

as vegetative cover and hyd.rotoglcat characteristics. Figure 9 
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shows land system mapping based on radar imagery along the Amazon 

river 350 km west of Manaus. 

For some othel'" areas, such as the wet eastern piedmont 

of Bolivia, aerial photography was LSed for interpreting the 

landscape pictU"e. 

Wherever possible, and especlally when Httle 01" no in

fbrmation was available in the published literatU"e aoout tand char

acter is tics • fie Id work was done to. check the photointerpreta

tion. A small (STOL) plane was used to co~r hinterland territo

ries, and every effbrt made within the close time schedule to 

examina the principal sol! sequences that followed the landscape 

patterns. 

With the dellneation of land systems, the landscape within 

the individual land systen-s was described in such a way as to 

enable the computerization of ite principal characteristics. Figures 

10, 11 and 12 illustrate the Format L 1 used for the description of 

landscape and the coding of the features of land system No.1 as 

fbl1ows: 

AL TITUDE. - Al titude of the major part of the landscape. 

GENERALlZED CLASSIFtCATION.- Designad to provide a 

quick, approximate idea of the overan landscape. 

GEOLOGICAL NOTES. - These notes are not reproducible 



by the =mputer, nor are me HYDRJLOGlCAL NOTES. but are 

avaUable by speclal request. 

DISTANCE BETWEEN PERENNIAL STREAMS.- Thls was 

g[ven to previde some idea of the hydrology of the landscape. 

and m e avallablllty of year-round water fur llvestock. 

15. 

DEPTH OF WELLS. - The depth of wells used by indlgenous 

inhabitants fur obtainlng drlnklng water. 

GENERALIZED SOIL CLASSIFICATION.- Thls was included 

to help soil sclentists and agronomists obtaln a general 

plcture of the major solls of me landscape. The codlng has been 

recorded in Appendix n. which ls explained in detan under me 

headlng "The soíls of the Land Facets", page 18. 

LANDFORM DlAGRAM. - The subdlvlslon of landscape into 

facets. This concept ls crucial to an understandlng of the study. The 

diagram has been drawn to lllustrate major LANDSCAPE FACETS 

and can be reproduced by me computer (the earlier computer tapes 

of me study did not =ntain these diagrams fuI" purely loglstlc rea

sons). The identification of landscape facets wimin land systems 

ls used to bridge me gap between land systems and sol\ units, 

as facets are very often relatively uniform insofar as 

soíl characterlstlcs are concemed. In some cases the landscape 

facets will obviously contain soils wlth differlng properties. However, 

. ; 
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some level of genel"'alization must be accepted in making an in-

ventol"'y of land l"'esoul"'CéS. The objective of me study is not lo 

t"'eplace soU sUl"'Vey wol"'k pel'" se; me smallest map unit is me 

Land System. Howeve 1'" , it is axiomatic that me study should 

provide an lnventory of me land d"lal"'actel"'istics including soU 

physical and chemical propel"'ties of the land facets wimin the 

land systems. 

Flgur-e 13 illustl"'ates a typical landscape identlfied as one 

land system; it is cleal'" that the landscape can be subdivlded 

. , 
lnto facels 1 and 2 lo ropl"'esent me flat plain surface and the 

minor vale rogions. Soils will differ wlthln mese facels, but 

generelly me facels are the smal1est land unlts fal"'med, and for 

agl"'lcultural planning purposes it is necessary lo have a generalized 

plctul"'e of their properties. For convenience of computation, 

land systems have been descrlbed in terms of a maximum of three 

land facets. Figut"'e 14 gives a summal"'y of the vegetation coding 

used fuI" me landscape dlagrams. 

LANDSCAPE FACETS, generalized descrlptlon. This is lO 

previde a general grouping of facet types. 

AREAS OF LANDSCAPE FACETS AS PERCENTAGE OF L.S. The 

percentages are necessary fuI'" computation purposes, as land systerns 

and not land facets at"'e the smaHest mapping units, and consequently 

tand facet areas cannot be estimated Irom me mape. 
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TOPOGRAPHIC CLASSIFICATION, LANDSCAPE FACETS. 

The Iopographic classification of the tand facets has been kept simple. 

"n ''1 The mur categ::>ries, ftat pool" draln (ftat, poor drainage), ess than 

Un Tt H 1J 

fl%, 8-30% and gn;,ater than 30%, we n;, chosen te provide a practlcal 

guide te Iopographlcal dlfferences that can also be useful in estimating 

mechenlzation costs. 

AL TITUDE in meters. Thls Is the average attitude of the facets. . ' 

ORIGINAL VEGETATION CLASSIFICATION 

Cede Classlflcatlon 

Seas. In P SeasonaUy inundated pampas 

CL + CS Campo Limpo, grassland + Campo Sujo, grassland 

with occas lonal shrubs 

CC Campo Cerrado, open savanna 

C Cerrado. lntermediate savanna 

Cd Cerradao, closed savanna wlth continuous forest 

canopy 

The latter four categorles are commonly used throughout Brazil 

lo classlfysavanna vegetation, and are detalled by Eiten (16). 

TRF Tropical rain forest 

SESF Tropical, semi-evergreen seasonal forest 

SDSF Seml-oeciduous seasonal forest 

These three terms refer lo well-drained fon;,st, and are used 

as per the definitlons of Eyre (12) for tropical forests. 

Caat. 

Other 

Caatinga (Scrubby woodland with sorne cerrado species) 

is used per the accepted sense in Srazil (16). 

Other types of vegetation, such as palm foresta, 

swamp a:>mmunltles. 
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INDUCED VEGETATION. - Only two categorles were separated 

as it is difficult ID identiIY crop types without detaned ground-truth 

studies. Further, as the satellite imagery used covered the 

period 1973 to 1976, the figures can only be regarded as ap-

proximations. 

The soils of the Landscape Faceta 
. , 

Soil5 wer"e classified as far as the Great Group category of the 

U.S. Department of Agriculture's son Taxonomy (18) s)iStem, then 

categor"ized in terms of their physical and chemical pr"operties to . , 
f'acilítate descrlptlon. Figures 15, 16 and 17 ltlustrate Format S1 

used to record the soil classlfication, son physlcal properties, son 

chemical properties, and a summary according to !:he son fertiUty 

capabili ty class i flcation coding (19). 

In !:he U.S. Soil Taxonomy, sons are not grouped according to 

"similar physlcal and chemical properttes that refiect thetr response 

to management and manlpulatton for use", until !:he soil Family 

category is reached. This fullows a subdivislon of the Great Groups 

into Sub-groups. according to the scheme: 

ORDER 

(10) - S uborder 

(47) - Grecot Group 

(230) - Subgroup 

(970 in the USA) - Famny 



The Ordel" categol"y bl"Oadly sepal"ates soils ac=rding te 

theíl" gl"Oss rrol"phology by the presence 01" absence of díagnostic 

horizons 01'" features. 

The Sutorder separates too Ol"ders according te cl"itería 

tnat distinguish the majol'" reasons fuI'" absence of hol'"'izon dif

fel"entiation, pl"incipally as I"elated te rroisture and tempereture 

regimes. 

The Great group attempts te sepal"ate soils ac=rding te the 

=mplete assemblage of theil" several hol"izons and the mast 

significant properties of too whole sollo 

The Subgroup category,however, is vLrtually only a sepa

ration of the Great group category in terms of soils which: 

a) Follow the central concept of the Great gl"Oup. 

b) Are lntergrades 01" transLtlonal fol"rns te othel" Orders, 

Suborders 01" Great gl"Oups. 

e) Are extl"agl"ades. Solls that have sorne properties not 

repl"esentative of the S ubgroups • 

19. 

In other words, the separatlon according to Subgroups is a 

=nvenience that does not add very much to our knowledge con

cel"nlng the characteristlcs of the soils. Fol" this reason, it was 

decided te classify soils only as far at the Gl"eat group level, 

then describe tOOm in terrns of their physical and chemical 

cOOl"actel"'istlcs in such a way as te facilitate the computer group

ing and comparison of propel'"'ties. 

" 



The coding used far !he soil classificatlon has been recorded 

in Appendix !l. It should be notad that !he Suborder code as-

sumes !he prefix of the order- code, and tikewise the Great Gr'oup 

code !he prefix of !he Oroer- and Suboroer- codeo For example, 

the Great Group classification Haplustox is coded "O US HA" • 

. O for Oxisol--I:he Oroer, US far Ustox--the Suboroer and 

finaUy HA the Great group--Haplustox. 

Whnst soUs have boen classlfied accordlng ro the U.S. SoU 

Taxonomy, an approximate correlation of this system has been 

made with the FAO legend (20) and the Brasilian Classlfication 

System (21), Appendix 1Il. 

son Physical Propertles 

The soit physlcal properties have been classified and coded 

in terms of slope, textura, presence of coarse material, depth, 

[n[tial [nfl\tratlon rate, hydraullc conductivity, drainage, water-

holding capacity, temperature reglme, moisture regime and 

presence of expanding clays. The categorization [s des igned ro 

evaluate the sui tabi! lty of so ils far e rop productlon from a physical 

standpo [nt. lt conta ins the e lements necessary ro apply the technique 

developad by Mansfield (22) for assessing land capabUity far arable 

crops basad on soi! physical limitatíons, and those necessary ro 

use !he Soil Fertility Capability Classlflcation (FCC) method of 

Buol ~ al. (19). 

1 
¡ 
¡ 
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SLOPE.- This is a repetition of the categ::lries of Format L, 

mainly fuI" convenience of computerlzatlon. The cedes used are given 

aftE!!'" the categ::lries: e. g. < 8%. 8 (8 = bajo or 10w), 8-30%, 

M (M = medium 01" mediano), and'::7 30"/c, A CA = alto 01" hígh) 

TEXTURE.- son texture often affects the available water>-

I-olding capacity, the root development of crops, the ease of harvest-
. ( 

ing root or tuber crops, and correlates with some son chemical 
, 

characteristics. Jt should be notad that the texture is given fur both 

the "topso iI ti and the "subsoil", defined as the 0-20 cm ar"ld 

20-50 cm depths, respectívely. Thls deflnition follows the FCC philosoRhy. 

