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Heavy t r o p i c a l r a i n forest growing on the Yellow Latosols of the Planalto region between
Tepejós and Xingu R i v e r s . Some of the highest total t i m b e r volumes in the Amazon Valley
a r e found in this region - up to 350 cubic m e t e r s per h e c t a r e .

INTRODUCTION
The Brazilian Government" in 1955 requested the Technical Assistance
Board of the United Nations to assign a specialist in soil survey- and
classification to the Amazon Valley. The request was approved and forwarded
to the.Pood and 'Agriculture Organization of the United Nations (FAO) for
action.
As the result of this action, and in accordance with the terms of agreement between the Brazilian Government and FAO, a specialist in soil survey
and classification was made available. The terms of reference for his
assignment weres,
To advise and assist the Government on the possibilities.of land
utilization and settlement in the Amazons through such measures as interpreting aerial surveys for the selection of areas suitable for agricultural
development; investigating and appraising the broad soil associations of
selected areas with regard to development possibilities; indicating"the
relative suitability of individual soils for crops adapted to local
conditions;, assessing crop production' potentialities; and preparing
proposals on possible cropping and farming systems suited to land settle-.,
ment activities.
Mr. Thomas H. Day undertook this assignment and was in Brazil from
October 1956 to 'March. 1959.
During this time he investigated the soils over an area of approximately
250,000 square kilometers, working .part of the time with the personnel of
the Instituto Agronomico do Horte and_ the remaining time on joint programs
with members of the FAO Mission on various FAO/SPVEA* projects.
Appreciation is expressed for the assistance given Mr. Day during his
stay in Amazonia by the personnel of the Instituto AgronQmico do: Norte, for
the financial support of the Superintendincia do Plano de Valorizacao
Economica do Amazonia, and for•the outstanding hospitality of the Brazilian
people.

* SPVEAs Superintêndencia do Piano de Valorizacao Economica do Amazonia.

- 2 I. SUMMARY OF RECOMMENDATIONS
1.
The FA0-SPV3A Cooperative Forest Inventory - Soil Survey Program
should be continued»
Besides the valuable forest inventory information obtained from these
projects,, the addition of a soil survey section to this group (a)" points
out areas for possible agricultural development; (b) often can help with
the location of roadsf (c) shows the relationship between soils and plant
cover which is necessary for the- development of any forest improvement
programf and (d) increases the general knowledge of Amazon soils. In
addition, the costs of a joint program are essentially the same as for
outfitting and operating either program separately. This, therefore, gives
the benefits of two programs for practically the cost of one.
2.
If possible, some detailed soil surveys should be made of a few.
relatively small areas.
Such a program would probably demonstrate more clearly than the present
reconnaissance surveys the value of this work, and thus- gain additional
support for the program. Reconnaissance surveys delineate only large blocks
of land and can only describe them in rather general terms. Detailed surveys
indicate specific pieces of land for use and, as knowledge grows, give
specific crop and management recommendations.
3.
If possible, some organization should be encouraged to start research
on crop adaptability and response to management, including fertilization,
for the principal agricultural soils in Amazonia.
Based-on present knowledge these soils appear to bes (i) Sandy Yellow
Latosol, the principal upland soil at the IAN* and in the relatively densely
populated region between Belêm and Braganca; (ii) Yellow Latosol, the soil
of the Santarêm Planalto; and (iii) Ground Water Laterite, the dominant
soil in the cattle producing region of the Marajó Island.
4.
At least one, and preferably two, counterparts should be attached to
the future FAO Soils Mission.
II. THE OBJECTIVES
The four basic objectives to be attained by the pedologist classifying
and' surveying the soils of the Amazon Valley ares1.

To supply basic scientific data on the different kinds and characteristics of the soils found in the region.

2.

To supply information regarding distribution and importance of the
various soils.

3.

To supply information on the relationships between soils and land use,
including pasture and forest. This should include crop adaptabilities
and responses of the important soils to management and fertilizers.

* Instituto Agronomico do Norte

- 34.

To supply' a simplified classification of soil survey data in terms more
readily usable by those outside the circle of trained soils scientists
whose positions require them to make decisions based on soil surveys.

In order to attain these objectives certain Regional difficulties must
be overcome. These ares1.
The agriculture in the Amazon Valley.is'dominantly in a very early stage
of development, with shifting cultivation the normal.cultural practice. Under
such a system, only the largest soil differences are of immediate significance. Land is either cultivable or not cultivable, with the former type
being cropped without much attention paid to kinds of soil and without much
variation in cultural practices, crop adaptations or yields.
With such primitive agricultural conditions, the necessity for making
soil surveys becomes somewhat obscure. And, with the pressure of more
apparent and immediate problems, this obscurity of value can cause a lagging
of official support for soils programs on which any rational future agricultural development must be built.
2.

Difficulties of transport and communication.

3.'

The shortage of available laboratory facilities.

Profitable work can be done without the assistance of. a laboratory
(e.g. Reconnaissance Soil Survey of the Caeté— Maracassumé Area) by using
field observations and simple field tests. However, in order that the full
value of the work can be realized, it is essential that analyses be made of
the representative soils. Besides revealing the general characteristics of
the soils, analyses allow much better correlation with soils in other,
better-known parts of the world. Such correlation enables knowledge of soils
in other areas to be applied to the Amazon.
4.
The lack of Brazilian counterpart personnel throughout the assignment
of the FAO specialist.
5«
The almost complete lack of research data for the principal Amazon
soils on their crop adaptabilities and response to proper management, including
the use of fertilizers.
Except for a limited amount of work on the flood-plain soils (Low Humic
Gley) and a few 'general remarks inserted in reports on other subjects, there
is a great dearth of published information on,the agricultural capabilities"
of Amazon soils.
Almost all Amazon soils are low in natural fertility. Therefore, theirultimate agricultural value will depend much more on their responses to management, including fertilization, than to minor differences in natural
fertility.
Low natural fertility in soils should not be regarded with excessive
pessimism. The fertility of Amazon soils can.be increased by the use of
fertilizers and helped by good management. Other factors of crop production,

- 4such as adequate moisture, generally good soil structure, and desirable
growing temperatures, the Amazon soils have in ample quantities. And the
latter factors are those which are most difficult and expensive to obtain
where they are lacking.
6.
Shortage of reliable maps and good quality aerial photos. The maps used
by the FAO Soils Mission for making surveys were those made by the FAO
Forest Inventory Group, using trimetrigon aerial photos of average to
poor quality (U.S. Air Force, 1942 vertical scale ls40,000) and the U.S. Air
Force Preliminary Base Maps (is 500,000) for control. The resulting maps were
oh a scale of ls200,000, and, although not all that could be desired in
accuracy, were by far the best maps available.
This problem of good quality maps and photos is.being gradually rectified by the Brazilian' Conselho Nacional de Geogra,fia as well as such
organizations as R0D0BRAS and PETR0BRAS. However, the enormous size of the
Amazon Valley precludes any rapid solution.
III.

ACCOMPLISHMENTS

A.
With the Institute Agronomico do Norte, the reconnaissance soil survey
of the approximately 15,000 square kilometer Braganca Area east of Belêm
in the State of Para was started. Contact was maintained with the IAN
until June 1958? at which'time about two-thirds of the field work was done.
The work was completed by IAN in October 1959» and the report prepared by
them.
..
During association with the IAN group, the specialist demonstrated the
technique of making a reconnaissance soils survey in the Braganca Area including (l) the preparation and use of field maps, (2) some interpretation
of aerial pnotos, and (3) recognition and separation of the different soils
and mapping units in the field.
B.
A detailed soil survey was made of the Fazenda Sao Salvador (125
hectares), an artificial insemination station of the Ministry of Agriculture
on Maraj6 Island.
This work was done with a member of the IAN staff and demonstrated the
technique of making a detailed soil survey including (l) the .recognition
and separation of the different soil types; (2) preparation of a survey
report (English and Portuguese) including the soil survey map.
Also, included in this work was a demonstration of the' system of
classifying the land according to its agricultural capability. This
system of classification groups soils according to their capabilities and
in a form understandable to administrative planners and technicians in
fields other than soils. A map showing the agricultural capabilities of
the land surveyed was prepared and presented with the soil survey report on
the fazenda along with the soils survey map.
C.
Reconnaissance soil survey of the Caetê- Maracassumé Area (14,000 sq.km.)
approximately 250 kilomet,ers east of Belêm, Para.

- 5This work was done in cooperation with the FAÓ/SPVEA-Forest.Inventory
Group which was operating in. the same area at the same time« A report and
map were prepared in' "both English and Portuguese describing the findings of
the survey and the method, of operation.
A very important inclusion in the report and map made for this survey
was the introduction of a, system of land classification adapted to broad
scale reconnaissance surveys such as this. This system divided agricultural
land from that which was non-agricultural, and established the nnits of
classification on the basis of the amount of agricultural land included in
each unit, e.g. Class As more than 95 percent cultivable^ Class Bs between
75 and 95 percent cultivable^ etc.
D.
.Preparation of "A Guide to the Classification of the Late Tertiary and
Quaternary Soils of the Lower Amazon Valley".
Without a system of soil classifications all observations and' research
done on the soils of the Amazon remain as isolated cases. However, with a
system which' shows-the relationship between soils, regardless of their
location, the results of research on any soil can be expanded to cover all
similar soils, even though they may be separated by great distances.
The classification guide is a presentation of ah organized list of
soils, described according to present standards, that were seen and studied
during more than three years of travel in the lower Amazon Valley. The area
included covers approximately 250,000 square kilometers . It is quite possible
that- the list is not wholly complete, but it is believed that all the rniore
significant and widespread'soils are described. -Included in the descriptions
are statements regarding the general distribution of the various soils, their
relative importance agriculturally, and their crop adaptability and general
fertilizer requirements as far as was possible from field observations and
comparison with other better known areas.Al'though the area covered includes only a relatively small part' of the
Brazilian Amazon, this guide can form a substantial foundation on which
future soil research in Amazonia can be built.
E.
Joint study -with the FAO/SPVEA Veterinary Group on mineral deficiencies
in cattle.
The purpose of the soils group joining in this study was to supplement
the information gathered by the veterinarians regarding the physical condition
of the cattle with data on the soils being used for pastures.
Studies were made on 19 fazendass three in Amapa Territory, three in
the region of the town of Faro, three in the Prainha-Monte Alegre region, and
ten in the eastern half of Marajó Island. These fazendas were selected
largely because they represented conditions typical of the region in which
they are located.

- 6 The soils being pastured were examined, classified and many soil
samples were taken. Analyses of the samples are presently being made at
the Instituto de Quimica Agricola in Rio de Janeiro (normal soil analyses)
and at the Institute for Tropical and Protozoan Diseases in Holland(microelement analyses).
The report on the soils section of the"joint study will be completed
sometime in the future.
The joint report on this work will be of great significance to all
producers of cattle 'in the lower Amazon Valley and could form a base from
which' the whole cattle industry of Amazonia would make an important move
forward.
.-P.

