
CHARACTERIZATION, CLASSIFICATION AND USE

INTERPRETATIONS OF A SEQUENCE OF SOILS

ALONG THE TRANSAMAZON HIGHWAY, OF

BRAZIL BETWEEN THE XINGU AND

JACARE RIVERS

BY

Antonio M. Pires-Filho

A THESIS

Submitted to

Michigan State University

in partial fulfillment of the requirements

for the degree of

MASTER OF SC IENCE

Department of Crop and Soil Sciences

1978



ABSTRACT

CHARACTERIZATION, CLASSIFICATION AND USE

INTERPRETATIONS OF A SEQUENCE OF SOILS

ALONG THE TRANSAMAZON HIGHWAY, OF

BRAZIL, BETWEEN THE XINGU AND

JACARE RIVERS

BY

Antonio M. Pires-Filho

A sequence of four profiles (numbered from highest

to lowest) was studied.

The soils were relatively shallow, and physical

tests show that the two better drained profiles have

plinthite in their subsoil horizons.

Chemical analyses show profiles 2 and 3 have high

Al+++ saturation. All soils studied have low exchange

capacity and percent base saturation..

Kaolinite comprised more than 95 percent of the

total clay fraction. Aluminum saturation seems to have

more influence on x-ray diffraction intensity than soluble

iron oxides in the samples. Pretreatments of clay by

dithionite and oxalate increased the kaolinite diffraction

peaks in all subsurface samples; but, dithionite was most

effective. Oxalate treatments were not effective on

surface samples.



Antonio M. Pires-Filho

Taxonomically, these soils fit into Plinthic

Paleudults (Profile 1), Plinthudults (Profile 2), and

Aquic Paleudults (Profiles 3 and 4).

The two more poorly drained soils (Profiles 3 and 4)

had severe limitation for all purposes, but the two better

drained (Profiles 1 and 2) had less limitations for some

purposes.
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I. INTRODUCTION

During the soil survey process along the Transamazon

Highway, of Brazil, soils with plinthite have been mapped

on several parts of the highway (Santos et al., 1973).

During the rainy season (January-July), these soil

types have caused many problems to the traffic, because of

the high water table in the soils of the lower parts and

lateral movement of water in the soils of the higher parts

of the slopes.

Some researchers have studied plinthic soils in

Brazil. Nevertheless, they remain not well characterized

in the soil survey of the transamazon highway, because

some, by field observation of the profile recognize them

as a plinthite feature, but some others do not. Therefore

more study is necessary in order to clarify this problem.

There is much controversy concerning the characterization

of these soils in the field and by laboratory analyses.

The present study started in 1973 and was sponsored

by Conselho Nacional de Desenvolvimento Cientifico e

Tecnologico (CNPq). However, it stopped before completion

because CNPq changed its policy. The main objective of

this study is description, characterization, classification



and interpretation, plus comparative evaluation among the

profiles studied, in order to see how they vary.



II . LITERATURE REVIEW

Historic

In 1965, the Ministry of Agriculture of Brazil,

made an agreement with United States Agency for Inter-

national Development (USAID) to make a Schematic (explora-

tory in some areas) Soil Survey of the North, Middle North

and Central-West Regions of Brazil (Brailian Amazon region

is included) which comprises approximately 6,000,000 sq km

(Camargo, Freitas, et al., 1975). Legal Amazon Region

showing Transamazon Highway and interval studied 77, is

showed in Figure 1.

Since Marbut and Manifold (1926), chiefly after the

second Wbrld war, and creation of the SPVEA (Superinten-

déncia do Plano de Valorizacao Econ6mica da AmazOnia), new

data on the Brazilian Amazon soils have been gathered. The

Amazon region in Brazil is part of the middle and lower

parts of the Amazon River basin.

Some other soil researchers have done soil studies

in the area, such as: Guerra (1952); Day (1958, 1959, 1961);

Carneiro (1955); FAQ by Sombroek, and Sampaio (1962):

Sombroek (1962a, 1962b); and IPEAN-Seccao de Solos by
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Falesi, Vieria, Rodrigues da Silva, Santos, Rodrigues, among

others.

The Soils
 

Upper Amazon River Basin

The soils of the Yurimaguas Region in the upper

Amazon jungle of Peru, are classified as Reddish Brown

Lateritic, Red Yellow Podzolic, Ground water Laterite and

azonal Alluvial Forest Soils (ONERN, 1967). In other areas

of the Amazon Basin of Peru ONERN (1969) has mapped: Ground

water Laterites and Red Yellow Podzolic soils. They

believed that these soils were developed from Tertiary

sediments and may be very similar to those found near

Yurimaguas (Tyler, 1975).

The most extensive well-drained soils of the Amazon

Basin of Peru are, according to Sanches and Buol (1974):

Typic Paleudults and the poorly drained soils are Typic

Tropaqualfs or Tropaquepts. The Paleudults had predomi-

nantly kaolinitic mineralogy with small quantities of 2:1

minerals present. The poorly drained soils were predomi-

nantly montmorillinitic or of mixed mineralogy. The results

indicate that morphologically the main soils of the upper

Amazon Basin of Peru are very simdlar to many soils of the

Upper Coastal Plain and Piedmont Regions of the Southeastern

United States. Evidence of this relationship was published

by Marbut and Manifold in 1926 but this information has

been largely ignored.



More soils containing mainly kaolinite were studied

in sediments from the Eastern Cordillera of Colombia in

the upper Amazon Basin by Benavides (1973).

Middle and Lower Amazon

River Basin

Mainly Yellow Latosols are found in the middle and

lower Amazon Basin. They are dystrophic, and mapped

principally on level and gently undulating relief. Never-

theless they have also been mapped in rolling and hilly

areas. Various soil textural classes are present and they

are developed from sand clay sediments, similar to the

Barreiras formation (Tertiary that occurs in Eastern

Brazil), over Devonian shale and sandstones.

The second most extensive soils are Red Yellow

Latosols developed from gneiss of acid character (Pre-

Cambrian (CD)): dystrophic and eutrophic. Third in extent

are Red and Yellow Sands.

Following without order are: Dark Red Latosols,

Red Yellow Podzolic soils (eutroPhic, dystrophic, and

plinthic), Hydromorphic Soils, Terra Roxa Estruturada

Eutrophic, Dusky Red Latosol (dystrophic and eutrophic)

and other small units (Camargo, Freitas, et al., 1975).

Red Yellow Podzolic Plinthic vs. Red Yellow Pod-

zolic.--The Red Yellow Podzolic plinthic soils differ from

Red Yellow Podzolic class, by presence of plinthite in the

Bt or C horizons, however, at least the first 30 cm of the



B horizon is free of plinthite and has the following

characteristics: variable texture, usually low activity

clay, low base saturation, high aluminum saturation and

low natural fertility. These soils are susceptible to

erosion and were developed from products of decomposition

of crystalline rocks and sand clay sediments. The vege-

tation varies from deciduous to semi-evergreen with babacu

(dicotilo—palmaceas) and cerrado. The relief is gently

undulating. The climate has a dry season but not too

extensive. Their highest concentrations are in Ronddnia

Federal Territory and Mato Grosso State in Central West of

Brazil (Camargo, Freitas, et al., 1975). This type of soil

has been mapped in Northwest of Maranhab State (Rodrigues,

Rodrigues da Silva, et al., 1971) as well as in Northeast

area, states of Ceara, R. G. Norte, Pernambuco, semi-arid

region (Jacomine et al., 1971, 1972, 1973a, 1973b).

Ground water Laterite of the Bottom Lands.--These

are soils chiefly poorly drained with the following sequence

of horizons: A moderate, prominent or turfy, followed by

well developed plinthite with or without a weathered tex-

tural B and C horizon. An A2 horizon may precede the

plinthic Bt. The texture is widely variable either among

profiles or within them; the neutral colors are dominant or

condominant in the upper part of the‘profile or underlying

it.



Ground water Laterite of the Uplands.—-Ground water

Laterite of the uplands are chiefly imperfectly drained,

very similar to those of the bottom lands, however not so

hydromorphic. The A horizon is moderate, occasionally

prominent, normally have B horizon either textural,

latosolic or cambic, thin and not plinthic, preceding the

plinthic part situated just underlying (Camargo et al.,

1975).

Planosol Plinthic.--Santos et a1. (1973) define

Planosols from Transamazon Highway as a sequence of soils

with Al, A2 and B horizons having abrupt transition between

A and B horizons; moderate A; textural B; dystrophic (low

base saturation); low activity clay; alico; imperfectly

drained; occur under semi-evergreen equatorial forest of

the valley bottoms; level; altitude around 50 meters;

parent material is sandy clay sediments of the decomposition

alluvium-colluvium and contain plinthite.

Plinthite
 

Kellogg (1949) confined the term "laterite" to four

principal forms of sesquioxide-rich material that either

are hard or that harden upon exposure: (1) soft mottled

clays that change irreversibly to hardpans or crusts when

exposed; (2) cellular and mottled hardpans and crusts;

(3) concretions or nodules in a matrix of unconsolidated

material; (4) consolidated masses of such concretions or

nodules. The Soil Survey Staff, 1960, proposed a new term,



plinthie (Gk. plinthos, brick), for essentially the same

concept, defining it as "the sesquioxide rich, humus poor,

highly weathered mixture of clay with quartz and other

diluents, which commonly occurs as red mottles, usually in

platy, polygonal, or reticulate patterns; plinthite changes

irreversibly to hardpans or irregular (hard) aggregates

on repeated wetting and drying, or it is the hardened relicts .

of the soft red mottles." The term plinthite was introduced

to avoid the confusion arising from use of the word

"laterite" without precise definition for many widely

divergent materials (Sivarajasingham, et al., 1962). The

plinthite was sub-divided into two groups (by Sombroek,

1966), namely:

Soft plinthite (mottled clay, fleckenzone, argile

tachete, horizon bariole):

A layer of soft (i.e., cuttable with knife), dense,

usually clayey, humus poor mineral material with many,

coarse, prominent mottles. The mottles are red or purple,1

often with admixture of some yellow, and occur in a white

or light grey matrix. In case of a predominance of the red

or purple, the situation may be described as the occurrence

of white and some yellow mottles in a red or purple matrix.

The pattern of mottling varies. It may be reticulate

(polygonal), vesicular (prismatic) or platy (laminar).

 

lActually usually weak red in the Munsell notation.
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Hard plinthite (iron concretions, eisenkruste,

laterite, cuirasse, ferruginous quartzite, canga, picarra):

A slag-like (i.e., only breakable with hammer), humus poor

mineral material, apparently largely consisting of indurated

iron oxides; as well as the earth between this material, if

present. The indurated elements vary in color (red to

black), size (from fine gravels to enormous boulders and

crusts), shape (pisolithic, platy, prismatic, massive,

vesicular), nuclei (fine to very coarse elements, usually

of quartz, around which the sesquioxides are cemented), and

arrangement (vertical, horizontal, irregular).

Plinthite is formed in older tropical soils with

hydromorphic characteristics (high water table or stagnating

percolation). This is called plinthization which is charac-

terized by mobilization, transport and final accumulation

of iron compounds. In permanent moist conditions, plinthite

is soft but when it dries (e.g., by decreasing in water

table or upheaval of the land) the material hardens irre-

versibly by dehydration, and hard or indurated plinthite

(ironstone) forms. The hard plinthite may occur in various
 

types, such as concretions, cemented concretions and hard-

pans. (Fr. cuirasse; Ger. panzer.) Plinthization is not

confined to Ferralitic soils; it may also occur in all

older iron-rich tropical soils with recent or former influ-

ence of ground water (Buringh, 1970).

Plinthite is present where either there are high

concentrations of iron in the parent rock or where iron is
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translocated into an area. It usually forms in conjunction

with a fluctuating water table (Daniels et al., 1970;

Alexander and Cady, 1962).

Sanches (1973) has pointed out that suspected

material can be easily tested by wetting it to saturation

and allowing it to dry. If after five to ten wetting and

drying periods the material is still friable enough to be

broken in one hand, it will not qualify for plinthite.

Alexander and Cady (1962) observed that wetting and

drying for a period of 15 years caused a hard, slaglike

crust, 1 to 2 cm thick to be formed. In addition they

state that the principal factors that accelerate the hardening

process are erosion and the removal of forest cover, and

conclude that vegetation is the only agent that can prevent

or reverse this hardening process.

The Soil Survey Staff (1975) proposed a new defini-

tion for plinthite

Plinthite (Gr. plinthos, brick) is an iron-rich,

humus-poor mixture of clay with quartz and other

diluents. It commonly occurs as dark red mottles,

which usually are in platy, polygonal, or reticulate

patterns. Plinthite changes irreversible to an iron-

stone hardpan or to irregular aggregates on exposure

to repeated wetting and drying, especially if it is

exposed also to heat from the sun. The lower boundary

of a zone in which plinthite occurs usually is diffuse

or gradual, but it may be abrupt at a lithologic dis-

continuity. . . .

. . . From a genetic vieWpoint, plinthite forms by

segregation of iron: probably there has been, in many

places, addition of iron from other horizons or from

higher adjacent soils. . . .

. . . The red or dark red mottles are not considered

plinthite unless there has been enough segregation of

iron to permit irreversible hardening on exposure to
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wetting and drying. Plinthite in the soil usually is

firm or very firm when the soil moisture content is

near field capacity and hard when the moisture content

is below the wilting point. Plinthite does not harden

irreversibly as a result of a single cycle of drying

and rewetting. After a single drying, it will re-

moisten, and then it can be dispersed in large part by

shaking in water with a dispersing agent. In a moist

soil, plinthite is soft enough that it can be cut with

a spade. After irreversible hardening, it is no longer

considered plinthite but it is called ironstone.
 

Indurated ironstone materials can be broken or shattered

with a spade but cannot be dispersed by shaking in

water with a dispersing agent.

Daniels, Perkins, et al. (in press) have suggested

redefinition of plinthite, because when the term was first

introduced by Soil Survey staff (1960), the definition was

somewhat vague about how to identify this material in the

field. The major feature of plinthite is that it must

harden irreversibly upon repeated wetting and drying.

After several years of field and laboratory studies of

plinthite, they suggest the following as a working defini-

tion within the meaning of Soil Taxonomy (1975). Con-

sistency terms are defined in the Soil Survey Manual (Soil

Survey Staff, 1951).

Soil materials rich in iron oxides range from

friable mottles to extremely firm or extremely hard

(indurated) ironstone sheets or nodules. Plinthite

occupies a position between these two extremes.

