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ABSTRACT

The evaluation of land resources is a fundarmental research strategy
for the development of germplasmebased technology to help improve agri-~
cultural production in the developing Tropics, CIAT's study,which started
in mid=-1977, now covers 850 million ha of Tropical America, and reduces
lanc:‘l resource information o a cormmon base in terms of land systems,
defined as repetitive patterns of climate, landscape and soils. Climate
was analized by Hargreaves' water balance methodology using
long-term data from 1144 meteorological stations. Land systems
were delineated using 1 to 1,000,000 satellite arnd side-looking radar
imagery as a geographic base, for both extrapolating information
when little was avatlable 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-
oraphical facets. A large part of the work involved the review of
existing literature, but field work was carried out over representative
trarsects © help fill krnowledge gaps and standardize criteria.

The land resource information was summarized on a series
of formats and then recorded in a computerized data storage, re-
trieval and analysis system. This facilitated not only the retrieval
and collation of data in terms of numbers and thematic maps, but
also the inwvestigation of interrelated factors, Additionally, the system
can be linked © other data sources such as socio-economic iy

formation, to help develop geographically oriented priorities for
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agricultural E&eearch and development. The system is flexible and
can be updated as new data becomes awvailable.

The study is an example of technology developmeant between
CIAT scientists and scientists in the sewveral counfries c<omprising
Tropical America; in Brazil it is being carried out as a joint .project

with EMBRAPA (Empresa Brasileira de Pesquisa Agropecuiria).

b
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AN EXPLANATORY MANUAL FOR CIAT's COMPUTERIZED

LAND RESOURCE STUDY OF TROPICAL AMERICA
Thomas T. Cochrane*
Jorge A, Porras
Ltuls G. de Azevedo
Peter G, Jones
Luis F. Sénchez
INTRODUCTION
An up~to~date appraisal of agricultural land resources that re-
flects the ever-accumulating knowledge about owr erwvironment from
both surveys and fundamental scientific discovery, has become a
basic research strategy to guide the selection and development of
germplasm-based** techrology to help improve agricultural production
in the developing Tropics. Owver Tropical America, the area of
speclal interest to CIAT, the lard resource information in terrms of
climate, landscape, vegetation and soils is far from comprahensive
and has rmot been well integrated. In order to address this
problem, in mid-1977 CIAT commissioned a specific study
of the Oxiscl and Ultiscl regions, the Target Area of the
Tropical Pastures Program t help establish soundly based guldetines

for technological priorities (1), In 1979 the study was ex-

tended to other regions W serve a similar pupose

* Land Resources Specialist, Land Resources Evaluation Project,

CIAT; Research Associate, Data Services Unit, CIAT; Ecologist,
CPAC-EMBRAPA; Postdoctoral Fellow in Physiology, Bean Pro-
gram, CIAT; and Visiting Research Asgociate, Land Resources
Evatuation Project, CIAT; respectively.

** Seeds and vegetative propagating material,
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for CIAT's other cammodity programs. The stt,'zdy was in fact proven
widely applicable to ' crop ard forage production on many types
of land throughout Tropical America. It represents not only the work
of the principal sclentists involved, but also wvaluable contributions
from the many scientists who have cooperated with the endeavor
in the several countries. In Brazil, the study was carried out as
a joint effort with CPAC-EMBRAPA (Centro de Pesguisa Agropeculria
dos Cerrados—-Empresa Brasilera de Pesquisa Ag*opecuéﬁa}.

To facilitate the analvysis of the basic resource data,
a cornputerized data storage, retrieval and analytical system, or o
"data bank", was set up, The information recordéd it the data bank
is now available as a series of computer tapes. This will facilitate
independent ana‘iy%es by workers in different disciplines with varying
objectives. Consequently, this manual was written t© provide users
with a guide to the scope of the study, a synthesiz of the methodology
adopted in summarizing agricultural land resources, a summary and
explanation of the land resouwce characteristics collated and coded,
and information as b how the study was computerized to facilitate

information retrieval arnd evaluation.

THE SCOPE OF THE STUDY
Figure 1 indicates the geographical extension of the study; it
currently covers about 850 million ha of mainly lowland Tropical

America., Land system maps (maps illustrating geographical units



in terms of areas or groups of areas throughout which there is a
recurring pattern of climate, landscape and solls), at a scale of 1

to 1,000,000, are identified using the International Chart of the World
on the millionth scale index (Figure 2), For example, the land
systems map between longitudes 48°and 54°W  and latitudes 8° and
12°%, is ldentified as SC-22, It is also referred to by its common
Brazililan name "“Tocantins (2},

Land systerms maps are also used as transparent overlays for
topographical maps (Figure 3). They are available on special request;
rowever , they have been computerized and recorded on magnetic tape '
z;$ an integral part of the computerized analytical system., In this
way the user of the study is provided not only with a land systems
map printout facility, but also with a thematic map compilation and
printout capacity. Thematic maps can be printed according
virtually any of the pararneters used to describe the land syst?mg.

The ¢limatic, landscape, vegetation and soil information colw
lected for the study has been collated, and then recorded on magnetic
tape as an integral part of the computerized retrieval and analytical
facility, Consequently, gecgraphically oriented facts and figures about
the land resources may be compiled in convenient printut form
without having to resort © tedious fact-finding by sorting theough
masses of printed matertal; further, possible interrelatiorships of
parameters can readily be established and proven., Figure 4 illustrates

how the systermn provided an answer o a question as to the amount of
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larnd with Al toxicity problerms over t:i'::e central-west of Brazil (Fig, 5),
the area covered by maps SC-22, SC-23, SD-21, SD-22, SD~—2€:§,
SE-21, SE-22, SE-23 and SF-21, respectively. Clearly, it is ne-
cessary i understand the methodology wed for the study ard the
way the land resource characteristics were classified and coded in
order to fully appreciate its tecﬁnica‘i scope, and to use the computer
o best effect.

It should be roted that the study was carried out using data
from many sources. T hese varied in detail, precision and accuracy;

many parts will undoubtedly need judicious revision as more precise

*3
a

and accurate information pecormes awvailable, However, the methodology
adopted and the flexibility of the analytical systerm will enable the

updating of information and its expansion o meet future needs,

THE DESCRIPTION AND COLLATION OF LAND RESOURCE DATA

In order to provide a geographical summary of the land re—
sowrces, it was decided to rmodify the land systerns approach de—
veloped by Christian and Stewart in 1953 (3) in their study of the
land resources of the Katherine-~-Darwin region of Northern Australia.
For this study, a land systerm was defined as "an area or group of
areas throughout which there is a recurring pattern of climate,
landscape and soils". The environmental par-an;aest&rs were arrangad
in categorical order to form a true land classification:

1., Climate

a) Radiant energy received



b}y Temperature
¢} Potential evapotranspiration
d) Water balance
e) Other climatic factors
2. Lardscape
f) Land-form
g) Hydrology
h)  Vegetation
3. Soil
) Soill phhysical characteristics

i) Soil chernical characteristics

These were the principal parameters wed t delineate a
land systern. Paradoxically, the delineation of land systems was
effectively used,not only to describe the land resources of regions
where little or no information was available, but also W conderse
angd surmmarize the copious armunts of printed information oc—
casionally awailable for some regions of limited geographical
extent, where detailed studies including soil surveys, climatolo-
gical studies and infield experimentation had been carried out,
Principal bibliographic sources have been summarized in Ap—
pendix I. Where information was not avallable, field work was
carried out, albeit superficially, in order to obtain a better idea
of the resources. Nevertheless, whilst the sty does incorporate
some original research, the bulk of the inforrﬁat‘aon has come

from previous studies; it has mainly been an exercise in
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compiling, collating and extrapolating this information © a com-
mon base.

Satellite and radar imagery at a scale of 1 to 1,000,000
was found to provide an accurate gecgraphical base, Radar
imagery was available for the Amazonian area of Brazil (4) and
was used for the delineation of land systems. By using the 1
1,000,000 satellite ard radar imagery, the topographical inac~
curacies of many existing maps were avoided. As a result, however,
the transparent overlay maps of land systems rarely fit perfectly
over existing topographical maps; exceptions are those based on

radar imagery throughout Amazonia.

Climate .

Data from 1144 meteorological stations throughout Central
ard South America were initially analyzed, and the
analyses for selected representative stations incorporated as an
integral part of the land resource data bank, This work was
carried out by J.K. Hancock, R,W, Hill and G.H. Hargreaves.
Their entire study ls available either as a printocut with expla—
natory text (5), or as a cormputer tape.

The methodology used for calculating potential evapotranspi-
ration [ETP) followed that described by Hargreaves in 1977 (6).
This method was selected in deference to the many other methods
avallable, as it gave a realistic estimate of ETF using the avail-

able climatic data, as shown by Hargreaves (@). It s



7.

vary important that ETPF be calculated as accurately as possible
o determine the water balance and growing seasons, and provide
a guide as to the ttal amount of energy available for plant growth,
Solar radiation and temperature are the most important factors
in determining ETP,

Figure 6 shows a straight printout of the climatic analysis

used for land systerm No.1. The data recorded and calculated are:

, MEAN TEMP -  Mean temperature in degrees Celsius

PCT SN - Percent possible sunshine

NMEAN RAD -  Mean solar radiation in Langleys per dey ”
PRECIP - Mean precipitation in millimeters

POT ET - Potential svapotrangpiration in millimeters
DEF PREC -  Precipitation deficit in millimeters

DEP FPREC -~ Deperdable precipifation in millimeters
Mal - Moisture Availability Index

For some stations, the relative humidity was also estimated
and appears on the prinbut ag MEAN RH,

When temperature datawere rot available for a station, an
estimation was made based on stations closely related geographi-
cally ard by taking into account the relationship between elevation
and temperature, Temperature decreases by an amount of about
0.0085 times the elevation in meters, or 5.5°C for every 1000

meters of increase in elevation,



When solar radiation data was not available for a station,
estimates were made from solar radiation maps developed by Loft
et al. (8), or were computed from a multiple regression equation
using such values as longituwde, latitude and precipitation, The
solar radiation (RS), in Langleys per day, was conwvertaed to
equivalent millimeters of evaporation per month (RSM) by correct-
ing for the number of days in the month (DM) ard the latent heat
of wvaporization of water (L) as

RSM = 10 DM x RS /L

The average L for a month was calculated from the mean vy
monthly air termperature in degrees celsius (TMO) by the equation:

- = 585,93 - 0.55 x TMC

Potential evapotranspiration (ETP), in millimeters per month,
was approxirmated by

ETP = 0.0075 x RSM x TMC, after Hargreaves (7).

The precipitation deficit in millimeters is the difference between
the precipitation ard the potential evapotranspiration.