Assistance to the FAO/SPVEA Silviculture Mission.

Several short soil reports and two soil surveys were made of small
areas of great interest to the PAO/SPVEA Silviculture Mission.
These studies and the classification made of the soils being worked on
by the PAG silviculturist will enable his findings to be applied to similar
soils in other parts of. Amazonia.
G.
Initiated."The Reconnaissance Soil Survey of the Guama-Imperatriz Area"
including the preparation of the preliminary mapping legend.
This is a survey of the soils along the new Belém-Brasilia Road between
the towns of Guama and Imperatriz. The area''consists of a strip 20 kilometers wide (10 kilometers on each side of the road), about 450 kilometers
long and totals 95000 square kilometers.
There- are three principal reasons for making this surveys(1) To determine the amount and location of the agricultural land in the
area and to describe simply and' directly its location as well as its broad
agricultural capabilities and limitations.
Such information can be a very important help to colonization programs
by directing settlement toward those areas best suited to crop production.
(2) To investigate the relationship between soils and plant cover. Any
attempts at improving the present plant cover must be based upon a knowledge
of plant-soil relationships if there is to be a 'reasonable chance of success.
Also, if any colonial development schemes are to be considered within
the area5 data, should be available regarding the suitability of the various
soils'for timber production in order to compare the advantages of forest
cover with use of the land for agriculture»
" . ' • ' '
(3) To further expand the knowledge of soils in the Amazon 'Valley, '• Beyond
the obvious scientific benefits of gaining information about the soils in an
area where they are almost completely unknown, there is the advantage of
knowing which soils are agriculturally important in order that research can
be directed toward these, thus assuring an optimum use of available funds.

\
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INTRODUCTION
The purpose of this publication is to present an organized list of soils
seen and studied in more than three years of travel in the lower Amazon Valley
and to describe and classify them according to present standards. ' The list
may not be complete, but it is believed that the most widespread and significant soils are described«
The area is limited to Tertiary and Quaternary deposits and extends in
a strip 1200 kilometers long and 100 kilometers to I50 kilometers wide down
the Amazon River from approximately 100 kilometers above Obidos to the
Maracassumé River in the State of Maranhao, 300 kilometers east of Belém.
Also included are the Island of Mara30 and the southeast part of Ama-pa •
Territory.. (See'map).
The soils described here can be divided into two groups.—
(1)

The'soils deposited in recent geologic times. This group includes the
soils of the flood plains along the larger, silt carrying rivers and
streams, and those deposited in the literal zone by salt or brackish
water. Both of these types are fine textured and poorly drained.

(2)

The non-flooded land (terra firme) which was laid down in fresh water
during the late Tertiary and early Quaternary periods.
The Tertiary material 'often shows a strong influence of the lacustrine
conditions that existed during its period of deposition.and, consequently, finer textures are common for these soils. The Quaternary
deposits appear to be alluvial in origin, giving present-day soils
that are generally more sandy textured than those from the older
material,,

Excluded from this discussion are the soils developing on the exposure
of Paleozoic rocks north of Oriximinä, Alenquer and 'Monte Alegre. Although
this area, includes soils which are said to be some of the more fertile soils
in Amazonia, they have not been sufficiently studied to include in this paper.
There is an interesting and conspicuous shortage of well drained, recent
alluvial soils in the lower Amazon. This appears to be due to the lack within the Amazon Valley of the Pleistocene sediments ..( till, loess or volcanic
ash) which are commonly associated with the world's great agricultural areas.
Sakamoto (195?) says that :;if thyy had been supplied in large enough quantities to overload the river system, they would have covered at least the
lower part of the Tertiary plateau and formed very gently undulating plains,
perhaps with several' rive.- terraces separating them from the river channels.
This would have provided easily accessible, but no longer flooded, low
plains suitable for agriculture and' other activities".
Also, the rise in water level since the period of entrenchment during
the Pleistocene has caused a general deposition and inundation to occur
throughout most of Lower Amazonia. This has resulted ii a sharp line of
marked contrast existing between most of the older more mature, well
drained soils and those that are poorly drained and recently deposited.

- 2 The only significant tectonic activity in the Amazon region since early
Paleozoic times has been the Andean upthruct during the mid-Tertiary. This
long period of stability has resulted in a rather featureless landscape .that,
except fr-r some mild cooling during the period of Pleistocene glaciation,
has remained relatively unchanged in climate and vegetation since the advent
of modern flora in the early Mesozoic. These conditions of climate and
vegetation are represented in the present by a tropical rain forest of great
floristic richness» Some estimates include more than 2,500 species of large
trees in the whole Amazon and over 1,000 in the State of Para (Richards,,
1952)o Climatically the lower Amazon region shows typical tropical conditions with the large majority of the area receiving 1,750 to more than
3,000 millimeters precipitation, having average maximum and minimum
temperatures in the 25° to 35° C class and consistently high humidity.
Over much of the region there is a pronounced dry season during which some
of the soils may approach the wilting point in parts of the profile.
The upland soils developing under these conditions are, as a result,
deeply and strongly weathered with the presence of laterite a common occurrence. They are very low in fertility but generally have a good natural
structure and a good tilth when cultivated. They also absorb water well,
and runoff under natural cover is a rare occurrence, even with the heaviest
intensities of rainfall.
As a generalization, it can be said that, except for low fertility, the
soils of much of Amazonia are at least moderately well adapted to crop and
livestock production. And, as the soil fertility can be increased by
fertilizer and good soil management, probably the agricultural potential of
the Amazon Valley is much higher than many people suggest.- Just how high
this potential is must await further research, especially in fertilizer
responses and soil management practices.
Because of the very limited number of soil analyses available, they have
not been included in the present paper. All factors were determined by field
observation and descriptions made according to the standards established in
the SOIL SURVEY MANUAL, I95I (See'Bibliography). The pH was determined in
the field by the S0ILTEX (l) or the LA MOTTE-MORGAN (2) pH kits; the MUNSELL
SOIL COLOR CHARTS (3) were used for soil colours.
Except for the azonal Regosols5 the soils described in this paper are
classified in the following key approximately according to their drainage
conditions. The key is included to give an overall view of the lower Amazon
soils and their relationships. The descriptions accompanying this list are
not intended to be complete. Only the most important, distinguishing characteristics are mentioned. Complete descriptions of each of the soils are
included after the key.
1)
2)

S0ILTEX pH Kit. ' The Edwards Laboratory, Cleveland, Ohio, U.S.A.
La Motte-Morgan pH Kit. La Motte Chemical Products Company, Chesterton
Maryland, U.S.A.
"•
.•
(3) Munsell Soil Colour Charts. Munsell Colour Company, Inc. Baltimore 2,
Maryland, U.S.A.

- 3 KEY'TO. THE CLASSIFICATION OF THE SOILS FOUND IN THE
LOWER ALIAZOH VALLEY
( O n l y t h e most i m p o r t a n t d i s t i n g u i s h i n g f e a t u r e s . i n c l u d e d )
POORLY DRAINED SOILS
.Saline

Soil

Poorly drained saline soils in the tidal zone.
Low Humic Gley
Mottled, greys recent alluvium*
plain ("Varzea")«

Typical of the freshwater flood

Humic Gley
Blacks organi-mineral A over generally acid,, gl eyed subsoil.
Humic Gley, Alkaline subsoil phase
The same; as Humic Gley except pH of deep subsoil over 8.5.
Bog and Half Bog

•.

'.

Brown to. dark brown organic, soils over mineral material.
Half Bogs mineral material extending to between 30 and 60 centimeters.
Bogs
mineral material extending to below 60. centimeters.,
Ground Water Laterite5 Humic phase
Black, heavy textured surface over strongly mottled (red and white
or light grey)5 deep subsoil.
IMPERFECTLY DRAINED SOILS
Ground Water Podzol
White sand Ap over dark reddish brown, usually softly cemented,
organic-iron layer (Ortstein).
Red-Yellow Podzolic Soil, Imperfectly drained phase
Definite A„ (but net bleached sand) with light to medium textured,,
mottled B horizon which occasionally becomes as heavy textured
as a sandy clay loam.
Ground Water Laterite
Definite A„ with generally sandy loam texture. Clear or gradual
transition to B. Deep B is usually dense, red and white mottled
clay.

- 4Ground Water Laterite, Low phase
Bleached sand AQ over dense., prominently mottled clay.
clear transition from A to B horizon.

Abrupt or

Sandy Ground Water Laterite
Sand or loamy sand profile with strong laterite mottles in subsoil,
WELL DRAHIflD SOILS
Ground Water Laterite, Truncated Phase
Concretionary gravel surface» Deep subsoil is prominently
mottled with red and light £.xey or yellow.
Yellow Latosol
Deep, heavy textured, permeable soils lacking an Ao«
the B usually reddish yellow.

Colour in

Sandy Yellow Latosol
Deep, light textured, permeable soils lacking an Ap.
the B usually a reddish yellow or brownish.yellow.

Colour in

Red-Yellow Podzolic Soil
' Similar to Yellow Latosol or Sandy Yellow Latosol with a
definite A . The B2 is reddish yellow or yellowish red.
Para Podzol
Very sandy soils with dark A , a bleached Ag, and a brown or
reddish brown Bp.
AZONAL SOILS
Regosol
Thin, dark.A-, over deep, white sand.

- 5SOIL DESCRIPTIONS

. ....... •,

'';

SALIi'TS SOIL
The major part of the -saline soils found in the lower Amazon' Valley' "
are those associated with the salt water tidal zone. These are recent, salty
poorly drained', very heavy textured, fluviomarine deposited soils forming
on tidal, flats with very frequent flooding of salt or brackish water«
Soil Profile
Location - Lat. 1
Mangrove swamp.
Gj

G2

44' S, 47° 4-2' W,

Marapanim.

Vegetative cover •

0-25 Grey(N5/o) clay with many,- coarse, prominent;, yellowish red
(5YR 5/6) mottles. Some fine cracks forming on the surface and
would no doubt become- larger if -the soil were allowed to dry out.
Because of wetness the gensral soil 'structure was difficult to
determine accurately but' was probably a strong, fine angular blocky.
Many roots..-. pH 7*0 (Soiltex). Surface covered daily with brackish
.water-at high' tide.
25-40 cm. "Greenish" grey (Value 5s no comparable hue in-.standard
munsell Colour Book for soils) clay with many,'distinct to prominent, strong brown mottles. Still many roots, pH 8.0.