Plinthite is separated from friable red mottles that

never harden because it hardens irreversibly upon

repeated wetting and drying, usually when exposed

to air and especially to direct sunlight. Plinthite

is separated from extremely firm or extremely hard

(indurated) ironstone by being firm to very firm

(barely crushable between thumb and forefinger) when

moist and pieces less than 3 cm long can be broken

by hand.
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Plinthite is a discrete body of firm to very firm

when moist, hard or very hard when dry, material rich

in iron oxides larger than 2 mm in diameter that can

be separated from the surrounding matrix. It with-

stands moderate rubbing or rolling between the thumb

and forefinger, yet it can be broken by hand. Plin-

thite does not slake within 2 hours when submerged in

water even with periodic gentle agitation, but it may

be brokendown if rubbed after being submerged for two

hours or more. Plinthite may occur as discrete

spherodial or irregular nodular bodies or as platy

bodies. The hue of the color ranged from 10R to 7.5YR

although the SYR hue is more common. Plinthite commonly

is associated with and surrounded by yellowish red to

yellowish brown mottles or bodies that are brittle and

friable or firm, but these bodies disintegrate when

rolled between the thumb and forefinger and they slake

in water. Bodies of plinthite feel less clayey than

the surrounding material but laboratory evidence is

inconclusive. Nodular plinthite apparently forms in or

above soil layers that restrict vertical water movement;

and platy plinthite apparently forms on level land-

scapes within a fluctuating zone of saturation. Nodular

plinthite does not perch water but platy plinthite will

perch a zone of saturation above it for short periods

in soils with a udic moisture regime. Roots do not

penetrate either nodular or platy plinthite but they

follow the more friable zones surrounding bodies of

plinthite.

According to Wood and Perkins (1976b), plinthite

contains relatively large amounts of Fe, in contrast to red

mottles and light-colored soil matrix with which it is

associated and does not slake in water. Red mottles and

other nonplinthic materials slake within a few seconds

after being immersed in water. Since the introduction of

the term plinthite, few investigations to specifically

characterize plinthite have been reported and as a result,

there is difficulty in the field identification of this

soil feature.

Daniels, Perkins, et al. (in press) have established

the above mentioned criteria for the identification of
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plinthite in the field and consistently separate nodular

and platy plinthite from similar appearing materials that

will not harden and from material that has already irre-

versibly hardened. They pointed out that nodular plinthite

forms where lateral movement of water is a factor; while

platy plinthite forms on level handscapes influenced by a

fluctuating water table.

Measurement and Remova1:of

Iron Oxides
 

A number of researchers have studied methods by

which the free oxides of iron, aluminum, and manganese can

be extracted from the soils. Mehra and Jackson (1960)

developed a dithionite-citrate-bicarbonate method for

extracting iron. Tamm (as in agrochemical methods in

study of soils, 1965) used acid ammonium oxalate to deter-

mine free iron oxides. This procedure was later modified

by McKeague and Day (1966). Deb (1950) used a method that

involved the reduction of iron to the ferrous form.

Similar studies were also conducted by a number of

researchers throughout the world and their results are well

documented (Lundblad, 1934; Lajoie and Delong, 1945;

Gorbunov, et al., 1961; Holmgren, 1967; McKeague et al.,

1971; Dudas and Harward, 1971; Arshad et al., 1972; Pawluk,

1972).

Iron analysis of the particle-size separaters in

bulk samples seems to be an indicator of plinthite presence.

Horizons with red mottles (pseudo-plinthite) resembling
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plinthite have >90% of the iron associated with the sodium

dispersed clay size fraction but sampled horizons with

plinthite often have more than half of the iron associated

with the sodium dispersed sand and silt size fractions.

An ”active iron" ratio, oxalate extractable/citrate-

bicarbonate-dithionite extracable iron, is a possible

indicator of plinthite. Seventy percent of the samples

called plinthite have "active iron” ratios <0.05 indicating

that <5% of the iron is amorphous” (Daugherty, 1975).

McKeague and Day (1966), working with Canadian soils

using dithionite and oxalate procedures extractable Fe and

A1 as aids in differentiating various classes of soils,

concluded:

1. The oxalate extraction dissolved much of the iron

and aluminum from the amorphous materials but

very little from crystalline oxides, whereas the

dithionite extraction dissolved a large proportion

of the crystalline iron oxides as well as much of

the amorphous materials.

2. Both oxalate and dithionite-extractable Fe and Al

values are useful in studies of soil genesis and

classification. The oxalate values give an approxi-

mation of the degree of accumulation of amorphous

products of recent weathering in the horizons of

soils formed from materials varying widely in

texture, color, pH, organic matter, and total iron

oxides.

Classification
 

The types of soil in this study have precipitate

many discussions (disagreements) among soil surveyers

(mappers) and soil classifiers in Brazil and all over the

world. Some studies of correlation and classification done

by Jacomine, Camargo et a1. (1972) have proposed "if the
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profile has plinthite as deep as 75 cm and the drainage is

not more restricted than imperfectly, the soil should be

considered as Red Yellow Podzolic plinthic."

Jacomine, Camargo et a1. (1973) proposed a differ-

entiation between: "Red Yellow Podzolic plinthic and Ground

Water Laterite soils. Tentatively it was established that

when plinthite is just below the A horizon, the soil should

be called Ground Water Laterite. When the upper part of

the B horizon, free of plinthite, is 'thick' or a whole B

horizon is free of plinthite, but the plinthite is present

in the C horizon, the criteria designate the soil with

'substrata plinthic' e.g. Red Yellow Podzolic . . . sub-

strata plinthic. If the upper part of the textural B,

solonetzic B, latosolic B or incipient (B), is free of

plinthite but the bottom part has plinthite, the best way

is to classify the soil according to type of the B horizon

and add the qualitative term plinthic, e.g. Red Yellow

Podzolic plinthic. The same criteria is used for AC soils

such as Alluvium and Regosols.

A soil taxonomy is a reflection of the current

knowledge of soils and their genesis. A multiple cate-

gorical system in the United States is based on a hierarchy

of chosen soil prOperties. The level of generalization of

the chosen property is used in forming classes. Plinthite

is presently used at two levels of generalizations: the

great group, where a continuous phase or greater than 50

percent of the soil volume, within 1.25 m of the surface,
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is occupied by plinthite; and the subgroup with plinthite

volume range of 5-50 percent, within different depths.

There are 185 great groups in this multiple category

system, of which 9 use the presence of plinthite as a major

property, for differentiation and only one has an established

series in the United States, Puerto Rico or the Virgin

Islands (Soil Survey Staff, 1975). There are presently 23

subgroups with plinthite and 20 have recognized series in

the United States, Puerto Rico or the Virgin Islands.

Table 1 summarizes the use of plinthite in soil taxonomy

(Soil Survey Staff, 1975).

Daniels, Perkins et al. (in press), have suggested

that slight adjustments in the amount of plinthite required

for recognizing a plinthic soil must be made according to

the form of plinthite present. For example:

Ten percent or more discontinuous phase platy

plinthite and its underlying reticulately mottled

horizons will perch water in a humid climate for

significant periods each year. The 5 percent plinthite

by volume that is diagnostic for plinthic subgroups in

Soil Taxonomy (Soil Survey Staff, 1975) is, on the

basis of available data (Daniels, Gamble, et al., in

press), too low to be recognizable for soils with platy

plinthite. Neither the plinthite nor the underlying

reticulately mottled horizons appear to have a signifi-

cant effect on water movement, but its presence

apparently does indicate that the underlying reticu-

lately mottled horizons are restricting the downward

flow of water. The 5 percent plinthite criterion seems

appropriate for soils having nodular plinthite. Nodular

and platy plinthite can occur in the same pedon, but

one usually is clearly dominant and the classification

should be based on the dominant condition.
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Table 1.--Leve1 of Plinthite in Soil Taxonomy.

 

r...~—~_-_=.. -—‘r—--'--—?-=--
.-__‘ _ ____S-... _.-._

 

Ordera Subordera Great Groupb SubgroupC

Alfisols Aqualfs Plinthaqualfs* No subgroup or series in U.S.

Udalfs Paleudalfs Grossarenic Plinthic Paleudalfs

Plinthaquic Paleudalfs

Plinthic Paleudalfs

Ustalfs Plinthustalfs* No subgroup or series in U.S.

Xeralfs Plinthoxeralfs* No subgroup or series in U.S.

Inceptisols Aquepts Plinthaquepts* No subgroup or series in U.S.

Tropaquepts Plinthic Tropaquepts

Oxisols Aquox Plinthaquox* No subgroup or series in U.S.

Orthox Acrorthox Plinthic Acrorthoxd

Haplorthox Plinthic Haplorthoxe

Utisols Aquults Plinthaquults' Oxic Plinthaquults

Fragiaquults Plinthic Fragiaquults

Plinthudic Fragiaquults

Paleaquults Arenic Plinthic Paleaquults

Plinthic Paleaquults

Tropaquults Plinthic Tropaquults

Humults Plinthohumults‘ No subgroup or series in U.S.

Palehumults Plinthic Palehumults

Udults Plinthudults‘ No subgroup or series in U.S.

Fragiudults Plinthaquic Fragiudults

Plinthic Fragiudults

Paleudults Arenic Plintaquic Paleudults

Arenic Plinthic Paleudults

Grossarenic Plinthic Paleudults

Plinthaquic Paleudults

Plinthic Paleudults

Tropudults Plinthaquic Tropudults

Plinthic Tropudults

Ustults P11nthustults' No subgroup or series in U.S.

uaplustults

 ._—.._. ..  

Plinthic Haplustults

 

'No series have been established in the United States, Puerto Rico or the Virgin

Islands (Soil Survey Staff, 1976).

aPlinthite

b

CPlinthite

d

ePlinthite

Plinthite

Plinthite

is not a differentiating criterion at the order or suborder level.

must be continuous or >50% of the volume within 1.25 m of the surface.

is noncontinuous and 5-50% of the volume within 1.5 m of the surface.

is noncontinuous and 5—50% of the volume within 1.0 m of the surface.

is noncontinuous and 5-50% of the volume with 1.25 m of the surface.



III. MATERIALS AND METHODS

Soil Formation Factors
 

There are very few detailed studies available about

soil formation (geology, climate, vegetation, and so on)

along the Transamazon Highway that has only recently been

built.

According to "Esbéco geologico preliminar and Perfil

geologico preliminar by Campanhia de Recursos Minerais

(C.P.R.M.), in Falesi (1972), this sequence of soils are

related to undifferentiated Pre-Cambrian gneiss and migma-

tite—granites. The parent material of these soils are pro-

vided by the decomposition of these materials, followed by

some local reworking of materials, except for Planosols

Plinthic, which are formed from clayey and sandy, recent or

subrecent, colluvial sediments.

The topography is gently undulating and elevations

range from 40 to 80 meters.

The vegetation is semi-evergreen forest (tropical

rain forest).

The climatic data at Altamira City, situated 70 km

west from the Xingu River, are the nearest ones available

to the sites studied.

19
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According to depen, the climate of the area is the

type Aw, having relatively high annual precipitation with

a definite dry season (Bastos, 1972). This dry season

generally occurs from July to October, having at least one

month with less than 60 mm of precipitation. Climatic data

are in Table 2.

Galvao (in I.B.G.E.-C.N.G., 1959), made the

following comments about Altamira's climate. "Really its

mean annual temperature is very high (26.0°C) ranging from

25.5°C in July to 26.6°C in October. Its extreme values

registered are: absolute minimum, 12.4°C (08-08-1938) and

the absolute maximum, 39.9°C (03-14-1933). The thermal

amplitude is only 1.1°C which qualifies as a isothermic

climate (Table 2). In spite of the fact that Altamira City

is situated in the Am zone, in which annual total precipita-

tion reaches 2000 mm in almost all meteorological stations,

Altamira presents only 1700 mm. The hydrological balance

is shown in Figure 2. In Koppen's diagram, Altamira is

located very close to the diagonal which separates the

climate types Am and Aw. This permits considering it as a

transitional climate between these two types.

Field Studies

Field studies were made on two profile pits and

two profile road cuts and comprised: morphological charac-

terization and collection of soil samples, according to the

standards established in the Soil Survey Manual (Soil
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Table 2.--Climatic Data According to Thornthwaite (1955)

Altamira, Para, Brazil, Period 1931-1967.

 

 

 

Tmax Tmin Tm PP PE RE

.........‘C—------- ----—---mm--------

January 30.3 21.2 25.8 216 143 143

February 30.2 21.0 25.6 275 128 128

March 30.2 21.3 25.8 346 130 130

April 30.1 21.4 25.8 278 146 146

May 30.3 21.4 25.8 176 149 149

June 30.6 20.7 25.6 77 139 128

July 30.7 20.3 25.5 51 140 100

August 31.5 20.7 26.1 26 150 64

September 31.7 21.0 26.4 33 153 50

October 31.9 21.3 26.6 48 157 60

November 31.4 21.3 26.4 65 155 65

December 31.2 21.3 26.2 106 151 106

Year 30.8 21.1 26.0 1697 1741 1269

 

Tmax = maximum temperature; Tmin = minimum tempera-

ture; Tm = medial temperature; P = precipitation; PE =

potential evapotranspiration; RE = real (actual) evapo-

transpiration.
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Figure 2. Hydrological Balance Registered at the

Metereological Station at Altamira State of

Para, Brazil, for the period 1931-1967.
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Survey Staff, 1951) and Manual de Metodo de Trabalho de

Campo (Sociedade Brasileira de Ciéncia do Solo, 1973). The

samples were then analyzed for physical, chemical, and

mineralogical properties as described in the next section.

The results of the field studies of each profile follows

Figure 3 of the diagrams of profiles and altitude.

Profile 1

Classification in Brazil: RED YELLOW PODZOLIC ALIco1 low

activity clay, moderately drained, moderate A

horizon, sandy/gravelly,2 medium texture, semi-

evergreen forest phase, plain relief, substrata

plinthic.

Location: Municipality of Altamira, State of Para; 19.6 km

from Xingu River (Belo Monte) in direction to

Maraba, to the left side of the highway, and 56.3

km before the Anapu River is reached.

Situation and Slope: Pit on the top of an elevation with

0-0.5% slope.

Altitude: 80 meters.

 

1ALICO means Al+++ saturation greater than 50%, in

Brazil.