Dependable precipitation, usually referred to as PD, is the
75% probability of precipitation occurrence, which can be described
as the amount of precipitation that will be equaled or exceeded in
three out of four years. This was calculated by using the mean

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



relationship that changed according t the area being analyzed,

These relationships were developed from previous studies that

wed yearly rainfall records and a garmma distribution calculation

o estimater the 75% probability of occurrence (9).

wsed in each country or area was:

PO = A + B x PM,

The eguation

where PD is the dependable or 768% probability of precipitation,

PM is the mean rmonthly precipitation and A and B take the fol-

lowing values Tor each courtry or area (Figure 7»

Central America

Brazil
Area |
Area II
Area [1I
Area IV
Area V

Bolivia

Colombia

Ecuador

French Guiana
Guyana

Paraguay

A value B value
-23.0 0.84
~20,0 0,85
- 9.0 0.57
-23.0 0. 79
~11,0 Q.87
-11,0 0.67
-10,0 0.69
~25,0 C.84
- 5.0 Q.64
-14,0 C.77
-14,0 0.77
-10.0 0.69
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A value B value

Peru

Area | - 1,0 0.18

Area 11 - 5.0 0,70
Surinam ~-14,0 0.77
Uruguay -10.0 0.689
Venezuela -14.0 0.77
Caribbean Islands =23, 0 0.84

The moisture availability index (MAD is a rmoisture adsguacy
index at the 75% probability level of precipitation occurrence. -
it is defined as dependable precipitation divided by evapotranspiration.
The equation is:

MAT = PD)ETF’

A MAL wvalue of 1,00 means that dependable precipitation egquals
potential evapotranspiration, Ir; order o develop some forrm of
starndard classification for measuring moisture adeguacies or deficits
from the climatic conditions as the necessity arises, Hargreaves (10)
proposed that MAIT be adopted as a standard index for measuring
water deficiencies and excesses, and that the following classifi-

cation be wsed:

MAL = 0,00 to 0,83 vary deficient

MAL = 0,34 o O.87 mederately deficient
MATL = 0,68 to 1,00 somewhat deficient
MAl = 1,01 to 1,33 adequate

MATL = 1,834 and above excess ive
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This classification seems applicable for the more favorable
soil corditions, However, Hargreaves rotes "when the soil
rmoisture storage capacity is adequate for less than a week, the
correlation between MAI and crop production probably will be
lowered",

Apart from the climatic work leading t© the estimation of
the water balance, separate note was taken of other climatic
hazards such as hurricanes,

It should be roted that a systerm of direct access information
storage and retrieval files has recently been developed in CIAT
o rmanage the meteorological data from this study and from other
sources., These files (SAMM DATA) allow easy programmenr
access t© the data and can be updated to incorporate better
estirmates of climatic parameters as they become available., A
manual describing the program structure and uwse will be available
in 1880, The operation of this additicnal systern, and the
ongoing active accumulation of climatic data, should provide for
a mare comprebensive analysis of climate in the future,

A larnd system, therefore ‘ was limited to an area with a
defined pattern of climate, This was the first limitation imposed

in delineating its bourdaries; the second was landscape.

Landscape

Farming is carried out on units of land. The landscape,
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especially topographical and hydrological aspects, is often ¢ritical
in determining the type of farming systerns adopted, For thig
reagon, in considering practical agricultural production and evalu=—
ating land as a resource for farming, it is very necessary t© have
a clear appraisal of landscape characteristics. All wo often soil
surveys have failed to provide an accurate picture of the Iandséape.

Satellite and side~locking radar imagery, and in some cases
rormal aerial photography, were used © help define land system
boundaries, Flgure B8 illustrates land system mappi—ng on a satellite
image (11) between longitudes 48°20' and 49°45'W, and latitudes
7745' and 9°20'S, Techniques for interpreting satellite imagery and
remote seﬂéing techniques generally are welb~documented (12, 15},
and advances in this field of endeavour continue to be made almost
dally (14, 15). With the exception of Amazonia, most of the delineation
of lard sys;en's was carried out wsing satetlite ir;!'sagery, uging black
and white photographic prints of the spectral bards 5 and 7 -
Band & (lower red), gave a useful image of vegetation
and topography, ard band 7, the near»iﬁfraned end of the spectrum, gave
better haze penetration and land-water discr*imiﬁatiom

Satellite imagery (11) dates tv the ERTS (Earth Resources
Survey) Program of NASA (National Aeronautics and Space Admi-
nigstration}, a civil entity of the United States government and the

- launching of the satellite LANDSAT=1 in 1972. This was followed
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by the launching of LANDSAT-2 in 1975, and additional satellites with
more sophisticated sensing equipment are planned. Each image
covers 185 sq km of territory and the regsotution is better than
100 m. color composites, a false color obtained by the integra-
tion of the fou spectral bands, would have been ideal for much
of the initial work in delineating land systerrs, but owing o their
high cost it was decided to use black and white reproductions of
band 5 and where considered more suitable, band 7,

Unfortunately, satellite imagery has one major drawback, Due
to the relatively short period of time the LANDSAT satellites have .,
‘Abeen transmitting, and because orbits are designed to provide a pass over
the same area at relatively infrequent intervals (originally 20 times 2

year, but now r;ﬁor‘e frequently with LANDSAT-2 in operation), it
is rot surprising to find that for the weiter areas of Tropical
America it is difficult to get cloud-free imagery., The largest
region affectad is the wetter part of Amazonia.

Fortunately, side~looking radar lmagery has rnow become
available for most of Brazilian Amazonia (4) and this was used as
a geographical base for the delineation of land systermns throughout
that reglon, Side~looking radar produces an excellent topographical
picture of the landscape, but is not mearly as effective as satellite
imagery in helping o interpret lard resource characteristics such

as vegetative cover and hydrological characteristics., Figure S
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shows land system mapping based on radar imagery along the Amazon
river 350 km west of Manaus.

For some other areas, such as the wet eastern pledmont
of Bolivia, aerial photography was used for interpreting the
landscape pictwre.

Wherever possible, and especially when little or o in-
formation was available in the published literature about land char-—
acteristics, field work wag done to. check the pholcinterpreta~

tion. A small S§TOL) plane was used to cover hinterlarnd territo-

ries, and every effort made within the close time schedule to '

+

exammine the principal soil seguences that fullowed the larndscape
patterns.

With the delineation of land systems, the landscape within
the individual land systerms was described in such a way as to
enable the computerization of its principal characteristics. Figures
10, 11 and 12 illustrate the Format L 1 used for the description of
landscape ard the coding of the features of land systerm No.1 as
follows:

ALTITUDE, -~ Altitude of the major part of the landscape.

GENERALIZED CLASSIFICATION,- Designed to provide a
quick, approximate idea of the overall landscape.

GEOLOGICAL NOTES.- These notes are not peproducible
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by the computer, rnor are the HYDROLOGICAL NOTES, but are
available by special request,

DISTANCE BETWEEN PERENNIAL STRE*:AMS;.-; This was
given to provide some idea of the hydrology of the landscape,

and the availability of year-round water for livestock,

DEPTH OF WELLS.- The depth of wells used by indigenous
inhabitants for obtaining drinking water,

GE;NERAL.{ZEZD SQIL CLASSIFICATION,- This was Included
to help soil scientists and agroromists obtaln a general
pilcture of the major solls of the landscape., The coding has been
recorded in Appendix [I, which is explained in detail under the
heading " The soils of the Land Facets", page 18.

LANDFORM DIAGRAM, -~ The subdivision of landscape int
facets, This concept is cerucial to an understanding of the study. The
diagram has been drawn to illustrate major LANDSCAPE FACETS
and can be reproduced by the computer (the earlier computer tapes
of the study did not contain these diagrams for purely logistic rea-
sons). The identification of landscape facets within land systems
iz used to bridge the gap between land systems and soil units,
as facets are wvery often relatively uniform insofar as
soil characteristics are concerned. In some cases the lands cape

facets will obviously contain soils with differing properties, However,

sl
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some level of generalization must be accepted in making an in-
ventory of land rescurces. The objective of the study is not ©
replace soil survey work per se; the smallest map unit is the
Land System. However, it is axiomatic that the study should
provide an inventory of the land characteristics including soil
physical and chemical properties of the land facets within the
land systems.,

Figure 13 iliustrates a typical landscape identified as one
land system; it is clear that the landscape can be subdivided
| into facets 1 and 2 t© represent the flat plain surface and the
minor vale regions. Soils will differ within these facets, but
generally the facets are the smallest land units farmed, and for
agricultural planning purposes it is neCas;ary i have a generalized
picture of their properties. For convenience of computation,
land systerms have been described in terms of a maximum of three
land facets. Figure 14 gives a summary of the vegetation coding
wed for ‘x:i_"ee landscape diagrams.

LANDSCAPE FACETS, generalized description. This is t©
provide a general grouping of facet types.

AREAS OF LAMNDSCAPE FACETS AS PERCENTAGE OF L.S, The
percentages are necessary for computation purposes, as land systems

and rot land facets are the smallest mapping units, and conssquently

iand facet areas canrot be estimated from the maps.
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TOPOGRAPHIC CLASSIFICATION, LANDSCAPE FACETS.
The topographic classification of the land facets has been kept simple,

The four categries, "Rat POOr dra’tm”(ﬂat, poor drainage),ess than

"oy n

8%, B=-30% and"greater than 30%‘; were chosen to provide a practical

guide t© topographical differences that can also be useful in estimating
mechanization costs,
ALTITUDE in meters. This is the average altitude of the facets.
ORIGINAL VEGETATION CLASSIFICATION

Code Classification

Seas. InP Seasonally inundated pampas
Cl.+Cs Campo L.impo, grassland 4+ Campo Sujo, grassland

with occasional shrubs

CcC Campe Cerrado, open savanna

C Cerrade, intermediate savanna

Cd Cerradao, closed savanna with continuous forest
caropy

The latter four categories are commonly used throughout Brazil

o classify savanna vegetation, and are detailed by Eiten (186).

TRF Tropical rain forest
SESFKF Tropical, semi~evergreean seasonal forest
SDSF Semi-deciduwus seasonal forest

These three terms refer o well~drained forest, and are used
as per the definitions of Eyre (12) for tropical forests,

Caat. Caatinga (scrubby woodland with sorme cerrado species)

iz used per the accepted sense in Brazil {16).

Other Other types of vegetation, such as palm forests,

swamp communities,

——
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INDUCED VEGETATION, - Only two categories were separated
as it is difficult o identify crop types without detailed ground-truth
studies. Further, as the satellite imagery used c<covered the
period 1973 to 1976, the figures can only be regarded as ap~

proximationg.

The scils of the Landscape Facets

Soils were classified as far as the Great Group category of the
U.S. Department of Agriculture's Soil Taxonomy (18) systermn, then
categorized in terms of their physical and chaemical properties ©
facilitate description, Figures 15 186 and 17 illustate Format 81
wged o record the soll classification, soil physical properties, soil
chemical properties, and a surmmmary according t© the soll fertility
capability classification coding (19).