• • G-5 40-90 cm« Grey (N6/0) clay with rather large, very dark grey
(N3/0) spots. pH.8+'
.
Below 90 centimeters the soil becomes very loose and impossible to
examine with any accuracy. One small piece which was - extracted with auger
appeared to be a grey, silty clay loam.
Although analysis was impossible, the position of the soil in the salt
water zone plus the Mangrove swamp coyer indicate a strongly saline profile.
Range in characteristics - Included are some less salty soils found in the
open, grass savannahs in the coastal zone« These areas are often above
normal high tide level and ..are flooded, only during periods of very high
water. Some of these salty savannah soils have a black A-, which gives
them a similarity, to the Humic Gley soils.- But because of their relatively high salt content*, strong blocky structure, and hard consistence,
they have not been included with this latter group.
Relief - Flat, tidal plain
Drainage - Very poor.

.

* Some of the few soil analyses made of these soils showed about 0.6% NaCl
in surface and l.Ofo in subsoil.

- 6 Vegetation - Dominantly Mangrove swam"o - Rizophora mangle L, , and
Avicennia spp. the latter occupying the less salty forest areas.
Open, grassy areas have salt-tolerant herbs and grasses.
Use - Non-agricultural except for a limited amount of pasture on the less
salty open grass savannahs.
Reclamation has been successfully accomplished on similar soils in
other countries, e.gc British Guiana and Surinam. However, present
conditions in Amazonia do not appear to justify the considerable
expunge, otudy, and cr^onizabi^n that would be necessary to bring this
land into general cultivation.
Distribution - salt water tidal zone.
M g H I C

GLEY

These are recently deposited, poorly drained, alluvial soils from mixed
sediments, subject to periodic flooding with silty waters. They are generally
fine textured with a relatively high percentage of silt.
The Low Humic Gley soils occur commonly under the varzea areas. They
have also been seen on many areas of grassland. But they invariably border
streams that carry a significant silt load and flood the bordering terrain
during periods of high water..
Because of their periodic flooding and the accompanying deposition of
silt, the natural fertility is higher than that of the nearby non-flooded
land (terra firme). However, to be economically feasible, drainage of the
Low Humic Gleys must be done on a relatively large scale and requires
careful investigation, organization, and a considerable capital investment to
insure success. Any attempts at drainage and reclamation should be approached
with caution. In addition, the question naturally arises regarding a comparison of production on the upland and flood plain soils if a similar amount
of effort and capital were invested in both.
Soil Profile.

Field Description No,5-»

Location - Lat. l''27'S, Long.- 48°25 'W.

Guamä River

Vegetative cover - Tropical rain forest.
A-,

0-10 emu Dark yellowish brown (10YR 4/4) $ friable, silty clay loam.
Strong, medium, granular to medium, fine, subangular blocky
structure. pH 4«8 (La Motte). Clear, wavy boundary transition
to G, horizon,

G-,

10-40 cm. Grey (N 6/o), firm, silty clay loam with many, medium
size, prominent, reddish yellow (7.5YR 6/8) mottles. Medium, fine
subangular blocky structure. pH 5«0. Diffuse, irregular boundary
to G 0 .

-7
Gp

40-80 cm. Grey ( 5Y 6/l >«, silty clay with many, medium size,
prominent, brownish yellow (lOYH-6/6) mottles,. occasionally some
yellowish red (5YE 5/8)= Sticky and very plastic« .Occasional
weakly to strongly cemented, small (less than 0.5 cm») laterite
concretion. pH 4° 3.

G,

80-135+ cm. Grey ( 5Y 5/l) 5 sticky a::.l very plastic silty clay
loam. pH 7.2 (130 cm.).
'

J

Range in characteristics - Textures of the Low Humic Gleys may vary from
fine sandy loam to the heaviest clays. The lighter textures- generally
occupy positions on natural levies hordering a silt carrying river.
The pH of the deep subsoil is often close to neutral but not
invariably or necessarily so.
Relief - Flat, flood plain.

'

A microrelief sometimes associated with these soils under forest
cover is characterized by a thick network of small U-shaped water
channels from about 10 to 30 cm. deep making a group of small islandsabout 25 to 75 cm» long and 25 to 50 cm. wide. This has been given the
tentative name of ;:pocketi! micro-relief because of the many depressions
oï "pockets" in the small channels surrounding the islets.
Drainage — Runoff and internal drainage are very slow.
Vegetation - The flood plain ("varzea") forest associated with the Low Humic
Gley soils commonly includes Mauritia and Acai palms (Mauritia flexu.osa
L.f. and Euterpa spp), Munguba (Bombax spp), Tachi de Varzea (Triplaris spp),
Sumauma (Ceiba pentandra L.), Anoera (Licania macrophylla' Benth.j,Andiroba
( Carapa guianensis Aubl.), Anani' (Sympïicnia glooulifera L. .
The grasses and other herbaceous plants in the- savannah areas were not
classified..
Use

- Only a limited amount of agriculture has been carried uut on these
soils. But, where drainage has been adequate and time between floods
sufficient, the results with many crops seem to be quite good,'" Rice,
jute, many vegetables, corn, and beans have been satisfactorily grown
on these soils and even some varieties of cassava have done'well on an
experimental basis on the higher areas.

Distribution - Widespread over the Amazon Valley occupying the low flood
plains adjoining silt carrying streams that inundate the bordering-lands
during periods of high water.

HÜMIC GLEY
The Humic Gleys seen in lower Amazonia are poorly drained, generally
heavy textured soils with a "black, organic-mineral A-, horizon of moderate
thickness over a mineral, gley subsoil» They form many of the low-lying,
grass covered soils in the open savannah areas such as those found in the
Territory of Amapa.
Soil Profile - Field Description 5To. 119
'Location - 0° 27'IL Long.
Grass.
A

A,
S

^2

Igarapé do Lago.

Vegetative cover -

0-40 cm. Black (5YE 2/l) clay with strong, very fine, angular
blocky structure., and a friable consistence.
When wet the soil is slightly sticky and plastic. Appears high
in organic matter and has many roots. The pH was difficult to
determine because of some colour absorption by the soil but
appeared to be about 4 (Soiltex).

'

G,

51'38'W.

40-60 cm. Olive brown (2.pY 4/2) clay with common, medium, distinct, dark grey (N4/0) and dark brown (7.5YR 4/4) mottles.
Sticky and plastic when wet. pH 4.5«.
60-100 cm. Yellowish brown (lOYR 5/4) clay with many medium
distinct to prominent, yellowish red (5YS 4/6) and black (il 3/o)
mottles. Sticky and plastic to very plastic when wet, pH 4.5• 100-120+ cm» Pale brown (10YB 6/3) clay with common, medium, faint
to distinct yellowish red (-SYS 5/6) mottles. pH'4.5- Water table
at end of rainy seasons 100 cm.

Range in characteristics - In some locations the Humic Gleys are associated
with Sandy Yellow Latosols. In such cases the textures are naturally
lighter, i.e. sandy loam and sandy clay loam.
Relief — Relatively small lowlands in the undulating terrain commonly found
in many large areas of savannah.
Drainage - Runoff and internal drainage are slow.
Vegetation - Unidentified grasses and other herbaceous plants.
Use* — Higher parts used as pasture during the wet season when the cattle
are taken from the river flood plains and put on the upland savannahs.
Distribution - Observed in sma.ll lowlands associated with the upland, savannah
;
areas north of the lower part of the Amazon River.- Also seen in some of
the lower parts of eastern Marajó Island.
Never observed under cultivation.

- 9HUMIC GLEY, ALKALINE SUBSOIL PHASE
In the interior of the eastern half of Marajó Island exists.an area of
apparently more than 3,00 square kilometers that is affected "by salt. It
is. a low-lying region which is mostly within the tidal zone. However,, although
most of the rivers of the region are affected by tides, there are no known
points of penetration of salt or brackish water into the saline areas.
In
addition,'the region is receiving an annual average rainfall of approximately
3,000 millimeters.
This situation reaches a point of becoming a problem of some significance
in certain areas where, during the dry season, there exists a severe shortage
of potable water for both men and livestock (e.g. south-east of the fresh-water
Arari Lake, JO kilometers west of Souré). In the.affected areas even shallow
wells dug in- the hope of providing water for livestock are often too salty for
use. In one instance .a small, salt—water spring was seen. It was located
southwest of Arari Lake, within perhaps one meter of the same height and
about 100 meters distance from the fresh-water Arari River. The water from
the spring was quite salty to the taste and is surrounded by a white crust
during severely dry periods. (See following table and Photo N0.5).

Analysis of salt spring water
Southwest of Arari Lake
Central Marajo Island
(Analysis by the Institute de Quimica Agricola,
Sio de Janeiro)

Sodium, as Na
Magnesium,' a s Mg
Calcium, as Ca
Potassium, a s K
Chlorine, as CI
Bicarbonate, as HC0,.
Carbonate
Sulphate

«/ liter

2.91
0.25
0.05
0.07
5.04
0.55
Absent
Trace ,

me/liter
.' 126.5
20.5
2.3

.1.8
I42.Ö
9.0

Total
Cations
151.1
Total
Anions
151.0

8.89 gm/l or 8890 ppm.
pHs 7.4 '.
'
"' :.-.
Notes Maximum salt content allowed, by U.S. Public Health
Services 1000. ppm.
With, few exceptions the Marajó soils apparently most affected by these
salty conditions are Humic Gleys, However, these soils differed quite sharply
from the other soils of this group found in Amazonia by being strongly alkaline
(pH 8.5+) in the subsoil?' They were, therefore, separated as an'alkaline
subsoil phase of the Humic Gley soils.
* Samples were taken of these soils but, unfortunately at the time of writing
no analyses were available of the salinity level of these soils.

- 10 -

The alkaline sub soil, phase of the Humic Gleys consi.sts of heavy textured
soils of the "bottomland which have a black, organi-mineral A horizon of
mod.erate thickness over a mineral, gleyed subsoil. The surface layer is
very strongly to extremely acid with the pH rising rapidly with increasing
depth, often reaching pH 9 within a depth of one meter. Flooding by rainwater to a depth of one-half to perhaps two meters occurs during the wet
season.
Soil Profile

Field Description IJo.175

Location - Lat. 0°32'S, Long./8°47 'W.
East-central Marajó Island
Vegetative cover - Grass and other herbaceous plants.
A1

0-50 cm. Black (10YR 2/l) clay with a few, fine, distinct,
yellowish brown (10YR 5/8) mottles. The surface few centimeters
has many, strong brown streaks'along the roots and is badly puddled
by cattle trampling, with numerous cracks of 1 to 3 centimeters
'width. At 5 cm. pH 4 or below; pH 7.5 at 30 cm. (SOILTEX)

G,

50-140 cm. Yellowish brown (lOYR 5/8) clay with many fine, distinct
grey (5Y 5/l) mottles and some, small.,...white streaks. pH 9« No
effervescence with HCl.

Gp

140-210 cm. Light grey (5"^ 6/l) clay with many, large, distinct
yellowish red (5Y^ 5/8) mottles. Very plastic and very sticky. A
few, small, laterite tubes (1-2 mm. diameter) present. pH 9» No
effervescence with HCl.