2Follows the Brazilian criteria for gravelly

materials according to Manual de Metodo de Trabalho de

Campo (Sociedade Brasileira de Ciéncia do Solo, 1973), that

is related to amount of coarse fragments (2-20 mm).

.very gravelly-—has greater than 50 percent.

.gravelly--ranges from 15 to 50 percent.

.with gravel--ranges from 8 to 15 percent.
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Parent Material: Product of gneiss and migmatite-granite

Relief:

decomposition.

Level on the top of elevation.

Erosion: Slight laminar.

Drainage: Moderately drained.

Vegetation: Semi-evergreen forest.

A1 - 0 - 7 cm, grayish brown (10 YR 5/2); sandy loam with

grave13; moderate fine to medium granular and

moderate very fine to fine subangular blocky; many

fine pores; slightly hard, friable, slightly

plastic and non-sticky; clear smooth boundary.

- 22 cm, yellowish brown (10 YR 5.5/4): 9rave11y

sandy loam; weak fine to medium subangular blocky

with aspect of massive moderately coherent "in

situ"; common fine pores; moderate common discon-

tinuous clay skins; hard, very friable, plastic and

very stickly; gradual smooth boundary.

B2t - 22 — 35 cm, yellowish brown (10 YR 5/6), few fine

B3tp1

Remarks:

distinct red (10R 4/6) mottles; gravelly sandy

clay loam; weak fine to medium subangular blocky

with aspect of massive moderately coherent "in

situ”; common fine pores, moderate common discon-

tinuous clay skins; hard, very friable, plastic and

very sticky; abrupt wavy boundary.

- 35 - 80 cm+, brownish yellow (10 YR 6/8), red (2.5

YR 4/8), pale brown (10 YR 6/3) variegated with few

coarse prominent brown (10 YR 5/3) mottles; clay;

many fine pores; weak few discontinuous clay skins;

40% plinthite; hard, very friable, plastic and

sticky.

(a) A magnifying lens (10x) was used to check clay

skins.

(b) The plinthite present is a noncontinuous

phase.

 

3See footnotes in Profile 1, page 23.



(e)

(d)

(e)

(f)

(9)

Profile 2

Classification in Brazil: RED YELLOW PODZOLIC ALICO

26

The B2t horizon contains some iron concretions.

Roots: abundant at Al, common at Blt' few at

B2t and rare at B3tp1'

Distribution of color at B : brownish yellow
3tp1

45%; red mottles 5%, brown 5% and pale brown

5%, and plinthite 40%.

The B3tp1 presented small amounts of material

weakly weathered that showed the presence of

parent material nearby.

p1 designated a horizon with more than 5%

plinthite.

4 plin-

thic, low clay activity, moderately drained,

moderate A horizon, sandy/gravelly clay texture,

semi-evergreen forest phase, gently undulating

relief.

Location: Municipality of Altamira, State of Para; 19.8 km

from Xingu River (Belo Monte) in direction to

Maraba, to the left side of the highway, and 56.1 km

before the Anapu River is reached.

Situation and slope: Pit on lower 1/3 of the elevation with

5% of slope.

Altitude: 70 meters.

 

Ibid 0
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Parent Material: Product of gneiss and migmatite-granite

decomposition influenced locally by reworked

material.

Relief: Gently undulating.

Erosion: Slight to moderate laminar.

Drainage: Moderately drained.

Vegetation: Semi-evergreen forest.

A - 0 - 13 cm, dark brown (10 YR 4.5/3); loamy sand;

moderate, fine to medium, granular and moderate,

very fine to fine, subangular blocky; many fine

pores; soft, friable, nonplastic and nonsticky;

clear smooth boundary.

1

B - l3 - 26 cm, brown (10 YR 5/3); sandy loam with

gravel5; weak, fine to medium, subangular blocky,

with aspect of massive moderately coherent "in

situ"; weak, few, discontinuous clay skins; slightly

hard, friable, plastic and slightly sticky; gradual

smooth boundary.

It

B - 26 - 44 cm, yellowish brown (10 RY 5/4); sandy clay

loam with gravel; weak fine to medium subangular

blocky with aspect of massive moderately coherent

”in situ"; common very fine pores; weak, few, dis-

continuous clay skins; slightly hard, friable,

plastic and slightly sticky; gradual smooth boundary.

21t

B - 44 - 55 cm, yellowish brown (10 YR 5.5/6), few fine

distinct yellowish red (5 YR 5/8) mottles, brown

(10 YR 5/3) mottles; sandy clay with gravel; weak,

fine to medium, subangular blocky, with aspect of

massive moderately coherent "in situ"; common very

fine pores; weak, few and discontinuous clay skins;

slightly hard, friable, plastic and sticky; clear

wavy boundary.

22t

B3tp1 - 55 - 68 cm+, pale brown (10 YR 6/3), brownish

yellow (10 YR 6/8), yellowish red (5 YR 5/8), red

(2.5 YR 4/6) variegated color; gravelly clay; weak,

medium to coarse, subangular blocky, with aspect of

massive moderately coherent "in situ"; common very

‘fine pores; weak few discontinuous clay skins;

 

51bid.
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greater than 50% plinthite; slightly hard, friable,

plastic and sticky; abrupt wavy boundary.

C - 68 - 90 cm+, pale brown (10 YR 6/3), brownish yellow

Pl (10 YR 6/8), red (2.5 YR 4/8), yellowish red (5 YR

5/8) variegated color; clay with gravel; common very

fine pores; greater than 50% plinthite; hard,

friable, plastic and sticky.

Remarks: (a) The plinthite present in a continuous phase.

(b) A magnifying lens (10x) was used to check

clay skins.

(c) Roots: Many in Al; common in Blt’ few in Bth

and rare in B3tp1 and Cpl'

(d) pl designates a horizon with more than 5%

plinthite.

Profile 3

Classification in Brazil: GROUND WATER LATERITE ALICA6

(with textural B) low clay activity, abruptic,

imperfectly drained, moderate A horizon, gravelly

medium texture/gravelly clayey, semi-evergreen

forest phase gently undulating relief.

Location: Municipality of Altamira, State of Para; 21.9 km

from Xingu River (Belo Monte) in direction to

Maraba, to the right side of the highway, and 52.4

km before the Anapu River is reached.

Situation and Slope: Road cut on lower 1/3 of the elevation

with 5% of slope.

Altitude: 60 meters.

 

Ibid.
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Parent Material: Product of granite decomposition influenced

locally by reworked material of sandy clay nature.

Relief: Gently undulating.

Erosion: Slight laminar.

Drainage: Imperfect.

Vegetation: Semi-evergreen forest.

Al - 0 - 15 cm? brown (10 YR 5/3); sandy clay loam with

gravel ; weak, fine to medium, subangular blocky;

many fine and medium pores; slightly hard, friable,

plastic and sticky; clear wavy boundary.

B1t - 15 - 35 cm, yellowish brown (10 YR 5/4), common fine

prominent strong brown (7.5 YR 5/6) mottles, few

fine prominent black (5 YR 2/1) mottles; gravelly

clay; moderate, fine to medium, angular blocky;

common very fine pores; hard, firm, plastic and

sticky; clear smooth boundary.

B2t - 35 - 55 cm, pale brown (10 YR 6/3), common medium

prominent red (2.5 YR 5/6) mottles, common district

prominent strong brown (7.5 YR 5/8) mottles; clay

with gravel; moderate, medium, angular blocky;

common very fine pores; weak, few, discontinuous

clay skins; hard, firm, plastic and sticky; clear

wavy boundary.

B3 - 55 - 75 cm, pale brown (10 YR 6/3), red (2.5 YR 4/6),

reddish yellow (5 YR 6/8) variegated color; clay

with gravel; moderate, medium, angular blocky; few

very fine pores; weak, fine, discontinuous clay

skins; hard, friable, plastic and sticky; abrupt

wavy boundary.

t

C - 75 - 90 cm+, very pale brown (10 YR 7/4), yellow (10 YR

7/6), red (2.5 YR 4/8), light brownish gray (10 YR

6/2) variegated color; clay with gravel; less than

5% plinthite, hard, friable, nonplastic and non-

sticky.

Remarks: (a) A magnifing lens (10x) was used to check clay

skins.

(b) The plinthite present is a noncontinuous phase.

 

Ibid.
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(c) Roots: common in the A1, few in the B1t and

and rare in the B .

BZt 3t

Profile 4

Classification in Brazil: PLANOSOL plinthic, low clay

activity, imperfectly drained, moderate A horizon,

medium/clay with gravel texture, semi-evergreen

forest of the bottom valley phase, level relief.

Location: Municipality of Altamira, State of Para; 53.2 km

from Xingu River (Belo Monte) in direction to Maraba

City, to the right of the highway, and 22.9 km

before Anapu River is reached.

Situation and Slope: Road cut on level relief.

Altitude: 55 meters.

Parent Material: Clayey and sandy, recent or subrecent,

colluvium-alluvium sediments.

Relief: level (plain).

Erosion: None.

Drainage: Poorly drained.

Vegetation: Semi-evergreen forest.

A1 - 0 -20 cm,.grayish brown. (10 YR 5/2.5); sandy loam;

many fine and very fine pores; friable, and non-

plastic and nonsticky; clear smooth boundary.

A2 - 20 - 40 cm, brown (10 YR 5/3), few fine faint yellowish

brown (10 YR 5/6) mottles; sandy loam; many fine

and very fine pores; friable, nonplastic and non-

sticky; clear smooth boundary.
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B - 40 — 60 cm, pale brown (10 YR 6/3); common fine faint

yellowish brown (10 YR 5/4) mottles; sandy clay

loam with gravel,8 common fine and very fine pores;

friable, plastic and slightly stickly; abrupt

smooth boundary.

2t

B - 60 - 80 cm, very pale brown (10 YR 7/4), common fine

prominent red (10 R 4/6) mottles, few fine distinct

grayish brown (10 YR 5/2) mottles; sandy clay with

gravel; less than 5% plinthite; friable, plastic

and slightly sticky; abrupt smooth boundary.

3t

C - 80 - 100 cm+, light gray (10 YR 7/1); many medium

prominent red (2.5 YR 4/6) mottles; gravelly sandy

clay; friable, plastic and sticky.

Remarks: (a) The plinthite is present in a noncontinuous

phase.

(b) The profile was very wet.

(c) Roots: common in the horizons A1, A and B
2' 2t'

few in the B3t and rate 1n the Cg.

Laboratory Studies

The soil samples were air dried, crushed and passed

through a 2 mm sieve.

The fraction greater than 2 mm was separated into

20-2 mm (cascalho) and (calhaus) greater 20 mm fractions.

The part less than 2 mm comprised the air dried fine earth.

Physical Analyses9

Granulometric analyses: by sedimentation in a
 

Koettgen cylinder, using NaOH as the dispersion agent and

 

81bid.

9The chemical and physical analyses were done by the

laboratory of the Servico Nacional de Levantamento e con-

servacfio de Solos (S.N.L.C.S.) da Empresa Brasileira de

Pesquisa Agropecuaria (E.M.B.R.A.P.A.), Rio de Janeiro,

Brazil.
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shaking in high rotation. Four fractions were separated

according to the classification of the International Method,

and using 0.05 mm as upper limit of silt. They are: 2.0-0.2,

0.2-0.05, 0.05-0.002 and less than 0.002 mm.

Natural clay or clay dispersed by water: is the
 

percentage of clay obtained by shaking with distilled water.

Flocculation degree: was obtained by comparing

natural clay content with clay content (total) after dis-

persion with NaOH, by the following formula

total clay - clay dispersed by water

total clay

 

x 100

Moisture equivalent: was determined by the method
 

of Briggs and McLane, centrifuging the moistened earth

at 10009 for 40 minutes.

Chemical Analyseslo

Organic carbon, C: was determined by oxidation of

the material with potassium bichromate, 0.4 N (method of

Tiurin).

Total nitrogen, N: was determined by digestion with

sulphuric acid, catalyzed with copper and potassium

sulphate. After transformation of all N into ammonia, it

was collected in a solution of 4% boric acid and titrated

with 0.01 N HCl.

 

loIbid.
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pH-H20 andng-KC1: were determined potentiometri-
 

cally using a soil paste with ratio of soil to water or

salt solution of approximately 1:1, using a glass electrode.

Available phosphorus, P: was extracted with a
 

solution of 0.050 N HCl and 0.025 N H SO4 (North Carolina).
2

The phOSphorus was colorimetrically determined by reducing

of the phosphorous molybdate complex with ascorbic acid,

in presence of the bismuth salt.

stOL(d=l.47) soluble fine earth: under a reflux

cooler, 2 g of air dried fine earth were boiled for an hour

with 50 ml H2804, d=1.47. After boiling, the material is

cooled, diluted and filtered into a receiver of 250 ml

capacity.

a. SiOZ: The residue of the sulphuric acid treatment

is boiled for half an hour with 200 m1 of 5% Na C03. The
2

mixture is filtered, and in a measured part of the filtrate,

the dissolved silica is precipitated by an excess of con-

centrated HZSO4 and heated in a sand bath until smoking.

The silica is determined colorimetrically.

b. A1203, total aluminum: 50 ml of the filtrate from

the sulphuric acid treatment are used for the determination

of total aluminum subsequent to the separation of heavy

metals by the addition of an excess‘of 30% NaOH. An aliquot

of this filtrate is gradually neutralized with HCl and the

aluminum determined volumetrically with EDTA.

c. Fe20 total iron: was determined on 50 ml aliquot3!

of the filtrate of the sulphuric acid treatment by the
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bichromate method, using diphenylamine as the indicator

and tin chloride as the reducing agent.

d. Ti02: was determined in the filtrate of the

sulphuric acid treatment by the colorimetric method of

H202, after elimination of the organic material by heating

with several drops of concentrated KMn04.

e. P205, total phosphorus: was determined colori-

metrically on the filtrate of the sulphuric acid treatment,

by reduction of the phosphorous molybdate complex with

ascorbic acid in the presence of bismuth salt.

Values Ki (SiOZ/Alng ratio), Kr (Si02/(A1203+Fe203)

ratio) and A1203/Fe203: were calculated on a molecular

basis from the data obtained from sulphuric treatment. It

is assumed that Al and Fe are determined totally with the

sulphuric acid treatment as described above. The data for

these two constituents therefore represent the sums of the

portions of Fe and A1 occurring in exchangeable form, the

portions occurring as free sesquioxides--including con-

cretions--and the portions that are constituents of the

silicate clay minerals. The determined Si comprises all

that of the silicate clay minerals and also that which is

present in free colloidal form. Quartz and other primary

minerals are not, however, attacked, even when of clay-

size.