Mansfleld also limited his textural descrlptlon to the upper 50 cm of 

the son, as lt ls the depth in which the greatest volume of plant 

feeder roots grows and absorbs nutrients. The definitions of texture 

are trose used by Buol ::;!~. (19) viz. 

s .. Sandy -loamy sands and sands 

L = Loamy- less thar"l 35% clay but not loamy sand or sand 

C = Clayey- more than 35% clay 

o = Organic - more thar"l 3 0 % orgar"lic matter to a depth of 50 cm 01'"' 

rn::>re (lncluded in the "Topsoil texture" classification fur 

convenlence). 

R = Rock or other root-restrlcting layer. 
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The codlng "FCC type" refers te the Ferttl(ty Capabl1ity Clas-

siñcatíon "Type", the highest category of that technical soil clas-

siñcatlon system. It ls determined by the average textures of the 

plow layer or upper 20 cm, whichever is shallower. The coding 

FCC sub-type refers te the FCC "S ubs trata Type ti. the textur e of . , 

the subsoil te a depth of 50 cm. 

COARSE fv1I'.. TERlAL. - Thls term refers te the presence of 

rack particles greater than 2 mm in dlameter. The presence of 

marse material can influence crop grewth by affecting the available 

water-holding capacity of a soil, and, in some cases reot 

penetration and development. 

DEPTH. - son depth \argely determines the potential rooting 

volume available in a soU, or the depth of !:he soíl environment 

throughout which roots may absorb water and minerals. The 

rating refers te the effective depth te which plants can freely 

penetrate and are not limited by rock, hard-pans of water-tables. 

INITlAL INFILTRATION RATE.- This refers te the abiHty of a 

mulched soll te absorb water during the ñrst hour of rainfall after the 
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50 cm depth has dried out, accordlng to the classificatlon: 

High = A 

Medium = M 

Low = B 

The rating expresses the potential of a soil to absorb water 

fr-om ralns at the start of the wet season 01" during the drier period 

of the year, rather than losing it as run-off. For soils on slopes, 

it reflects their susceptibil ity ro eros ion. 

HYDRAULIC CONDUCTIVITY. - This refers ro the ability of 

soils ro continue absorbing water over a pro\onged perlod of time. 

The c\assll'icatlon provisiona\ly used was: 

High = A 

Medium = M 

Low = B 

A measure of the hydraulic conductivity is important in regions 

wlth periods el' hlgh rainfall during whlch time the soil may beca me 

water-logged fuI" prolenged perlods of time. This is a comman wet 

season phenomenon in Ultisals fuund in plains areas. 

DRAlNAGE.- The rating reflects the amount of water-logging 

(the occurrence af anaerobic conditions). GS'nerally this implies the 

presence of a water-table withln 60 cm of the soil surface far a pro\onged 

" 
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perlod of time, but mayalso refer to speclal clrcumstances 

such as annual flooding. Specifically, the ratlng ia defined 

as: 

Good = B 

Deficient = D 

POOl'" == G 

- Insignlficant amount of water-Iogglng. 

Some water-Iogging, of importance lO 

the growth of susceptible plants. 

FCC modifier (FCC M). Water40gging 

10 the extent that aH but very water

lOlerant plants are seriously affected. 

This corresponds to the FCC "Condition 

modifier" 9 that refers lO a gley con

ditíon within 60 cm of the surface as 

an indication of water saturation, and 

fits the Aquic soíl rroisture regime de

flnition in the U.S. Soll Taxonomy. 

WOISTURE-HOLDING CAPACITY. - The followíng levels were 

used to define the classes: 

High = A -greater than 150 mm per 100 cm depth 

Medium = M -75 lO 150 mm per 100 cm depth 

Low = B -less than 75 mm per 100 cm depth 

TEMPERA TURE RE GIMES • - These regimes fbllow the de

finitions given in the U.S. Soíl Taxonomy, and are summarizedon 

Figure 15. 

1 
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M:lISTURE REGlME.- The classes approximate the reglmes 

given in the U.S. So il Taxon::lmy in the fbHowing way: 

UDIC 

USTIC 

XERIC 

= U -The Aquic and Udic regimes of U.S. Soil 

Taxonomy. 

= S D - FCC M d. lhe Ustic regime of U.S, son 

Taxonomy, and the FCC conditlon modlfier 

d. which refers lo an annual dry season 

of me re than 60 day.s. 

= XD -FCC M d. The Aridic. Torric and Xeric 

regimes of U.S. So1\ Taxonomy, ¡?,nd the 

FCC condition modifier d. 

As it is rarely poss ible to obtaln measured figures fbr the 

soil moisture regimes, in practice the criterion was based on the 

annual water balance figures calculated using Hargreaves' method 

(6) and defining a dry month as a month with a Moisture Avall

ability Index(MAI) less than 0.34. viz. 

UDIC '" U 

USTIC := SD 

XERIC = XD 

- less than 3 consecutive months with a MAl 

less than 0.34 

FCC M d. 3 to 6 consecutive months with 

MAl less than 0.34. 

- FCC M d. More than 6 consecutive months 

with a MAl less than 0.34. 
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EXPANDING CLAYS.- This factor has been lntroduced to take 

lnro account soils with signiflcant amounts of expanding clays. partlcu-

larly montmoriUonite, that often held abnormally high arnounts of 

molstut"e and may cause tillage and drainage problems. 

SoU Chemícal Properties 

Soil Chemical Propertlas for both the IOpsolt (0-20 cm) and the 

subsoil (20-50 cm) were ceded on the continuation of Format Si illustrated 

bY Figures 16 and 17. Some explanarory notes follow. 
¡ 

pH - This refers to pH in water. 1,1 so n to water ratio. A pH l , of less than 5.3 was considered to approximate the FCC modifier h. 

Above pH 5.4,Al is virtually insoluble and not found either in the 

exchange cor:r;plex or in the son solutionj below about. pH 5.3 the 

arnount of Al in soll solution may be very significant. The use of 

pH 5.3 as a cri tical level separatas those soils for which the 

formula developed bY Cochrane ~ al. (23) for estlmating the liming 

of acid mineral soils, might profitably be applled. 

EXCHANGEABLE Al. - (IN KCI extraction). 

EXCHANGEABLE Ca, Mg and Na.- (INKCl extraction). The 

classification A, M and B (high, medium and lOw), is a first attempt 

10 equate soll nutrlent levels with crop needs in the followlng sense: 

A = adequate for most crops 

M = inadequate for crops requir ing high levels of the 

nutrlent. 
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S Inadequate fuI'" most crops except those telerant lo low 

le veis of the nutrient. 

EXCHANGEASLE K.- (IN KCl extractlon). The tentativa clas-

slfication of A, M and K fullows that of A, M and S fuI'" exchangeable 

Ca, Mg and Na. The classification K (FCC modifier k) Is also 

qualified by the FCC criterta, less than 10"/0 weatherable minarais 

In the snt and sand fractlon within 50 cm of the soil surface 01'" K 

less than 2% of the sum of the bases I f the sum of the bases i.s 

less than 10 maq/1 00 gm so n. 

TOTAL EXCHANGEASLE BASES (TES).-This Is the sum of 

the exchangeable Ca, Mg, K, and Na. In soma actd mineral soits, 

Mn and Fe levels obtained by extractlon with INKCl, may be high 

and contribute to the TES. Zn and Cu levels might also be includad, 

but in practice are generally so low as te be insignificant. 

CATION EXCHANGE CAPACITY (CEC).-Thi.s i.s the sum of 
, , 

the TES plus the exchangeable Al. (The level, less than 4 maq/100 

gm son would correspond approximately te less than 7 meq/1oo gm 

sou, If the CEC is determin~d by the sum of the cations at 

pH 7.0, and te less than 10 wh9n determinad by the sum of 

the catlons at pH 8.2 (Suol ~~. (19) ). 

The ctassificatíon of TES and CEC in terms of A, M and S 

clearly has no direct significance wlth respect lo plant nutrient 

.! 
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needs. Howeval"'. thay ara conside!"'ad conveniant gr'Oupings te help 

with the inter-pl"'atatlon of the so i1 nutl'" iant supptying abiti ty, when 

considal"'ed with other" factor"s which taken together- pI"'Ovide an 

idea of the ability 01' a soil te r-etain nutl"ients and its state of 

teaching. 

% ORGANIC NlA.TTER (% OM).- Tha classification A. M and 

B has bean made te hetp w!th the over-at! intel"'pl"'etatíon of soil 

fel"'tiUty. % OM was dater-minad by multlply!ng the organic e by 

1.7. 

PHOSPHORUS in ppm. - Tha lavels rafe!'" te P axtl"acted by 

the Bray II meth:>d (24). In very appl"'Oximate tel"'ms, the fallowing 

tabla gives a comparison of P levels axtl"'acted by the Bray II 

meth:>d. tha Tr"uog meth:>d (25), the Olsen method (26), and the 

"avaltable P" meth:>d of Vettori (27). 

P (epm;¡ 
Classificatlon Bray Il Tr-uog Olsen "Avail. "(27) 

A ';77 >5 >3 77 

M 3-7 2-5 1-3 3-7 

B <3 <2 <1 <3 

The Bray Il method appeal"'s mor-e satisfactel"'y fal'" acid, mine!"'al 

solls. The classiflcatíon A, M and B is usad in the sama sensa as 

it was usad fuI'" axtl"'actabla Ca, Mg, Na and K te equate soil lavels 

with plant toler-ance. 

¡ 
¡ 
¡ 
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PHOSPHORUS RXATION.- Phosph:>r-us fixation is often a pr-oblam ! 
¡ 
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In sons with a clay content greater than 35% and a I"atio of froee 

Fe.z:::>f clay greater than 0.15 (19). It ís also a comrn:m pI"Oblem 

in allophane-I"ich sonso In the absence of mOl"e specific infol"mation. 

these parameters indicate the probable level of P fíxation. 

MANGANESE. ppm. The levels refel" to Mn extracted with 

INKCI. The criteria S, S and T define low, satisfactoryand toxic 

levels respectively. However. the definition of Mn toxicity as greater 

than 35 ppm (01'" alternatively greater than 1% satU"ation of CEC 

is pl"'Ov!sional as planta appear te vary considerably 

in their abllity to withstand high levels of Mn in the soil solutlon. 

Ádditionally Mn levels tend te build uP. sometimes fuI" relatively 

short per!ods, under reducing conditions (28). 