GT

210-225+ cm. Grey (ïF 4/0) clay. Very plastic and very sticky.
pH 9. ITo effervescence with HCl.

Range in Characteristics - The solid grey of the lower gleyed horizon may
occasionally become as light as a light grey (N i/o)
or on other
occasions may have' a bluish cast.
The pE in the deep subsoils for this group was seldom below 9> tout a
few soils have been included in' this group with a maximum pH between

8 and 8.5.
An important inclusion in this-group are some similar soils found between Santarem and'Prainha on the"Amazon flood plain. In this region
are 'found Humic Gleys which have many concretions in the subsoil that
effervesce strongly with HCl and are presumably calcareous. The pH in
the subsoil is also very high (pH 9 - SOILTEX).
These calcareous soils assume a special significance in this mineral
deficient region because, in locations where the subsoils are exposed,
cattle use them for "licks" ("Barreiros"). The demand for mineral by
cattle is so strong that they actually eat the soil to the point where
their faeces appear to be more mineral than organic.
Relief - Relatively small, lowland areas in a flat, only slightly elevated
plain.

- 11 Drainage - Runoff and internal drainage are slow.
Vegetation - Grasses and other herbs..
Use - Never observed under cultivation. Poor' drainage would make profitable
cropping doubtful. Dry season pasture is the common use for .these
• soils.
Distribution - Central part of eastern Marajó Island and the Amazon flood
plain between Santarém and Prainha.
BOG AND HALE BOG
The Bog and Half Bog soils are brown to dark brown, generally saturated
extremely acid (pH below 4.5)? organic soils developing in forest swamps
(igapó). They are widespread in the Lower Amazon but are very limited in
extent and confined to occasional narrow strips along small, meandering,
drainage ways.'
As observed., the. surface organic layer has been underlain by either a
bleached, white sand or a grey,, sometime's mottled, clay.
Arbitrary limits of between 30 and 60 centimeters depth of organic
matter over mineral soil have been taken as the criterion for Half Bogs«,
and depths of organic matter greater than 60 centimeters are considered'as '
Bog soils.
The saturated and loose condition of the profiles encountered prevented
the inclusion here of a detailed profile description*
The poor drainage and very limited area of these organic soils make
them of little importance agriculturally.
GROUND -WATER LATERITE, HUMIC PHASE
The humic phase of the Ground Water Laterite is a low-lying, poorly
drained, heavy textured, generally extremely acid soil developing on
Quaternary sediments under a vegetative cover of grass and herbs. The soils
are usually flooded during the wet season by standing rainwater or by relatively clear water from a nearby stream.
The soils give very much the impression of having the surface soil of a
Humic. Gley resting-on the -subsoil of a Ground Water Laterite which is somewhat more structurally developed than customary. The surface soil is black
and characteristically has a strong, fine granular structure which changes
in. the subsoil to the strongly mottled (red and white or light grey) clay of
the Ground Water Laterites with which they are apparently always associated.
They h'aye 'also been seen associated with Humic Gley soils, which are still
more poorly drained, and appear to be a transition between the Gley and the
Laterite soils. However, the occurrence of the humic phase of the Ground
Water Laterite seem3 to be on a sufficiently large scale to. warrant
separation as a distinct unit.

- 12 Soil Profile

Field Description No. l8l

Location - Lat. 1°06'S, Long. 49°11'W.
Rio Anabiju, Marajó Island»
Vegetative cover - Grass.
A

A?
B2

0-30 cm. Black (10YR 2/l), organic clay loam with a strong,- fine
granular structure. Slightly sticks'-, elastic. pH 4 or below
(SOILTEX).
30-60 cm. Grey(lOYR 6/l) clay.
(AB?)

Moderate clay skins, pH 4 or helow.

60-90+ cm. Villite (H 8/o) clay with many large, prominent, dark red
(5YR 3/8) and yellowish red (5YR 5/8) mottles
Weak to moderate,
coarse prismatic breaking to strong, coarse, subangular blocky
structure. Moderate to strong clay skins. pH 4 or below.

Range in characteristics - Cattle trampling has badly puddled the surface of
some areas of this soil so that it becomes very hard and cracks badly
during the dry season. In these cases the top often becomes mottled
with a yellowish red that follows along the lines of penetration of the.
many small roots that are found in the upper part of the profile.
Relief - Flat, lowland.

May or may not b'e bottomland.

Drainage - Runoff and internal drainage are slow.
Vegetation - Unidentified herbs and grasses.
Use — Never observed under cultivation. Where observed on the Island of
Marajó these soils provide a moderate volume of dry season pasture which
has the apparently low nutrient status of most of the soils on the
Island.
These soils would probably respond well to fertilization, but any such
program should be approached with caution because of economic considerations as well as possible difficulties with such things as minor
element deficiencies and drainage problems.
Distribution - Eastern part of Marajó Island.
BSD-YELLOW PODZOLIC SOIL, .IMPERFECTLY DRAINED PHASE
The imperfectly drained phase of the Red-Yellow Podzolic Soil is
developing on level to very gently sloping, low terraces from Quaternary
sediments. They are generally associated with normal Sandy Yellow Latosols
from which they differ by having.an A ? horizon as well as darker colours
and usually mottling in the subsoil resulting from the poor to imperfect
drainage conditions under which they are forming. White sand R^gosols
and the low phase, of .the Ground Water Laterites are also associated with
this group of soils.

- 13 They have a very limited total area.
Soil Profile

Field Description No. 73

Location - Lat. 1Q55'S, Long. 54°55'W.
Maracassumé River.
Vegetative cover - Tropical rain forest.
Ann-A_ 1-0 cm. Organic debris in various stages of decomposition.
.A-j_

0-20 cm.' Dark brown (7.5YR 4/2)5 friable, loamy sand with a
weak, medium, subangular blocky structure breaking
to weak, very fine sub-rangular blocky. ' Many roots.
pH 4 or below (SOILTEX). Clear,-wavy boundary
transition to A 0 .

Ap

20-50 cm. Brown (10YR 5/3 ) 5 friable, loamy sand. Structureless
to weak, coarse angular blocky. Still a moderate
amount of roots but much less than in A]_. pH 4 or
below. Boundary clear and smooth to B ? .

• Bj

50-90 cm. Dark brown (10YR 4/3) s slightly sticky, sandy loam,
massive to weak, coarse angular blocky. Friable consistence. pH 4«5« Still some roots. Boundary to C,
gradual and wavy.
•'.'.-

C-j^? 90-110 cm.Light brownish grey (10YR 6/2), slightly sticky, sandy
loam with common, fine, distinct, reddish yellow (7.5YR
6/8) mottles. Massive to weak, coarse angular blocky.
Friable consistence. Only few roots pH 4-5' Boundary
to Cp clear and wavy.
?

•

'

_

Cg HO-150+cia. Light grey (10YR 7/2) sandy loam with many, medium size,
distinct to prominent reddish yellow (7«5^R 6/8) mottles.
Massive structure. Still a few roots. pH 4-0 or lower.
Range in characteristics - Textures may become somewhat heavier than those •
in the profile above, reaching clay loam in the subsoil. Also mottles
may or may not be present in the A and B horizon.
Relief - Level to gently sloping, low terraces, one'to perhaps three meters
above level of neighbouring streams.
Drainage - Surface runoff is moderate to slow. Internal drainage is imperfect«
Water table is often within two or three meters of surface and may be
even closer during the rainy season.
Vegetation - Usually forest covered. In the more poorly drained locations
hydromorphic species predominate.

- 14 Use - Not observed under cultivation but better drained locations probably
could give relatively moderate yields of local crops. Crop adaptability
of the better sites should be comparable to the Sandy Yellow Latosols
with which these soils are commonly associated«
The poorer drained sites are better left in their natural cover.
Distribution - Widely distributed, but of limited, extent. Occupies a
terrace position betv/een the well drained'Sandy Yellow Latosols and the
poorly drained soils in the lower, frequently flooded levels.
GROUND WATER PODZOL
Ground Water Podzols are very sandy soils developing on'Quaternary
sediments under poor to imperfect drainage conditions. '
They have a strongly leached Ap and a dark coloured Bn which is usually
a compact^ semi-cemented, organic iron hardpan (Ortstein),
This group appears to bear a close resemblance to the tropical lowland
Podzols discussed by Mohr and Van Baren (1954).
These soils are .often associated with Bogs and Half Bogs and also with
poorly drained, white sand Regosols from which they differ by having a dark
coloured Bp horizon. Also, there is occasionally what appears to be
podzolization taking place in the Ap of the Ground Water Laterite, Low Phase
that can cause some confusion unless the profile is investigated to a
sufficient depth.
Soil Profile . Field Description K0.8O .
Location - Lat. 1°43'S. Long. 45°54'¥.
Maracassumé River.
Vegetative Cover - Tropical rain forest.
A-,

0-30 cm. Dark brown (7.5YR 3/2), organic, loamy sand. Has a pepper
and salt appearance due to light coloured sand grains mixed
with dark organic matter. pH 4 or lower (SOILTEX).

Ap 30-50 cm. Light grey (10YR 7/2), loose, structureless sand.
1ower.

pH 4 or

AB 50-70 cm. Brown (7.5YE 4/4), loamy sand.
Bp.,70— 80 cm. Dark reddish brown (5YR 3/4 ) 5 organic iron cemented pan
(Ortstein). pH 4 or lower.
Bpp80-90 'cm. Dark reddish brown (5YR 3/4) loamy sand.
C 90-140+cm. Brown (10YR 5/3) loamy sand.

pH 4 - 4«5

- 15 Bange in characteristic's. - Considerable variati-n is found in the state of
.. induration in the B horizon. It ranges from being almost, undetectable
in compaction with an auger to' being penetrable only with difficulty.
The C horizon is usually light textured and characteristically ranges
in colour from grey to mottled shades of grey and yellow. Occasionally,
however, mottled clay or sandy clay is found under the ortstein layer«
The latter condition is still included in this soil group but appears
to be a situation where podzolic weathering has reached its end point
in the. A2 of an old'Low—phase, Ground Water Laterite.
Belief - Bottomland; level'to gently sloping, low-lying terraces up to
three or four meters above the neighbouring stream level. In some of
the poorer drained locations "pocket" microrelief is common (see "Belief"
of Low Humic GleyJ.
Drainage - Developed- under high water table.
off of surface water is slow.

Natural drainage is poor.

Run-

Vegetation - Generally poor to very poor forest.
Use - The poorly drained conditions plus the very low fertility of these soils
make.them essentially non agricultural.
Distribution - In small drainageways$ probably widespread throughout the
Lower Amazon. Of very limited extent in any individual unit and total
area is relatively small.