In the U.S. Soil Taxoromy, soils are rot grouped according o
"similar physical and chemical properties that reflect their response
o management and manipulation for use!, until the soil Family
category is reached., This follows a subdivision of the Great Groups
into Sub-groups, according t© the scheme:

ORDER
(10) ~ Suborder
(47) - Great GCroup
(230) - Subgroup

(970 in the USA) - Family

D Y e Ny P —
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The Order category broadly separates soils according to
their gross morphology by the presence or absence of diagnostic
horizons or features.

The Suborder separates the Orders according o criteria
that distinguish the major reasors for absence of horizon Jdife
ferentiation, principally as related t© moisture and temperature
regirmes.,

The Great group attempts o separate soils according to the
complete assemblage of their several horizens and the most
,significant properties of the whole soil.

The Subgroup category,however, is virtually only a sepa-—
ration of the Great group category in terms of soils which:

a) Follow the central concept of the Great group.

b) Are intergrades or transitional forms to other Orders,

Suborders or Great groups,

C) Are extragrades. Soilg that have some properties not

representative of the Subgroups,
In other words, the separation according to Subgroups (s a
convenience that does not add very much to our knowledge con-
cerning the characteristics of the soils. For this reason, it was
decided to classify soils only as far at the Great group leve!l,
then describe them in terms of thelr physical and chemical
characteristics in such a way as to facilitate the computer group-

ing and comparison of properties,
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The coding used for the soil classification has been recorded

in Appendix 11, It should be noted that the Suborder code as—
sumes the prefix of the order code, and likewise the Great Group
code the prefix of the Order and Suborder code., For example,
the Great Sroup classification Haplustox is coded 'O US HAY,
‘O for Oxisol-~the Order, US for Ustox-—the Suborder and
finally HA the Great group-—-Haplustox.

Whilst soils have been classified according W the U.5. Soil
Taxonomy, an approximate correlation of this system has been
‘made with the FAQ legend (20) and the Brasilian Classification
System (21), Appendix [I1,

Soil Physical Properties

The soil physical properties have been classified and coded
ir terms of slope, texture, presence of coarse material, depth,
initial infiltration rate, hydraulic conductivity, drainage, water~
holding capactity, temperature regime, moisture regime and

presence of expanding clays, The categorization is designed to

Ny v y— P
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evaluate the suitability of soils for crop production from a physical
standpoint, It contains the elements necessary w apply the technique
developed by Mansfield (22) for assessing land capability for arable
crops based on soil physical limitations, ard those mecessary ©

use the Soil Fertility Capability Classification (FCC) method of

Buol et al. (19).
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SLOPE.~ This (s a repetition of the categories of Format L.,
mainly for convenience of computerization, The codes used are given
after the categories: e.g.< 8%, B (B = bajo or low), 8-30%,

M (M = medium or mediang), and % 30%, A (A = alto or high)
TEXTURE .~ Soil textere often affects the available waten-
holding capacity, the root development of crops, the ease of harvest-

ing root or tuber crops, and correlates with some soil chemical
characteristics, It should be roted that the texture is given for both

the "wpscil" and the "subsoil”, defined as the 0~20 cm and

20-50 cm depths, respectively. This definition follows the FCC philosophy.

Mansfield also limited his textural description o the upper 50 cm of
the sotl, as it is the depth in which the greatest volume of plant
feeder roots grows and absorbs nutrients. The definitions of texture
are those used by Buol et al, (19) viz.

S = Sandy ~loamy sands and sands

r
]

Loamy— less than 35% clay but not loamy sand or sand

O
H

Clayey ~ more than 35% clay

O = QOrganic - more than 80% organic matter to a depth of 50 cm ot
more (included in the "Topsoil texture' classification for
convenience).

R = Rock or other root-restricting layer.

o
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The coding "FCC type" refers to the Fertility Capability Clas-
sification "Type', the highest category of that technical scoil clas-
gification system, It is determined by the average textures of the
plow layer or upper 20 cm, whichever is shallower. The coding
FCC sub-type refers t© the FCC "Substrata Type", the texture of

the subsoil I a depth of 50 cm.,

COARSE MATERIAL .~ This term refers t© the presence of
rock particles greater than 2 mim in diameter. The presence of
coarse material can influence crop growth by affecting the available
water—holding capacity of a soil, and, in 730me cazses root

peretraticn and development,

DEPTH.~ Soil. depth largely deterrnines the potential rooting
wlume available in a scil, or the depth of the soil environment
throughout which roots may absorb water and minerals, The
rating refers to the effective depth to which plants can freely

peretrate and are rot limited by rock, hard-pans of water-tables.

INITIAL INFILTRATION RATE,.~ This refers to the abllity of a

mulched soil o absorb water during the first hour of rainfall after the
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50 crn depth has dried out, according to the classification:
High = A

Low = B8

The rating expresses the potential of a soil © absorb water
frorm rains at the start of the wet season or duing the drier period
of the year, rather than losing it as run-off. For soils on slopes,

it reflects their susceptibility to erosion,

HYDRAULIC CONDUCTIVITY.~ Thiz refers o the ability of
soils © continue absorbing water over a prolonged period of time.

The classification provisionally used was:

High o A
Medium =
L.ow = B

A measure of the hydraulic conductivity is important in regions
with periods of high rainfall during which time the soil may become
water-logged for prolonged periods of time, This iz & common wet
season phenomenrneon in Ultisols fourd in plains areas,

DRAINAGE .~ The rating reflects the amount of water-logging
(the occuwrrence of anaercbic conditiorns). Ganeraliy this implies the

presence of a water—table within 80 cm of the soil surface for a prolonged

s gy
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period of time, but may also refer to special circumstances
such as annual flooding., Specifically, the rating ts defined
as;

Good = B -~ Insignificant amount of water-logging.

Deficient = D - Some water-logging, of importance ©

the growth of susceptible plants,
Poor = G - FCC medifier (FCC M), Water-ogging

o the extent that all but very water—
twlerant plants are seriously affected,
This corresponds o the FCC  "Condition
modifier” g that refers o a gley con-
dition within 60 cm of the surface as
an indication of water saturation, and
fits the Aquic soll mMoisture regime de-
finition in the U.S. Soil Taxornomy.
MOISTURE-HOLDING CAPRPACITY,~ The following levels were
uwsed to define the classes:

High AN ~greater than 150 mm par 100 cm depth

i

Maedium = M <75 to 180 mm per 100 cm depth

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

TEMPERATURE REGIMES,- These regimes follow the de-
finitions given in the V.S, Soil Taxonomy, and are summarized on

Figuwe 15
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MOISTURE REGIME.~ The classes approxirmate the regimes

given in the U,S. Soil Taxornomy in the following way:

upDiIic = U ~The Aquic and Udic regimes of U,S. 5oil
Taxonormy,
USTIC = SD ~FCC M d.The Usticregime of U.s. Soil

Taxoromy, and the FCCO condition modifiar
d, which refers f© an annual dry season
of more than 60 davs.

HXKERIC = XD =-FCC M d. The Aridic, Torric and Xeric
regimes of U,S, Soil Taxonomy, and the

FCC condition modifier d,

As it iz rarely possible to obtain measured figures for the
soil moisture regimes, in practice the criterion was based on the
annual water balance figures calculated using Hargreaves' method
(€) and defining a dry rmonth as a month with a Moisture Avail-
ability Index(MAI) less than 0.34, wviz,

uDIicC = U - less than 3 cormsecutive months with a MAIL

legs tham 0,34

USTIC =3SD - FCC Md., 3 to § consecutive months with
MAL less than 0,34,
XERIC = XD ~ FCC Md., More than 6 consecutive months

with a MAT less than 0,34,

"
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EXPANDING CLAYS,~ This factor has been introduced o take
into account solils with significant amounts of expanding clays, particu~
larly montrrorillonite, that oftan hold abrorrnally high amounts of

rmoisture and may cause tillage and drainage problems.

<oil Chemical Properties

Soil Chemical Properties for both the topsoil (0=20 cm) and the
subsoil (20~50 cm) were coded on the continuation of Format $4 illustrated
bty Figures 16 and 17. Some explanatory notes follow.

pH - This refers to pH in water, 1:1 soil to water ratic. A pH
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 complex or in the soil solution; below about pH 5,3 the
amount of Al in soil solution Mmay be very significant, The use of
pH 5.3 as a critical level separates those soils for which the |
formula developed by Cochrane et al. (23) for estimating the liming
of acid mineral soils, might profitably be applied.

EXCHANGEABLE Al.- (IN KCl extraction).

EXCHANGEABLE Ca, Mg and Na.~ (INKC1 extracticn)., The
classification A, M and B (high, medium and low), is a first attempt
o equate soil nubrient levels with crop needs in the following sense;

A = adequate for most crops

M = inadequate for crops requiring high levels of the

nuitrient.
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B inadeguate for most crops except those tolerant & low

levels of the nutrient,

EXCHANGEABLE K.~ (N KCl extraction). The tentative clas~
gification of A, M and K follows that of A, M and B for exchangeabls
Ca, Mg and Na. The classification K (FCC modifier k) is also
qualified by the FCC criteria, less than 10% weatherable minerals
in the silt and sand fraction within 50 cm of the soil surface or K
less than 2% of the sum of the bases if the sum of the bases is
less than 10 meq/100 gm soil.

, TOTAL EXCHANGEABLE BASES {(TEB).~This s the sum of
the exchangeable Ca, Mg, K, and Na. In some acid mineral soils,
Mn and Fe levels obtained by extraction with INKCl, may be high

and contribute to the TEB. Zn and Cu levels might a!sr:; be incliuded,
but in practice are generally so low as to be insignificant.

CATION EXCHANGE CAPACITY (CEC).~-This ;s the sum of
the TEB plus the exchangeable Al. (The level, less than 4 meq/100
gm soil would correspond approximately to less than 7 meq/100 gm
soil, if the CEC is determinad by the sum of the cations at
pH 7.0, and © less than 10 when datermined by the sum of
the cations at pH 8.2 (Buol ﬁ?...?‘:" {18y ).

The classification of TEB and CEC in teras of A, M ard B

clearly has no direct significance with respect to plant nutrient
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needs. However, they are considered convenient groupings to help
with the interpretation of the soil nutrient supplying ability, when
considered with other factors which taken together Drovide an
idea of the ability of a s0il t© retain nutrients and its state of
leaching.

% ORGANIC MATTER (% OM).~ The classification A, M and
B has been rmade t© help with the overall interpretation of soil
fertility. % OM was determined by multiplying the organic C by
1.7.