The determination of the Ki and Kr on the fine earth

fraction generally gives the same results as the inter-

nationally used determination on the clay fraction (Vettory,
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1959). The Kr may be slightly different if concretions are

present (Sombroek, 1966).

Exchangeable metallic cations:

a. The sum of exchangeable metallic cations, S: S

+ +. +

represents the sum of the separately determined Ca+ , Mg ,

K+ and Na+.

b. Exchangeable calcium, Ca++, magnesium, Mg++, and

aluminum, A1+++: Extractant was a normal solution of KCl at

a proportion 1:10. An aliquot of this solution is used for

the determination of exchangeable Al+++ by titration of the

acidity using Brometymol blue as the indicator. The same

aliquot is subdivided into two equal portions, for deter-

mining Ca++ and Ca++ + Mg++ by EDTA.

In fact, the aluminum (Al+++) determination gives

the "active acidity." Experience at SNLCS has however

shown that the exchangeable aluminum, determined colori-

metrically with aluminon after extraction with l N KCl is

practically equal to the active acidity.

c. Exchangeable potassium, K+, and sodium, Na+: are

determined flame photometrically directly in the percolate

of 0.05 N HCl.

Potential acidity, exchangeable, H+ + Al+++: is
 

determined by extraction with normal calcium acetate at

pH 7 and titration of the resultant acidity with 0.1 N

NaOH using phenolphtalein as the indicator.

This value represents the "potential acidity." It

includes the "active acidity," or the exchangeable
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. +++

aluminum, Al . H+ alone represents the pH-dependent

acidity.

The exchangeable H+: is calculated by subtracting

+ from the H+ + Al+++.exchangeable Al++

Cation Exchange Capacity, T(CEC): Not determined

separately but obtained by the addition of S (page 35)

and H+ + Al+++ (page 35). As such, it is equivalent to the

cation exchange capacity according to the NH4OAC method at

pH 7.

T(CEC) = S+H+ + A1+++

Base saturation, BS: is obtained by formula,

B5 = loos/T(CEC)

Aluminum saturation percentage: 100A1+++/A1++++S

Mineralogical Analyses

11
The coarse fragments, The >20 mm and 20-2.0 mm, and
 

sands (coarse and fine), were studied mineralogically.

Identification of mineral species was by optical methods

(Fry, 1933; Winchell and Winchell, 1959), using a polarizing

microscope and counting the species over lined millmetered

plates or lined millmeter paper. Amounts less than 0.5%

by weight are indicated as "trace," tr.

 

11The analyses of sands and coarser fragments were

done by Professor Franklin dos Santos Antunes.
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Some chemical microtests (Feigl, 1954) were made

for some opaque or weathering minerals. Qualitative

analyses and estimation of dominance of mineralogical

components for coarse fractions, >20 mm and 20-2.0 mm.

Sand fractions (coarse and fine),12 obtained by

granulometric analysis, were divided in two other samples

with different densities by heavy liquid separations, using

bromoform with density 2.83 and a Brogger funnel.

The heavy minerals are concentrated in the group

whose density is greater than 2.83 and the other fraction,

with density less than 2.83 are where quartz and feldspars

are concentrated with other constituents when present.

The sample separation by density facilitates, the

counting and morphological description and allows heavy

mineral identifications whose percentages are very small in

the sands of these soils.

After homogenizing, the description and the counting

of the mineral species are conducted using a stereoscopic

microscope. Mineral identification was verified by petro-

graphic microscope with transmitted light (Fry, 1933;

Winchell and Winchell, 1959).

Clay fractions and X-ray diffraction: Three methods

were used: first clay samples were x-rayed without any

pretreatment, second they were x-rayed after removing the

organic matter and free iron oxides, and third they were

 

12Ibid.
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x-rayed after treatment with acid NH4-oxalate. The removal

of iron oxide was done by Dithionite-Citrate System Buffered

with Sodium Bicarbonate as proposed by Mehra and Jackson

(1960), and the acid ammonium oxalate treatment is as

modified by McKeague and Day (1966).

X-ray diffractometer: A Norelco X—ray unit with

wide-range goniometer, and Brown recorder, was adjusted to

20 milliamperes at 35 kilovolts and used for scanning

parallel oriented samples on glass slides.

The X-ray tube contained a tungsten filament and

a copper target. A nickel filter was used to filter out

radiation of shorter wavelengths than the copper Kcl

radiation of 1.54 A°.

To obtain the necessary measurements, the gonio-

meter was set at a scanning speed of 2°(26) per minute, and

the sample was rotated to 28° (20).

a. Without any pretreatment four grams of soil (Bg

for A1 of profile 2, because it has very low clay content)

were suspended in distilled water, mixed thoroughly,

allowed to sediment for 24 hours, and pipetted onto a

clean glass slide and air dried at room temperature. The

dried material was then subjected to x-ray diffraction

analysis.

b. After removing the organic matter and free iron

oxides
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1. Removal of organic matter: Used about 49 of

soil (less than 2 mm) and added 4 m1 of distilled water to

the sample to bring the soil water ratio to 1:1 (89 for

A1 of profile 2, because it has very low clay content).

Five ml of 30% hydrogen peroxide solution was then added to

the sample to oxidize the organic matter. A further

addition of 5 ml hydrogen peroxide was also done. The

sample was heated (digested) on the hot plate (about 70°C)

for 15 minutes. Heating above this temperature caused

decomposition of the hydrogen peroxide. The excess of

liquid was evaporated to a thin paste (approx 1:1 ratio),

but not to dryness. Distilled water was added to the sample

to dilute the hydrogen peroxide present and it was evaporated

again to about 1:1 ratio and then centrifuged for 20 minutes

at 7,000 rpm. The supernatant liquid was decanted and the

sample was washed twice with distilled water and centri-

fuged. At the end of each washing, the supernatant was

discarded (Kunze, 1965).

2. Removal of free iron oxides: With dithionite

citrate, 40 ml of 0.3 M sodium citrate and 5 m1 of l N

sodium bicarbonate were added to the wet soil. Four grams

of soil were used except for A1 of profile 2, because it

has very low clay content, 8 g were used. The suSpension

was carefully warmed to 75-80°C in a water bath, about lg

of sodium dithionite (sodium "hydrosulfide" Na25204) was

added to the suspension, it was stirred continuously for

about one minute, and occasionally during a period of 15
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minutes. After this, the suspension was cooled and cex

fuged. The supernatant was decanted and the sample was

washed twice with distilled water and centrifuged. At the

end of each washing, the supernatant was discarded. Only

sample B from profile 1 needed additional treatment
3tpl

with sodium dithionite, because after first treatment the

supernatant remained yellow.

With acid ammonium oxalate; 200 ml of 0.2M acidified

ammonium oxalate solution* (the pH of the solution had been

adjusted to 3.0 with oxalic acid) were added to Zg of oven-

dried, less than 2 mm soil (in plastic bottles) except for

A1 of profile 2, because its very low clay content, 49 were

used. The suSpension was then shaken continuously for 4

hours in the reciprocating shaker. The suspension was

centrifuged. The supernatant was decanted and the sample

was washed twice with distilled water and centrifuged. At

the end of each washing, the supernatant was discarded.

Separation of clay fractions and preparation of

slides: After treatments above, the soil sample was put

in a 400 ml bottle, and after sodium carbonate (Na C03) was

2

added until pH 9 and it was shaken for 24 hours in the

reciprocating shaker. After this dispersion, the suspension

 

*McKeague and Day (1966) have shown that ammonium

oxalate at pH 2.0 and 3.0 can extract approximately the

same amount of A1 and Fe, but pH 4.2 extracted somewhat

less Fe and A1 from most of the samples they tested.

However, pH 3.0 caused less breakdown of silicate minerals

than pH 2.0.
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was transferred to a 1,000 ml sedimentation cylinders

graduated at 100 ml intervals, through a 300 mesh screen.

The volume was completed with distilled water, stirred,

and the suspension allowed to stand for 24 hours. At the

end of this time, according to the depth determined by

Stokes law for less than 2p clay, the suspension above this

was siphoned into a bottle. Then a portion of the suspen-

sion was pipetted onto a glass slide placed over two leveled

glass rods. The slide was allowed to air dry overnight and

then subjected to x-ray diffraction analysis.

Laboratory and Field Methods for

Plinthite Identification

The methods by Wood and Perkins (1976a) and Daniels,

Perkins et al. (in press), were only partially used.

In the field, red mottles and plinthite were

measured together.

In the laboratory, the samples were soaked in water

for 2 hours; also 15 cycles of drying and rewetting, were

used.



IV. RESULTS AND DISCUSSIONS

Physical Properties

The distribution of the separates (coarse fragments,

sand, silt, and clay) in four profiles is given in Table 3.

Amounts of coarse fragments are less than 22 per-

cent, and they increase from the surface to the lower

horizons. In the greatest amounts are in the two surface

horizons of profiles 1 and 3, and in the smallest amount

is in the lowest horizon of profile 3.

The distribution of the silt in profile 1 showed a

tendency to increase and in profile 4 to decrease with

depth. Its percentage ranges from 12 to 23.

The clay contents increase from the surface to

lower horizons, in all cases. From an examination of

each profile, it is evident that there was an accumulation

of clay in the lower horizon of the sola. Clay movement

was evident by clay skins.present in the subsoil of all

profiles. Some researchers have also found that the clay

content of similar soils decreases below a maximum in the B

horizon, in the Amazon Region (Falesi, 1972 and Sombroek,

1966).

42
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Table 3.--Some Physical Properties of the Soils Studied.

 

 

 

Horizon Air Dry Sieves Granulometric analysis (NaOH) Natural Degree % silt Moisture

Clay of Floc- --- equiva-

Symbol Depth >20 20.2 <2 2-0.2 0.2-0.05 0.05- (0.002 \ culation % clay lent

cm qunUI mm mm uni 0.002 mm %

Profile 1

A1 0-7 3 10 87 45 32 12 11 6 45 1.09 10

B1t 7-22 0 16 84 32 32 19 17 13 24 1.12 15

B2t 22-35 1 16 83 36 23 18 23 3 87 0.78 16

B3tp1 35-80+ o 3 97 18 15 23 44 o 100 0.52 27

Profile 2

A1 0-13 0 7 93 46 36 10 8 6 25 1.25 8

B1t 13-26 0 10 90 39 32 14 15 13 13 0.93 12

Bth 26-44 0 12 88 34 28 14 24 0 100 0.58 16

B22t 44-55 2 15 83 31 21 13 35 0 100 0.37 19

B3tp1 55-68 2 18 80 29 18 12 41 0 100 0.29 22

Cpl 68-90+ 0 8 92 22 16 15 47 0 100 0.32 25

Profile 3

A 0-15 0 14 86 27 28 19 26 19 27 0.73 18

B11: 15-35 0 18 82 17 21 19 43 0 100 0.44 24

B2t 35-55 0 8 92 16 15 17 52 0 100 0.33 28

B3t 55-75 0 9 91 16 14 17 53 0 100 0.32 27

C 75-90+ 0 13 87 18 9 22 51 0 100 0.43 26

Profile 4

A1 0-20 0 6 94 34 33 21 12 ll 8 1.75 12

A2 20-40 0 6 94 32 29 22 17 16 6 1.29 14

B2t 40-60 0 9 91 29 26 20 25 24 4 , 0.80 16

B3t 60-80 0 12 88 27 21 16 36 0 100 0.44 20

C 80-100+ 0 22 78 33 13 13 41 0 100 0.32 22
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Table 3 shows considerable differences among these

soils: depth to clay greater than 40 percent is 35 cm,

55 cm, 15 cm, and 80 cm, respectively, from profile 1 to 4;

degree of flocculation of clay varies from 4 to 100 percent

and depth to flocculation greater than 85 percent is 22 cm,

26 cm, 15 cm, and 60 cm, respectively, from profile 1 to 4;

and the percentage of silt/clay ratio varies from 1.75 to

0.29 and decreases with depth in each profile, but the

maximum is 1.09, 1.25, 0.73 and 1.75 in profile 1 to 4.

Moisture equivalent is consistent with clay content.

It varies from 8 (8% clay to 28 (52% clay).

Chemical Properties

Table 4 shows the pH, available P, and exchangeable

cations of the profiles studies. The pH values, percent

exchangeable bases and available P of the four profiles,

were quite low. In each case there was not much variation

with depth. Only profile 4 showed a slightly higher pH,

available P, and base saturation in comparison to the

others.

Some investigators have used pH values as a measure

of the approximate degree of base saturation, but at a

given pH it may differ in soils of similar origin as has

been demonstrated by Pierre and Scarseth, 1931.

In all profiles the exchangeable hydrogen predomi-

Imates in the exchange complex. The second most abundant

exchangeable cation is A1+++, except in profiles 1 and 4



Table 4.--Some Chemical Properties (pH, exchangeable cations, and available P) of the

Soils Studied.
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Horizon

Symbol Depth
Exchangeable cations (meg/1009 soil)

 

Base

satur- Satura-

+++

 

 

pH ition tion + P

cm 820 m1 Catt MgM 1c” Ra+ s(5mn) 11+++ 11+ T(CEC) “6):; 103:: pm

Profile 1

A1 0-7 4.9 3.4 0.8 0.07 0.02 0.9 0.6 2.3 3.8 24 4O 3

B1t 7-22 4.7 3.6 0.4 0.06 0.02 0.5 0.6 2.2 3.3 15 55 <1

82t 22-35 4.7 3.7 0.6 0.06 0.02 0.7 0.5 1.8 3.0 23 42 (1

B3tp1 35-80+ 4.6 3.7 0.5 0.10 0.03 0.6 0.7 2.0 3.3 18 S4 <1

Profile 2

A1 0-13 5.0 3.5 0.7 0.09 0.02 0.8 0.4 2.8 4.0 20 33 4

B1 13-26 4.6 3.4 0.3 0.05 0.02 0.4 0.6 2.1 3.1 13 60 1

Bth 26-44 4.4 3.4 0.3 0.04 0.03 0.4 0.8 2.0 3.2 13 73 <1

B22t 44-55 4.5 3.5 0.3 0.04 0.03 0.4 0.9 2.0 3.3 12 69 <1

B3tpl 55-68 4.4 3.5 0.3 0.05 0.03 0.4 1.0 1.9 3.3 12 71 <1

Cpl 68-90+ 4.7 3.8 0.4 0.04 0.02 0.5 1.0 2.1 3.6 14 67 <1

Profile 3

A1 0-15 4.5, 3.8 0.2 0.05 0.05 0.3 1.0 2.7 4.0 8 77 1

B1t 15-35 4.6 3.8 0.2 0.05 0.04 0.3 1.3 2.7 4.3 7 81 <l

B2t 35-55 4.6 3.9 0.2 0.04 0.03 0.3 1.4 2.7 4.4 7 82 (1

B3t 55-75 4.5 3.9 0.3 0.05 0.04 0.4 1.4 2.5 4.3 9 78 <1

C 75-90+ 4.6 3.9 0.3 0.05 0.05 0.4 1.3 1.8 3.5 11 76 <1

Profile 4

A1 0-20 5.2 4.2 0.9 0.05 0.04 1.0 0.2 2.2 3.4 29 17 3

A2 20-40 5.2 4.1 0.9 0.05 0.12 1.1 0.3 2.1 3.5 31 21 2

B2t 40-60 5.0 4.0 0.9 0.08 0.07 1.1 0.6 2.1 3.8 29 35 2

33t. 60-80 4.9 3.9 0.8 0.07 0.05 0.9 1.0 1.7 3.6 25 53 2

Cg 80-100*5.0 4.0 0.9 0.07 0.06 1.0 0.9 1.7 3.6 28 47 3
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++ ++ . .

where Ca + Mg was greater. Too much aluminum saturation

for good plant growth is common. Profile 4 was not classi-

1 Although profile 1 and 2 had surfacefied as "alico."

horizons low in A1+++ saturation, those profiles were

classified as "alico" because their B horizons had an

average of greater than 50 percent Al+++ saturation.