SULPHLR.- The classlflcation low. medium, high and unkriown 

has been made without attemptlng te define a standard procedure for 

extractlng son s and only reflecta what is cUr'rently known about 

s deficiencies as establlshed through experimental work. It ls 

probable that s deficiencias are more widely spread than in-

dicated by the prasent study. 

ZINC, ppm. The classiflcation ls based on extraction wlth 

INKCl. Only the classes S (low), S (satlsfactory) and U (unknown) 

have been used. These levels are based on relatlvely few studies 
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with commercial crops; tittle is kn::lwn concernlng C/"'op tolerance 

to different levels 01" Zn. 

IRON, ppm. The classification is based on iron extraction 

with INKCl; it is very approximate and does not take crop differences 

tnto account. At level Asome crops (e.q., rice) may suffer 

rr-om excess Fe. Like Mn. son Fe levels 'Iary with oxldation 

and raduction conditlons (2:7). Temporary Fe deficiency often occurs 

as plant roola grow through well-aerated, unsaturated topsoils. As 

the roo ts penetrate saturated subsoils, the Fe deficiency generaHy 

, 
disappears. 

COPPER. ppm. The classification is basad on Cu extractad 

with IN KCl. Li ttle is known about Cu levels, atthough there ls sorne 

evidence to suggest that they are hlghly correlated with P 

levels on some solls. 

SORO N > ppm. The classlfication is based on B extractad by 

refluxing wlth hot (100°C) water fuI'" 10 minutes. The level given 

approximates the crltical value found 1"01'" severa! crops including 

sugar-cane. 

NOL YBDENUM, ppm. Thls classiflcation is basad on INKCl ex-

tracted 1Vb. Llttle is known aoout soil lVb levels in the reglon. 

FREE CALCIUM CARBONATE. This was determined by 

dropplng 300;'; HCl onte soil samples taken from O-50 cm. 

( , 
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The presence of free calcium and magnas ium carbonates detected in 

this way ls also used as an FCC medifíer. 

SALINITY, mmho. This ís the salinity of the sattrated ex-

tract at 24°C of soil samples taken to a depth of 1 m. The levels 

are based on the general values developed by the U. S. Salini ty 

Laboratory (29) that ptrport to separate those soils with sufficient 

saliníty te present problems for most crops. The FCC system uses 

the same criter'ia. lt should be noted,however', that some crops are 

susceptible to signif'i.cantly lower' levels of son salinity. The 4.0 

mmho level approximates a 1 :2. 5 soil:water extract conductivity 

readlng of 4001' mho (Some soil laboratories use this later cri

terion as a gross check fbr son conductlvity problems). 

NATRIC. Sodium levels were given 'ileparate mentíon to identiry 

problem solls. Sodium affects clay dispersion and moisture avail

abiUty: The le veis refer to readings fur son samples taken to a soil 

depth of 50 cm in the same sense as the FCC medifler n, and are 

those limits set by the U.S. Soil Salinity Laboratory (29). 

CAT CLAY. This is identified by a pH in 1: 1 soil: H20 extracts 

g'eater than 3.5 after drying and lor, -Jarosite mottles with hues 

2.5Y Ol" yellowel" and chromas 6 or more within a depth of 60 cm. 

(30). It is used with this definition as a FCC modifier. 

X-RAY AMORPHOUS. Greater than 35% clayand pH less than 10 

ín IN NaF, ol" pos ltive te field NaF test, or other indirect evidences 
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01' allophane in the clay fractlon of the sur1'aca 20 cm of the soil. 

This 1s virtual1y the sarne definitlon as FCC medifler "x". It· 

attempts to identify soils with aHophane-dominated mineraIogy; 

which usually have high P fixing capacity and Iow rates 

01' mineralization. 

ELEMENT5 OF IMPORTANCE MAINL y TO ANIMAL NUTRITION. 

This evaluation is based pUI"'eIy on speclfic knowledge about 

these elements with relation to soU areas. Fer exampIe, lt has 

been esteblished that certaln solIs are associated with 1 

deficiency in animals. 

FERTILITY CAPABILITY CLAS5IFICATION. This is a sum-

.mary of the FCC type and substrate types and modlfiers fol'" 

convenienca of identification and comparison 01' gross fertility pro-

blerrs affectíng the soiIs. 

A note on the landscape facets of the land systerrs: 

It should be emphasized that each Iandscape facet within a Iand 

system is described and collated separately: Forrnat 51' figures 15, 

16 and 17, is filled in fer each major facat of the land system 

identified. The limit 01' describing a maximum of three major tand-
C-.~~ 

scape facets within a tand system was imposed purely fel'" the con-

ven ience of managing the data w ith in the computerized da te bank. 

This limit can easny be extended to han dIe more detalled studies 

in the future. 

With the completion 01' the collection and coHation work, the land 

resource infornoation is passed onto the compute,.. cente,.. fer recording 

in the data bank. 
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COMPUTERIZATION: The data management system 

Because 01' the quanti ty and diversification 01' data from the stu:ly 

and in view 01' the likely interaction within these data and with data from 

elsewhere,especially economic parameters, lt was deeided to create a 

computerized system of data management ( data base) that lM:>uld 

facilitate diverse analyses and deeision making. 

The methodology adopted fuI' the ereation 01' the system was 

based largely on the SAS (Statistical Analysis System, Institute Ine. 

(31) ) language. The IM:>rk was carried out using an IBM 370/145 

éomputer OOlonging to DANE (Departamento Administrativo Nacional 

de Estadrstica of the Colombian Government), using a terminal 

(IBM-3780)at CIAT, Palmira. 

Design specification 

Basic Files: A tand system is defined by climate, landscape, 

vegetation and soil data. These, together with the geographical location 

are stored in fuur basic files: 

1. File CHmate 

Contents: Cllmatological data fuI' different meteorological 

stations as both monthly and annual averages. 

Variables: 

CODEST The statlon code by which a statton ls identified 

tnat also serves to interact with other files. 



NOMBRE 

LATGD 

LATtv1N 

LNGGD 

LNGM'\I 

ALT 

Name of!he station (maximum of 20 characters) 

Degrees of latitude 1 
Minutes of latitude I 

Degrees of longi tude l 
I 
\ 

Minutes of longi tude I 
J 

The meteorological 
station coordinates 

Altitude. In meters above mean sea level. 

34. 

TEMP 1 - TEMP 13 Average temperature in oC. Fo~ this and 
!he following variables it should be noted 
!hat the number fbl10wing the name indi-
cates the month. 1 = January, 2 = February, ••• , 
12 = December and 13 is the annual figure. 

HUNID 1 - HUMO 13 Mean relative humidity ("/o) 

SUNS 1 - SUNS 13 Percent posslble sunshine 

RADS 1 - RADS 13 Mean solar radiation in Langleys per day 

PREC 1 - PREC 13 Mean prec ipitation in millimeters 

EVTR 1 - EVTR 13 Potential evapotranspiration in milllmeters 

PRDF 1 - PRDF 13 Precipitation deficit in milUmeters 

DPPR 1 - DPPR 13 Dependable precipitation in millimetel"s 

~I 1 - N1AI 13 tv'oisture Availability Index. 

Codification: This comes wi!h the cllmatic data tape. 
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2. File LANDSYST 

Contents: The landscape characteristlcs of the land systems 

Variables: The following variables are recorded on Format 

L1. pages 1 and 2. Figures 10 and 11 and have be<;n explaíned on 

pages 14 and 1 5 of the texto 

LANDSYS 

AREA 

AL TITUDE 
) 

L 17 I 
I 

L 18 

L19 

L 20 ? , 

L 21 

L23 

L 25 

L 27 

L 25-28 
r 

PHYSUNIT 

CODEST 

The land system code to identifya land system 
and interact with other fites. 

The area of the land system in hundreds of 
square kilometers (km2 x 100) estimated 
fmm map measurements. 

The altitude of the major part of the landscape. 

Their description. type and values may be 
fuund on Format L 1 , pagas 1 and 2, 
Figures 10 and 11. 

Physlographic unlt number. 

The code of the meteorological statlon most 
typlcal of the land system. 

Codification; This is carrled out on Format L 1, pages 1 
and2, Figures 10and 11. 

I 

I .. 
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3. File LANDFAC 

Contenta: The chal"'actel"'lstics common to a landscape 

facetofeach land system. 

Variables: Refer te Figure 12 (Fol"'mat L1),page 3 rol'" the 

l"'eCord of the roUowing variables, and pages 16 and 17 of the text fuI'" 

an explanation. 

LANDSl'S 

FAC 

GEN DES 

PERC-LS 

TC 1 te TC 4 

OVC1 te OVC9 

OVCA 

IVAPP 

IVAPC 

F1 te F59 

The code of the land system te which the land 
facet belongs. 

The land facet code 1, 2 or 3 (a maximum of 
three faceta per land system). 

Landscape facets, generalized descl"'iption. 

Areas of landscape facets as a pel"'centage of 
the land systam. Note: If there ls onlyone 
facet described for the tand system, lt wlll 
be notad as 99% and must be converted to 100"/e. 

1 
I 
i 
I 
¡ 

~ 
I 

I 
) 

} 

Their description, type and values may 
be mund on FOl"'mat L 1 page 3, Flgul"'e 12. 
There are also variables that contain the 
areas for each of the items; the names of 
these val"'iables are formed by prefixing 
the letter A te too name in question, e. g. 
AOVCA. 

Theil'" description, type and values may be found 
on FormatS1, peges 1 to 3, Figures 15, 16, 
and 17. 

Codification: This is made on FOl"'mat L 1 paga 3, Figure 12, and 
Format S1, pages 1 te 3, Figures 15, 16 and 17 
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4. File DISTRISU 

Contente: The dlstríbutlon of the tand system geographical 

codes fur eaeh 5 minutes of longítude by 5 minutes of latitude of 

the aereal extent of a land system. 

The longítude and latitude identifies the northwest comer 

of the reetangle te which the code applíes. DiagrammaticaUy. 

the longitude and latltude A lndicates the shaded rentangle. 

5' 5' 5' 

5' ~ ~ 5' 

5 5' 

5' 5' 5' 

Variables: 

LONGITUD The longltude of the coorolnates of point A 
in minutes (degrees x 60 + minutes) 

LATITUD The latítude of the coordinates of point A 
in minutes (degrees x 60 + minutes). 
Thls is negative fur the Northern Hemisphere 
and pos ltlve fur the Southern Hemisphere. 