PHOSPHORUS in ppm.~ The levels refer o P exiractad by
the Bray I method (24). In very approximate terms, the following
table gives a comparison of P levels extracted by the Bray II
method, the Trucg method (25), the Olsen method (26), and the

Yavailable P" method of Vettorl (27).

P _{ppm)
Classification Bray 11 Tr‘ug_g Olsen  "Awvail."(E7)
A >7 >5 >3 >
M 37 2=5 1-3 J7
B <3 <2 P £ 3

The Bray II method appears more satisfactory for acid, mineral
soils. The classification A, M and B is used in the same sense asn
it was used for extractable Ca, Mg, Na and K t equate soil levels
with plant tolerance.

PHOSPHORUS FIXATION,~ Phosphorus fixation is often a problem
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in soils with a clay content greater than 35% and a ratic of free
FecOn/% clay greater than 0.15 (18). It is also a common problem
in allophane-rich soils., In the absence of more specific information,
these parameters indicate the probable level of P fixation,

MANGAMNESE, ppm. The levels r-efer* o M extracied with
INKCl. The criteria B, S and T define low, satisfactory and toxic
levels respectively. However, the definition of Mn toxicity as greater
than 35 ppm (or alternatively greater than 1% satwation of CEC
is provisional as plants appear to vary considerably
in  their ability to withstand high levels of Mn in the soil solution,
Additionany Mn levels terd to build wup, sometirmes for relatively
short periods, under redwing corditions (28).

SULPHLR .- The classification low, medium, high and unknown

has been made without attempt{ng to define a standard procedure for

extracting soil S and only reflects what (g currently known about
S deficiencies as established through experimental work, It is
probable that 5 deficiencies are more widsly spread than in-

dicated by the present study.
ZINC, ppm. The classification is based on extraction with
INKC1. Only the classes B (low), S (satisfactory) and U (unknown)

have beern used., These levels are based on relatively few studies
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with commercial crops; little is known corcerning crop Wlerance

to differant levels of Zn,

IRON, ppm. The classification is based on iron extraction
with INKC1; it is very approximate and does not take crop differences
into account. At level A some crops (e.d., rice ) may suffer
from excess fFe. Like Mn, soil Fe levels vary with oxidation
and reduction conditions (27), Temporary Fe deficiency often occurs
as plant roots grow through well~aerated, unsaturated topscils. As
the roots penetrate saturated subsoils, the Fe deficiency generally

ciisappears o

COPPER, ppm. The classification iz based on Cu exiracted
with INKCLl. Little is krmown about Cu lewvels, although there (s some
evidence to suggest that they are highly correlated with P

lavels on some soils,

BORON, ppm. The classification is based on B extracted by
refiluxing with hot (100°C) water for 10 minutes. The level given
approximates the critical value found for saveral crops including
sugar-cane,

MOLYBDENUM, ppm. This classification is based on INKCl ex-—
tracted Mo, Little is known aocout soil Mo levels in the region,

FREE CALCIUM CARBQNATE. This was determined by

dropping 30% HC! onto soil samples taken from 0-50 cm.,

PopTec—
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31.
The presence of free calcium and rmagnesium carbonates detected in
this way is also used as an FCC modifier.

SALINITY, mmho , This is the salinity of the saturated ex-
tract at 24°C of soil samples taken o a depth of 1 m, The lewvels
are based on the general values developed by the U.S. Salinity
L.abtoratory (28) that purport to separate those solils with sufficient
salinity b present problems for most crops. The FCO systern uses
the same criteria. It should be moted,however, that some crops are
susceptible to significantly lower lewvels of soil salinify. The 4.0
mrrho level approximates a 1:2.5 soil:water extract conductivity
r:eading of 400 A mho (Some soil laboratories use this later cri-
terion  as a gross check for soil conductivity problems).

NATRIC. Sodium levels were given separate mention o identify
problem  soils, Sodium affects clay dispersion and moisture avail-
ability. The levels refer to readings for soil samples taken ® a soil
depth of 50 cm In the same sense as the FCC modifier n, and are
thase limits set by the U.S, Soil Salinity Laboratory (2g),

CAT CLAY, This is identified by a pH in 1;1 soil: H-O extracts
greater than 3.5 after drying and sor, Jarosite mottles with hues
2.58Y or yellower and chromas 68 or more within a depth of 80 cm,
{(30). It is used with this definition as a FCC modifier.

KBRAY AMORPHOUS. Greater than 35% clay arnd pH less than 10

in IN Nai, or positive to field NaF test, or other indirect evidences
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of allopharne in the clay fraction of the surface 20 cm of the soil.
This is virtually the same definition as FCC rmodifier Yx". It
atternpts t© identify soils with allopharne~dominated mineralogy;
which wsually have high P fixing capacity and low rates
of mineralization,

ELEMENTS OF IMPORTANCE MAINLY TO ANIMAL NUTRITION,
This evaluation s based purely on apecific knowledge about
these elements with relation to soil areas, For example, it has
been established that certain soils are assoclated with 1
deficiency in animals.,

FERTILITY CAPABILITY CLASSIFICATION. This is a sum=
_mary of the FCC type and substrate types and modifiers for
convenience of identification arnd comparison of gross fertility pro~
blems affecting the solls,

A note on_ the ’;andsca_pe{ facets of the land systerms:

It should be emphasized that each landscape facet within a land
system s described and collated separately: Format Sy, figures 15
i6and 17, is filled in for each major facet of the land system
identified., The limit of describing a maximum of thres major lang-
scape facets within a lard system was imposed pﬁreig f‘o:ﬁ?he con-
venience of managing the data within the computerized data bank.

This limit can easily be extended t handle maore detailed studies

in the future,
With the completion of the collection and collation work, the land
resource information is passed onto the computer center for recording

in the data barik,
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COMPUTERIZATION: The data management system

Because of the guantity amxi diversification of data from the study
and in view of the likely interaction within these data and with data from
elgsewhere,especially economic parameters, it was decided to create a
computerized systerm of data management ( data base)} that would
facilitate diverse analyses and decision rﬁaking.

The methodology adopted for the creation of the systerm was
based largely on the SAS (Statistical Amalysis System, Institute Inc.
81) ) language. The work was carried out uwsing an 1IBM 370/145
domputer belonging to DANE (Departamento Administrativo Nacional
de Estadistica of the Colombian Goverrnment), using a terminal

(IBM-3780)at CIAT, Palmira,

Design specification

Basic Files: A lard system is defined by climate, landscape,
vegetation and soil data. These, together with the geographical location
are stored in fowr basic files:

1. File Climate

Contents; Climatological data for different meteorological
statiors as both monthly and  annual averages.

Variables:

CODEST The stztion code by which a station is identified

that also serves © interact with other files,
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NOMBRE Narme of the station (maximum of 20 characters)

LLATGD Degrees of latitude }
AT MM Minutes of latitude i

L The metearclogical
LNGGD Degrees of iongitude! station coordinates
LNGMN Minutes of longitude :
ALT Altitude, In meters above mean sea level,

TEMP 1 - TEMP 13 Awverage temperature in °C, For this and
the following variables it should be noted
that the numbar following the narne indi-
cates the month, 1 =January, 2 = February, c..,
12 = Decermber and 13 ig tha annual figure.

HUMD 1 - HUMD 13  Mean relative humidity (%)

SUNS 1 - SUNS 13 Percent possible sunshire

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

PREC 1 -~ PREC 13 Mean prec pitation in millimeters

EVTR 1 - EVTR 13 Potential evapotranspiration in millimeters

PRDF 1 - PRDF 13 Precipitation deficit in millimerters

DPFR 1 ~ DPPR 13 Dependable precipitation in millimeters

MAL 1 ~ MAT 13 Moisture Availability Index,

Codification: This comes with the climatic data tape.
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2. File LANDSYST

Contents: The landscape characteristics of the land systerms

Variables: The following variables are recorded on Format

L1, pages 1 and 2, Figures 10 and 11 and have been explained on

pages t4and 15 of the text,

LANDSYS

AREA

ALTITUDE

1
L 17 ;
L 18
L 19

L. 20 5

L 21
L aa i
L. 25

L o7 ?
L 2528
PHYSUNIT

CODEST

Codification:

The land system code o identify a land systemn
and interact with ather flles,

The area of the land system in hundreds of
square kilometers (kmg = 100) estimated
from map measuraments,

The altitude of the major part of the landscape.

Their description, type and values may be
found on Format L1, pages 1 and 2,
Figures 10 and 11,

Fhys lographic unit number,

The code of the meteorological station most
typical of the land system,

This is carried out on Format L1, pages 1
and 2, Figures 10 and 11,

[T -




3., File LANDFAC
Contents: The characteristics common to 2 landscape
facet of each land system.
Variables: Refer o Figure 12 (Format L.1), page 3 for the
record of the following variables, and pages 16 arxd 17 of the text for
an explanation,

LANDSYS The code of the land system o which the land
facet belongs. -

FAC The land facet code 1, 20r 8 (a maximum of
three facets per land syetem).

GENDES Landscape facets, generalized description,

PERC~_S Areas of landscape facets as a percentage of
the lard systerm, Note: If there is only one
facet described for the larnd system, it will
be roted as 99% and must be converted to 100%,

\
TC 1 0 TC 4

Their description, type and values may
OvC1 o OVC9 " be fourd on Format L1 page 3, Figure 12,
There are also variables that contain the

OVCA > areas for each of the items; the names of
[ these variables are formed by prefixing

IVAPPR | the letter A to the name in Guestion, e.d.
! A OVCA,

IVAPRPC )

F1t FB9

on Format S 1, pages 1 to 3, Figures 15 16,

} Their description, type ard values may be found
and 17,

Codification; This is made on Format L1 page 3, Figure 12, and
Format 51, pages 1 to 8, Figures 15 18and 17

i3 e e R 7 £ e e

S ———

[ R R —



37.

4, File DISTRIBU

Contents: The distribution of the land systermn geographical

codes for each 5 minutes of longitude by B minutes of latitude of

the aereal extent of a land system,

The longitude and latituwde identifies the northwest cormer

of the rectangle  which the code applies. Diagrammatically,

the longitude and latitude A indicates the shaded rentangle,.