Profile 3 is the highest in Al+++ saturation and CEC values

but has the lowest base saturation.

The generally low cation exchange capacity varies

little, from 3.0 to 4.4 m.e./100 grms of soil.

Table 5 shows some other chemical data for these

profiles. Organic carbon and nitrogen are very low in each

case and decrease with depth in all profiles.

The acid soluble silica/alumina ratios are pretty

close to 2 in each profile. These figures are consistent

with kaolinite contents of the clay fractions.

Amazon Yellow Latosols have high Si02/A1203 ratios

near 2 (Falesi, 1972; Sombroek, 1966), whereas the Latosols

from the central part of Brazil show lower ratios, around 1

(Freitas, 1970). This shows that the Amazon soils, including

the ones in this study, are not the most weathered soils of

Brazil.

The acid soluble A1203/Fe203 ratios of profile 2

reflect the relatively lower amounts of Fe20 in that

3

profile.

 

lThis Brazilian term designates Al+++ saturation

greater than 50 percent.



47

Table 5.--Some Chemical Properties (carbon, nitrogen and acid soluble components) of the

Soils Studied.

 

$10 810 A1 0

 
 

 

Horizon C N C H2804 (d-1.47) Acid soluble five earth % 2 2 2 3

—- - 111203 11203 Fe203

Symbol D::th \ t N 8102 A1203 F0203 TiO2 P20s (Ki) (Kr)

Profile 1

A1 0-7 0.84 0.09 9 4.9 4.0 1.0 0.28 0.02 2.08 1.80 6.22

B1t 7-22 0.41 0.06 7 8.5 7.0 1.4 0.37 0.02 2.07 1.83 7.80

B2t 22-35 0.36 0.05 7 11.1 9.1 1.5 0.44 0.02 2.07 1.88 9.49

B3tp1 35-80+0.26 0.04 7 25.9 22.5 4.7 0.57 0.02 1.96 1.73 7.50

Profile 2

A1 0-13 0.73 0.08 9 3.9 3.0 0.7 0.22 0.02 2.21 1.92 6.68

B1t 13-26 0.41 0.05 8 7.0 5.4 0.8 0.30 0.02 2.21 2.02 10.58

B1t 26-44 0.36 0.05 7 11.1 8.8 1.3 0.40 0.02 2.14 1.96 10.65

3228 44-55 0.32 0.04 8 15.8 13.3 1.5 0.44 0.02 2.02 1.88 13.87

Batpl 55-68 0.33 0.04 8 17.8 15.5 2.0 0.46 0.02 1.95 1.80 12.16

Cpl 68-90+0.22 0.04 6 22.4 19.5 2.6 0.53 0.02 1.95 1.80 11.73

Profile 3

A1 0-15 0.50 0.05 10 11.9 9.5 2.2 0.58 0.02 2.13 1.86 6.75

B1t 15-35 0.45 0.05 9 18.5 16.6 3.9 0.64 0.02 1.89 1.65 6.67

B2t 35-55 0.44 0.04 11 22.7 20.0 4.6 0.70 0.02 1.93 1.68 6.81

B3t 55-75 0.37 0.05 7 23.8 20.7 4.1 0.74 0.02 1.96 1.74 7.93

C 75-90+0.22 0.02 11 27.7 24.2 5.2 0.74 0.02 1.95 1.71 7.30

Profile 4

A1 0-20 0.41 0.04 10 5.9 4.5 1.4 1.17 0.03 2.23 1.86 5.01

A2 20-40 0.31 0.03 12 7.9 6.2 1.7 1.05 0.03 2.17 1.84 5.74

B2t 40-60 0.34 0.03 11 11.8 9.1 2.0 1.06 0.03 2.21 1.93 7.14

B3t 60-80 0.25 0.04 6 15.7 12.9 2.3 1.10 0.03 2.07 1.86 8.78

Cg 80-100+0.210.03 7 18.6 15.3 3.0 1.06 0.04 2.07 1.84 7.78
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Mineralogical Properties
 

Coarse fragments (greater than 20 mm only in pro-

files 1 and 2; and 20-2 mm in all profiles as shown in

Table 6): Quartz was the dominant primary constituent in

both fractions. The grains look like quartzite fragments

when crushed. Some horizons presented iron oxide con-

cretions with inclusions of quartz. Greater than 20.mm

fractions in B horizons have more ferruginous concretions

than quartz. Plates of mica in ferruginous clay fragments

in the B and B3t horizons of profiles 1 and 2 were noted
2t

in the 20-2 mm fractions.

Sands (2-0.2 mm and 0.2-0.05 mm as shown in Table 7).

Heavy fractions (d>2.83): Heavy fractions were com-

posed by heavy minerals resistant to weathering such as:

zircon, ilmenite, and magnetite among others. One exception

was the Bth horizon of the profile 2, that showed a small

amount of biotite (6.7%). A lithologic discontinuity could

be inferred from this factor or perhaps preservation of a

less resistant mineral in concretions could have occurred.

Iron concretions are also common secondary com-

ponents of the coarse sands in the heavy fractions, parti-

cularly those from the better drained profiles 1, 2, and 3

are commonly the most abundant constituents of the heavy

fractions. These are less abundant in the light fraction

of the coarse sands and in the heavy fractions of the fine

sands. Ferruginous clay fragments may also occur in the

lighter sand fractions of profiles 1 and 3.
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Table 6.--Mineralogical Analyses, Coarse Fragments.

 

A1

1t

2t

Profile 1

>20 mm

broken quartz, showing signs of crushing, reddish

grains due to iron oxide.

20-2 mm

Large percentage of transparent and milky quartz,

less reddish grains due to iron oxide; several

grains show signs of crushing; subrounded grains

of hematite, ferruginous concretions; fragments of

clay-ferruginous material, red, several with

inclusions of transparent quartz; fragments of

clay-milky material; rare goethite concretions; rare

fragments of coal and roots.

20-2 mm

Large perCentage of quartz, crushed grains, reddish

due to iron oxide; rounded ferruginous concretions;

fragments of the clay-iron material with inclusion

of transparent quartz; rare fragments of coal;

creamy clay material with spots (stained by iron

oxide).

>20 mm

Ferruginous concretions; crushed quartz, reddish

grains due to iron oxide, the grains look like

fragments of quartzite.
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Table 6.--Continued.

 

20-2 mm

Large percentage of quartz, crushed grains; reddish

due to iron oxide; fragments of the iron-Clayey

material with inclusions of quartz; material with

Clayey aspect, white and red mottles; rare

ferruginous concretions; fragments of the iron-

clay material with inclusions of very small plates

(blades) of weathering mica.

B3tpl 20-2 mm

White and milky quartz, several of them are crushed;

fragments of the iron-clayey material with inclu-

sions of quartz; fragments of the iron-clayey

material with inclusion of plates (blades) of

weathering mica; fragments of the material with

clayey aspect with white and red mottles.

Profile 2

Al 20-2 mm

Large percentage of quartz, some grains are crushed

and the majority are colored by iron oxide; rounded

ferruginous concretions with inclusion of quartz;

rare fragments of detritus; rare fragment of coal.

B1 20-2 mm

The same as above.
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Table 6.--Continued.

 

B21t

22t

B3tp1

20-2 mm

Large percentage of quartz, some grains are crushed

and the majority are colored by iron oxide; rounded

ferruginous concretions with inclusions of quartz;

rare grains of quartz are rounded and subrounded.

>20 mm

Ferruginous concretions (like Bir horizon); quartz

colored by iron oxides.

20-2 mm

Large percentage of quartz, several grains are

crushed, the majority are of milky appearance, and

some are colored by iron oxides; ferruginous con-

cretions, some are rounded with inclusions of

quartz; fragments of iron-clayey material, some

with inclusions of quartz, others with inclusion of

plates (blades) of weathering mica.

Observation: The crushed grains of quartz look

like fragments of quartzite.

>20 mm

Ferruginous concretions with few quartz grains

included (look like Bir horizon); crushed quartz

colored by iron oxide (look like fragments of

quartzite).

20-2 mm

The same as above.



52

Table 6.--Continued.

 

Cpl

1t

2t

20-2 mm

Quartz, the majority of the grains have a milky

appearance, many crushed (some of them look like

fragments of quartzite); ferruginous concretions,

and some are rounded; rare rounded and subrounded

grains of quartzite; rare fragments of iron-clayey

material with inclusions of quartz; rare fragments

or mottled iron-clayey material.

Profile 3

20-2 mm

Large percentage of quartz, many grains are colored

by iron oxide, when crushed look like quartzite

fragments; few grains of milky quartz or quartzite

like fragments. Presence of fragments of quartz

with appearance of secondary origin. Some grains

of quartz subrounded. Some fragments of red clayey-

iron material, with inclusions of crushed quartz

and transparent quartz not crushed.

20-2 mm

Milky-quartz like, crushed, grains colored by iron

oxide; fragments of ferruginous material with

inclusion of crushed quartz.

20-2 mm

Crushed milky quartz-like, crushed quartz spotted

(stained) by iron oxide; fragments of ferruginous
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Table 6.--Continued.

 

t

2t

3t

material with inclusions of crushed milky-quartz

like; rare ferruginous concretions.

20-2 mm

The same as above.

20-2 mm

Crushed milky-quartz like, fragments of ferruginous

material some with inclusion of quartz; fragments

of clayey-iron material with red and white color

(mottles). This material is not consistent.

Profile 4

20-2 mm

Large percentage of quartz, the majority are milky-

quartz like, some look like quartzite fragments,

others slightly colored by iron oxide; rare ferru-

ginous concretions with inclusions of quartz.

20-2 mm

Large percentage of quartz, the majority are milky-

quartz like, many of them crushed, some look like

quartzite fragments, other grains slightly colored

by iron oxide.

20-2 mm

The same as above.

20-2 mm

Large percentage of quartz, some grains crushed,

some look like quartzite fragments. The majority
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Table 6.--Continued.

 

of grains are milky-quartz like; some ferruginous

concretions.

Cg 20-2 mm

Large percentage of quartz, many grains milky-

quartz like, some slightly colored by iron oxides,

some grains crushed, look like quartzite fragments.
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Iron concretions were not observed in the A horizon

of the profile 2, even in the heavy sand fractions. In

profile 4, the most poorly drained, iron concretions were

observed only in the heavy coarse sand of the A horizons

and the heavy fine sand of the B2t horizon.

Apatite is an infrequent heavy mineral observed in

the coarse and fine sand fractions of the A1 and B1t

horizons of profile 1; in the fine sand fractions throughout

profile 2; and in the A1, B1 and B2t of profile 3. Bio-
t!

tite was also observed in the heavy fine fractions of the

B and B horizons of profile 3.
1t 2t

Medium and light fractions (d<2.83). The medium-and

light fractions are the predominant components in both the

coarse and fine sands.

More than 90 percent by weight of the medium and

light fractions were quartz. Quartz could thus be con-

sidered the dominant constitutent of these sand fractions

in all four profiles. However, small amounts of ilmenite

were also observed in the fine sand fractions of profiles

1, 2, and 4.

Secondary products were found in the light fractions

of some horizons only. Thus, iron concretions and ferrugi-

nous Clay fragments were observed in the coarse sands of

profile 1, iron Concretions were observed in the coarse

sands of the subsurface horizons of profile 3, and

ferruginous Clay fragments were observed in some of the fine

sand fractions of the subsurface horizons of profiles 1 and 3.
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Clays Fractions: For this purpose, only X-ray

diffraction analyses of total Clay fractions were used,

from 9 of the 20 horizons in the four profiles. The results

are tabulated in Table 8.

Two pretreatments were used: the first with

dithionite-Citrate-bicarbonate and the second using ammonium

oxalate.

Besides the clay mineral characterization, the pur-

pose of using these two treatments was to try to make some

comparisons with the amount of the exchangeable Al+++ and

acid soluble Fe203 on the differences in X-ray diffraction

peak heights. Figure 4 shows X-ray tracings of total clay.

The dithionite treatment is supposed to dissolve

much of the iron from amorphous as well as from crystalline

materials and the oxalate treatment is supposed to dissolve

only iron from amorphous materials. The height figures on

the table refer to the scale of the X-ray diffraction

recording charts.

The samples were X-rayed at three different times

and they showed different peak intensities. Differences in

intensities of X-ray diffractions (peak), probably are due

to differences in amount of clay mineral, mineral particle

orientation, and with the position of the mounted sample

in the diffractometer.

The following comparisons and conclusions seem

warranted: First, it was evident that all profiles were
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Figure 4.

66

X-ray Tracings of Total Clay of Selected Soil

Horizons.

Treatment: (1) No Treatment

(2) Ammonium Oxalate Procedure

(3) Dithionite-Citrate System

Buffered With Sodium

Bicarbonate

Scale factor is 32 for all tracings.
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mostly kaolinitic (greater than 95%), as shown by diffrac-

tion peaks at 7.18A°.