LANDSYS This is the code of the land system that 
predominates ln the shaded area. 

Codificatíon: This is carrled out on code sheete according 
to the d istribution indicated on For-rnat FC (2) 1. 
Figure 18. The westem-most rectangle is 
ldentified by the code of the land system pre
dominating in that area and the identlfication 
of tand systems is continued te the east. If 
no data existe, a period records this faet. 
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The input of data lo the system 

The input is achieved from: 

a) Formats - These are used fuI" the LANDSYST and LANDFAC 

files. Pal"t of the infol"mation on FOl"mat Ll. as alr-eady indicated. 

goes te the LANDSYST file and pal"t ID the LANDFAC. Al! the 

infurmation on Format 51 passes to too LANDFAC fite. 

b) Grid - FI"om the land system codes applied ID each 5' x 5' 

rectangte of the land system maps, the wester-n rectangle ls identified 

(latitude and longitude) and the rest of the grid identified by infel"ence. 

c) Tape - The climatic tape of Hancock ~ <:!.'s study (5) 

is used as the sour-ce fuI" the cHmalological data. The desCl"iption 

of this comes with the tape. 

The data output 

From the tour principal r-elationships (files) it is possibte te 

generate different information according ID the varying needs of 

the users of the Land Resource Evaluation study. Basic information 

output would include: 

Prinlouts of the land resource infurmation for individual 

land systems in terms of the collated cHmatic landscape, 

vegetation and soil data; Figure 19 iltustrates this 

capacity. 

L ists of comparativa data fuI" selected propertles of any 

predetermined group of land systems 01" geographlcal 

area. This is shown by Appendix lV'Nhich gives a 



printout of such lisis fuI" the central-west area of 

Brazil. 

Areal totals fuI" any recorded char"acteristic in terms 

of the valuas ass ignecl ID those characteristics either 

descriptiva 01" numerical. ova 1" any preclefined g30gra

phical ar-ea. Figure 4 and Appendix V illustrate this 

capacity. 

39. 

IvIaps of the land systems of any given area. Figure 20 

is an example of the land systems map printeut of 

Tocantlns(SC-22)¡ sea also Appendix VI. 

Thematic maps of any of the characteristics evaluated 

accordíng te the class ífication of those characteristics. 

fuI" any gaographical area. Figure 21 previdas an example 

by sh:>wing the percentage of Al saturation in the IDpsoíl 

of map SC-22. Tocantins¡ refer atso ID Appendíx VIl. 

Further. it was envisaged that the system \MOuld have the 

capacity ID 

Identify possible correlatlons between any of the character

is tics described. Figure 22 a part of Appendix VIIl, is an 

example of how the vegetatlon of the central-west of 

Brazil was compa~ed to the total wet season potantial 

evapotranspiratíon. a ratlng generated from the climatic 

data by totalling the potential evapotranspíration figures 

fuI" those months wíth an MA.I greater than 0.33. 

I 
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Perrnit the analysis of the land resource data in terms 

of other types of infurmation obtained fl"'Om other types 

01' study, particularly ecoromlc s tud les • 

The methodology already developed by SAS which integrates 

the management of data according lo their Relational Data Base Concepto 

with pl"'Ocedures for statistical analyses and those that facilltates 

reporting. was chosen to implement the majo,," part of the storage, 

analysis and retrieval system. 

The SAS files as a component of the data base lo date are: 

In the O.S. File the fullowlng SAS files al"'e fuund: 

CLIMA 

LANOSYS 

LANOFAC 2 

ARl 

AR2 

AR3 

AR4 

AR5 

AR6 

AR7 

ARB 

AR9 

Rro San Fl"'ancisco SC-23 

Cuiaba SC-21 

Tocantis SC-22 

Bl"'as llia SO-23 

Golás SO-22 

Golania SE-22 

COl"'umba SE-21 

Rio Apa SF-21 

Belo Horizonte SE-23 

(Th€, distribution of the ¡and systems over 
central-west Brazil). 

Further files have been and continue lo be too'·..... the crea ';'I.J, r 
other maps. 
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The General Description of Ihe .yslem may be ."plained diagrammatÍealiy: 

Land Resouree 
Evaluation Projeet 

1.0 

File formation Repor! presentalion and up-dating 

1.1 1.2 

1 1 \ \ 
~~andscape, Distributíon of Ihe Descriptive and soils' Physical Climate land system every 5' " 5' analytical repons Maps 

1.1.1 
I and ehemical properties 

I 1.1.3 t.2.1 1.2.3 ~ JJ...l. 

= numbers ínsíde the blocks refer to the more detailed input-process-output descriptíon 

the fol1owing pages, 

1 



- 1. File Fo rmation 

O CLIMI'-TE 

-O 
Climatic tape 

1.1.1 

Input Process Output 
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I 51 J L3 

51 S1 1 • Perfoverification. I L2 
Format L2 1-

Ll 2. Formation of the Ll 
1-

files • 

I I 
--~- LANDYST 

\ \ 

I I 

LANDFAC 

\ \ 

1.1.2 

Input Process Output 
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.. 1 • Perfoveriflcation. 
;- -

, 2. Form the file. 

3. Generate list and file / I 

of frequencies. ~ "" AD¡ 

\ \ 

I I 
~ .... FADl 

\ \ 

'--1+-
Frequency 
tables. -

1.1.3 

Input Process Output 



CLtfVl.l\.TE • On the basís of the ínformation o,.. analysis re-
quested, one o,.. rrore of the fou,.. basie files 

• LANDSCAPE are inter"-retated • 

SOIL 

DISTRIBUTION 

, .2 

• Reporis to present the information a"'e already 
availaL\~. 

• Listing of the files in a legible formato 
e.g. Climatic data lisis. 

Landseape data tisis and son data for the 
different land systems. 

Additionally. the totats of the a"'eas fo,.. eaeh 
value of the variables for landscape and soil 
have been obtained. 

Po,.. new questions ,the soft-ware developed by 
S AS will be used, and this is facititated by 
using the groupings r-eferred to in SAS as 
fVI.l\. C RO S • 

45. 

Re¡:-orts 
and 

L7 
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Procedlr'es are being developed In order te answer the many 

questions arlslng from the study¡ a ¡:rogramming manual and users' 

gulde sl-ould be completed by mld-1980. These manuals are belng 

produced and added te as the many questlons that the study can 

help resolve are being answered. Meanwhlle. CrAT's Data Servíces 

Unlt is available te help investigators use the study te best effect. 
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Figure 4. Percent Al Saturation levels. Central-west 
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Figure 8. Land system delineldion on satellite imagery 



Figure 9. Land system delineation on radar irnagery 
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Var.No. 

1 
Study r;o. and Card No: Lr:D 

LMID SYSiOi No. 

AREA in Km x 102 

ALTrTUDE in mts 

LANDSGAPE 

GEnERALIZEO ClASSIFICATION 
lowlandS, below 9aO 'l1 B 

J!.QIan1s •. ;;b0ve 900 Ir. A. 
\'lélldrajod,ands S 
PooI'l v cra jileo 1 'nds = __ 1;;-1 

F 1 3 t i"an.:lS';-sl'on e 5<0 :: P 
Hi1ly lancs, s;op~s>8'; e 
SaVJ0naS S 
Fores ts M 
Otners o 

GEOlOr,lCA~ NOTES 

17 
¡'-A'-I 5""1 ""p 1 S] 

L 17 uS Ll9 l20 

A part of the Pre-caPlbrian crystalline tablelands consiting of metamorphic 

and voleanic rock covered with localízed detrital sediclents of lesser age. 

Micas,micaceous gneiss, quartz, marbles and occaslonal granites form the 

parent rack of the soil, An occasional stony laterHe cap may be seen near 

the plateau edge, 

HYDROlOGICAL NOTES 
• 

ldgoons in vicinity of Brasilia are man-mace. S"bterranean v¡ater apparently 

is. plentiful. 

DI STI\NCE BCíl,iEEN PE qENN r AL STR[A:1S 

0-5 Km 
5-10 Km 
>10 Km. 
Unknown 

OEFTH OF tlEllS 

0-5 m 
5-10 ni 

> 10 m 
unkno,,~ 

1 
2 
3 
4 

1 
2 
3 
O 

Figure 10. 

21 o l21 

23 
8] L25 

Format l1. first pag(). 
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2.(Ll) 

Var.No.· GENERAlIZED SOIL ClASSlrICATt0~ ACCOQDIN~ TO SOIL TAXONOMY. 

,Altitude 
in 

rnts. 

O~DERS 

Al fisol 
Aridisol 
Entisol 
flisto$ol 
lnceptisol 
Mo11 i sol 
O,,;sol 
Spodosol. 
Ulti sol 
Vertisol 

SUB~RJERS 

See complementary codeo 

A 
O 
E 
H 
1 
M 
O 
S 
U 
V 

25 

[9J) L25-23 
27 

[ill] 

LANOFORr: OIAGQ:1. Subdivision uf Landsca~e ioto Facets. 

Distance in Kms. 

---- ~-----"'-,- -~----

Physiographic unit 

lANOSCAPE FACETS, generalized description 
Plain p 
Depross ion D 
Valley V 
Valley Botto:r. B 
Convex slopin] terraln X 
Concave slopíng terrain N 
Rollíng t~rr<1ín, slopes <30:: e 
Hilly ter,'ain, slope, ::>30';; M 
Crest R 
Plateau A 
E~carp~en~ E 
Ter"rete T 
O~·!0r· 0 

IllllpHYSUNIT 
30 

Figure 11. Format l1 (cont.), second page. 



• 

Var.Na. 

landscape faeet NO.l 
-landscape faeet NO.2 
landseape faeet No.3 

3. [Ll) 

AREAS OF LANDSCKPE FACETS AS PERCENTAG2 OF L.S. 

Landscape facet No.1 
landseape faeet No.2 
Landseape faeet NO.3 

TOPOGRAPHIC CLASSIFICATION, LANDSCAPE FACETS 

landseape facet No.1 
Landscape facet No.2 
landseape faeet NO.3 

ALTITUDE in mts. 