Variables:

LONGITUD

LATITUD

LANDSYS

Codification:

51 ] 51 s
.
51 G5t
a5t 8¢ g7

The longitude of the wordinates of point A
in minutes (degrees x B0 4+ minutes)

The latitude of the coordinates of point A
in minutes ( degrees x 60 + minutes).
This is negative for the Northern Hemisphere
and positive for the Southern Hemisphere,

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

This is carried out on code sheets according
o the distribution indicated on Format FC @ 1,
Figure 18 The western-most rectangle is
identified by the code of the land systemn pre-
dominating in that area and the identification
of land systerms is continued to the east, If
o data exists, a period records this fact,



38,

The input of data to the system

The input is achieved from:

a) Formats - These are used for the LANDSYST and LANDFAC

files., Part of the information on Format L4, as already indicated,
goes to the LANDSYST file and part to the LANDFAC. All the
info rmation on Format S+ passes to the LANDFAC file.

b} Grid — From the land system codes applied ® each 5 x 5t
rectangle of the land system maps, the western rectangle is identified
(latitude ard longitude) and the rest of the grid i.clentiﬁed by inference,

¢) Tape - The climatic tape of Hancock et al.'s study (5)
is used as the source for the climatological data. The description
of this comes with the tape,

The data output

From the four principal pelationships (files) it is possible to
generate different information according t© the varying needs of
the wsers of the Land Resource Ewvaluation study, Basic information
output would include:

- Printouts of the larnd resource information for individual
land systerns in terms of the collated climatic landscape,
vegetation and soil data; Figure 19 illustrates this
capacity.,

- L.ists of comparative data for selected properties of any
predetermined group of land systems or geographical

area. This is shown by Appendix IV which gives a
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H

printout of such lists for the central-west area of
Brazil.

Areal totals for any recordad characteristic in terms

of the wvalues assignaed to those characteristics either
descriptive or numerical, over any predefined gaogra-
phical area. Figure 4 and Appendix V illustrate this
capacity.

Maps of the land systems of any given area. Figure 20
is an example of the land systerns map printout of
Tocantins(SC-22); see also Appendix Vi,

Thermatic rmaps of any of the characteristics evaluataed
according to the classification of those characteristics,
for any geographical area. Figure 21 provides an example
by showing the percentage of Al saturation in the topsoil

of map SC~22, Tocantins; refer also to Appendix VIl.

Furtrer, it was envisaged that the systern would have the

capacity to

Identify possible correlations between any of the character-
istics described. Figure 22 a part of Apperndix Vil is an
example of how the vegetation of the central-west of
Brazil was comparaed o the total wet season potential
evapotranspiration, a rating generated from the climatic
data by fotalling the potential evapotranspiration figures

for those months with an MAL greater than 0.33.
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- Permit the analysis of the land resource data in terms
of other types of information obtained from other types
of study, particularly economic studies.
The methadology already developed by SAS which integrates
the maragement of data according o their Relational Data Base Corweept.
with procedures for statisticel analyses and those that facilitates
reporting, was chosen  implement the major part of the storage,
analysis ard retrieval system,
The SAS files as a component of the data base to date are:

In the O.2. File the following SAS files are found:

CLIMA

LANDSYS

LANDFAC 2

AR1T - Rio San Francisco $SC-23
AR2 - Cuiaba SC~21
ARS - Tocantis SC-22
AR4 - Brasilia SD-23
ARS - Goias SD-22
ARs ™~ Goiania SE-22
AR7 - Corumba SE-21
ARg — Rio Apa SF-21
AR - Belo Horizonte SE-23

(The distribution of the land systems over
central-west Brazil),

Further files have been and continue to be created,ii’ov the
cther maps. i
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The General Description of the system may be explained diagrammatically:
Land Resource
Evaluation Project
1.0
File formation Report presentation
and up-dating port p @
1.1 1.2
dscape, e - o
. Lan . P st Dustribution of the Bescriptive and
Climate soils : Physical e | Maps
and chemical properties tand system every 5 x 5 anslytical reporis
i.1.1 L2 1.1.3 L1 1.23

s numbers inside the blocks refer to the more detailed input~process-output description

the following pages.
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1. File Formation
CLIMATE
Climatic tape
Tat.1
Input Process Output
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Format
I

L2

S

51

S

1*1.2

1.

2.

Farfoverification.

Formation of the
files,

L1

LANDYST

LANDFAC

N PN

AN R 20 .

input

Process

Output
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Perfoverification,

Form the file.

Generate list and file
of frequencies,

L 4

AL,

‘?

F’ADi

Process

Output
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CLIMATE
» LANDSCAPE
SOl

. DISTRIBUTION

.2

.

On the basis of the information or analysis re-
quested, one or more of the four basic files
are inter-related,

« Reports to present the information are already
availab.le,

. Listing of the files in a legible format.
e.g. Climatic data lists.
Landscape data lists and soll data for the
different land systems.

Additionally, the totals of the areas for each
value of the wveriables for landscape and soil
have been obtained.

For new guastions,the soft-ware developed by
S AS will be used, and this is facilitated by
using the groupings referred to in SAS as
MACROS,

L.ists

Maps

v e
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Procedures are being developed in order o answer the many
questions arising from the study; a programming manual and users!
guide should be completed by mid-1880. These manuals are being
produced and added to as the many Questions that the study can
halp resolve are being answered. Meanwhile, CIAT's Data Services

Unit is available to help investigators use the study t© best effect.
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LAND RESOURCE STUDY OF TROPICAL AMERICA
PEFRCENT AL SATURATION
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TNPSNIL®'S AL SATURATION ¥
FREQUENCY CUM FREQ PERCENT CUM PERCFENT

ni1ng 9506 9506 39 . 160 39 . 160
10-40 % 2362 11868 9 .730 48,820
40-70 % 4385 16253 18,064 66.954%

70% 8022 24275 33,046 100,000

SURSOIL'S AL SATURATION % MEQ/100 GM
FREQUENCY CUM FREQG PERCENT CUM PERCENT

o0 1n% 11780 11780 48,527 48,527

10-40 % 3R36 15616 15.802 644330

40-70 % 2088 17704 8,601 72.931
70%

6571 24275 27,069 100,000

Figure 4. Percent Al Saturation levels, Central—west
Braazil.
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Yar.Ho.

k]
Study No. and Card Mo. [T {17

LANDSCAPE

LAMD SYSTEM No.
AREA in Km x 10°
ALTEITUDE in nts

GENERALIZED CLASSIFICATION

Lowlands, below 900 = 8
dplands, nbnve 600 m A
Well drained Tands 5
Poorly drained i=2nds I
Flat lanas, siooes <04 P
Hitly lands, siop=s> 39 "
Savannas 5
Forests M
Others 0]

GEQLGRICAL NOTES

3

LANDSYS
7{ i?}tfl(}! She i

1-

17 _

L7 LdLg 120

A part of the Pre-cambrian crystalline tablelands consiting of metamorghic

and volcanic rock covered with localized detfrital sediments of lesser age,

parent rock of the scil.
the plateay edge.
HYDRROLGGICAL NOTES

Lagoons in vicianity of Brasilia are marn-made.
is plentiful.

DISTANCE BOTUEEN PERENNIAL STREAM
G-5 Km 1
5-10 Km Z
>10 Km 3
Unknown 4
DEPTH OF WELLS
g-5% m 1
5-10 2
>l m 3
Unknown {

Figura 10.

_Micas,micaceous gneiss, quartz, marbles and occasional granites form the
An occasional stony laterite cap may be seen near

Sutterranean water apparently

Format L1, first page.
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Yar.No,

ATtitude 1100

?u?,z.._.ﬁ????wm 29992999
1000, 1
[

1 \}\ 2 &W%wmz _—
!

in

mis.

2.{L1)

GENERALIZED SOIL CLASSIFICATION ACCORDING TO SOIL TAXONOMY.

(RDERS

Alfisol
Aridisol
Entisol
Histosol
Incentisol
Hollisol
gxisal
Spodosol
Bitisal
Vertisol

SUBDRDERS
See complementary code,

vl o i J oo Jou o 1 o B )

LANDFQORM QUAGRAM. Subdivision of Landscane into Facets

800

1
%2%1

] |

0 5

ho 15

Distance in Kms,

Physiographic gynit

Ej:]i}pﬁ¥SUNiT

30

LANDSCAPE FACITS, generalized description

. Plain
Depression
Valley
Yalley Bottom
Lonvex sloning terrain
Concave slaping terrain
Reiling terrain, slopes
Hilly terrain, slope;
Crest
Plateay
Escarpment
Tarrace

TS

<307
30%

N ed YL B X TV O e O e (D30

Figure‘ 11.
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3.0

Var.No.
Landscape facet No.l 3314
-Landscape facet Ho.Z 34] V| GENDLS
Landscape facet No.3 35[0
AREAS OF LANDSCAPE FACETS AS PERCENTARI OF L.S.
Landscape facet No.l 36 1315 pere Ls
Landscape facet HNo.? 381115
Landscape facet No.3 Lo
TOPOGRAPHIC CLASSIFICATION, LANDSCAPE FACETS Ty Tyealtes 1Tk
) glat £ a. ]
s 00}" &5 o 3¢
nrain 85 (3075 1305
Landscape facet No.l Lz g 170
Landscape facet No.2 50 5i0 15 0
Landscaps facet No.J 58
ALTITUDE 1in mts.
Landscape ¢ : 6e11101510
ane Tacet Mo, SToTs

1
Landscape facet Np.7 70
Landscape facet No.3 74

Duplicar hasta columna s

QRIGINAL VEGETATION CLASSIFICATION,LANNSORED FACETS, PIRCENTAGFS.
cvcxaacﬁuvc%;;gf?vv‘mcdevC?hvc;3%&9&@@?

If'other'Seaslil+ v
state. jinples  CC ¢ |04 |TRFIESFEDSeatither
& Z 1o 1.
Landscape facet Yo.l 22 1 519 515; 5 '
Landscape facet No.Z | i l L
. Landscape facet Ho.l *SF_ l | |

) ‘&1 PUOnARC
INCUCED VEGETATION, ACTUAL PLRCENTAGE 745 4
curdbrans
Landscape facet No.l 661310 3
Landscape facet No.Z 7ot 1o
Landscape facet No.3J 74

Figure 12, Format L1 {cont.), third page.
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A typical land system, No. 49 showing a clear
subdivigion into two principal land facets, 1 and 2.




Symbol

DESCRIPTION

\l/

-0

v/

€ % -0 -0

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

Palm forest

Caatinga (dry forest)

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



Study

LAND SYSTEY lNo.

LANDSCAFE FACET Ro.
LARDSCAPL

SOTL CLASSIFICATION
Atcrrding Lo “oil Taxeromy

FACET AS

k]
ORDERS Fi
Alfisol A -
Aridisal 0
tntizo) £
Histosol H
Inzeptisol 1
Molligel "
Gxisgl )
Spodosel 5
Pitisol i’
Yertisol Y n
SUBORDERS [ouzc™n = Fiefl] SRR
See comalamertary code
GREAT SROUP [s3m:7sm = srer2erd] 32777 63
See complemantary cade
SOIL PHYSICAL PRGQERT{ES
SLOKE
< By, 8 YUIET ey
8-30" g -
> 30% A
TEXTURE TCPSQTL. 0~20 com.

- 13
Sand S FCC type (€] Fs
Loam L FCC  type
Clay £ . FCC  type
Organic o FECC  type

TEXTURE, SUBSOIL 20-50 cm. e [] es
Sand S FCU sub-type
Loam L FCL enb-tyne
Clay e FLC sub-type
Rock £ FCL  sub-type

Rock or ether hard rogt restric-

ting laver.