After dithionite treatment, the diffraction peaks

showed greater heights than they did after oxalate treat-

ment in all horizons.

After oxalate treatment, the A horizons had smaller

diffraction peaks than with no treatment. That is the

reason for their negative ratios in the last column of

Table 8.

The A1 of the profile 4 showed the highest kaolinite

peak with no treatment. This horizon had the smaller amount

of exchangeable A1+++ saturation, 17 percent, and the clay

had a low degree of Clay flocculation, 8 percent. Even the

dithionite treatment decreased the diffraction peak height

of this sample.

The relative order of increase of the intensities

of the kaolinite peaks in the subsurface horizons is about

the same for the two treatments, but the dithionite treat-

ment was most effective. The B sample from profile 4 had
2t

the lowest peak height without treatment. Both treatments

increased the peak heights more of this sample than would

have been expected from its lack of flocculated clay, its

+++ . -
low A1 saturation, and low soluble iron content.

Plinthite Characterization
 

A great limitation for plinthite characterization

in the laboratory, was the amount of soil samples in
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undisturbed (natural) conditions. Even so, some conclu-

sions can be made from the results of the slaking and

fifteen wetting and drying cycles in the laboratory.

Table 9 shows the results of the distinction between

red mottles and plinthite after slaking (being immensed in

water for 2 hours) and the test of hardness after 15 drying

and wetting cycles.

These tests should be made in the field, but it was

impossible. For the slaking test, it does not make any

difference. But for the drying and wetting cycles it

probably does because the investigators mention that soil

material hardens especially if it is exposed also to heat

from the sun.

From the table it is evident that the most red

material is actually plinthite in the better drained pro-

files (1 and 2), but they harden only after 15 cycles.

Sanches (1973), has indicated from 5-10 cycles should be

sufficient.

Classification of These Soils
 

Table 10 shows the classification of the soils in

this study according to the systems of classification used

in Brazil, FAG/UNESCO, and the U.S. Soil Taxonomy.

Currently, in soil surveys carried out by SNLCS 13

Brazil, plinthite has tentatively been considered necessary

to quality for a Ground Water Laterite. But, probable some
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of these soils already mapped could not be classified as

Ground Water Laterite because tests for identifying

plinthite and its measurements have not been done. For

example, profile 3, was previously classified as a Ground

Water Laterite in the field, because of the presence of red

mottles. After laboratory tests it has less than 5 per-

cent of what could be called plinthite. Likewise profile 4,

called Planosol plinthic does not fit well into this class

of soils. It also has less than 5 percent that could be

called plinthite. These two soils show the evidence that

plinthite develops more in better drained soil conditions.

Profile 1 was classified as Red Yellow Podzolic

. . . substrata plinthic, due to presence of plinthite

below 75 cm at the bottom of the Bt. Profile 2 is Red

Yellow Podzolic plinthic, because plinthite is within that

depth and occupies a large part of the B horizon.

In regards to the FAG/UNESCO system, all profiles

fit into Acrisols. The plinthic soils are Classified as

plinthic Acrisols and the non-plinthic as Ferric Acrisols.

Finally, in U.S. Soil Taxonomy 3 profiles (1, 3,
 

and 4) were classified as Paleudults because the clay

content increased from the surface to the lower horizons.

Profile 2 fits in Plinthudult, with plinthite as a con-

tinuous phase. The U.S. Taxonomy has not differentiated

any subgroups for this great group. However, profile 2

could be Classified as an Oxic Plinthudult, because it
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shows a high degree of clay flocculation and a low activity

clay (after correction for carbon).

Bennema, 1964 indicated that one gram of carbon

often is equal to approximately 4.5 millequivalents of

cation exchange capacity. The equation for 100 grams of

clay based on CBC and carbon (C) of a sample is:

100

Current Land Uses

This sequence of soils has not had any agricultural

use in the Amazon Region. However, Plinthic Paleudults

and Aquic Paleudults, have been mapped in Sierra Leone,

west Africa and some indications of their value for agri-

cultural uses have been recognized (Odell et al., 1974).

Plinthic Paleudults are used for both annual and perennial

crops, such as: upland rice, maize, groundnuts, cassava,

coffee, oil palm, and citrus. Dry season irrigation is

desirable, but not feasible in most-p1aces. The Aquic

Paleudults are used for swamp rice during the rainy season,

with bunding and water control; and vegetables are grown

during the dry season. With supplementary drainage a

variety of crops can be grown.

At the family level, the Plinthic Paleudults in

Sierra Leone are fine-loamy over clayey-skeletal, mixed,

isohyperthermic. The Amazon soils are in the fine-loamy,

siliceous, isohyperthermic family. The Aquic Paleudults are
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in the clayey, kaolinitic, isohyperthermic family, in.

both areas.

Plinthic Paleudults have also been mapped in Puerto

Rico, but they are in oxidic, instead of siliceous, families.

They present very severe limitations for cultivated crops.

Agricultural uses are not recommended for the

Brazilian soils, because of the high investment that would

be required and the large area of relatively better soils

in the Amazon Region that could be so used.

Interpretations for Engineering

Purposes*

These interpretations provide information about

 

engineering properties of soils, Table 11; the suitability

of soils as source materials, and the factors affecting

various engineering uses of soils, Table 12. The soils

also are related as to their degree of limitation for

residences, recreational facilities, as well as farm crops,

farm trees, structures for light industry, trafficways, and

gardens, Table 13. The purpose of these interpretations

is to give ideas about the potential uses for the soils

represented in four profiles.

Estimated soil properties significant to engineering

interpretations, are given in Table 11. Explanation of
 

 

*Basically from guide for Interpretations for

Engineering Uses of Soils by S.C.S.-U.S.D.A. and Michigan

Agricultural Experiment Station.
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Eggms: Depth to seasonally high water table--Listed is the

shallowest depth to which free water rises at least once a

year, generally during the winter (in Amazon region this is

about 6 months).

Depth from surface--the depths given in this column

correspond to the top of the soil horizons.

USDA texture--the texture indicated corresponds to

the textures given in the technical description of each soil

profile of the sequence (USDA Handbook No. 18, SOIL SURVEY

MANUAL).

Unified Classification2--The Unified Soil Classifi-

cation system is based on identification of soils according

to their texture and plasticity and their performance as

engineering construction material (Corps of Engineers,

U.S. Army, Technical memorandum No. 3-357, vol. 1, March,

1953). In this system, soil material is divided into 15

classes: 8 classes are for coarse-grained material (GW, GP,

GM, GC, SW, SP, SM, SC), 6 for fine-grained (ML, CL, OL,

MH, CH, OH), and l for organic material (Pt).

AASHO Classification2--Most highway engineers

classify soil materials according to the system approved by

the American Association of State Highway Officials. (High-

way Research Board Proceedings of the 25th Annual Meeting,

 

2Unified and AASHO classifications were taken from

guide sheet 15--General relationship of systems used for

classifying soil samples (USDA-Soils Memorandum--45 Rev. 2).

Guide for Interpreting Engineering Uses of Soils.)
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1945). This classification is based on the gradation,

liquid limit, and plasticity index of the soil. Highway

performance has been related to this system of classifi-

cation. All soil materials are placed in seven principal

groups. The groups range from A-l (gravelly soils of high

bearing capacity, the best soils for subgrades) to A-7

(clay soils having low strength when wet, the poorest soils

for subgrades).

Percent of Material Passing Sieve3--The measured or

estimated percentages of material passing the numbers 4, 10,

40, and 200 sieves are given for each major horizon. When

there is very little gravel size material (No. 4 and 10

sieves) present, the percent passing the 200 sieve approxi-

mates the amount of silt and clay.

Soil Reaction--soil reaction or the intensity of

soil acidity or alkalinity is expressed in pH--the logarithm

of the reciprocal of the H-ion concentration. A pH of 7 is

neutral, lower values indicate acidity and higher values

show alkalinity.

Shrink-Swell Potential--indicates the volume change

to be expected of the soil material with Changes in moisture

content. It is low in all cases.

Table 12, part A, presents a summary of the

Engineering Interpretations for topsoils, sand, and gravel,

or road fills.

 

3Percent of Material Passing Sieve were taken from

guide sheet 2 of the same Soils Memorandum 45 previously

mentioned.
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Explanation of Items: Topsoil--The organic matter
 

Content, thickness, texture, and natural fertility of the

surface layer determine the suitability of a soil for use

as topdressing for slopes, road shoulders, and other earth

structures that require a plant cover for protection. The

rating terms used are: GOOD, FAIR, POOR, AND VERY POOR.

Sand and gravel--This column gives information about

the soil as a possible source of sand and gravel for con-

struction purposes. The ratings are: Probable source (GOOD,

AND FAIR), AND IMPROBABLE SOURCE (POOR, AND UNSUITED).

Road fill--This column rates the soil material of the

solum (surface layer and subsoil) and of the substratum.

Road fill is subgrade material that is used to support the

subbase and base, or surface course. Soil properties con-

sidered in making the ratings are soil texture and its

effect on compressibility, shrink-swell potential, and

moisture content. The suitability of a road fill depends

largely on its texture, moisture content, and location.

Normally wet, plastic, Clay is rated poor for road fill,

and sand is rated poor or fair, depending on its location.

Sand is difficult to Compact and needs close control of

moisture during compaction.

Table 12, part B, summarizes soil features affecting

local road or streets, reservoir areas, and agricultural

drainage.

Explanation of Terms: Local roads and streets--The

limitation ratings given in this column apply to use of
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soils for construction and maintenance of improved local

roads and streets. Consist of: (l) underlying local soil

material, whether cut or fill, that is called "the sub-

grade"; (2) the base material of gravel, crushed rock,

lime-stabilized soil, or soil-cement-stabilized soil;

(3) the actual road surface or street pavement that is

either flexible (asphalt), rigid (concrete), or, in some

rural areas, gravel with binder in it. Major factors

 

considered are: soil drainage class, flooding hazard,

slope, depth to water table, and shrink-swell potential.

Reservoir areas--consideration is given primarily to

the sealing potential of the soil, but shallowness to bed-

rock and the susceptibility to overflow in flood plains are

also considered; so the reservoir areas of farm ponds are

adversely affected by rapid permeability, seepage, and

flooding.

Agricultural drainage--Among the soil features

listed are natural drainage, permeability of the soil in

place, susceptibility to flooding, and the presence of a

seasonal high water table.

Limitation of Soils for Town

and Countperlanning
 

These limitations are summarized in Table 13. The

following explanations apply to that table.

Explanation of Items for: Residences--Residences

refer to dwellings of three stories or less. They may be

single houses or in a large subdivision. The limitations



T
a
b
l
e

1
3
.
-
L
i
m
i
t
a
t
i
o
n
s

o
f

S
o
i
l
s

f
o
r

T
o
w
n

a
n
d

C
o
u
n
t
r
y

P
l
a
n
n
i
n
g
.

 
 

S
o
i
l
s

(
A
)

R
e
s
i
d
e
n
c
e
s

w
i
t
h

.
.

.

N
O
.

 P
u
b
l
i
c

o
r

c
o
m
m
u
n
i
t
y

s
e
w
a
g
e

s
y
s
t
e
m
s

S
e
p
t
i
c

t
a
n
k

f
i
l
t
e
r

f
i
e
l
d
s

 

1
S
l
i
g
h
t

S
e
v
e
r
e
:

m
o
d
e
r
a
t
e
l
y

s
l
o
w

p
e
r
m
e
a
-

b
i
l
i
t
y

i
n

p
l
i
n
t
h
i
t
e

z
o
n
e
.

2
S
l
i
g
h
t

S
e
v
e
r
e
:

t
h
e

s
a
m
e

a
s

a
b
o
v
e
.

3
S
e
v
e
r
e
:

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
.

S
e
v
e
r
e
:

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
.

4
S
e
v
e
r
e
:

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
;

S
e
v
e
r
e
:

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
;

f
l
o
o
d
i
n
g
.

f
l
o
o
d
i
n
g
.

(
B
)

R
e
c
r
e
a
t
i
o
n
a
l

f
a
c
i
l
i
t
i
e
s

.
.

.

 C
a
m
p
s
i
t
e
s

I
n
t
e
n
s
i
v
e

p
l
a
y

a
r
e
a
s

P
i
c
n
i
c

g
r
o
u
n
d
s

 

1
S
l
i
g
h
t

S
l
i
g
h
t

S
l
i
g
h
t

2
S
l
i
g
h
t

S
l
i
g
h
t

t
o
m
o
d
e
r
a
t
e
:

s
l
o
p
e
.

S
l
i
g
h
t

3
S
l
i
g
h
t

S
l
i
g
h
t

S
l
i
g
h
t

4
M
o
d
e
r
a
t
e
:

w
e
t
n
e
s
s
.

M
o
d
e
r
a
t
e
:

w
e
t
n
e
s
s
.

M
o
d
e
r
a
t
e
:

W
e
t
n
e
s
s
.

81



T
a
b
l
e

1
3
.
-
C
o
n
t
i
n
u
e
d
.

 

S
o
i
l
s

N
o
.

(
C
)

O
t
h
e
r

u
s
e
s

 

F
a
r
m

c
r
o
p
s

F
a
r
m

t
r
e
e
s

S
t
r
u
c
t
u
r
e
s

f
o
r

l
i
g
h
t

i
n
d
u
s
t
r
y

T
r
a
f
f
i
c
w
a
y
s

G
a
r
d
e
n
s

 

S
e
v
e
r
e
:

l
o
w

n
a
t
u
r
a
l

f
e
r
t
i
l
i
t
y

S
e
v
e
r
e
:

l
o
w

n
a
t
u
r
a
l

f
e
r
t
i
l
i
t
y

V
e
r
y

s
e
v
e
r
e
:

l
o
w

n
a
t
u
r
a
l

f
e
r
t
i
l
i
t
y
;

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
.

V
e
r
y

s
e
v
e
r
e
:

l
o
w

n
a
t
u
r
a
l

f
e
r
t
i
l
i
t
y
;

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
;

f
l
o
o
d
i
n
g
.

M
o
d
e
r
a
t
e

M
o
d
e
r
a
t
e

M
o
d
e
r
a
t
e

t
o

s
e
v
e
r
e

S
e
v
e
r
e
:

l
o
w

n
a
t
u
r
a
l

f
e
r
t
i
l
i
t
y
;

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
;

f
l
o
o
d
i
n
g
.