GROUND' WATER LATEBITE

. ..- -

The Ground Water Laterites are strongly weathered soils developing on
old, alluvial terraces which are mostly of Quaternary age, with the possible
inclusion of some late Tertiary. Their range of occurrence is surprisingly
broad with relatively little change in profile characteristics. They have
been observed on well drained terraces perhaps fifty meters above the nearby
stream level, and they have also been seen on low terraces that are
occasionally flooded during years of exceptionally high water.
In the eastern part of the area of study, i.e. between Braganca and the
Maracassume Biver, the normal Ground Water Laterite was sometimes seen in
close association-with its "low phase" relative. This latter soil is distinguished by its strongly leached, sandy A 2 horizon which-has a sharp transition
to the B, characteristics which are not so definitely expressed in the normal
profile.
Low Humic Gleys are sometimes associated with the lower terrace levels of
this group of soils. These Gley soils, however, are found only close to the
larger streams which make periodic deposits of silt on the bordering terrain.

- 16 On the upper terrace levels the Ground Water Laterites are generally- •
associated with the Sandy Yellow Latosols. However, along the new Belém—
Brasilia Road, about midway between Cuama and Imperatriz, Ground Water
Laterites were found associated with, but on a slightly lower.terrace level
than the high level, heavy textured, Yellow Latosols which are similar in
position and appearance to those of the Planalto south of Santarem.
Soil Profile

Field Description No.96

Location - Lat 1°32'S.

-Long. "4'6r'27 'W.

'Vegetative cover - Old cleared land.
A

'

Low trees.

• • .

0-15 cm.

Very dark brown (10YR 2/2), very friable, sandy loam.
Structureless or perhaps weak, medium, granular.
Some charcoal fragments apparent. pH 4 or below (SOILTEX).
Transition to A-.0 is gradual and smooth.
......

15-70 cm.

Dark; greyish brown (10YR 4/2),, friable, sandy loam
with a few, fine, faint, brownish (lOYR 6/8) mottles-. Weak, coarse, angular blocky structure. pH 4 or below.
Gradual, smooth transition to Ao.

P

A-, o

Piriä River.

A2

70-110 cm.

Yellowish brown (10YR 5/6), friable, sandy loam with common,
med lUXfL S X Z 6 9 10,111 t, light yellowish brown and-reddishyellow (2.5Y 6/4 and 7T5YR 7/8) mottles. Very weak
coeirse, angular blocky structure» pH 4 or lower.

AB

110-120 cm. Clay loam.

Transition«

B21 120-140 cm. Yellow (2.5Y 7/6) firm clay '.1th many medium size, distinct, red (2.5YR 5/8) mottles. Weak, very coarse, subangular blocky structure. pH 4 or below. Lower boundary
". ' '
abrupt and smooth.
B

22 15°-170+cm. White (10YR 8/l), firm clay with many large size,
prominent, red (10R 4/6) mottles. Structure is moderate,
coarse, subangular blocky. pH 4 or below. Some dusky
red concretions are apparently forming in the red mottles.

Range in Characteristics — Mottles may be absent from the A,- and surface
textures may vary from sandy loam to clay with the lighter textures
being the m<~>re common. The heavier textures are found on very high
terraces (probably over 100 meters above sea level) closely associated
with, but slightly below, the Yellow Latosols of the Planalto area
found along the Guamä-Imperatriz stretch of the new Brasilia Road. These
heavier textures are also found on the lowest terrace levels of these
soils, perhaps only two or three meters above the high water level of
the nearby streams. The lighter textures are found between these two
extremes, as well as being found often on the lower terrace levels in
positions not very different from their heavier textured counterparts.
Gravel was sometimes found in the profiles east of the town of Braganca.

. - 17 Such gravel commonly consisted of both rounded laterite fragments and
iron-stained cmartzite which occasionally reached five, or even ten
centimeters in diameter.
The most consistent features of these soils are•the presence of an A
horizon and the strongly mottled clay (white or light grey with red)2
which characteristically occurs in B^p.
Belief - Flat to moderately sloping, old alluvial terraces. May vary.from
only a meter or two above flood-water level to perhaps one hundred meters
above the neighbouring streams.'
Drainage - Surface drainage is generally g<^od for the upper terraces but often
rather poor for the lower levels during the wet season«. Internal~draihage
is imperfect because of the dense, slowly permeable nature of the B
horizon.
Vegetation — The areas of Ground Water L^terites 'east and southeast of Belém
are mostly the upland type and have a rather poor to' moderately good
cover of tropical rain forest. Where observed in other locationss these
soils were generally on the lower terraces and associated with large
areas of savannah, e.g. west of Obidos and in the eastern part of
Marajó.
Use - Areas which have been recently cleared- of forest have been seen to be.
moderately productive by local standards with most of the locally
adapted crops, e.g. manioc, corn, beans. Fertility is low and becomes
quickly'exhausted with use,, but is more or less average for Amazonian
conditions. Should respond to proper fertilization and management.
For the savannah areas 'the cultivation of crops should be .approached
with caution. They have never been observed under cultivation, and
they are not highly regarded by the local people. However, it is
difficult not to believe that with proper .fertilization and management
even these savannah soils would produce satisfactorily. But research
will be necessary to determine exactly what would be needed. There is
little doubt.that such measures will include the use of fertilizers
which have most of the major elements plus many of the minor ones.
Extensive pasture is the present use of most of the savannah areas of
this soil.. However, cooperative Brazilian-United Nations studies strongly
suggest mineral deficiencies on these soils which sharply reduce their
pasture value. Here again, proper fertilization may go far to improve
the pastures and resolve some of the nutritional problems- of the cattle
grazing on these soils.
Distribution - Forested areass Between Caeté and Maracassumé Rivers and
south of the Guama 'River.
Savannah areass East half of Marajó Island; North.of Prainha and
Monte Alegrej west of Obidos.

- 18 SANDY GROUND WATER LATERITE
The Sandy Ground Water Laterites are very light textured, extremely acid,
strongly weathered soils of apparently limited extent v/hich are developing on
slightly elevated deposits of Quaternary sediments. Except for the very light
textures the profiles appear almost identical to the normal Ground Water
Laterites.
These soils have been seen only on the Island of Marajo where they were
often associated with the low-lying Ground Water Laterite, Humic phase and the
Ground Water Laterite, Low phase.
Soil Profile

Field Description Ho. 177

'"•'•'"'

Location - Lat. 0°59'S. Long. 48°57'W.
Rio Arari, Maraj6 Island.
Vegetative cover - Poor, primary forest.
A., .j 0-30 cm.

A^_ 30-90 cm.

A2

90-120cm.

Very dark greyish brown (10YR 3/2.) loamy fine sand.
Very friable. pH 4 or below (SOILTEX). Gradual transition
to the A., ? .

Dark brown (7.5YR 4/2) loamy fine sand with many, fine,
• faint brown (7.5YR 4/4) mottles. Very friable. Clear '
boundary to the A„.
Brown (10YR 5/3) loamy fine sand.
Gradual transition to the AB.

Very friable.

pH 4+.

AB 120-160 cm. Pine sandy loam. A transition zone to the Bp, with a
diffuse lower boundary.
Bp, 160-220 cm.Light grey (10YR 7/1), light fine sandy clay loam with
many, medium siz:e. prominent, brownish yellow (10YR 6/8)
and red (7.5R 4/8) mottles. pH 4 or below. Gradual lower
boundary.
B

':

220-260 cm. Brownish yellow (10YR 6/8), compact fine sandy loam with
many large, prominent, red (2.5YR 4/8) and light grey
(lOYR 7/l) mottles. 10 to 20% of the horizon consists
of soft to hard, iron concretions forming in the red
mottles. Gradual transition to the B .

Bp-.260-290+ cm.Loamy fine sand with the same colour and mottling" as
the Bpp but without concretions. pH 4 or below. Lower
C?
part 01 this horizon is approaching saturation.

Range in Characteristics - Textures may be even lighter than those in the
profile above, with the soil becoming a sand throughout.
Colours in the A often become more grey than brown and, in such cases,
the soils bear a close resemblance to the Ground Water' Laterite, Low
phase, except for the light texture in the subsoil.

- 19 Relief - Flat, slightly elevated plains or low ridges.
Drainage - Imperfect. The flat relief and high water-table during the rainy
season (probably within one meter of surface) limit both the surface
and internal drainage.
Vegetation - These soils have been seen developing both within small islands
of forest in large areas of grassy plains (as described above) as well
as on large/ open, grass savannahs. •
Use - Supplies "a limited amount of pasture of low nutritional value. Never
observed under cultivation., Very light textures would make this soil
both very infertile and droughty and thus severely limiting its agricultural potential.
GROUND WATER LATERITE, LOW PHASE
Quaternary alluvium. It is poor to imperfectly drained with a well developed
profile showing a strongly leacheds generally very sandy A„
sharply into a dense,'heavy textured, slowly permeable B.
The bleached, sandy texture usually found in the A„ is sometimes confused with the white sand Regosol, because the mottled B horizon often does
not occur above a depth of 100 centimeters. There are also occasions •v/hen
there appears to be some development towards a Ground,Water Podzol within the
sandy Ag of the Laterite. Where this podzolic development is well advanced,,
the soil is usually classified with the Ground water' Podzols..
This group of soils appears to bear a relationship to the soils classified as Grey Hydromorphics in the southern part of Brazil. This latter group,
however,' appears more gleyed in the subsoil and lacks the characteristic
strong, red mottling of the Laterites.
Soil Profile

Field Description No.82

Location - Lat. 1 43'S. Long. 45'55,:',r°
Maracassum! River.
Vegetative cover - Tropical rain forest.
AQQ-AQ

3-0 cm.

A,-,

0-2 cm.-- Dark brown (7.5YR 3/2), structureless, organic sand;
Many roots.. pH 4-5 (SOILTEX). Abrupt, wavy boundary
.to A 1 2 .

A

2-70 cm.

Organic'material in various stages of decomposition.

Dark.brown (7.5YR 4/2)5 structureless sand to loamy
sand with a loose consistence. Many roots. pH 4.5»
Clear, smooth boundary to A2.horizon.

- 20 -

Ap

70-90 cm*

Pale yellow (2„5Y 7/4) s loamy sand with no more than a
very weak, coarse subangular blocky structure and a very
fria/ble consistence.. pH 4.5' Clear, smooth "boundary to
B

Bp

90-120 cm»

21-

Reddish yellow (7-5YR 6/8) sandy clay loam with many, medium
size, prominentv pale yellow (2.5Y 7/4) and light grey (N7/0)
mottles«. Soil was wet when examined, with water oozing from
root holes and soil cracks, and had a sticky and plastic
consistence. The structure was rather obscured"! hy the wet-*
ness but appeared to be moderate, coarse, angular blocky.
pH .4 or below. Boundary with B ? clear and wavy.