Landscape facet HO.l 
landseape faeet No.2 
landscape faeet No.3 

Dupl iear hast.) colui:1r.a 5 

ORIGINAL 

Landseape 
landscape 
lar¡dscape 

INDUCED VEGETATION, ~CTU~l PCRCENTAGF 

Landseape facet NO.l 
land~cape fac2t ~o.2 
Landscapc facet Na.] 

Figure 12. 
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Figure 13. A typical land system. No. 49 showing s clesr 
subdivision into two principslland facets. 1 and 2. 



Symbol 

\1/ 

DESCRIPTION 

Seasonally inundated pampa (grasslands). 
Campo limpo (grasslands on well drained lands) 
Campo sujo (grasslands on well drained lands with 

. ocassional shrubs) 
Campo· cerrado (open savanna) 

Cerrado (savanna) 

Cerradao (closed savanna) 

Forest 

PaIm forest 

Caatinga (dry forest) 

Figure 14. The vegetation code used on the land form 
diagrams. 



Sfudy 110 • 

U:;o $YSTE~' ~¡o • 

lr~m5CAF'E 

lAilOSCAPE 

SOIL ClASSIF¡C;r¡O~ 
Accrrding to ~.oil T,J),;opc-rny 

ORDERS 

Alfisol h 
Aridisnl :J 
Entisol E 
Hist;:l501 ;1 

In:eptisol 
Moll iso1 ., 
OXlsol <'. 

Spoóosol S 
Ultisol l' 

Ve'rtisol ? 

F ,\CEr No. 
Ft\CEi AS 

'@] El 

SUSORDERS [suos~, o rHF:] "~'i Si F2 

See ca~~l~~~rt~ry eode 

GREAT GR0~P [:':.'~ ::~? ::-HF2"F3] 

See comple'n~~:)rl C0de 

SOll PeY S I cr,l P2~PERTIES 

SLOPE 
'::8~. B 

8-30'; ~~ 
/,30t A 

TEX1:URE TorSO!L. 0-20 cm. 
Sand S FCC type 
Loum L FCC type 
Clay r FCC type , 
Orglnic O FCC type 

TEXTURE, SUSSO,L 20-50 cm. 
5and 
lO<1Il1 

C1ay 
Rack 

S 
L 
e 

" R 

He sub-type 
FCC slJb-type 
ECC sub-type 
FCC sub-type 

"[Il F5 

li 

[D f6 

Rock 
ti 0'9 

or ót~c:r ha rd roo t restric .. 
layer. 

C,OARSE "·lATERI·'L 

<. 15~ s 
15-35~ ~ 

) 35;;; A 

"~ TOPSQIl (> 2~r d iJm. 8 F7 e., 

SUBSO!L (> 2m:" d1-1ITi. ) 1 , [1[] Fr. 

and Caró 110. '[TQ 

'ITill LANOS" :; 
'r~ 
LlJ FAe 

PtRCFlHAGt OF l. S. 1~;;-] 
~ 

OEPTH 

> 150 cm p 
50-150 cm )f 

20- SO cm S 
<. 20 L 

lNITrAl INFlL TRATl0:: ¡¡ATE 

High A 
"m fl0 

Medium M 

Low B 

HYDRAULIC CONOUCTIVITY 

Hi gh A 

~eélum ~ 

LOI'I B 

ORfd NAGE 

Good 
Oefic~ent 

Poor 

B 

~ 

G FCC modifer 
(FCC M,l 

r·,OISTURE HOLDING CAPACITY "r¡j1 

A 
l!::.J F I 3 High 

Nedlum M 

Low S 

TEMPERATURE REGIME 
24 OJ F 14 

Mean ano ~emp- ... ar* 
\ 

lsohypertherrnic 
Isothcrmic 
Hyper therl1lic 
Thermic 

MOISTURE REGIME 

UOIC 
USTIC 

xtRIC 

EXPANO!1lG CL'iYS 

)35'':: -:lav ;:¡nd 

U 

SO 
XD 

> 22'C <5'C 
15-2.2~C <5°C 

) 22'C »5'C 
lS-22'C >5'C 

"m S o 

ECC M. 

feC !>l. 

"0 
>5;) . 2: 1 

S 
1 
11 
T 

F15 

~i6 

• 

CX})>i nuin 9 c!J}"';, crlL E O,OS 
" 

Fr;c 
less tha n V O 

• 
\'eri~~;;'on )"'t'. ef:n J h;)~,'~st r:F):'lth. ~n1 :i conle<;t 'fli1rths at SO ('1;~ dCflth. 

Figure 15. Fcirmat S 1. first page. 

'1 



. 2. (SI) 

SOIL CHE~il'CAL PP.OPéRTI ES 
Anal,.ls ACCDrdjn~ to Nth. Car.llna M.fhodology 

T - Tup,oll 0-20cm(appro·x.) S-sublol1 20-50 cm (appr.x.) 

pH 

A 
fl 

" T 
QiJ 
fl7 

';> 7.3 
5.3-7.3 
. .(. 5.3 H FCC tI. 

Al SATURATlON 

40-70: H 
10-40 ~ 1-1 

<: 10 ~ B 

" T 
{~J 
F19 

;>70 % A FCC iL 
Unk"own ~ 

EXCHAtlGEABlE A 1 
meq/lCO gm soil 

;> 1.5 A 
0.5-1.5 ~1 

<.0.5 B 
Unkn.w" U 

EXCHAtlGEABlE Ca 
meq/lOO gm soi] 

> 4.0 A 
0.4-4.0 r~ 

<.0.4 B 
Unknown U 

EXCHMIGEA8LE f:g 
meq/lOO gm soil 

> 0.8 A 
0.2-0.8 H 

< 0.2 B 
Unk"ow" U 

EXCHAtlGEABLE K 
meq/lOO gm so il 

> 0.3 A 
0.15-0.3 M 

< 0.15 K Fee ti 
Unk.ow" U 

EXCHArlGEI\SLE Na 
meq¡¡OO gm soil 

> 0.2 A 
0.1-0.2 t1 

< 0.1 B 
Unk"o"n U 

TOTAL EXCHANCEABLE 
meq/lOO 901 so i 1 

> 6 A 
2 - 6 1-1 
< 2 6 

U(;k;".o~¡(¡ U 

" T 
~ 

" T [!J 
F2) 

" T cm 
.25 

T 
31 m iLJ 

.27 

" T []] 
f29 

s 
G 
.18 

ub 
.20 

s 
[JI] 
FZ2 

s 
@] 
F24 

s 
[fu 
F25 

s 
[K] 
F28 

s 
[]] 
.)0 

s 
rllJ 
.32 

CAlION EICllANGEABlE 
meq!lOO gOl 50 i 1 

:>8 ;. 
4.8 t·1 

CAPACITY 

< 4 E FCC If 

Unknown U 

ORGAIIC MAl:ER : 
:> 4.5 A 

1.5·4.5 M 
< 1.5 3 
Unknawn U 

PHOSPHORUS pprr. 

:> 7 A 
3-7 M 
< 3 B 
Unknown U 

PHOSPHORUS FIX,\TrON 

.. T 
El 
.33 

T 
"r.;¡ 

L:.éI 
F3S 

s 
[iiJ 
f)6 

.. T 
(J] 09 

>35~Cla, % free ,e203/;;Clay> 15 1 FCC ., 

<than specif;catian for ¡ O 

MAt~GANESE ppm 

< 8 ppm 
8-20 Pem 
;> 35 ppm 

Unk"own 

SULPHUR 
Low 
tledlum 
Hígh 
Unknown 

ZINC ppm 

< 1.5 
> 1.5 

UnknowJi 

¡RON ppm 

< ID 
10-80 
> 80 

Unkno\<f'n 

COPPER ppm 

< 0.15 
:> 0.15 

Unknown 

80 RON ppr,1 

< 0.3 
:>0.3 

Unkno','/n 

B 
S 

>1 T QJ F40 

T but variab1e (p05S. >- le: 
U Mn saturation) 

B 
S 
A 
U 

B 
S 
U 

8 
S 
A 
U 

B 
S 
U 

G 
S 
U 

5Z T 
Di] .41 

T ., . 
[i)J .1,'1 

Figure 16. Format 51. continuod. second paga. 



3. (S1) 

SOIL CH¡;::rCAL PRn"[~TlES (CooL) 

S-SubsDil 20 -50cm (approx.) 

< 0.5 r, 
';7 0.5 S 
Unkno..,'1 U 

FREE Cft~¡UM CAP9J~AT[ 58 T 
(b] F47 

Presa"t B FCC M. 
l!bSf.'I~t P. 
Un r.no>/n e 

SALIta";",' mmhlJs 

o-~ 
:> 4 
Unxnown 

NATRle ~ Na saturation 

0-15 B > 15 N FCC 
Unknown U 

CAT CLAY 
pH in 1:lH20 < 3.5 

Cat el ay e FCC 
Not Cat Clay ;~ 

Unknown U 

" T rG: F48 
~ 

of CEe 
"r.::-: l§J F49 

M. T 

after drying 
• 1 

11. CiD F50 

T 

FERTILITY CAPABIlITY ClASSIFleATION 
Summlry (S.e separat. notes) 

Typ. and substratatypes "IIJI] FS8 

flodifiers tln!H lA IKIUD FS9 

S o i 1 

X-RAY AMORPHOUS > 35% C1ay and pH :> 10 in 
IN Mar o. positlv. to field Mar test 
or other indirlet .vidence of .llophane 
dominance in clay fraction. T 

X-ray amorpho'Js 
Not X-ray amorpho"s 
Unknown 

ELEME~TS OF ¡ MPOUANCE 

Satisfactory 
De:ficient 
Unknown 

Co • 
¡ . 

Se 
Cr 
Ni • 
Others 

X FCC M. 
.. [ill FSl 

N 
U 

MAINlY 
S 
D 
U 

U FS2 
O f53 
U F54 
U F;5 
U F56 
U '57 

TO ANIMAL NUTRITION 

Figure 17. Format S1 continued. third page .. 
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'OARSE ~ATEJtlAl • • • • 

SOIL CHE'ttCU "ROPHTlES ,. 
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AL SÁTIJ~.lIO ... • k • k 
EKtH4'11GUelE: .. • M • M 
EIC>iA'1I~(Af)Lf " • • • • EsC".'1CE,¡.SLf MG • • • • 
el,"."liGE.8lE , , , , , 
EXCHA'(CEAfiU .. • • • • TOTAL EX~HA~v~elSE$ • , , . 
,ano,.. EXCH.C._PAC .. , , , , 
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PHOSP>tOR"S-PPM • • • • 
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Figure 19. A printout of the dcscri¡1tion for land svstem No_ 1. 
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APPENDIX II 

The Code Letters used for computerizing the Orders, 
Suborders and Great Groups of the U.S.Soi1 Taxonomy. 