M
o
d
e
r
a
t
e
:

h
i
g
h

c
o
n
c
r
e
t
e

c
o
r
r
o
s
i
o
n

M
o
d
e
r
a
t
e
:

h
i
g
h

c
o
n
c
r
e
t
e

c
o
r
r
o
s
i
o
n

M
o
d
e
r
a
t
e
:

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
.

S
e
v
e
r
e
:

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
;

f
l
o
o
d
i
n
g
.

S
l
i
g
h
t

S
l
i
g
h
t

M
o
d
e
r
a
t
e
:

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
.

S
e
v
e
r
e
:

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
;

f
l
o
o
d
i
n
g
.

M
o
d
e
r
a
t
e
:

l
o
w

p
r
o
-

d
u
c
t
i
v
i
t
y

M
o
d
e
r
a
t
e
:

l
o
w

p
r
o
-

d
u
c
t
i
v
i
t
y

S
e
v
e
r
e
:

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
.

S
e
v
e
r
e
:

s
e
a
s
o
n
a
l

h
i
g
h

w
a
t
e
r

t
a
b
l
e
;

f
l
o
o
d
i
n
g
.

 

82

a
F
o
r

t
h
i
s

s
e
c
t
i
o
n
,

t
h
e

s
u
m
m
e
r

t
i
m
e

(
6
m
o
n
t
h
s
,

l
e
s
s

a
m
o
u
n
t

o
f

r
a
i
n
)

w
a
s

c
o
n
s
i
d
e
r
e
d

o
n
l
y

b
e
c
a
u
s
e

d
u
r
i
n
g

t
h
e

w
i
n
t
e
r

(
6
m
o
n
t
h
s

o
f

s
t
r
o
n
g

r
a
i
n
)

r
e
c
r
e
a
t
i
o
n

i
s

p
r
a
c
t
i
c
a
l
l
y

i
m
p
o
s
s
i
b
l
e

i
n

t
h
e
s
e

s
o
i
l

t
y
p
e
s
.



83

are rated for dwellings served by public or community sewage

system and for dwellings that are served by septic tank

filter fields. The significant soil properties are bearing

strength, shrink-swell potential, depth to seasonal high

water table, flood hazard, and slope. Flooding is a major

limiting factor. If a septic tank filter field is required,

a high water table and slow percolation rate are major

limitations.

Increase in slope makes the soil less desirable for

construction of sewage disposal fields. Slopes over 12

percent have severe limitations for the layout and con-

struction of sewage disposal fields. Side-hill seepage is

a problem on sloping areas. Very sandy soils may allow

unfiltered effluent to enter and contaminate shallow water

supplies. Clayey soils and soils with a high water table

may become saturated during wet periods and prohibit proper

functioning of the filter field.

Recreational facilities:4 Campsites--are they

suitable for tents and camping trailers. It is assumed

that little site preparation is needed. Suitability for

septic tanks is not a requirement. Soils prOperties that

affect this use are depth to seasonal high water table,

flood hazard, permeability, surface soil texture, and

slope.

 

4For this section, the summer time (6 months, less

amount of rain) was considered only, because during the

winter (6 months of strong rain) recreation is practically

impossible in these soil types.
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Intensive play areas--ratings apply to areas to be

developed for playgrounds, athletic fields, and organized

games such as volleyball and tennis. All areas are subject

to heavy foot traffic. They require nearly level surfaces,

good drainage, freedom from flooding during use periods, and

a texture and consistence that provides a firm surface.

Areas should be free of coarse fragments and rock outcrOps.

Picnic grounds--ratings apply to areas to be used

for picnic areas and extensive play areas. Ratings are

based on soil features only and do not include other

features such as presence of trees or ponds, which affect

the desirability of a site. The same properties as for

intensive play areas are significant, although wider vari-

ation within some properties can be permitted.

Other uses: Farm crops--soils are rated in terms

of their limitations for Common farm crops and pasture.

Properties of the soil, erosion hazard, wetness hazard,

climate, slope, and general fertility are items considered

in this evaluation of the soils.

Farm trees--ratings apply to the use of trees for

ornamental production. Available water capacity, depth to

root restricting layers, and natural drainage are major

factors in determining the limitation of the soil.

Structures for light industry--inc1ude buildings

that are used for stores, offices, and small industries;

none of which are more than three stories high nor require

more than moderate bearing strength. It is assumed that
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sewage disposal facilities are available. The properties

important in evaluating soils for this use are lepe, depth

to seasonal high water table, flood hazard, bearing strength,

shrink-swell potential, and erosion potential.

Trafficways--refer to low-cost roads and residential

streets. It is assumed that construction involves limited

cut and fill and limited preparation of subgrades. The

properties important in evaluating soils for such traffic-

ways are slope, depth to seasonal high water table, flood

hazard, shrink-swell potential, and traffic supporting

capacity.

Gardens--include the production of both vegetables

and flowers for homes. Properties important in evaluating

soils for this use are productivity, depth to seasonal high

water table, flood hazard, droughtiness, tilth, lepe,

erodibility, and permeability.

Soil Surveyplnterpretations in

Brazil (For Reconnaissance

Surveys)5

The soil survey interpretation system for reconnais-

 

sance surveys developing in Brazil comprise:

a. A list of properties of soils and environment, such

as: mapped area, occurrence, climate, altitude,

parent material and litholOgy, natural vegetation,

relief, erosion, and so on;

5Bennema; Beck and Camargo, 1964.
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b. Soil limitations for plant growth and agricultural

use;

c. Land capability classification.

Estimated degree and major kinds of limitations

affecting farm uses shown in Table 14 are used as a guide

for determining suitability classes of soils, under both

Primitive and Developed Management. Explanations of the

items considered are discussed next.

 

Estimation of Items: Deficiency of native fertility--
 

in this case meaning chemical fertility, depends on:

1. The availability of the macro- and micro-nutrients

in the soil, and

2. The absence or presence of toxic substances.

Usually only soluble salts, and especially sodium

salts, are regarded. Other important toxic sub-

stances, such as soluble aluminum and manganese,

may depress the availability of some mineral

nutrients. These toxicities are considered as

part of point 1.

Deficiency of water--generally is determined as a

function of the amount of available water to the plants and

of the climatic conditions, especially, precipitation and

transpiration. The climatological factors are the only

factors of importance, in extreme cases as in the desert

and in some super-humid areas, but in the other cases soil

factories also have an influence.
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In well-drained soils this is especially the amount

of available water which can be stored, and this amount

depends on a set of single soil properties, among which are

texture, kind of clay, carbon content and effective soil

depth.

Excess of water or deficiency of oxygen--is mostly

related to the drainage class, which is the result of

climatological conditions (precipitation and evaporation),

local relief, and soil properties. In soils with low water

table the more important are: structure, permeability, and

depth to a less permeable layer, if present. The depth of

water table, in soils with high water table, is important

too. It is evident that, in general, a direct relation

must exist between drainage class and deficiency of oxygen,

because the drainage classes are essentially defined in

terms of excess of water. Some discrepancies may, however,

exist in practice because the essential point in the

classes of deficiency of oxygen is the reaction of plant-

1ife, while in the drainage classes soil profile character-

istics are taken to determine the drainage Class. This

relationship does not persist if the soil is artifically

drained.

Susceptibility to erosion--consideration is given

here to erosion by water, only. Susceptibility to erosion

by water depends, besides climate, on topography and soil,

also on the land use, and on the vegetation of the land.

The standard for susceptibility to erosion is the erosion
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which would occur if the land would be used for cultivated

agriculture, such as growing crops which are not soil

protectors and neglecting to take measures to prevent

erosion.

Use for agriculture machinery--This agricultural

factor depends on slope, absence or presence of stones or

rocks, absence or presence of extreme shallowness of the

soil, at least if underlain by consolidated material or by

material unfavourable if ploughed up, bad drainage con-

ditions, and extreme in properties of the soil material,

such as clayey texture with the presence of 2:1 layer

silicate clays (often together with drainage conditions),

organic soils, or loose sandy soils.

In the case of mechanization, it should be noted

that an area which has no impediments to mechanization

should have a minimum size to be of importance.

Table 15 lists the estimated degree and major

kinds of limitations for farm uses of soils, and how these

relate to suitability classes with primitive or developed

management systems.

MANAGEMENT SYSTEM, PRIMITIVE, A

This system is characterized by using traditional

methods of tiallage which reflect a low level of technical

operational knowledge. There is no capital input (invest-

ment) for fertilizers and corrective applications, as well

as for maintenance and improvement of soil conditions and

of the tillage. The land use is not permament, because it
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is native fertility dependent, so when the production goes

down, the land is abandoned for recuperation.

Animal power and only the more simple farm imple-

ments are used.

Suitability classes

CLASS l--GOOD, G.

None of the soils of the sequence was classified

in this class;

CLASS 2--FAIR, F.

None of the soils of the sequence was classified in

this class;

CLASS 3--RESTRICTED, R.

The soil conditions present moderate limitations

for growing a large number of climatically adapted

crops. It is possible to foresee a medium harvest

during the first years, but they rapidly decrease

to a low level within a 10 year period; and

CLASS 4--INAPT, I.

The soil conditions present severe and very severe
 

limitations for growing a large number of climati-

cally adapted crOps. It is possible to foresee

low to very low harvest in the first years already.

MANAGEMENT SYSTEM, DEVELOPED, B (without irrigation).

This system employs a high level of technical-

operational knowledge, including experimental data. There

is a high input of capital for maintenance and improvement

of soil conditions and of the tilth. If necessary and
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feasible, artificial drainage and erosion control are done

as well as the employing of fertilizers, correctives of the

acidity, insecticides, and herbicides. The tractor which

includes the whole set of power-operated equipment is used.

Suitability classes

CLASS l--GOOD, G.

None of the soils of the sequence was classified in

this class;

CLASS 2--FAIR, F.

The soil conditions present slight limitations for

growing a large number of climatically adapted

crops. It is possible to foresee that gggd

harvest can be obtained in most areas, but the

Option for crops, income maintenance, and a

selection of management practices are restricted

by one or more not feasible limitation of correction

or can be partially corrected only;

CLASS 3--RESTRICTED, R.

The soil conditions present moderate limitations

for maintenance of climatically adapted crops. The

harvests are seriously reduced and the option for

crops is very restricted by one or more limitations

that cannot be removed;

CLASS 4--INAPT, I.

None of the sequence was classified in this class.



V. CONCLUSIONS

Four Ultisols of a soil sequence in the warm, humid

trOpics of Brazil were studied.

The parent material varied from granite-gneiss to

relatively recent sandy-clay colluvium or alluvium sedi-

ments. In soils of the slopes, some reworked materials

have had an influence in soil formation.

The soil sequence has been developed under very

acid conditions. They are dystrophic and have low activity

clays.

The low cation exchange capacity, low exchangeable

calcium, magnesium, and potassium, low base saturation, and

relatively high amounts of free iron oxides (as well as

extractable Al+++) all indicate strongly weathered soils.

Variations among profiles in this sequence are accounted

for by differences in topography and parent materials.

Coarse fragments are composed mostly of quartz and

quartz is prevalent in the coarse and fine sands. Some

horizons also contain iron concretions and ferruginous clay

fragments.

Kaolinite is the predominant clay mineral (greater

than 95%). This is consistent with the observations of

93
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Sanches and Buol on well drained soils in the upper Amazon

Basin in Peru.

Dithionite pretreatment was more effective than

ammonium oxalate in removing coatings from the clays in

the subsoil horizons. This is shown by greater increases

in X-ray diffraction peaks of kaolinite, in comparison with

no treatment.

In the A horizons dithionite normally increased the

kaolinite peaks much less than in the B horizons in com-

parison with no treatment. The A1 of profile 4 showed

higher peaks with no treatment than with dithionite. In

the A horizons ammonium oxalate decreased the kaolinite

diffraction peaks, in comparison to no treatment. In-

creasing of the peak heights was associated with high per-

centages of Al+++ saturation and high degrees of clay

flocculation.

Presence of plinthite was confirmed only in the two

better drained soils. Thus, in the future during soil

descriptions, better observations should be made by soil

scientists where plinthite is suspected to be present.

Plinthite must be separated from red mottles and the amount

present measured or estimated.

Profiles 1, 3, and 4 were classified as Paleudults,

due to the clay increase from the surface to the lower

horizons. Profile 2 fits in Plinthudults, due to plinthite

forming a continuous phase. The U.S. Taxonomy has not

differentiated any subgroups for this great group. However,
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profile 2 could be classified as an Oxic Plinthudult, because

it shows a high degree of clay flocculation and a low

activity clay (after correction for carbon). Profile 1 is

in the Plinthic Paleudult subgroup due to more than 5 per—

cent Plinthite in a non-continuous phase. Profiles number

3 and 4 are in the Aquic Paleudults.

The soils with more restricted drainage (profiles 3

and 4), present moderate and severe limitations for agri-

cultural uses. Under primitive management systems pro-

files 1 to 4 fit into restricted, inapt, restricted, and

restricted classes. Under developed management systems

they can improve only one class. Profiles 1 to 4 then fit

into fair, restricted, fair, and fair classes, respectively.



LITERATURE C ITED



LITERATURE CITED

Agrochemical Methods in Study of Soils. Translated from

Russian 4th ed. 1965. Published for the USDA-

§g§ and The Indian National Scientific Documentation

Centre. New Delhi, pp. 61—68 and 536-588.

 

Alexander, L. T. and J. C. Cady. 1962. Genesis and

Hardening of Laterite in Soils. SCS-USDA. Tech.

Bull., No. 1282.

 

Arshad, M. A., R. J. St. Arnaud, and P. M. Huang. 1972.

Dissolution of Trioctahedral Layer Silicates by

Ammonium Oxalate, Sodium-Bicarbonate and Potassium

Pyrophosphate. Can. J. Soil Sci., 52:19-26.
 

Bastos, T. X. 1972. O Estado Atual dos Conhecimentos das

Condicdes Climéticas da Amazania Brasileira. In

Zoneamento Agricola da Amazonia Brasileira (la apro-

ximacab). Bol. Tec. do IPEAN No. 54:68-122. M.A.-

D.N.P.E.A., Belem, Para, Brasil.

Bennema, J., J. K. Beek, and M. N. Camargo. 1964. A System

of Land Capability Classification for Reconnaissance

Surveys. DPFS-DPEA-FAO-MA-Rio de Janeiro, Brasil

(mimeo).