COARSE MATERIAL

< 15¢%
15-357
> 36%

TOPSOIL {> 2mp diam. }
SUBSOIL (> 2am diam,

P

Less

Ho. énd Card Ho.

B
’L:I:{I] LANGS¥;

>

, L Fac
PERCERTAGE OF L.S. "9 41

DEPTH
2150 cm  p 13
504150 em M LR
20~ 50 cm 3
4 20 L
INITIAL INFILTRATION RATE 2o
F10
High A
Medium M
Low B
HYDRAYULIC CONDUCTIVITY “@ £t
High A
Mpdium L
Low B
DRAINAGE E] 2
Good B

feficient by

Paor § FLC modifer
(FeC #.)
MOISTURE HOLDING CAPACITY 22
High A Bl re3
Hedfum #
Low B
)
TEMPERATURE REGIME F1h

Mean anﬁﬁﬁémﬁ-var*

Isohyperthermic 2 22°C <5°C 5

Iscthermic 15-22°C «5°¢ |

Hyperthermic 2 22°C »&°C H

Thermic 15-22°C >5¢¢C T

2%

MOISTURE REGIME F16§
upic U )
UsTIC S50 FCC M
LERIC X0 fFLE M,

=1
EXPANDIHG CLAYS (o] =6
2350 zlav and »50° 241
expanding clays, (nuf 0,08 v vag
than ¥ 1]

Varieidion sntizen I hovost manthy and 3 canlest worths at 50 cwus depth,

Figure 15. F&rmat S1, first page.



SOIL CHEMICAL PROPIATIES
Analysis According to Hth,

- 2. {s1)

Carolina Methodology

T - Tupsoil 0-20cm{approx.) S-subsoil 20.50 cm (approx.)

pH

ze T 3
7713 A (0] [H
5.3-7.3 M Fi17 FI1B
< 5.3 H FCC .
35 T
AT SATURATION AL 1
40-70 3 H F13 F2e
10-40 £ M
<10 % B
~70 % A FLC H
Unknown U
521 S
EXCHARGEABLE Al {gq [g]
meg/ 100 gm so0id F Fo2
1.5 &
§.5-1,8 ¥
L 4.8 B

Unknown U

7 5
EXCHANGEABLE €2 i
meg/ 100 gm szoil B}

F23 F2b
2 4.0 A
0.4-4,0 M
<0.4 8
Unknown ]
T S
EXCHANGEABLE Mg 36 Y
meq/100 gm soil E
>0.8 A Fi5 F24
p.2-0.8 M
< 0.2 B
Unknown [§]
EXCHANGEABLE X sg, L 8
maq/100 gm coil KLk
> 0.1 & F27 F28
§.15-0.3 M
< 0,15 K Feon
Unknown H!
EXCHANGEASLE Ka vo L S
meq/ 100 gm soil (8]
> 0.2 A F19 fr30
0.1-0,2 #
{0.1 =&

Unknown U

TOTAL EXCHANGEAZLE BASES

meq/100 gm soil rel oS
> 06 A F31 F32
27§
<2z 8

Urknowan 4

Figure 16.

CATION EXCHANGEABLE CAPACITY
meqfiad gm sgi)

28

4.8

<4

Unknown
ORGANIC MATTER % 46

> 4.5 A
1.5-4.5 M
8
U

FCee .

L G e
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Figure 17. Format S1 continued, third page.
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Figure 22. Comparison of the frequency ofoccurrence of the
native vegetation classes with total wet season
- potential evapotranspiration regimes.
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The Code Letters used for computerizing the Orders,
Suborders and Great Groups of the U.S.Soil Taxconomy.

- Order Code Suborder Code Great group Code
Alfisols__ A Aqualfs__ A Albaqualfs AL
Duraqualfs pu

Fragiaqualfs FR

Glossaqualfs GL

Natraqualfs NA

Ochraqualfs 0C

Plinthagualfs PL

Tropaqualfs TR

Umbraqualfs UM

Boralfs______ B0 Cryoboralfs CR
Eutroboralfs Ey

Fragiboralfs FR

Glossoboralfs GL

Natriboralfs NA

Paleboralfs PA

Udalfs wo_ Agrudalfs AG
Ferrudalfs FE

Fragiudalfs FR

Fraglossudalfs FL

Glossudalfs GL

Hapludalfs HA

Matrudalfs NA

Paleudalfs PA

Rhodudalfs RH

Tropudalfs TR

Ustalfs ___ _ us__ Durustalfs ou
Haplustalfs HA

Matrustalfs NA

Paleustalfs PA

Piinthustalfs PL

Rhodustalfs RH

Xeralfs L Durixeralfs ou
Haploxeralfs HA

Natrixeralfs NA

Palexeralfs PA

Plinthoxeralifs PL

Rhodoxeralfs RH

Aridisols Argids__ AR Durargids Dy
Haplargids HA

Nadurargids ND

A Natrargids NA
Pateargids PA

Orthids____ OR___ Caicia?thids CA
Camborthids oy

Burorthids Dy

Gypsiorthids GY

Palearthids PA

Salorthids SA
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Order Code Suborder  Code Great group Code
Entisols___ E _____ Rauents AQ _ Crvaquents CR
T Fluvaquents FL.

Haplaguents HA

Hydraquents HY

Psammagquents PS

Sulfaguents su

Tropaguents TR

Arents ___AR Arents AR
Fluvents T ""FL """ """ Cryofiuvents CR
" - Torrifluvents TO
Tropofluvents TR

Udifluvents ]

Ustifluvents us

Xerofluvents XE

Orthents_____ OR .. Cryorthents CR
Torriorthents T0

Troporthents TR

Udorthents un

Ustorthents us

Xerorthents Xt

Psamments___ PSS Cryopsamments CR
Quartzipsamments QU

Torripsamments T0

Tropopsamments TR

Udipsamments Up

Ustipsamments Us

Xeropsamments XE

Histosols___ R . Fibrists____F1______ Borofibrists B0
o TTTTT Cryofibrists CR
Luvifibrists Ly

Medifibrists ME

Sphagnofibrists SP

Tropofibrists TR

Folists___ o Borofolists B0
Cryofolists CR

Tropofolists TR

Hemists______ HE Borohemists BO
Cryohemists CR

Luvihemists LU

Medihemists ME

Sulfihemists St

Sulfohemists SO

Tropohemists TR

Saprists____SA Borosaprists BO
Cryosaprists CR

Medisaprists ME

Troposaprists 12

Inceptisols__ I Andepts______ AN Cryandepts CR
Durandepts Dy

Dystrandepts py

Eutrandepts EY

Hydrandepts HY

Placandepts PL

Vitrandepts Vi
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Order Code Suborder Code Great group Code
Aquepts______ s Andaquepts AN
Cryaguepts CR
Fragiaguepts FR
Haplaguepts HA
Humaquepts HU
Placaquepts PA
Plinthaquepts PL
Sulfaquepts SU
Tropaquepts TR
Ochrepts___ oc______. Cryochrepts CR
Durochrepts DU
Dystrochrepts DY
tutrochrepts EU
Fragiochrepts FR
- Ustochrepts Us
Xerochrepts XE
Plaggepts___ PL Plaggepts PL
Tropepts__ R . Dystropepts DY
- Eutropepts EU
Humitropepts HUY
- Sombritropepts 50
) Ustropepts Us
Umbrepts__ "UM Cryumbrepts CR
'''''' Fragiumbrepts FR
Hapiumbrepts HA
‘ Xerumbrepts XE
Moilisels Albolls__ AL Argialbolls AR
Natralbolis NA
Aquolls_____ L Argiaquolls AR
Calciaquolls CA
Cryaguolls CR
Duraguolls pu
Haplaquoils HA
. Natraquolis NA
Borolls_____ 8O . Argiborolls AR
i ’ Calciborolls CA
Crycborolls CR
Hapleborolls HA
Natriborolls NA
Paleborolls PA
Vermiborolls VE
Rendells___RE____ Rendolls RE
Udolls____ _ u__ . Argiudolls AR
©  Hapludolls HA
Paleudolls PA
Vermudolls VE
Ustolls___ us_______. Argiustolls AR
: Calciustolls CA
Durustoiis DU
Haplustolls HA
Natrustolls NA
Paleustoils PA
Yermustolls VE
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Order Code Suborder Code Great group Code
Xerolls A Argixerolls AR

" Calcixerolls CA

Durixerolls pis

Haploxerolls HA

Natrixerolls NA

. : Palexerolls PA
Oxisols___ 0 _____ Aguox___ AQ Gibbsiaquox Gl
Ochraquox oC

Plinthaquox PL

Unbraquox UM

Humox HU ___ Acrohumox AC
““““““““““““““ Gibbsihumox Gl

Haplohumox HA

Sombrihumox S0

Orthox___ OR__ Acrorthox AC

- Eutrorthox EU

Gibbsiorthox Gl

Hapiorthox HA

Sombriorthox S0

Umbriorthox UM

Torrox__ w Torrox 10
Ustox________ us_ Acrustox AC
Eutrustox EY

Sombriustox S0

Hapiustox HA

Spodosols__ S Aquods AQ. Cryaguods CR
- Duraguods oy
Fragiaquods FR

Haplaquods HA

Placaquods PL

Sideraquods S

Tropaquods R

Ferrods_____ FE . Ferrods FE

Humods __HU _ Cryohumods CR
"""""""""""" Fragthumods FR

Haplohumods HA

Placohumods pC

Tropohumods TR

Orthods R Cryorthods CR
Fragiorthods FR

Haplorthods HA

Placorthods pC

Troporthods TR

Ultisols_ u Aquults A Albaguults AL
""""""""""""""""" Fragiaguults FR
Ochraquuits {c

Paleaquults PA

Plinthaquults PL

Tropaquults TR

Umbraquults UM

Humults HU Hapiochumults HA
Palehumults PA

Plinthohumults PL

Sombrihumults SO

Tropohumults TR
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Orders Code Suborder Code Great group Lode
Udults w_o_ Fragiudults R
T Hapludults HA
Paleudulits PA
Plinthuduits PL
Rhodudults RH
Tropudulits TR
Ustults___ us_ Haplustults HA
Paleustults PA
Pilinthustults PL
Rhodustults RH
Xerults XE Haploxerults HA
"""""""" Palexerults PA
Vertisols VvV Torrerts T0 Torrerts T0
"""""" Uderts ~~ (0 Chromuderts CH
”””””””””””””””” Palluderts PE
Usterts us Chromusterts CH
"""""""""""""" Pellusterts PE
Xererts X£ Chromoxererts CH
""""""""" Pelloxererts PE
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A approximate correlation between

the Soil Taxonomy Great Group, the

FAD L.egend and the Brazilian Soil
Classification System,

Sources:
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Nunes Camarge M. et al, 1975, Mapa esquernitico dos solos
das regioes norte, meilo-norte e centro-oeste do Brasil. Boletim
Tecnico No, 17, Centro de Pesquisas Pedolifgicas, EMBRARPA,
Empresa Brasileira de Pesqguisa Agropecuaria, Rio de Jangiro,
. 86—-88.
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VS DA

ALFISOLS

AQUALFS
Albaqualfs

Duragualfs
Fragiaquaifs
Glossaqualfs

Natraqualifs

Cchragualfs
Plinthaqualfs
Tropagualfs

Umbraqualfs

BORALFS
Cryoboralfs
Eutroboralfs
Fragiboralfs
Glossobo ralfs

MNatriboralfs
Paleobtoralfs

UDALFS
Agrudalfse
Ferrudalfs
Fragiudalfs
Fraglossudalfs
Glossudalifs

Hapludalfs
Matrudalfs
Paleudalfs

FAQ

Luvisols {3)
Eutric Nitosols ()

Gleyic Luwvisols (1)
Eutric Planosols
(M, @

Orthic Solonetz (1)

Glevic Fodzoluvizols

M
Gleyic Solonztz

(M, @&
Soledic Planosols (2)
Eutric Planosols (2)

Eutric Gleysols (2)

Eutric Plancsols (2)

Albic Luvisols (1)

Eutric Podzoluvisols

M

Evtric Podzoluvisels
Q)]
Orthic Luvisols (N

Eutric Nitosols (1),
(2

BRAZIL.