- Order Code I Suborder Code 

A1fiso1s ______ ~______ Aqua1fs ______ ~g ______ _ 

Boralfs BO 

Uda1fs UD 

Ustalfs US 

Xeral fs XE 

Aridisols____________ Argids _______ ~~ ______ _ 

Orthids OR ---------------

I Great group 

Albaqualfs 
Duraqualfs 
Fragiaqualfs 
Glossaqua1fs 
Natraqua lfs 
Ochraqua lfs 
P1inthaqualfs 
Tropaqualfs 
Umbraqualfs 
Cryobora 1 fs 
Eutrobora 1 fs 
Fragiboralfs 
Glossoboralfs 
Natriboralfs 
Pa 1 ebora 1 fs 
Agrudalfs 
Ferruda lfs 
Fragiuda lfs 
Fraglossudalfs 
Glossudalfs 
Hap 1 uda lfs 
Natrudalfs 
Paleudalfs 
Rhodudalfs 
Tropudalfs 
Durustalfs 
Haplustalfs 
Natrustalfs 
Paleustalfs 
Plinthustalfs 
Rhodustalfs 
Duri xera 1 fs 
Haploxeralfs 
Natrixeralfs 
Pa 1 exera lfs 
Plinthoxeralfs 
Rhodoxeralfs 
Durargids 
Haplargids 
Nadurargids 
Natrargíds 
Paleargíds 
Calciorthids 
Camborthids 
Durorthi ds 
Gypsíorthids 
Paleorthids 
Sa10rthids 

Code 

AL 
DU 
FR 
GL 
NA 
OC 
PL 
TR 
UM 
CR 
EU 
FR 
GL 
NA 
PA 
AG 
FE 
FR 
FL 
GL 
HA 
NA 
PA 
RH 
TR 
DU 
HA 
NA 
PA 
PL 
RH 
DU 
HA 
NA 
PA 
PL 
RH 
DU 
HA 
ND 
NA 
PA 
CA 
CM 
DU 
GY 
PA 
SA 
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Order Code I Suborder Code :=J Great group Code 

Entisols ------~------ AQuents ------~g------- CrvaQuents CR 
Fluvaquents FL 
Haplaquents HA' 
Hydraquents HY 
Psammaquents PS 
Sulfaquents SU 
Tropaquents TR 

Arents AR Arents AR 
Fluvents=====Eb======= Cryofl uvents CR 

Torrifluvents TO 
Tropofluvents TR 
Udifluvents UD 
Ustifluvents US 
Xerofluvents XE 

Orthents OR Cryorthents CR -------------- Torriorthents TO 
Troporthents TR 
Udorthents UD 
Ustorthents US 
Xerorthents XE 

Psamments PS Cryopsamments CR ------------- Quartzipsamments QU 
Torripsamments TO 
Tropopsamments TR 
Udipsamments UD 
Ustipsamments US 
Xeropsamments XE 

Histosols H Fibrists FI Sorofi bri sts BO ------------ -------------- Cryofibrists CR 
Luvifibrists LU 
Medifibrists ME 
Sphagnofibrists SP 
Tropofibrists TR 

Folists FO Sorofolists SO --------------- Cryofo 1i s ts CR 
Tropofolists TR 

Hemists HE Borohemists SO --------------- Cryohemists CR 
luvihemists lU 
Iledihemists r4E 
Sulfihemists SI 
Sulfohemists SO 
Tropohemists TR 

Saprists _____ ?~ _______ Borosaprists 80 
Cryosaprists CR 
Medisaprists ME 
Troposapri sts TR 

Inceptisols ___ ! ______ Andepts ______ ~~ _______ Cryandepts CR 
Durandepts DU 
Dystrandepts DY 
Eutrandepts EU 
Hydrandepts HY 
Placandepts Pl 
Vitrandepts VI 



3. 
APPENDIX 11. (Cont'd) 

Order .Code I Suborder Code Great group Code 
Aquepts ______ ~º _______ Andaquepts AN 

Cryaquepts CR 
Fragiaquepts FR 
Haplaquepts HA 
Humaquepts HU 
Placaquepts PA 
Plinthaquepts PL 
Sulfaquepts SU 
Tropaquepts TR 

Ochrepts OC Cryochrepts CR -- ...... ------ ... __ .. Durochrepts DU 
Dystrochrepts DY 
Eutrochrepts EU 
Fragiochrepts FR 
Ustochrepts US 
Xerochrepts XE 

Plaggepts ____ ~~ _______ Plaggepts PL 
Tropepts _____ I8 _______ Oystropepts DY 

Eutropepts EU 
Humitropepts HU 
Sombritropepts SO 
Ustropepts US 

Umbrepts ___ ~~~ ________ Cryumbrepts CR 
Fragiurnbrepts FR 
Haplumbrepts HA 
Xerumbrepts XE 

Mol1isols Albolls AL Argialbo11s AR _ ... _--------- _ ... _------------ Natral bo 11 s NA 
Aquolls _____ ~g ________ Argiaquolls AR 

Calciaquolls CA 
Cryaquolls CR 
Duraquol1 s OU 
Hap 1 aquo 11 s HA 
Natraquolls NA 

Boro11 s BO Argi boro 11 s AR . --------------- Calciboro11s CA 
Cryoboro 11 s CR 
Jiaploborolls HA 
Natriborol1s NA 
Pa 1 eboro 11 s PA 
Vermiborolls VE 

Rendolls RE Rendol1s RE 
Udolls __ ::::üü:::::::: Argiudoll s AR 

Hap 1 udo 11 s HA 
Paleudol1s PA 
Vermudolls VE 

Usto11 s US Argi usto 11 s AR -------------.... Calciustolls CA ~ 

Durusto11 s DU 
Haplustolls HA 
Na trus to 11 s NA 
Paleustol1s PA 
Vermustol1s VE 
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Order Code I Suborder Code Great group Code 

Xerolls XE Argixerolls AR --------------- Calcixero11s CA 
Duri xero 11 s DU 
Hap 1 oxero 11 s HA 
Na tri xero 11 s NA 
Pa 1 exero 11 s PA 

Oxisols O Aquox ________ ~º _______ Gibbsiaquox GI ------_ ... _----- Ochraquox OC 
Plinthaquox Pl 
Umbraquox UM 

Humox HU Acrohumox AC ----------------- Gibbsihumox GI 
Haplohumox HA 
Sombrihumox SO 

Orthox OR Acrorthox AC ---------------- Eutrorthox EU 
Gibbsiorthox GI 
Haplorthox HA 
Sombriorthox SO 
Umbriorthox UM 

Torrox TO Torrox TO 
Ustox ---------------- Acrustox AC ________ US _______ 

Eutrustox EU 
Sombriustox SO 
Haplustox HA 

Spodosols S Aquods _______ ~º _______ Cryaquods CR ------------ Duraquods DU 
Fragiaquods FR 
Haplaquods HA 
Placaquods PL 
Sideraquods SI 
Tropaquods TR 

Ferrods FE Ferrods FE 
Humods ------Rü------- Cryohumods CR ---------------- Fragihumods FR 

Haplohumods HA 
Placohumods pe 
Tropohumods TR 

Orthods OR Cryorthods CR ------_ ... ------- Fragiorthods FR 
Haplorthods HA 
Placorthods PC 
Troporthods TR 

Ultisols U Aquults ------~º------- Albaquults AL ------------- Fragiaquults FR 
Ochraquults OC 
Pa 1 eaquu lts PA 
Plinthaquults PL 
Tropaquults TR 
Umbraquults UM 

Humults ------~~------- Haplohumults HA 
Pa 1 ehumu lts PA 
Plinthohumults PL 
Sombrihumults SO 
Tropohumults TR 
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-----
Orders Code -Isuborder Code ===r=Great group Cad e 

Udults UD Fragiudults FR ---------------- Hapludults HA 
Paleudults PA 
Pl i nthudu lts PL 
Rhodudults RH 
Tropudults TR 

Ustults US Haplustults HA -""'------------- Paleustults PA 
Pl i nthustults PL 
Rhodustults RH 

Xerults XE Haploxerults HA --------------- Pa 1 exeru lts PA 
Vertisols V Torrerts TO Torrerts TO ----------_ .... Uderts -------------- Chromuderts CH 

-------~º------- Pe 11 uderts PE 
Usterts US Chromus terts CH --------------- Pellusterts PE 
Xererts XE Chromoxererts CH --------------- Pelloxererts PE 

----



Sources: 

APPENDIX III 

A n approxímate correlatíon between 
the SoU Taxonomy Great Group, the 
F AO Legend and the Bt'aziUan So II 

Classífication System. 

1. FAO-UNESCO. 1974. Soil map of the world. Volume l. Legend. 
UNE seo, Pat'ls. p. 14-20. 

2. Nunes Camargo M. et al. 1975. Mapa esquemático dos 50105 

das "'8g10es norte, meio-not'te e centro-oeste do 8ras tI. Boletim 
Tecnlco No. 17. Centro de Pesquisas Pedol6gícas. EMBRAPA, 
Empresa Brasíleíra de Pesquisa Agropecuária. Río de Janeíro. 
p. 86-88. 