Bppl20-200+ cm. White (il 8/0) clay with few to common, coarse, prominent, red
(10R4/8) mottles. Moderate, very coarse, subangular blocky
structure and a firm consistence. Some evidence of clay
skins. Water oozing from root holes and soil cracks. pH
4.5*

•• •

•Range in Characteristics - These soils have shown themselves to be rather
consistent. However, the usually prominent mottling in the B may
occasionally be less developed. Also, where the soils have been
classified on Maraj6 Island the textures in the A (including the Ap)
have been fine sandy loam in shades of grey.
Relief - Bottom land or level to gently sloping, low-lying terraces, one to
four or five meters above the level of neighbouring streams.
" In the more poorly drained locations under forest cover there is often
a characteristic "pocket" microrelief associated with these soils,
similar to that of the Low Humic Gleys. (See "relief'1 of Low Humic
•

Gley).

'

Drainage - Imperfect to poor.

Runoff and permeability are slow.

Vegetation - Varies from poor tropical forest to open grass covered savannah.
Use - Sever observed under agricultural use. Extremely low fertility plus
generally poorly drained conditions make these soils essentially non
agricultural.
Distribution — Seen mostly between the Piriä and the Maracassume Rivers plus
some parts of Marajó-Island, but some small areas are found outside
these limits.
GROUND WATER LATBRITE, TRUNCATED PHASE
• The truncated phase of the Ground Water Laterite is an old, strongly
weathered, very strongly to extremely acid (pH'below 5)5 heavy textured, very
concretionary soil (concretions, occupy 50-75 percent of the surface horizons,
one to five+ centimeters in' diameter) with the.geologic erosion having progressed to'the point that all.of the A horizon and part of the heavy
textured B of the original Ground Water Laterite have been stripped away.

- 21 The originally soft concentrations of hydrated iron in the old B horizon
have dried and hardened and, with the removal of the finer, material, remain
as a .'concentration of hardened laterite fragments in' the now heavy textured
surface layer.
Among the concretions on the surface are often found laterite fragments
which have the appearance of a kind of coarse textured, ferruginous sandstone. Below the immediate surface the Laterite is usually of much finer
texture.
These soils are found on the rolling or hilly terrain of old, dissected
terraces of early Quaternary or late Tertiary origin^- '• They are-commonly
associated with Sandy Yellow Latosols and occasionally with the heavy
textured., high terraced Yellow Latosols and occur on terrace levels higher
than the former and lower than the latter.
The. surface drainage is good "but heavy textures restrict the rapid
movement of water within the profile. The water table is very deep.
Soil Profile

Field Description No. 114

Location - Lat„ 1°27'S.

Long. . 48°26'W.

Belém.

Vegetative cover - Old cleared land-brush.
A..
.

0-25 cm.

AB

25-50 cm. Gravelly'clay.

Dark reddish brown (5YR 3/2), gravelly, sandy clay loam.
The structure is weak, coarse, subangular, blocky,
breaking to moderate, medium to fine, subangular blocky.
Friable consistence. Gravels are coarse textured,1-iron•quartz laterite fragments one-half to three centimeters
in diameter occupying an estimated 75$ of the horizon.
pH 4 or below. Clear smooth boundary to AB.

B

B

Transition.

Gradual, wavy boundary to

21*

50-lOOcm. Yellowish red (5YR 5/6), gravelly clay." Weak, coarse,
subangular blocky structure and friable consistenceGravels are laterite fragments, containing some medium
or coarse quartz, one to five centimeters in diameter
and occupying about 75$ °f "the horizon. pH 4 or below.
Diffuse, wavy boundary to B p „.

B 9 9 100-170cm.

22

Had been forest.

Eed (2.5YE 5/8), gravelly clay. Weak, very Coarse,
angular blocky structure breaking to moderate, fine
angular blocky. ...Friable. :Gravels are fine, occupying'
about 75$ of the horizon. pH 4 or below. Boundary to
Bp-;- is diffuse and wavy.
A six centimeter diameter Dutch auger was used below
170 cm.

—

B,, 170—230 cm»
•3i

B
J

'

22 -

Red (2.5YR 5/8) clay with common to many, medium size,
prominent, yellow (lOYR 8/8) and dark red (lOR 3/6)
mottles. Still a few, fine textured laterite concretions soft enough to 'grind up with, the auger.

230-290+ cm. Light reddish brown (2.5YR 6/4) clay with manys coarse
prominent, pinkish white (7.5^3 8/2J and dusky red
(10E 3/4) mottles. The latter colour, dusky red, indicates areas of soft, fine textured concretions.

Range in'Characteristics - This soil, being an eroded phase of the Ground
Water Laterite, may have some variation in the characteristics of the
surface layer due to variations in the degree of erosion. As a result
there may be a thin layer of non-gravelly material on the surface, with
a slightly lighter texture than in the more modal type described above.
Also, some rather extensive areas have been seen, e.g. between Guama
and Imperatriz, where the colour in the B horizon is more yellow than
in the profile above (i.e- 7«5YR).
Occasional profiles have been seen where parts of the deeper layers
have become more or less indurated, and form vertically penetrating
arms or sometimes a layer of coarsely vesicular, fine textured laterite..
The vesicles of this material are generally filled with a light coloured,
probably Kaolinitic, clay. These conditions have been seen mostly
near the edges of old terraces where the terrain drops abruptly to a
lower level.
Relief - Rolling or hilly.
Drainage - Well drained.
Vegetation - Tropical rain forest.
Use - These soils are used with seemingly satisfactory results for all of
the crops climatically adapted to the region. The large amount of
gravelly concretions in the surface makes them difficult to cultivate,
but yields appear to be higher than on the Sandy Yellow Latosols
pommonly associated with them.
Like most other Amazonian soils, the natural fertility is relatively
low and becomes quickly exhausted v/ith use.
Distribution - Most common occurrence is in the region east and south of
Belem.
YELLOW LATOSOLS
The Yellow Latosols of the Amazon Valley are deeply and strongly
weathered, well drained, generally permeable, heavy textured, extremely acid
soils developing on medium to high Tertiary lacustrine terraces of the
Barreiras Formation. The profiles are well developed but lack an A ? horizon.
The boundaries between the principal horizons are gradual or diffuse.

- 23 A study made of the clay in the profile described helow showed it to
he almost entirely kaolinite with the 'sesquiozides commonly found in Latosols
being in extremely short supply. If found tcfeewidespread, this very highly
kaolinitic characteristic plus a rather compact subsoil in the Amazon Yellov/
Latosol would be points of distinction between these soils and the Yellow
Latosols found in the state of Rio de Janeiro (Barros, H.C. et al, I958).
Heavy textured, high level5 Ground Water Laterites, as well as the truncated phase of the Laterites, were seen associated with, this soil in the Guamä
Imperatris region.
This soil may occur under some of the heaviest tropical rain forest (see
Frontispiece) or natural grass savannah (See .Figure 4)«
Soil Profile

- Field Description No.112

Location - Lat. 2°40'S. Long. 54°5'W.
Curuä Una-River
Vegetative cover - heavy tropical rain forest.
AQ-AQ„

A,

A,

B,

3-0 cm.
0-30 cm.

Organic- matter in various stages of decomposition.
Dark brown (l'OYR 4/3) clay. Strong, fine to very fine
subangular blocky structure5 friable to firm consistence. Many roots. pH 4 or below (SÓILTEX).
Boundary clear and wavy to A-,.

30-45 cm. Brown (7«5^R 4/4) clay. Structure isweak, coarse, subangular blocky breaking to strong, very fine, subangular blocky. Friable consistence. Boundary' gradual
and wavy to B-, ,
45-90 cm.

Br>1 90-140 cm.
21

Reddish yellow (7.5YR 6/8) clay with some small spots
of brown (7.9YR 4/4)« Structure and consistence similar
to Ao. Boundary diffuse and wavy to. the Bp-,.
Reddish yellow (7.5YR 6/8) clay. Weak to medium, very
fine, subangular blocky structure and a friable consistence. Very occasional, very fine textured., cemented
fragments - yell 0"W1 8 h red outside with dark grey
interiors. pH 4 or below. Boundary to B__ diffuse
and wavy

B3p2
fine textured fragments.
0 0 140-240+ cm.The dams as for B ?
o1
n except no f
Close examination showed no roo
>ots below 200 cm. . 'Alien
moistened, soil is sticky and plastic. pH 4 or below.Range in Characteristics - This group of .soils is rather consistent with textures, almost without variation, being clays. The colour of the B is a
reddish yellow (commonly 7-5YR 6/8, occasionally 5^R 6/8). Laterite concretions or'fragments are sometimes encountered but are much more-often
absent.

- 24 Relief - Heavily forested areas are mostly on the flat tops of high terraces.
Areas of savannah are more often undulating to rolling. Large, laterite
fragments are almost invariably associated with terrace escarpments or
small, eroded;, terrace remnants.
Drainage - Well drained. Under forest cover or areas recently under forest
cover, permeability is high with standing water or runoff almost unknown
even under the heaviest rains.
Savannah areas have a much lower permeability with bare, erosion scars
occasionally found on the steeper slopes.
Vegetation — Some of the heaviest timber volumes in Amazonia occur on these
soils, e.g. on the Planalto south of Santarem, or'between Guama and
Imperatriz. However, north of Macapä in the Territory.of Amapa, an
anomalous situation occurs where similar appearing Yellow Latosols are
found both under rather heavy forest cover as well as on open grass
savannahs.
Use - Where the soils have developed under forest, this is probably one of the
more desirable upland soils for agriculture within the Tertiary and
Quaternary zones of the lower Amazon Valley. It is adapted to almost
all of the locally grown crops, such as manioc, corn, beans and various
members of the family Cucurbitaceae (melon, squash, etc. ). The natural
fertility, however, is not high and soon becomes exhausted with use.
The savannah soils have not been observed under cultivation and it is
quite probably that physical and chemical conditions exist within the
soil, possibly compounded by difficulties of climate, that would make
agricultural development very questionable without additional research.
Any program to put these savannah soils into crops should be approached
with much caution.
Field observation plus limited chemical analyses strongly suggest the
dominance of kaolinite in the clay complex and the presence of iron and
aluminium oxides. This combination of kaolinite and sesquioxides in
these heavy textured soils results in a soil that is probably very low
in plant—available phosphate. Therefore, any fertilizer program should
emphasize phosphate. Also, in order to minimize the strong phosphate
fixing power of the soil, it should be placed in concentrated amounts
instead of being broadcast.
The soils are low in all plant nutrients, and any intensification of the
usual shifting cultivation, normal for the forested areas of Amazonia,
will certainly require fertilizers to. maintain production.
Distribution - These soils app ar to be most common on (l) the savvanahs north
of Macapa with some extension on the west of this city, and also on
(2) the high, heavily forested planalto regions between the Tapajós and
the Xingu reivers south of Santarem, and between Guamä and Imperatriz on
the new Belém—Brasilia road. In addition they have been observed north
of the towns of Faro and Terra Santa, more than 120 kilometers west of
Obidos.