Terra Roxa Estruturada (3)
FPedzolico Vermelbho Amarelc
Equivalents Eutréfico (3)

Plarosols (1)

Solos Hidremorficos

Cinzentos Eutréficos (2)

Solonetz Soledizado (8)

Flancsol {2)

Solos Gley Pouco HUrmicos

Eutrdficos ()
Seolog Hidromérficos

Cinzentos Euirdficos (2)

Terra Roxa Estruturada
medium © high base status

M

;
|
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Us b A

Rhodudalfs
Tropudalfs

USTALFS
Durus talfs
Hanptustalfs

MNarrustalfs

FPalews talfs

FPlinthustalfs

Rrodustalfs

KERAL FS
Durixeraifs
Haploxeralfs

Natrixeralfs
Palexeralfs
Plinthoxeralfs
Rihodoxeralfs

F A O

Ferric Luvisols (&)

Eutric Nitosols (1)
Eutric Nitosols (1)

Ferric Luviscls (8)

Calcic Luvisols (1)

Ferric Luvisols (2)
Gleyic Solenetz (1),(2)
Solodic Flarascls (2)
Eutric Flarosols (2)
Eutric Plarnosols (1)
Eutric (Rhodic)
Nitosols (2)
Ferric Luvisals (2)

Plinthic Luviseols (1),
&)

Luvic Yermosols (1)

Ferric Luvisols (2}

Chromic Luvisols (1)
Orthic L.uvisols (1)
Orthic Solonetz (1)
Eutric Plarosol (1)
Plinthic Luvisols (1)
Chromic Luvisols (1)

R 3

BRAZIL

L.aterftico Bruro Avermelhado
Eutréfico (2)

Podzclico Vermelbo Amarelo
Egulvalente Eutrdfico ()

Terra Roxa BEstruturada
medium to high base status |
(1)

Lateritico Bruro Ava:’rnelhadoi
Eutrdfico (2) |

Podzélico Vermelho Amarelo

Equivalente Eutrdfico (@)

FPodzolicn Vermelho Amarelo
Equivalente Eutrdfico (2) |

Solonetz Solidizado (2)
Plarosol (2) |

Planosol (1)

Laterltico Bruno Avarmelhado
Eutréfico (2)

FPodzélico Vermellho Amarelo
Equivalente Eutréfico (2)

Laterita Hidromorfica Eutrédfic:
)

Terra Roxa Estruturada meadiur
o high base status (1)

Podzolico Vermelho Amaralo
Equivalente Eutrdfico (2)

Solos Bruros Nao Calcicos (2)

Plarncsol (1)
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UsS DA FAQO BRAZIL,
ARIDISOLS Typic Yermosols (1) Soils with Natric B horizon (3)
ARGIDS Luwvic Yermosols (1)
Durargids Luvic Xerosols (1)
Haplargids Luvic Xerosols (1)
Nadurargids Orthic Solonetz (1)
Natrargids Orthic Sotlonetz {1)
Paleargids Eutric Plarosols (1) Planosol (1)
ORTHIDS
Calciorthids Calcic Xerols (1)
Calcic Yermaosols (1)
Gypsic Xervsols (1)
Camborthids Haplic Xerosols (1)
Haplic Yermosocls (1)
Durorthids Haplic Xerosols (1)
Haplic Yerrmosols (1)
Gypsiorthids Gypsic Yermosols (1)
Palecorthids
Salorthids Orthic Solonchaks {1)
ENTISOLS Regosols (3)
AQUENTS
Cryaquents
Fluvaguents
Haplaquents Eu-Dystric Gleysols (1)
Hidragquents
Psammaquents Eu-Dystric Gleysols (1)
Sulfaguents
Tropagquents Eu-Dystric Gleysols (1) Scolos Gley Pouco HGmicos
Distréficos v Eutrdficos (2)
ARENTS
Arents
FLUVENTS Fluvisols (1)
Cryofluvents
Torrifluvents
Tropofluvents Eu-Dystric Fluvisols Solos Aluviais Eutrdficos vy
g Distréficos (2)

Dystric Cambisols (1)
Gleyic Cambisols (1)
Udifluvents
Ustifluvents
Xerofluvants
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Us b A

ORTHENTS

Crvorthents
Torriorthents
Tropo rthents
Udartents
Usto rthents
XKerorthents

PSAMMENTS
Cryopsamments
Quartzipsamments
Torripsarmments
LUdipsamments

Lstipsammants
Xeropsamments

HISTOSOLS

INCEFTISOLS

ANDERPTS

Cryandepts
Durandepts
Dystrarndepts

Eutrandepts
Hydrandepts
. Placandepts
Vitrandepis

AQUEPTS

Ardaquepts

Cryaquepts
Fragiaguepts

Halaquepts

Haplaquepts

F A O

Regosols (1)
Gelic Regosols (1)

Regosols (1)
Arenosols (1)
Ferralic Arenosols (3)
Gelic Regosols (1)
Albic Arencosols (1)
Fsrralic Arenosols (2)

Albic Arenosols (1),

)
Albic Arenosols (1)

Histosols (1)
Cambisols (3)

Andosols (1)

Ochric Andoseols (1)
Humic Andosols (1)
Mollic Arndosotls (1)

Humic Andosols (1)

Vitric Andosols (1)

Eu-Dystric Gleysols
M

Gelic Gleysois (1)

Eu-Dysiric Gleysols
o

Gleyic Solonchak (2)

Eu-Dystric Gleysols
(H

BRAZIL

Red arnd Yellow Sands (3)

Red and Yellow Sands (1)

Argias Quartzosas Vermelhas
Amarealas (2)

Areias Cinzentas com fragipan

)

Solos Orgénicos (2)

Soils with incipient B horizon

&

Solos Saliros Costeiros
Indiscriminados (2)
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US DA

Humagquepts
Placagquepts
Flinthaguepts

Sulfagquepts
Tropaquepts

QCHREPTS
Cryochrepts
Durcchrepts
Dystrochrepts
Eutrochrepts

Fragiochrepts
Ustochrepts

Xerochrepts

PLAGGEPRPTS
FPlaggepts

TROPEPTS
Oxic Tropepts)
Dystropepts
Cutropepts
Humitropepis
Sombritropepts
Ustropepis

UMBREPTS
Cryumbrepts
Fragiumbrepts
Haplumbrepts

Xerumbrepts

FAO

Humic Gleysols (1)

Piinthic Gleysols (1),
)

Plinthic Acrisols (&)

Plinthic Ferralscls

Eu-Dystric Gleysols

(1, (&)
Humic Gleysols ()

Gelic Cambisols (1)

Dystric Cambisols (1)
Eutric Cambisgols (1)
Calcic Cambisols (1)

Calcic Cambisels (1)
Eutric Cambisols (1)
Eutric Cambisols (1)
Calcic Cambisols (1)
Chromic Cambisols (1)

Ferralic Cambisols (1)
Dystric Cambisols (1)
Eutric Cambisols (1)
Humic Cambisois {1}

Humic Cambisals (1)
Rankers (1)

BRAZIL.

Laterita Hidromorfica
Distréfica (2)

Solos Gley HGmicos
Distrdficos (2)

Solos Gley Pauco Himicos

Distréficos (2)

S ——
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Us D A |

MOLLISOLS

ALBOLLS
Argialbells
Natralbolls

AQUOLLS
Argiagquolls

Calciagquolis
Cryaquolls
Duragquolis
Haplaquolls

Natragquolis

BOROL.LS
Argiborolls

Calciborotis
Cryoborolls
Haploborolls
Natriborolls
FPaletorolls
Vermiborolls

RENDOLLS
Rendolls

UDOLLS
Argiudolls

Hapluwdolis
Palewudolls
Vermudolls

USTOLLS
Argiwstolls

NMollic Planosols (1)
Mollic Solonetz (1)

Gleyic Phasozems (1)

Mollic Gleysols (1),
(@)

Mollic Gleysols (13,(2)

Orthic Greyzems (1)
l.uwvic Cherrczems (1)
Caleic Chernozems (1)

Haplic Chermozerrs (1)

Mallic Solonetz (1)

Haplic Charnozerns (1)

Rendzinas (1)

Luvic Phasozermns (1),
()

Haplic Phaeoczerns (1)

Eutric Fluvisels (1)

Luvic Phaeozerns (1),
@

Calcic Phaeozems (1)

Lowvic Phaeozems (1)
Luvic Kastarozems (1)

BRAZIL

Solos Gley Himicos
Eutréficos (2)

Solog Gley HGmicos
Eutréficos (2)

Brunizern Avermelhado (23

Solos Aluviais Eutréficos (2)
Brunizem Avermelhado (2)

Brunizem Avermelhado (2)

e
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S DA
Calciustolls

Durusiolls
Haplusitolls

Natrmeoils
Paleustolls

Vermushlls

XEROLLS
Argixerolls
Calcixerolls
Durixerolls
Haploxerolls
Natrixerolls
Palexerolls

OXISOLS

AQUIOX
Gibbsiaquox
Qchragquox

Plinthaquox

Umbragquox

HUMODX
Acrohumox
Gibbsihumox
Haptohumnox
Sombrihumox

ORTHOX

Acrorthnx

A O

Calcic Kastanozerrs

@

Haplic Kastarnoze s

M
NMollic Solonetz (1)
Luvic Phasozerms (1),

@

Mollic Solonetz (1)