3. Sánchez, P.A. 1976. Propertíes and managementofsoils in 
the troplcs. (Ed.). P.A. Sánchez. John Wlley & Sons, New 
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USDA 

ALFISOLS 

AQUALFS 
Al baqualfs 

Duraqualfs 
Fragiaqualfs 
Glossaqua\fs 

Natraqualfs 

Ochraqua\fs 
PI ínthaqual fs 
Tropaqualfs 

Umbraqualfs 

BORALFS 
Cryoboralfs 
Eutroboralfs 
Fragiboralfs 
Glossobo ralfs 

Na tri ro ra 1 fs 
Pal eob::lralfs 

UDALFS 
Agrudalfs 
Ferrudalfs 
Fragludalfs 
Fraglossudalfs 
Glossudalfs 

Hapludalfs 
Natrudalfs 
Paleudalfs 

FAO 

Luvlsols (3) 
Eutric Nitosols (3) 

Gleyic Luviso ls (1) 
Eutric Planosols 

(1), (2) 
Orthíc Solonetz (1) 

Gleyic Podzo luviso Is 
(1) 

Gleyíc Solonetz 
(1), (2) 

Solodic Planosols (2) 
Eutric Planosols (2) 

Eutric Gleysols (2) 

Eutric Planosols (2) 

A lbic Luvisols (1) 

Eutric Podzo 1 uviso ls 
(1 ) 

Eutric Podzoluvisols 
(1) 

O rthic Luvisols en 

Eutric Nitosols (1), 
(2) 

2. 

BRAZIL 

Terra Roxa Estruturada (3) 
Podzolico Vermelhc Amarelo 
Equívalente Eutr6fico (3) 

Planosols (1) 

5010s Hidromorflcos 
Clnzentos Eutr6flcos (2) 

Solonetz Solodizado (2) 

Planosol (2) 

Solos Gley Pouco Húmícos 
Eutr6flcos (2) 

Solos HidroIT'Órficos 
Clnzentos Eutr6ficos (2) 

Terra Roxa Estruturada 
medium lo hígh base status 
(1 ) 
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USDA 

RhodudalfS 
Tropudalfs 

USTALFS 
Durustalfs 
HaplustalfS 

Natrus tal fs 

Paleus tal fs 

Plinthustalfs 

Rrodustalfs 

XERALFS 
Durixeralfs 
HaploxeralfS 

Natrixera IfS 
PalexeralfS 
PHnthoxeralfs 
Rrodoxeralfs 

FAO 

Ferric Luvisols (2) 

Eutric Nltosols (1) 
Eutric Nítosols (1) 

Ferric Luvisols (2) 

Caloio Luvisols (1) 

Ferdo Luvisols (2) 
Gleyíc Solonetz (1),(2) 
Solodio PlarDsols (2) 
Eutrlc Plarosols (2) 
Eutrio Plarosols (1) 
Eutrlc (Rhodic) 

N itosols (2) 
Ferric Luvisols (2) 

Plinthíc Luvisols (1), 

(2) 
Luvic Yermosols (1) 

Ferric Luvisols (2) 

Chromic Luvisols (1) 
Orthic Luvisols (1) 
Orthic Solonetz (1) 
Eutrio Plarosol (1) 
Plinthic Luvisols (1) 
Chromic Luvisols (1) 

3, 

BRA2IL 

Laterfuco Bruro Averrnelhado 
Eutr6fico (2) 

Podzollco Vermelho Amarelo 
Equivalente Eutr6fico (2) 

Terra Roxa Estruturada 
medium to high base status 
(1) 

Lateritico Bruno Averrnelhado 
Eutr6ficc (2) 

Podz6lico Vermelho Amarelo 
Equivalente Eutr6fico (2) 

Podzolico Vermelr.o Amarelo 
Equivalente Eutr6flco (2) 

Solonetz Solidizado (2) 
Planosol (2) 

Planosol (1) 
Laterftlco Bruno Avermelhado 
Eutr6fioo (2) 

Podz6llco Vermelro Amarelo 
Equivalente Eutr6fico (2) 

Laterita Hidromorfica Eutr6flc" 
(2) 

Torra Roxa Estruturada mediu~ 
10 high base status (1) 

Podzolico Vermelro AmaraJo 
Equivalente Eutr6fico (2) 

Solos Brunos Nao Calcicos (2) 

Planosol (1) 
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U S DA 

ARIDISOLS 

ARGIDS 
Durargids 
Haplargids 
Nadurargids 
Natrargids 
Paleal"'gids 

ORTHIDS 
Calcio rthids 

Cambo rth ids 

Durorthids 

G:yps lo rth ids 
Paleo rth lds 
Salo rth ids 

ENTISOLS 

AQUENTS 
Cryaquents 
Fluvaquents 
Haplaquents 
Hldraquents 
Psammaquents 
Sulfaquents 
Tropaquents 

ARENTS 
Arents 

FLUVENTS 
Cryofluvents 
Torrlfluvents 
T ro ¡::o fl uven ts 

Udifluvents 
Ustlfluvents 
Xerofluvents 

FAO 

Typle Yermasols (1) 

Luvie Yermasols (1) 
Luvic Xerosols (1) 
Lwie Xerosols (1) 
01"'thie Solonetz (1) 
Orthie Solonetz (1) 
Eutric Planosols (1) 

Calcie Xerols (1) 
Calcic Yermasols (1) 
Gypsie Xerosols (1) 
Hapllc Xeroso Is (1) 
Hapl ie Yermasols (1) 
Haplie Xel"'Osols (1) 
Haplle Yermasols (1) 
Gypsie Yermosols (1) 

Ol"'thic Solonchaks (1) 

Eu-Dys tl"'ic Gleysols (1) 

Eu-Dystric Gleysols (1) 

BRAZIL i 

Soils with Natrle B horizon (3)1 

Planosol (1) 

Regosols (3) 

Eu-Dystrie Gleysols (1) Solos Gley Pouco Húmicos 
DistnSfieos y EutnSficos (2) 

Fluvisols (1) 

Eu-oystrie Fluvisols 
(1 ) 

Dystrie Cambisols (n 
Gleyie Cambisols (1) 

Solos Aluviais Eutr6ficos y 
D istnSficos (2) 
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USDA 

ORTHENTS 
Cryol"'thents 
TOI"'I"io I"'thents 
T ro po I"'thents 
Udol"'thents 
Usto rthents 
Xerol"'t:hents 

PSAMMENTS 

Cryopsamments 
Qua I"'tz Ipsamments 

TOl"'l"'ipsamments 

Udipsamments 
Ustipsammants 
Xeropsamments 

HISTOSOLS 

INCEPTISOLS 

ANDEPTS 
Cryandepts 
DUl"'andepts 
Dys tl"'andepts 

Eutrandepts 
Hyd I"'a ndep ts 
Placandepts 
VI tl"'andep ts 

AQUEPTS 
Andaquepts 

Cryaquepts 
Fl"'agiaquepts 

HaIaquepts 

HapIaquepts 

FAO 

Regosols (1) 
Gelic Regosols (1) 

Regosols (1) 
Arenosols (1) 
Fel"'ralic Arenoseis (8) 
Gelic Regosels (1) 
Albic Arenosols (1) 
F>l"'ralic Arenosols (2) 

Albic Arenosols (1). 
(2) 

Albic ArenasoIs (1) 

Histosols (1) 

Cambisols (8) 

Andcsols (1) 

Ochric Andosols (1) 
Humlc Andosols (1) 
IVoUic Andosols (1) 
Humic Andesels (1) 

Vitl"'ic Andosols (1) 

Eu-oys tric Gleyso\s 
(1) 

Gelic Gleysols (1) 
Eu-oyslr¡c Gleysols 

(1) 
Gleyic So\onchak (2) 

Eu-oystric Gleysols 
(1 ) 

5 
• 

BRAZIL 

Red and Yel10w Sands (3) 

Red and Yellow Sands (1) 
Areias Quartzosas VenTlelhas 
Amarelas (2) 

Areias Cinzentas com fragipan 
(2) 

Solos Orgániocs (2) 

Soils with inciplent B I-orizen 
(8) 

Selos Saliros Costeiros 
Indiscriminados (2) 

1 
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USDA 

Humaquepts 
Piacaquepts 
Plintnaquepts 

Sut faquepts 
Tropaquepts 

OCHREPTS 
Cryochrepts 
Duroc hrepts 
Dystrochrepts 
Eutroehrepts 

Fraglochrepts 
Ustoehrepts 

Xerochrepts 

PLAGGEPTS 
Plaggepts 

TRO PE PTS 
(Oxie Tropepts) 
Dystropepts 
Eutropep ts 
Humitropepts 
Sombr itro pe pts 
Ustropepts 

UMBREPTS 
Cryumbrepts 
Fragiumbl"'epts 
Haplumbl"'epts 

Xerumbt"epts 

FAD 

Humie Gleysois (1) 

Plinthie Gleysols (1), 
(2) 

Plínthie Act"Lsols (2) 
PI inthie Ferl"'alsols 

. Eu-Dystric Gleysols 
(1), (2) 

Humie Gleysols (2) 

Galic CambLsols (1) 

Dystric Cambisols (1) 
Eutrie Cambisots (1) 
Cale le Cambisols (1) 

Caleic Cambisols (1) 
Eutric Cambisols (1) 
Eutl"'ic Cambisols (1) 
Calcic Cambisols (1) 
Chromic CambLsols (1) 

Ferralie Cambisols (1) 
Dystt"ic Cambisols (1) 
Eutl"'ic Cambisols (1) 
HumicCambisols (1) 

Humic Cambisols (1) 
Rankers (1) 

6. 

BRAZIL 

Laterita Hidromol"'flca 
Distr6fica (2) 

Solos Gley Húmicos 
Distt"Óficos (2) 

Solos Gley Pouco Húmíeos 
Distt"Óficos (2) 
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USDA 

NO LLISOL5 

ALBOLLS 
Argialbolls 
Natl"albolls 

AQUOLLS 
Argiaql.Olls 

Cale iaqt.O 115 
CryaquoHs 
DUl"aquolls 
Haplaquolls 

Natraqt.Olls 

BOROLLS 
Arglborolls 

Cale lbo ro 115 
CryoboroUs 
Haploborolls 
Natl"lboro 115 
Paleborolls 
Vermiborolls 

RENDOLLS 
Rendoll5 

UDOLLS 
ArgiudoUs 

HapludoUs 

Paleudolls 

Vep"mudolls 

USTOLLS 
Arglustolls 

FAO 

/IAoU le Planosol5 (1) 
/IAollie Solonetz (1) 

Gleyie Phaeozems (1) 

/IAollie Gleysols (1), 
(2) 

BRAZIL 

Solos Gley Húmieos 
Eutroficos (2) 

/IAollie Gleysols (1),(2) Solos Gley Húmicos 
Eutrofieos (2) 

o I"!:hie G reyzems (1) 
LLNle Chel"nozems (1) 
Caleie Chernozerns(l) 

Hapl le Chep"rnozerrs (1) 
/IAoU le Solonetz (1) 

Haptie CheP"nClzerrs (1) 

Rendzinas (1) 

LLN[e Phaeozems (1 ), 
(2) 

Haplle Phaeozems (1) 
Eutp"le Fluvlsols (1) 
LLN[e Phaeozerns (1), 

(2) 
Cale le Phaeozems (1) 

Luvie Phaeozems (1) 

Brunlzem Avermelhado (2) 

Solos Aluvlais Eutroficos (2) 
Bl"Unlzem Avel"melhado (2) 

LLNle Kastanozems (1) Brunizem Avermelhado (2) 

1 
¡ 
I 
í 
I 

! 
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APPENDIX III (Cont'd.) 