Bennema, J. 1966. Report to the Government of Brazil on

Classification of Brazilian Soils. FAO-EPTA,

Report No. 2197.

Benavides, S. T. 1973. Mineralogical and Chemical Charac-

teristics of Colombia. In Tyler, E. J., 1975, see

below.

Braun, E. H. G. and J. R. Andrade Ramos. 1959. Estudo

Agrogeologico dos Campos Pucuari-Humaita—Estado do

Amazonas e Territorio Federal de Rondonia. Rey.

Bras. de Geogr., Ano XXI, No. 4:443-497, CNG-IBGE,

Rio de Janeiro.

 

Braun, E. H. G. 1963. Observacdes Pedo-geomorfologicas

entre Boa Vista e Lethem. Rev. Bras. de Geogr,

No. 3:373-382, CNG-IBGE, Rio de Janeiro, Brasil.

96



97

Briggs, L. T., and T. W. McLane. 1907. The Moisture

Equivalent of Soils. U.S. Dept. Agr. Bur. Soils

Bull. 45.

Buringh, P. 1970. Introduction to the Study of Soils in

Tropical and Subtropical Regions. Center for Agri-

culture Publications and Documentation. Wageningen,

57 p.

 

Cady, J. G. and R. B. Daniels. 1968. Genesis of Some Very

Old Soils--The Paleudults. 9th ICSS, Australia.
 

Camargo, M. N. and Falesi, I. C. 1975. Soils of the

Central Plateau and Tranzamazonic Highway of Brazil.

In Soil Management in TrOpical America. Proceeding_

of Seminar held at CIAT, Cali, Colombia, Feb. 10--14,

1974.

 

 

Camargo, M. N., Freitas, F. G., et al. 1975. Mapa

Esquematico dos Solos Das Regioes Norte, Meio-

Norte, Centro-Oeste do Brasil. Texto EXplicativos.

Bol. Tec., No. 17, DPP-DNPEA-MA. Rio de Janeiro,

BraSll.

Carneiro, L. R. da Silva. 1955. Os Solos do Territorio

Federal do Amapa. SPVEA, Setor de Coordenacao e

Divulgacao, Belem, BraSll.

Committee on Tropical Soils. 1972. Soils of the Humid

Tropics. National Academy of Sciences. Washington,

DOC.

Daniels, R. B., E. E. Gamble and J. G. Cady. 1970. Some

Relations Among Coastal Plain Soils and Geomorphic

Surfaces in North Carolina. Soil Sci. Soc. Am.

Proc., 34:648-652.

Daniels, R. B., H. F. Perkins, B. F. Hajek, and E. E.

Gamble. In Press. Morphology of Discontinuous

Phase Plinthite and Criteria for Its Field Identi—

fication in the Southeastern United States. Soil

Sci. Soc. Am. J.

Daugherty, LeRoy A. 1975. Characterization of Some

Plinthic Soils on Alluvial Landforms in Venezuela.

Ph.D. Thesis, Graduate School of Cornell University.

Day, T. H. 1959. Report of the Reconnaissance Soil Survey

of the Caete-Maracassume Area. Stenciled Report

FAO-SPVEA Mission, Belem, Brasil.

 

Day, T. H. 1961. Soil Investigations Conducted in the

Lower Amazon Valley. FAO-EPTA report 1395. Rome.



98

Day, T. H. and W. H. Santos. 1962. Levantamento de Solos

e Classificacao de Terras--Fazenda Sao Salvador.

Bol. Tec no. 42, SPVEA-IAN, M-nisterio da Agri-

cultura, Belem.

Deb, B. C. 1950. The Estimation of Free Iron Oxides in

Soils and Clays and Their Removal. J. Soil Sci.,

1:213-230.

 

Dudas, M. J. and M. E. Harward. 1971. Effect of Dissolu-

tion Treatment on Standard and Soil Clays. Soil

Sci. Soc. Am. Proc., 35:134-139.
 

Falesi, I. C., Souza Cruz, E. et a1. 1967. Sontribuicao

ao Estudo dos Solos de Altamira (Regiao Eisiograkai

do Xingu). IPEAN-Circular No. 10, 47 pp. Belem,

Para, Brazil.

 

Falesi, I. C. 1972. O Estado Atual Dos Conhecimentos Sabre

os Solos da Amazonia Brasileira. In Zoneamento

Agricola da Amazdnia (la aproximacab), Belem,

IPEAN, Bol. Tec., 54:17-67.

Feigl, F. 1954. Spot Test. Elsevier Publishing Co.,

Amsterdam, Houston, London, New York.

 

Freitas, F. G., Alvares Filho, A., Pires Filho, A. M.,

et a1. 1970. Levantamento Semi-detalhado dos .

Solos de Areas do M.A. no Distrito Federal. Convenio

MA-USAID-Brasil, Pro-Ag. 512-15-120-249, Bol. Tec.,

No. 8, EPFS-EPE, Rio de Janeiro, Brasil.

Fry, W. H. 1933. Petrographic Methods for Soil Labora-

tories. Tech. Bull., No. 344, Div. of Soil

Chemistry and Soil Physics Investigations, USDA,

Washington, D.C.

 

Gorbunov, N. I., G. S. Dzyadevich, and B. M. Tunik. 1961.

Methods of Determining Non-silicate Amorphous and

Crystalline Sesquioxides in Soils and Clays.

Soviet. Soil Sci., 11:1252-1257.
 

Grim, R. E. 1968. Clay Mineralogy. Second Edition,

McGraw—Hill Book Company, 596 pp.

Guerra, A. T. 1952. Formacao de Lateritas sob a Floresta

Equatorial Amazonica (Territorio Federal do Guaporé).

Rev. Bras. de geografia, 14:407-426.

Holmgren, G. S. 1967. A Rapid Citrate-Dithionite Ex-

tractable Iron Procedure. Soil Sci. Soc. Am. Proc.,

31:210—211.

 



99

IBGE-CNG. 1959. Geografia do Brasil. Grande Regiab Norte.

Vol. 1 Serie A. Rio de Janeiro, Brazil.

 

Jackson, M. L. 1974. Soil Chemical Analysis--Advanced

Course. 2nd edition, 9th printing. Published by

the author, Department of Soil Science, University

of Wisconsin, Madison, Wis. 53706.

 

Jacomine, P. K. T. 1971. Levantamento Exploratorio-

Reconhecimento de Solos do Estado do Rio Grande do

Norte. Bol. Tec., No. 21, DPP-DNPEA-MA.

Jacomine, P. K. T. 1972. Levantamento I-Exploratorio

Reconhecimento de Solos do Estado da Paraiba. II-

Interpretaco para Uso Agricola dos Solos do Estado

da Paraiba. Bol. Tec., No. 15-DPP-DNPEA-MA.

Jacomine, P. K. T., M. N. Camargo et a1. 1972. Estudo

Expedito de Solos nos Estados do Espirito Santo,

Norte do Parana e Sul de Mato Grosso Para Fins de

Classificab e Correlacab. Bol. Tec., No. 20,

DPP-DNPEA-MA.

Jacomine, P. K. T., M. N. Camargo, et a1. 1973. Estudo

Expedito de Solos no Trecho Itaituba-Estreito da

Rodovia Tranzamazdnica Para Fins de Classificacab

e Correlacab. Bol. Tec., No. 31, DPP-DNPEA-MA.

Jacomine, P. K. T. 1973a. Levantamento Exploratorio-

Reconhecimento de Solos do Estado de Pernambuco.

Bol. Tec., No. 26, Vols. I and II, DPP-DNPEAPMA.

Jacomine, P. K. T. 1973b. Levantamento Exploratorio-

Reconhecimento do Estado do Ceara. Bol. Tec.,

Jenny, H. 1941. Factors of Soil Formation. McGraw—Hill

Book Company, Inc., New York and London.

 

Kellogg, C. E. 1949. Preliminary Suggestions for the

Classification and Nomenclature of Great Soil

Groups in TrOpical and Equatorial Regions. Comm.

Bur. Soil Sci. Tech. Commun., 46:76-85.
 

Kunze, W. W. 1965. Pretreatment for Mineralogical Analysis,

pp. 568-577. In A. Black (ed.), Methods of Soil

Analysis. Part I. Physical and Mineralogical

Properties. Amer. Soc. Agronomy, No. 9, Madison.

Lajoie, P. G. and W. A. DeLong. 1945. The Acid-Oxalate

Extracts of Podzol and Podzolic Soils. Sci. Agr.,

25:215-220.



100

Lundblad, K. 1934. Studies on Podzols and Brown Forest

Soils:I, Soil Sci. 37:137-153.

Maignien, R. 1966. Review of Research on Laterites.

UNESCO, Natural Resources Research IV.

Marbut, C. F. and C. B. Manifold. 1926. The Soils of the

Amazon Basin in Relation to Their Agricultural

Possibilities. Geogr. Rev., 16:414-442.
 

McKeague, J. A. and J. H. Day. 1966. Dithionite- and

Oxalate-Extractable Fe and A1 as Aids in Differ-

entiating Various Classes of Soils. Can. J. Soil

Sci., 46:13-22.

 

McKeague, J. A., J. E. Brydon and N. M. Miles. 1971.

Differentiation of Forms of Extractable Iron and

Aluminum in Soils. Soil Sci. Soc. Am. Proc., 35:

33-380

Mehra, 0. P. and M. L. Jackson. 1960. Iron Oxide Removal

From Soils and Clays by a Dithionite-Citrate System

Buffered With Sodium Bicarbonate. 7th Nat. Conf. on

Clays and Clay Minerals, 317-327.

 

Odell, R. T., J. C. Dijkerman, et a1. 1974. Characteris-

tics Classification and Adaptation ofgpils in

Selected Areas in Sierra Leone, West Africa.

 

ONERN. 1967. Estudios de Suelos de la Zona de Yurimaguas

(Reconocimento sistematico), Oficina Nacional de

Evaluacion de Recursos Naturales, Lima, Peru.

ONERN. 1969. Inventario de Estudios de Suelos del Peru

(segunda aproximacion), Oficina NacIOnal de

Evaluacion de Recursos Naturales, Lima, Peru.

Pauluk, S. 1972. Measurement of Crystalline and Amorphous

Iron Removal in Soils. Can. J. Soil Sci., 52:

119-123.

 

Pierre, W. H. and G. D. Scarseth. 1931. Determination of

the Percentage Base Saturation of Soils of Its

Value at Definite pH Values. Soil Sci., 31:99-114.

Rodrigues, T. E., Rodrigues da Silva, B. N., et a1. 1971.

Solos da Area do Projeto de Clonizacab do Alto

Turi. IPEAN-Solos da Amazonia, Vol. 3, No. 1,

Belem.

Sanches, P. A. 1973. A Review of Soil Research in Latin

America, North Carolina Agricultural Experiment

Station, Tech. Bull., No. 219.
 



101

Sanches, P. A. and S. N. Buol. 1974. Properties of Some

Soils of the Upper Amazon Basin of Peru. Soil Sci.

Soc. Am. Proc., 38:117-121.
 

Santos, R. D., Larach, J. O. I., et al. 1973. Levantamento

Exploratorio dos Solos que 0correm ao Longo da

Rodovia Transamazonica (trecho Itaituba-Estreito).

Bol. Tec., No. 33, DPP-DNPEA-MA, Rio de Janeiro.

Sivarajasingham, S., L. T. Alexander, J. G. Cady, and M. G.

Cline. 1962. Laterite. Advance in Agronomy,

14:1-56.

 

Sociedade Brasileira de Ciéncia do Solo. 1973. Manual de

Metodo de Trabalho de Campo, Rio de Janeiro, Brasil,

36 pp.

 

Soil Survey Staff. 1951. Soil Survey Manual. U.S. Depart-

ment of Agriculture Handbook No. 18, Washington,

503 pp.

 

Soil Survey Staff. 1960. Soil Classification, a Compre-

hensive System, Seventh Approximation. U.S. Dept.

Agr., Soil Conservation Service, 265 pp.

 

Soil Survey Staff. 1975. Soil Taxonomy, a Basic System of

Soil Classification for Making and Interpreting

Soil Surveys. Agr. Handbook No. 436, U.S. Dept.

Agr., Soil Conservation Service, 754 pp.

 

Sombroek, W. G. 1962a. Reconnaissance Soils Survey of the

Guama-Imperatriz Area (area along the upper part of

the Belem-Brasilian Highway). Stenciled Report,

FAO-SPVEA Mission, Belem, Brasil.

Sombroek, W. G. 1962b. Soils of Amazon Areas With Natural

Pastures. StenciledIReport FAO-SPVEA Mission,

Belem, Brasil.

  

Sombroek, W. G. 1966. Amazon Soils. Center for Agri-

cultural Publication and Documentation (PUDOC),

Wageningen.

 

Sombroek, W. G. and J. B. Sampaio. 1962. Reconnasissence

Soil Survey of the Araguaia Mahogany Area.

Stenciled Report FAO-SPVEA Mission, Belem, Brasil.

 

Tyler, E. J. 1975. Genesis of Soils From Mapping Area in

Yurimaguas, Upper Amazon Jungle of Peru. Ph.D.

Thesis, Dept. of Soil Sci., North Carolina State

University, at Raleigh; University Microfilms, Inc.,

Ann Arbor, Mich.



102

U.S. Department of Agriculture. 1938. Soils and Men.

Yearbook of Agriculture. House Document No. 398.

U.S. Printing Office.

 

Vetori, L. 1959. As Relacoes Ki e Kr na Frapab Argila e

na Terra fina, Anais do VII Congresso da Soc. Bras.

de Ciéncia do Solo, Piracicaba, Sao Paulo, Brasil.

Vetori, L. 1969. Metodos de Analises de Solos, Bol. Tec.,

No. 7 EPFE-EPE-MA, Rio de Janeiro, Brasil.

Winchell, A. N. and H. Winchell. 1959. Elements of Optical

Mineralogy, John Wiley & Sons, Inc., New York,

Chapman & Hall Limited, London.

 

Wood, B. W. and H. F. Perkins. 1976a. A Field Method for

Verifying Plinthite in Southern Coastal Plain Soils.

Soil Sci., 122:240—241.

Wood, B. W. and H. F. Perkins. 1976b. Plinthite Character-

ization in Selected Southern Coastal Plain Soils.

Soil Sci. Soc. Am. J., 40:143-146.



M

{/flflflnjfljm”mm
175

m
“
!

U
!
"

F
.
“

“
I
t

"
s
l
y
"

m
i
l

m
"

m
l
!

033 1293

 