- 25 SANDY YELLOW LATOSOLS
Like their heavy textured relative, the Sandy Yellow Latosols are deeply
and strongly weathered, well drained, generally permeable, extremely acid
soils developing on medium to, in some cases, rather high terraces. They are,
however, much lighter textured.
The parent material is mostly sediments of the early Quaternary period,
but some of the higher terraces may have material from the late.Tertiary«
The profiles are well developed but lack an A2 horizon and have a B
horizon which has characteristically a reddish yellow colour (7.5YR 6/8)
and is noticeably heavier textured than the A.. The textural difference
between the 'A and the B horizons is- usually much more marked in the case of
these soils than for the heavier textured Yellow Latosols. This textural
difference, plus the sandy character of the surface, makes these soils quite
subject to erosion when the natural cover is removed.
The Sandy Yellow Latosols of the Amazon appear to be almost identical with
the Yellow Regolatosols of the State of Rio de Janeiro (Barros, H.C. et 'al,
I958). However, because of the distinctly Zonal nature of these soils and the'
definite development of their profiles, the i:Rego-;' has been omitted in the
Amazonian classification.
Sandy Yellow Latosols are one of the most common upland soils of the
lower Amazon Valley.
Soil Profile

Field Description No. .100

Location - Lat. 1 31'S.,

Long. 46°43'W.

Pitoró River.

Vegetative cover - Tropical rain forest.
AQ0-AQ

2-0 cm.

"^11

^"5 cm.

A1C)
12

5-45 cm. Olive yellow to brownish yellow (2.5Y -10YR 6/8), very
friable, sandy loam. Massive to weak, coarse, angular
.blocky structure. pH 4 or below. Boundary toAB is
diffuse and smooth.

AB

B2 .

Organic material in various stages of decomposition.
Dense mat of small roots on surface of A .
Dark reddish brown (5YK 3/2), very friable, sandy loam.
Moderately strong, medium size, granular structure.
' pH 4 or below (SOILTEX). Many roots. Boundary to A.. ?
is clear, and wavy.

45-lOOcm. Brownish yellow (lOYR. 6/8), friable, heavy sandy loam..
Massive to-weak, co,. rse, angular blocky. pH 4 or below.
Boundary diffuse and smooth to B„,
100-200cm. Reddish yellow (7.5YR 6/8), friable, light sandy clay
loam. Massive to weak, co.rse, angular blocky. pH 4 or
below. There are still'a few roots at this level.

- 26 Auger below 150 cm.
C?

200-250 cm.- Brownish yellow (lOYR 6/8) s sandy clay loam with common,
medium size, faint to distinct, light red (2„5 YS 6/8.)
mottles. pH 4 or below.
Layer of laterite concretions at 250 cm. impenetrable with
auger.

Range in Characteristics - Sandy loam and loamy sand surface textures with
sandy clay loam and sandy loam subsoil's respectively are by far the
most common« However, some areas have been seen with a sand surface
and a 'loamy sand subsoil, but with other profile characteristics
remaining' more or less the same as for the other soils in this group.
Colours may range in the Bo from yellow (2.5Y 7/6) to ^reddish yellow
(7o5YE 6/8). The deep B (or perhaps the C) may reach a yellowish
red-(5ÏE 5/8) or a light red (2.5TR 6/8).
Some rather extensive areas have been encountered which have laterite
fragments in the profile. These fragments may vary in size from one
to three centimeters gravel to large blocks of 30 to 50 centimeter
size. It is not uncommon for wide variations in depth of occurrence
to exist within a few tens of meters distance.
Relief - Level to moderately sloping tops of old, medium to high, alluvial
terraces.
The concretionary phase is more commonly found on, but not restricted
to, the more dissected sites having rolling to hilly relief.
Drainage — Well drained. Under natural vegetative coyer permeability is
high with standing'water or runoff almost unknown, even under the
heaviest rains. However, with removal of natural cover and the "breakdown of natural structure by cultivation, permeability is greatly reduced
and runoff may become a serious erosion hazard on sloping land.
Vegetation — .Generally tropical rain forest. However, in areas with a
definite and often prolonged dry season (e.g. the vicinity of Santarém)
the lighter textures commonly support only an open, brushy or lowforest savannah type of cover.
Use - Except for the lighter textures, this is one of the most widely used
agricultural soils of the lower Amazon« This is.true both because of
its general accessibility to lines of communication and markets and
also because, by Amazon standards, it is a moderately productive soil.
It is adapted to almost all of the locally grown crops (manioc, corn,
beans, black pepper, sugar cane, etc.). However, the natural fertility
is not high and becomes quickly exhausted with use. Under present
cultural methods in the area east of Belém, after one season of cropping,
the.land is retired to allow the'forest to re-establish itself for
perhaps 8 years before again returning the land to cultivation. Black
pepper is generally the only exception to this shifting-cultivation type
- of agriculture. It is always fertilised where productive, but the
types and amounts of fertilizers used vary considerably with, perhaps,
phosphate being the most common.

- 27 Like the heavier textured Yellow Latosolss the clay size materials in these
sandy soils can fix relatively large amounts of phosphate in a form difficult
for plants to use. However,'the lower percentage of clay with this group
will make the problem proportionally less severe. Nevertheless, it is
"probably desirable to localize the applications of any phosphate that are
made to minimize the problem-. The soils are low in all plant nutrients and
any intensification beyond the present shifting-cultivation type of agriculture will require fertilizers to maintain production.
The soils are also weakly buffered, requiring some care in.the application of fertilizers and soil amendments, especially lime, in order not to
upset t.oo strongly the nutritional balance and causing thereby a depression
• rather than an increase in-yields.
•When sloping land is cultivated, erosion is a common hazard. The'
concretionary soils have the-same crop adaptation as the. non-concretionary
ones up to the point that the lateri.te becomes too concentrated in the
surface to permit cultivation.
Distribution - Well distributed along the Amazon River in the well drained
T er tiary-Qua. ternary sediments, with one of the larger concentrations in
the region east and south from Bel em.
REP-YELLOW PODZOLIC SOIL
The Red Yellow Pod.zolic Soils are well drained, extremely acid, deeply
and strongly weathered', and relatively permeable. They are found on the flat
to rolling tops of medium to rather high terraces composed of material that
was laid down in the period between the deposition of the late Tertiary lacustrine material of the Planalto and that of the early Quaternary alluvium
associated with the Sandy Yellow Latosols. Within these limits there appear
to be two terrace levels on which the soils are formings a lower one on.
which the soils are lighter in texture and associated with the Sandy Yellow
Latosols; and an upper one associated with, but perhaps 30 to 50 meters
lower than, the heavy textured Yellow Latosols of the Planalto along the
Belem-Brasilia Road southeast of Belém. The structural development in the
B horizon, commonly associated with the Red-Yellow Podzolic Soils, in many
cases is difficult to see; partly, no doubt, because it is'often weakly .
developed, but also because the generally moist condition of the B makes
obscure whatever structure is present.
Soil Profile

Field Description No. 197

.Location «- Lat. 2°47'S. Long. 47°27IW.
Belém-Brasilia Road.
Vegetative Cover - Tropical rain forest.
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A in
11

0-5 cm.

' A- - 5-15

cm

«

A„ 15-5° cm.
AB 50-70

cm

»

Dark brown (7.5YR 3/2) sandy clay loam. Moderate to
strong, very fine subangular blocky structure and friable
consistence. Intense termite activity, extremely porous.
pH 4 or below (SOILTSX). Boundary to A
is abrupt.
Dark greyish brown (lOYR 4/2) clay with many, fine, :..':.
faint, pale brown (10YR 6/3) mottles. Moderate, medium
subangular blocky structure breaking to moderate to
strong, very fine subangular blocky. -Friable consistence.
pH 4 or below. Clear boundary to Ap horizon.
Very pale brown (10YR 7/4) clay.
Gradual boundary to AB.

Friable.

pH 4 or below.

Transition, with diffuse boundary to the Bp horizon.

Bp 70-180 cm. Reddish yellow {^TR 4/8) clay with many, fine, faint,
pink (7.5YR 7/4) mottles. Moderate, coarse subangular
blocky structure. Some clay skins. pH 4 or below.
Clear, broken boundary to the C.
C 180-220+CEi. Pink (7.5YR 8/4) clay with many, medium, faint to distinct
white (lOYR 8/l) mottles. pH A or below.
Range in Characteristics - Textures may vary from a light sandy loam to a
sandy clay loam in the A, horizon, and a sandy clay loam to a clay in the
B. Colour variations ("mottles"), when found, appear not to be mottles
in the sense that they are indicators of poor drainage. Laterite gravel
occasionally has been seen in the profile but appears to be of alluvial
origin.
Relief - Plat.to rolling terrace tops of medium to high terraces.
Drainage - Well drained.
Vegetation - Tropical rain forest.
Use - Never seen under cultivation. Probably similar agricultural potential and
limitations to the Sandy Yellow Latosols and Yellow Latosols with which
they are commonly associated, i.e. moderately productive by local standards with, most of the regionally adapted crops. Any intensification
of cultural practices beyond that of the common shifting cultivation will
require improved soil management, including fertilization, to maintain
yields.
Distribution - An area of moderate size was seen along the new Belém-Brasilia
Ro3,d between Gusmä and Imperatriz. Another small area was seen south
of Braganca and east of the Gaetä River.

- 29 PARA PODZOL
Para Podzols are well drained soils of-extremely limited extent and
low agricultural interest. They are soils -with, morphological characteristics
helong to the cool;, temperate zone, hut are found in Amazonia at altitudes
"below 100 meters and- within two degrees of the Equator.' . They are, therefore,
included here more'as an academic curiosity than a soil of agricultural
importance.
These soils occupy well drained positions in close association with and often "between - the Sandy Yellow Latosols and the well -drained, white
sand Regosols. Bleakley and Khan (1959) have studied grain-size distribution
and mutally penetrating gravel layers in similar soils in British Guiana.
They conclude that the Podzols are an intermediate stage in the weathering
process that transforms the Sandy Yellow Latosols into the Regosols.
These Podzols are extremely acid, have a sand texture, and are severely
leached, with all the necessary plant nutrients in very short supply.
The profile described below is located near the City of Belem on
Quaternary sediments. However, another, similar soil was seen on part of
the Tertiary plain in the Territory of Amapa indicating that, like the
findings of Buye and Cruys (1959) for the "White Sands" in the Guianas of
South America, these Podzols seem to be more a stage in development rather
than associated with a particular geologic deposit.
Soil Profile - Field Description ïTo. 113
Location - Lat. 1°22'S.

Long. 48°23'W.

Belém.

Vegetative cover - Brush and poor secondary forest. Old burned logs
and stumps indicate perhaps a moderate forest cover
existed in the not too distant past.
A

A?