US DA FAO SRAZIL 

Cale lus toUs Catele Kastanozems 
(2) 

Dul"us lo lIs 
Hap lus tons HapUe Kastanozems 

(1 ) 
Natrus tons /VolIle Solonetz (1) 
Paleustolls Luvlc Phaeozems (1). Srunlzem Avel"melhado (2) 

(2) 
Vel"mustoUs 

XEROLLS 
Argixerolls 
Calelxero lls 
Dul" lxe ro 1\s 
Haploxerolls 
Natrlxe ro 1 ls /Voll lc Solonetz (1) 
Palexe ro lis 

OXISOLS 

AQUOX 
Glbbsiaquox 
OchraqLOx Dystl"ic Gleysols (2) Solos Gley Pouco Humieos 

Distroficos y Eutr6ficos (2) 
Plinthaquox PHnthie Ferl"alsols (1), Laterita Hidromorflea 

(2) Distrofica (2) 
Plinthie Gleysols (1), 
(2) 

Plinthie Aerisols (2) 
Umbraquox Humie Gleysols (2) Solos Gley Húmieos 

Distr6ficos (2) 

HUIVOX 
Acrohumox 
Gibbsihumox 
Haplohumox 
Sombl"ihumox 

ORTHOX Ol"thic, ACl"le y Xantic 
Ferralsols (3) 

Acro rtho x Aeric Ferralsols (1). Latosol Vermelho Amal"elo 
(2) Distr6fico (2) 

Orthic 'Fel"ralsols (1), Latosol Vermelho Escuro 
(2) Dís tr6fico (2) 

Rhod ie Ferralsols (1), (Rhodle Ferralsol=) Latosol 
(2) Ro>4:l (1) 

Humlc Ferralso1s (2) 
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USDA 

Eut ro rtno x 

Gibbsio rthox 
Haplortnox 

Sombriortrox 
Umbrlorth:lx 

TORRJX 

USTOX 

Acrustox 

Eutrustox 

FAO 

Orthic Ferratsols (1) 
Rh:ldic Ferratsols (1), 

(2). (3) 

Acric Ferralsols (1) 
Orthic Ferralsols (1) 
Rh:ldic Ferralsols (1), 

(2) 
Xantic Ferratsols (1), 

(2) 
Humic Ferralsols (2) 

Xantic Ferratsols (1) 
Humic Ferralsols (1) 
Rh:ldic Ferralsols (1) 

Acric Ferra!sots (1), 
(2) 

Orthic Ferratsols (1), 
(2) 

Humic Ferratsols (2) 
Orthic Ferra!sols (3) 
Acric Ferralsols (3) 
Xantic Ferratsols (3) 
Orthlc Ferratsols (1) 

Acrlc Ferratsots (1), 
(2) 

Rh:ldic Ferralsols (2) 
Humic Ferralsols (2) 
Orthic Ferralsols (1), 

(2) 
Rh:ldic Ferratsols (1). 
(2). (3) 

9. 

BRAZIL 

Latosol Roxo Eutr6fico (2) 
Latoso! Verme!h:> Escuro 
Eutr6fico (2) 

Latosot Roxo or Terra Roxa 
Leg(tima (Dusky Red 
Latoso!) (3) 

Latosot Amarel0 Distr6fico (2) 
Latoso! Roxo Distr6fico (2) 
Latosol Vermelh:l Amarelo 
Distr6fico (2) 

Latoso! Vermeth:l Escuro 
Dis tr6fico (2) 

(Xantic F=) Pate Yellow Latoso 
(1 ) 

(Rhodic F=) Latosol Roxo (1) 

Latosol Vermelh:> Amarelo 
Eutr6fico y Distr6fico (2) 

Red Yellow Latosol (1) 

Latoso! Amarelo (3) 
Latosol Vermelh:l Amarelo (3) 
Latosol Vermelh:> Escuro (3) 
Latosol Vermelh:> Amarelo 
Distr6fico (2) 

Latosol Vermelh:l Escuro 
Dlstr6flco (2) 

Latosol Roxo Eutr6flco (2) 

Latosot Vermelh:> Amarelo 
Eutr6flco (2) 

Latosol Vermelh:l Escuro 
Eutroflco (2) 

Latosol Roxo 01'" Terra Roxa 
Legitima (Dusky Red Latosol) 
(3) 
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US DA FAO BRAZIL 

Sombrius tox 
Haplustox Ortnic Ferralsols (1) Latosol Roxo Distrofico (2) 

Acrlc Ferf"alsols (1), Latoso! Vermelho Amar-elo 
(2) DistI"Ófico (2) 

Rhodic Ferralsols (2) Latosol Vermelho Escuro 
DístI"Ófico (2) 

Humic Ferra1so1s (2) 

SPODOSOLS Podzols (1) Podzols (3) 
• 

AQUODS Gleyic Podzols (1) 
Cryaquods 
Duraq uods 
Fragiaquods 
Hap1aquods 
Placaquods 
Síderaquods 
Tropaquods Gleyic Podzols (2) Podzol H id romo I"fico (2) 

FERR:lDS 
Ferrods Ferric Podzols (1) 

HUMODS 
Cr-yohumods Humic POdzols (1) 
Fragihumods 
Haplohumods 
Placohumods Placíc Podzols (1) 
Tropohumocts 

ORTHODS 
Cr-yorthods 
Fragio rthods 
Haplorthods 
Placorthords Placíc Podzols (1) 
Troportnods 

UL TISOLS Acrisols (3) podz6lico VermeU-o Am3.r-elo 
(Red Yellow Podzolic) (3) 

Dys tric N i toso ls (3) 
AQUULTS Gleyic Acriso 1s (1' 

Albaquu\ts Dystric Planosols (1). Planosols (1) 
(2) 

So los H id ro mo I"ficos 
Cinzentos DistI"Óficos (2) 

Fragíaquults 
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US DA FAO BRAZIL 

Ochraquults 
Pa\eaquults 
Plinthaquults Plinthic Acrlsols (1), Laterita Hidromorflca 

(2) Dístr6fica (2) 
Plínthic Gleysol5 (1). 
(2) 

Ptinthic Ferral5ol5 
(1), (2) 

Tropaquul ts Dystric Planosols (2) Solos Hidromorficos 
Clnzentos Dlstr6ficos (2' 

Dystric G\eysol5 (2) Solos Gley Pouco H(¡micos 
Distr6ficos (2) 

Umbraquul ts Humíc Gleysols (2) Solos Gley Húmícos 

HUMULTS 
Hap\ohumults 
Palehumu\ts Humic Nitosol5 (1) 
P1inthohumu\ts 
Sombrihumults 
Tropo humul ts Humic Nltosol5 (1) 

UDULTS 
Fragiudults 
Hapludults Orthíc Acrlsols (1), Red Yellow Podzo líc So ils, 

(2) 10w base status (1) 
Ferric Acrlsols (2) Podz6llco Verme\ho Ama re lo 

(2) 
Pa\eudults Dystrlc (Rhodíc) PodzoHco Verme\ho Amarelo 

Nítosol5 (1), (2) (2) 
Humic (Rhodlc) Lateritico BI"'..sno Averme\hado 
Nitcsols (1), (2) Distr6fico 

Ferric Acrisols (2) 
Orthíc Acrisols (2) 

Plínthudults Ptinthic Ferralsol5 (2) Late ri ta H id romo rfica 
Distr6fica (2) 

Plinthlc Acrisol5 (1). Podz61lco Vermelho Amarelo 
(2) PI ínthico (2) 

Rhodo udul ts Dystric Nitosol5 (1) Podz6Hco Vermelho Annarelo 
(2) 

Ferl"ic Acriso 15 (2) 
Orthlc Acl'"'isols (2) 
Dystrlc (Rhodíc) 

N ltoso 15 (1) 
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USDt\ FAO BRAZIL ----
Tropoudults Humlc (Rhodic) Te .. ra Roxa Estrururada tow 

NitDsols (2) base status (1) 
Ferrlc Acrlsols (2) Podzolico VerrneU'O Amareto 

(2) 
Orthic Acrlsols (2) Late .. itico Br:.Jno Avarmelhado 

Dtstr6fico (2) 

USTULTS 
Haptustults Ferric Acrlsols (2) Red Yellow Podzolic Soits low 

base status 
OrthicAc .. isols (1), Podzólico Verrnelho Ama re lo 

(2) (2) 
Paleus tul ts Orthic Acrisols (1) POdz6lico Vermet;,o AmareIo 

(2) 
Fe .... ic Acrisols (1), 
(2) 

Plinthustults PlinthicAcrlsots (1), Late .. ita Hidromorfica 
'\ (2) Distr6fica (2) 

Plinthlc Ferralsols Podzólico VermeIho Amarelo ¡ 
(2) PI inthico (2) 

, 

Rhodoustults Dystric Nitosots (1) Terra Roxa Estrururada low 
base status (1) 

Orthic Aerlsols (1) Podzólico Vermelho Amarelo 
(2) 

\ Ferric Acrlsols (2) 

XERULTS 
Haploxerults Orthic Acrisols (1) Red Yellow Podzolic Soils low 

base status (1) 
Palexerults Ferric Acrisols Terra Roxa estruturada low 

Dystric Nltosols (1) base status (1) 

VERTISOLS Vertlsols Solos Grumossolicos (2) 
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The % Al saturation in 1Tte soils of central-west Srazil 
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Instructions ro produce Land System maps. 
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I"OcedUI"e fu,. COmpa,.ing the original vegetation in terms of frequencies of total wet seas, 
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