Dystric Gleysols (2)

Flinthic Ferralsols (1),

)
Plinthic Gleysolas (1),
€9
Plinthic Acrisols (2)
Hurnic Gleysols (2)

Orthic, Acric v Xantic
Ferralsols (3)

Acric Ferralsols (1),
(=)

Orthic Ferralsols (1),
=

Rhodic Ferralsols (1),
(2)

Humic Ferralsols (2)

BRAZIL

Brunizem Avermelhado (2}

Solos Gley Fouco Humicos
Distrdficos y Eutrdfions (2)

Laterita Hidromorfica
Distréfica (2)

Solos Gley HOmMicos

Distréficos (2)

Latosol Vermelto Amarelo

Distrdfico (2)

Latosel Vermelto Escuro

Distréfico (2)

(Rhodic Ferralsol=) L.atosol

Roxa (1)
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Us DA

Evtrortox

Gibbasiorthox
Haplorthox

Sombriorthox
Umbriorthox

TORROX

USTOX

Acrus tox

Eutrus tox

FAQ

Orthic Ferralsols (D
Riodic Ferralsols (1),
&), )

Acric Ferralsols (1)

Orthic Ferralsols (1)

Rhodic Ferralsols (13,
(2)

Xantic Ferralsols (13},
@)

Humic Ferralsols (2)

Xamtic Ferralsols (1)
Humic Ferralsols (1)
Rhodic Ferralsels (1)

Acric Ferralsols (1),
(2)

Grthic Ferralsols (1),
2

Humic Ferralsols (2)

Orthic Ferralsols (3)

Acric Ferralsols (O

Xantic Ferralsols (3)

Orthic Ferralsols (1)

Acric Ferralsols (1),
@

Rhodic Ferralsols (2)

Humic Ferralsols (2)

Orthic Ferralsols (1),
€3

Rhodic Ferralsols (1),
@), (3

" 1

BRAZIL

Latosol Roxo Eutrdfico ()

Latosol Vermesliho Escuro
Eutréfico (2)

L atosol Roxo or Terra Roxa
L.egltima (Dusky Red
Latosol) {3) :

Latosol Amarelo Distréfico (2)

Latogel Roxo Distréfico (2) é

Latosol Vermelho Amarelo é
Distréfico (2) §

Latosol Vermelho Escuro
Distréfico (2)

Xantic F=) Pale Yellow Latoso
M

{(Rhodic F=) Latosol Roxo (1)

tatosol Vermelho Amarelo
Eutrdéfico y Distréfico (2)
Red Yellow Latosol (1)

L-atosol Amarelo (3)
Latosel Vermelho Amarele (3} §
Latosol Vermelho Escuro (3)
Latogol Vermelho Amarelo
Distrdfico (2) :
Latosol Vermelho Escuro ?
Distréfico ()

Latosol Roxo Eutrdfico (2)

Latmsol Vermelho Amarelo i
Eutréfice (2)
latosol Vermelto Escuro
Eutréfico (2)
Latosol Roxo or Terra Roxa |
L.egitima (Dusky Red l.atsol);
(3
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USs DA

Sormbrius tox
Haplus ox

SPODOSCLS

AQUODS
GCryaguods
Duraguods
Fragiaguods
Haplaquods
Placaguods
Sideraquods
Tropaguods

FERRODS
Ferrods

HUMODS
Cryohumods
Fragihurnods
Haplohumods
Placchumods
Tropohumods

ORTHODS
Crvyorthods
Fragiorthods

. Haplorthods
Placerthords
Tropo rthods

UL TISOLS

AQUULTS
Albacguults

Fragiaquults

Crthic Ferralsols (1)
Acric Ferralsols (1),

(2

Riodic Ferraiseols (2)

Hurnic Ferralsols 2)

Podzols (1)

Gleyic Podzols (1)

Gleyic Podzols (2)

Ferric Pedzols (1)

Humic Podzols (1)

Placic Podzols (1)

Flacic Padzols (1)

Acrisols (3)

Dwvstric Nifpsols (3)
Gleyic Acrisols (1

Dystric Plarosols (13,

&

10,
BRAZIL.

Latosol Roxo Distréfico (2)

L-atosol Vermealto Amaearelo
Distréfico (2)

—atosol Vermealho Escuro
Distréfico (2)

Podzols (3)

Podzol Hidromorfico (2)

Podz&lico Vermelho Amarelo

(Red Yellow Podzolic) (3)

Planosols (1)

Solos Hidromo rficos
Cinzentos Distrédficos (2)
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us DA

Ochraguults
Faleaquults
Flinthaguults

Tropaquults

Umbraquults

HUMULLTS
Haplohumults
FPalehurmuits
Plinthohumults
Sombrihumults
Tropobumults

UDULTS
Fragiudults
Hapludults

Palewudults

Flinthudults

Rhodouwdults

Plinthic Acrisols (1),
(2)

Plinthic Gleysols (1),
@)

Plinthic Ferralsols
(1),

Dystric Plarosols (2)

Dystric Gleysols (2)

Humic Gleysols (2)

Hurmnic Nitosols (1)

Humic Nitsols (1)

O rthic Acrisols (1),
)

Ferric Acriscls {(2)

Dystric (Rhodic)
Nitosols (1), (&)
Humic {(Rhodic)
Nitosels (1), (&)
Ferric Acrisols (2)
Orthic Acrisols (2)
Flinthic Ferralsols (8)

Plinthic Acrisols (1},
)
Oystric Nitosols (1)

Ferric Acrisols (8)

Qrthic Acrisols (&)

Dystric (Rhodic)
Niwsols (1)

11,

BRAZIL.

Laterita Hidromorfica
Distréfica (2)

Solos Hidromorficos
Cinzentos Distrdficos (2¢
Solos Gley Fouco HOmicos

Distrdficos (2)
Solos Gley FiGmicos

Red Yellow Podzolic Soils,
low base status (1)

Podzblico Vermelho Amarelo
(&)

Fodzolico Vermelho Amarelo

(=)

Lateritico Brumo Avermelhado

Distrdfico

Laterita Hidromorfica
Distréfica (2)

Podz8lico Vermelho Amarelo
Flinthico (@)

Podzélico Vermelho Amarelo
)
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US DA

Tropowiulits

USTULTS

Haplustults

| Paleustults

FPlinthustults

Prodoustults

XERULTS
Haploxerults

FPalexerults

VERTISOLS

EAO

Humic (Rhodic)
Nitosals {(2)
Ferric Acrisols (&)

Orthic Acrisols (2)

Ferric Acriscls (&)

Orthic Acrisols (1),
{2)
Orthic Acrisols (1)

Ferric Acrisols (1),

()
Plinthic Acrisols (1),

&

Flinthic Ferralsols
2)

Dystric Nitwsols (1)

Orthic Aerisols (1)

Ferric Acrisols (2)

Orthic Acrisols (1)

Ferric Acrisols
Dhystric Nitwsols (1)

Vertisols

12

BRAZIL

Terra Roxa Estruturada low
base status (1)

FPodzolico Vermelho Amareio
(2>

Lateritico Bruno Avarmelhado
Distréfico (2)

Red VYellow Podzolic Soils low
base status

Podzdlico Vermelho Amarelo
@)

Podz8lico Vermelno Amarelo
)

Laterita Hidremorfica
Digtréfica (2)

Podzélico Vermelho Amarelo
Plinthico (2)

Terra Roxa Estruturada low
base status (1)

Podzélico Vermelho Amarelo

)

Red Yellow Fodzolic Soils low
base status (1)

Terra Roxa estruturada low
base status (1)

Solos Grumossolicos (2)
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APBENDIX IV

-

A printout of landscape and land facet variables of central-west Brazil, maps SC-22,

PR

.
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APPENDIX V

The % Al saturation in the soils of central~west Brazil

B A T L L L L L T T r Ty P e S A P 2 T 2 2 o STy S g A e e T T T T
FACIATICPE 0R (CTAT.TEMIAN) oL TATOZENA PARGAS MSGELEEVE 22,01,
17 CiLASS=R.TIME=S

LOG 1EF4n3] CIATTCPE STARTFAD TIMF217.32 .08 HUSFRzCIAY R

... LDG 000l 1FFAn3t CIATIORE STARTEN FIME=L7,.30,19 K e

LNG CIATYCRC SASTA 3,90 SECL 197K, N Iy 3 75 ou'f,b_ ﬁ_no CFL _________
CLDG FFFLO&T CTATTLCRPC FHMDED TIE=n1?.33.45

_ . LI anny TEFL04] CIATTCPC ENNED TIME=L7.33.45% o o o

47 EXFL SASThV¥=TAALOLS=ACN=TARD JCNPIASRY
ir 2 /STEPLIA DO DSN=CIAT.P ﬁﬂﬂﬁﬁf,Cﬁfﬁﬁ&ﬂ.ﬁﬁ!TuPIﬁK,VOL =CER=NANERZ,
s . f1_ DISP=SHR _
447 DD DSN=SAS.UIRRARY (WSTAELNISPRSHR
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- - e SRRV -
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€
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e B e .. PROC FREN NDATA= BT WLANDFRATZ e e n e o
AT Y cemn - - .. TARLES F19 F20. - e e
< w_"._.;, R FDR"EAT F19 SF19F, FZ0 $RI19F . ... T

R SR -_HEEGHT AREBAFAC . _ . . .. s e
"'MM__T,W(W,,.”_ TEITLES PERCENT AL SATURATFION . \ e o e ¢ mwn o v e
o o TITILEA Iocrsousretsassmesmaenmen, ==we5;==gm=;:§==m=z&==x==sm=:w=::=$:==:x'
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iy

R !\EQTEW SAS USEQ 138K, MEMDRY . . ' h

CUNOTE RARR. GOODNIGHT. SALL AND WECMIG
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B o, Polla ROX 1O0D6G. .
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LAND sESHUSCT STUDY NFE TRARICAL AMERICA

. pERCENT AL SATURATION
B S T T T T P N e Lt T e 23

TP EHIL 1S At SATURATION %

FlQ ‘FREQUIEMECY CUHM “REG PERCENT LM PERCFENT
1) o ing 506 9506 39 .160 L339 . 160
2y 10=-40 % 2367 11868 F L TAN 48,890
3} LO-70 2 LI RE 162573 18.05% 66954
4} ™meg 5022 204275% 33,046 104G.000

SUBSNIL'S AL SATURATION T MEG/IN0 GM

FZ20 x FREGUENCY (UM EREQ PERCENT CUM PERCENT

11 o 10X 11780 11730 48,527 48,527
2) 10-40 = 3536 15616 }15.802 644330
31 40-70 % 2088 17704 8.601 72.931
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