0-15 cm.

14-45

Finely mixed black and light grey (40+ 60$), loose,
structureless organic sand. pH 3.8 (La Motte). Boundary
clear and wavy to the A ? ,

cm

«- Pinkish grey (7.5YR 7/2), very loose, structureless sand,
pH 4»0. Boundary to B
abrupt and intermittent.to wavy,

. Bp, 45-60 cm.
Bp_ 6O-8O cm.

Dark brown (7,5^R 3/2), massive, very friable, loamy sand.
Some compaction. pH 4.2. Lower boundary gradual and wavy.
Dark brown (7.5YR 4/4)9 massive, very friable, loamy
sand. pH 4.6. Boundary gradual and wavy.

B
80—110 cm. Dark yellowish brown (10YR 4/4)9 massive, very friable,
.•
loamy sand. Diffuse and smooth boundary to A_..«
lb
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Ann.
lb

110-140 cm.

Dark "brown, massive, very friable, loamy sand.
Several ca.rbon fragments. pH 5»2. Diffuse and
smooth boundary to the IL, .

B2t

140-240 cm.

Light yellowish brown, massive, very friable sand.
pH 5-0°- Boundary to G diffuse and smooth.

C.

24O+ cm.

Yellow (2„5-r 7/6)«
table at 250 cm«

loose, structureless sand.'

Water

Range in Characteristics - The A-B boundary shows much variation. It may be
• , smooth or wavy (as above') f or it may be extremely irregular (see photo
Number 15) 5 or the whole B horizon may be confined to irregularly
shaped arms 20 to.50 centimeters or more in diameter completely
surrounded by the bleached white sand of the A ? . In these latter cases
the dark bro^m B 0 h horizons cover the outside of the arm with the B ?
inside and the colours fading toward the centre., 'ï/here they have been
seen the structure of these "horizon arms1' is more massive than the
more normal Amazonian Podzol profile and with also some cementation
which decreases toward the centre.
Relief - Flat to gently sloping or undulating.
Drainage - Excessive.
Vegetation - Brush and low trees.
Use - Extremely low fertility and water holding capacity severely limit the
agricultural usefulness of these soils.
Distribution - These soils have only been observed in two locations in the
Lower A m a z o m
one at kilometer 5 on the road from Belem to Braganca in
the State of Para, the other about 100 kilometers north of Macapa in the
Territory of Amapa.
REG0S0LS
Regosols, as seen in the lower Amazon Valle3', consist of white almost pure,
.quartz sand mixed with some organic matter in the surface layer giving it a
dark colour«
They are an exception to the normal concept of Regosols being
formed on more or less fresh material and, as a consequence, showing little
profile development«
The soils described here are without profile variation,
apparently because of the intensity of weathering which has occurred.
This
has resulted in a profile in which nothing remains of the original parent
materia,! but bleached, quartz sand, giving the soil morphological characteristics similar to recent, alluvial outwash. (See Figure 1 6 ) .
Boye and Cruys (1959) in their studies of the (i¥hite Sand" areas of tie
Guianas also conclude that the white sands are the results of strong
weathering«
They add that the white sands are more indicative of a degree
of weathering than a special geological formation and, therefore, may
develop from seve.val types of periods of deposition. Such a conclusion could
easily hold true in the Amazon Valley a's well as for most of the local Regosols.
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The position of Amazon Regosols suggests that they are largely derived'
from Quaternary and some late Tertiary material.
The occasional presence
of rounded, quartz gravels (many of which are so strongly weathered-that, .they
can be crushed in the hand) indicates that at least a part of the parent
material is of alluvial origin.
In the poorer drained locations, the Regosols are often associated with
Bogs, Half Bogs, Ground Water Podzols, and the low phase of the Ground Water
Latérites.
The latter two may be sometimes confused with ÜB Regosols because
of their similar appearing leached sand A„.
However, investigation...of the.
profile to one or one and a half meters should make separation easy.
In
the better drained areas they are associated with the lighter textured Sandy
Yellow Latosols or, in a very few instances, were seen on natural levees along
some of the smaller, clear water streams.
On • he well drained sites they are commonly associated with Sandy Yellow
Latosols and the Para Podzols.
In the latter instance, where occasionally
the podzol B is exhibited as irregularly shaped, brown "arms" running through
an otherwise bleached, deep, white sand layer, the Regosols and Para Podzols
may be almost impossible to separate consistently with an auger.
However,
such a separation would probably have little beyond academic interest.
Soil Profile

Field Description No. 32

Location - Lat. 0°40'N, Long. 51°3C'W.
Porto Platon, Arnapa.
Cover - Very poor forest.
00

0

^-0

cm

'

Organic matter in various stages of decomposition.

A-,-,

0-5 cm. Very dusky red- (7«5P 2/2-), very friable, organic sand.
Moderate, fine, crumb structure.
pH 3.4 (La Motte).
Boundary to A-,? is clear and smooth.

A,£

5-30 cm.
Dark reddish brown (5YR 3/2), very friable sand.
Weak, medium, crumb structure. pH 4-0.
Clear, irregular
boundary to AC.

AC

30-40 cm.
to C.

C

40-150+ cm.
pH 5 (?).

Transition.

Sand.

Gradual, smooth boundary

White (lOYR 8/l), loose, structureless sand.

Range in Characteristics - Present observations indicate little variation in
the profile characteristics of the white sand Regosol.
Relief -Plat to gently sloping upland or lowland.
There seems to be little
uniformity in the position of occurrence of these soils.
They may
occupy the well drained tops or sides of gently sloping elevations; they
have also been found in low, poorly drained bottom land associated with
small streams.
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Drainage - Excessive to poor.
Vegetation - Open, grass and low tree savannah, or poor tropical forest.
Use - Extremely low natural fertility and water holding capacity severely
limit the agricultural usefulness of these soils.
Distribution - Small total area but widely distributed over Lower Amazonia
in relatively small units.
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Figure 1

-

P e p p e r (Piper nigrum) growing on a Sandy Yellow Latosol n e a r Belém.
500 g r a m s of mixed f e r t i l i z e r per plant gave l\ k i l o g r a m s of dry pepper on
t h r e e - y e a r old plants.
With continued annual applications of \ kg. f e r t i l i z e r , yields probably will r e a c h two to t h r e e k i l o g r a m s when in full p r o duction.
This v e r y sandy land had been subjected to the usual p e r i o d i c
clearing and burning for many y e a r s p r i o r to the p r e s e n t planting of p e p p e r .

Figure 2

-

A c l e a r e d a r e a of Low Humic Glei soil on the flood plain of the Guarna R i v e r .
The a r e a is above the salt water zone but is still affected by tides and is
often flooded by fresh water during the period of the high spring t i d e s .

Figure 3

-

"Pocket" m i c r o r e l i e f .
Small, flat-topped islands o c c u r r i n g in many f o r e s t e d
a r e a s of poor d r a i n a g e .
Here it is forming on a Low Humic Glei soil but
it may also occur on o t h e r poorly drained soils as well.

Figure 4

-

Looking out over s o m e of the open, g r a s s savannahs on the T e r t i a r y plain
west of Macapä.
The highest points a r e capped by c o n c r e t i o n a r y Yellow
Latosols (See concretions in left foreground); the middle t e r r a c e s a r e heavy
textured Yellow L a t o s o l s s i m i l a r to those of the Planalto; the bottoms a r e
Humic Glei s o i l s .

Figure 5

-

A salt spring in the c e n t e r of Marajó Island, 70 km. from the n e a r e s t s e a
water and 100 m e t e r s from the f r e s h water A r a r f R i v e r ,
This is in the
center of a region of approximately 3000 s q . k m . affected by salt to the degree
that in some p a r t s t h e r e exists a s e v e r e s h o r t a g e of potable water for men
and animals during the dry s e a s o n .
Average annual rainfall:
3000 m m .
T h r e e month a v e r a g e m i n i m u m : 2 50 m m . (September, October, November).

Figure 6

-

A soil scientist writing a description of a low-lying (perhaps two meters
above normal high water) Ground Water Laterite in the region west of Obidos.
These open, grassy areas with occasional patches of trees are common for
the low-lying varieties of these soils. The higher, better drained varieties
are forest covered.

Figure 7 ~~'
"

Laborer digging an auger hole into a Ground Water Laterite, Low Phase.
Open, grass savannah as well as the low, dense, brushy cover seen here is
characteristic of most areas of these poorly drained soils.

Figure 8

A profile of a Ground Water Laterite. Note the bleached A2 and the prominent mottling in the B22 (white or light grey with red), two important characteristics of this group of soils.
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The truncated phase of the Ground Water L a t e r i t e showing the strongly m o t tled appearance of the deep B of the old Ground Water L a t e r i t e and the conc r e t i o n a r y nature of the p r e s e n t surface r e s u l t i n g from the desiccation and
hardening of the concentrations of iron in the upper l a y e r s .
The o r i g i n a l
A horizon has been entirely eroded away.
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Figure 9

F i g u r e 10

Undulating to rolling t e r r a i n c h a r a c t e r i s t i c of the truncated phase of the
Ground Water L a t e r i t e .
This a r e a originally had a cover of t r o p i c a l r a i n
forest which has been c l e a r e d for the development of a r u b b e r plantation.
The s m a l l , cleared s t r i p s contain the new r u b b e r t r e e s ;
the leafy foliage
between the s t r i p s is the legume P u e r a r i a .

F i g u r e 11 -

A new r o a d - c u t
found along the
Note the deep,
forest cover of

F i g u r e 12 -

The surface of the Yellow Latosol of the Planalto showing the s t r o n g , c o a r s e
to m e d i u m , granular s t r u c t u r e which is usual for these forested s o i l s .
Note the t r a c t o r t r a c k s to the left and the r e - e s t a b l i s h m e n t of the s o i l
structure.

through a heavy textured, Yellow Latosol of the Planalto
B e l ê m - B r a z i l i a Road between Guama and I m p e r a t r i z .
uniform nature of the profile and the c h a r a c t e r i s t i c heavy
these Planalto s o i l s .

Figure 13 -

A Sandy Yellow Latosol under forest cover showing the characteristic gradual
transition from the A horizon into the B and the lack of structural development in the B.

Figure 14 -

A Para Podzol. These are soils developing well within the tropic zone on
well drained sites and at low elevations with morphological characteristics
. similar to Podzols of the temperate zone.
Note the strongly developed A2 horizon.

Figure 15 -

One of the variations in the Parä Podzols showing the deep penetration of
the A2 and the extremely irregular B horizon.
The erodability of these
soils is also demonstrated by the gullies formed on either side of the exposed profile.

Figure 16 -

A Regosol showing the deep, bleached white, quartz sand profile that characterizes these soils. An auger hole was dug here to a depth of over four
meters without encountering anything but coarse, white sand similar to the
upper layers.
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