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STELLINGEN

1
Door de grote mate van overeenkomst in bodemkundige en andere factoren
tussen het Amazonegebied en het centrale Congobekken ziin de resultaten van het
landbouwkundig proefstation te Yangambi (Congo) van grote waarde voor de ont-

wikkeling van de landbouw in het Amazonegebied.
Dit proefschrift

I1
De pleistocene terrasafzettingen van de Amazonevallei beslaan een grote oppervlakte
en zijn in het algemeen van interglaciale, interpluviale ouderdom. i .
Dit proefschrift
111
Het succes van de op initiatief van lapanse immigranten in het Amazonegebied
ontwikkelde pepercultuur illustreert dat met toewijding en volharding in dit troplsche
probleemgebied veel kan worden bereikt.,

1v
De invoering van het bodemklimaat als determinatieckenmerk bij een morfometrische

bodemclassificatie is zowel onlogisch als onpraktisch.
SoiL SURVEY STAFF, 1960. Soil classification, a comprehensive system; Seventh Approxi-
mation. U.S. Dept. Agr., Soil Conservation Service, Washington,
1peM. Eighth Approximation 1964,

v
Het is gewenst de bepaling van SiO,: Al,O;:Fe,0, verhoudingen, door koken van de
grond of van de kleifractie met zwavelzuur, gedeeltelijk gevolgd door koken met soda,

op te nemen bij het standaardlaboratoriumonderzoek van tropische gronden.
Dit proefschrift

VI
De wijze van verwerking van bodemgegevens van het Mapanegebied in Suriname door
ScHuLz, is ongeschikt om het al of niet bestaan van een samenhang tussen het voor-
komen van de boomsoort Bruinhart ( Vouacapoua americana) en de bodemgesteld-

heid vast te stellen.
ScHuLz, J. P, 1960. Ecological studies on rain forest in Northern Suriname. Verh. Kon.
Ned. Akad. van Wetenschappen, Afd. Natuurkunde. Tweede reeks, 11f (1), p. 130 en de
tabellen VI en VIIL.



Vil
Het onderbroken voorkomen van de cerbank bij Jodensavanne in Suriname is niet
noodzakelijk het gevolg van vroegere erosie van deze laag; HEYLIGERS' conclusie

dat de oerbank louter fossiel zou zijn is dan ook aanvechtbaar,
HEYLIGERS, P. C., 1963, Vegetation and soil of a white-sand savanna in Surinam. Verh.
Kon. Ned. Akad. van Wetenschappe=n, Afd. Natuurkunde. Tweede reeks, deel L1V (3).

Vil
Opname van de plantenccologie van tropische en subtropische gebieden als erkend
onderdeel van het studieprogramma der Landbouwhogeschool is ten zeerste gewenst.

IX
Het voortdurende gevaar van mondiale besmetting met een overmaat aan radio-
actieve nucleiden maakt het urgent om teelimateriaal van de door eeuwenlange selectie
verkregen agrarische kwaliteitsrassen in onderaardse ruimten, zoals verlaten zout-
mijnen, beschut te houden.

X
De internationale ontwikkelingshulp zal, evenals in het verleden de nationale sociale
emancipatie, uit de sfeer van liefdadigheid naar die van gemeenschapsplicht groeien
en zal dan ook uiteindelijk in een kader van bindende internationale overecenkomsten
vastgelegd moeten worden.

X1
Het bestaan van een communistisch gericht Cuba begunstigt de sociaal-economische
ontwikkeling van Latijns Amerika.

Proefschrift W. G. SOMBROEK
Wageningen, februari 1966
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“The luxurious vegetative cover led to the early assumption that the supporting soil
was extremely rich. However, once it was realised that such growth is based largely
on a closed nutrient cycle on top of the soil, and in view of the failure of agricul-
tural setilements in the region, this opinion was completely reversed, Indeed, the
great majority of the Amazon soils are ‘poor® in the chemical sense.”



Introduction

The name ‘Amazonia’ immediately conjures up visions of damp, vine-entangled
greenery, infested with preying tarantulas and snarling jaguars. Such notions of “the
green hell’ or ‘the steaming jungle’ are widespread among the average European and
American, but also among many an inhabitant of southern Brazil. They have been fed
on vast numbers of fictional impressions on the region, through vivid pictures on
school walls, lush descriptions in novels, popular magazines, and impressive illustrated
books. When their authors did not entirely draw on their own imagination, or simply
copy from previous narratives, they often only peeped through riverside vegetation
or a patch of secondary forest and took their pictures at the Belém zoo. They did a
disssrvice to those interested in this part of the world. All the more admiration is dueto
such early explorers of Amazonia as CoOUDREAU, Bates, KATzER and LECOINTE for
their perseverance and the veracity of their publications.

One’s first sensation on actually penetrating the primeval forest of central Amazoma
is one of deception. There are no entangling vines, hardly any wildlife, no steaming
atmosphere. One soon discovers that the dangers of snakes, jaguars and wild Indians
(the cobras, ongas e indios of the indigenous caboclo) are very limited. The everlasting
drone of insects is the only real nuisance. It takes some time before one becomes fully
aware of the cathedral-like majesty of the high forest with its choir of rasping cigarras
and howling guaribas, and begins to marvel at the delicate igapo growth along the cool
rivulets.

The present soil study is the result of three years of plodding along straight transects
through primeval forest, accompanying an experienced forest inventory team. Very
divergent evaluations have been made of the Amazon soils, The luxurious vegetative
cover led to the early assumption that the supporting soil was extremely rich. However,
once it wasrealized that such growth is based largely on a closed nutrient cycle on tép
of the soil, and in view of the failure of agricultural settlements in the region, this
opinion was completely reversed. Indeed, the great majority of the Amazon soils
are ‘poor’ in the chemical sense. But until recently the only factual information on
which to base such a conclusion was the 1926 report of MARBUT and MANIFOLD, whose
investigations were an aftermath of the famous rubber boom. After its collapse, no
new data on the Amazon soils were gathered until well after the second world war,
when the SPVEA, the Federal Brazilian Development Board for Amazonia, was set up,

Drawing on the pioneering work of Day, this book gives a new description and
evaluation of the main Amazon soils based on present-day standards of soil study. It
is endeavoured to combine the advantages of the morphometric method, as now
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applied in the U.S.A., with those of the more physiographical approach of certain
European soil scientists. Thus, on the one hand, detailed morphometric descriptions
are given of representative profiles and classification of the main soils is fully checked.
On the other hand, much attention is given to the pedogenetic factors. Several
of these factors as exhibited in Amazonia, have been little described, unlike those in
such comparable regions as the central Congo basin. It was therefore necessary to
relate extensively our own and others’ data on such aspects as geomorphology, which
is found to be of great importance for the understanding of the local pattern of soils.

The purpose of the study is twofold.

On the one hand it is a release of scientific data of more than regional interest — on
the Amazon soils themselves, the genesis of tropical soils in general and on soil-
plant relationships in a tropical region with limited human influence. But it is hoped
that this publication will also serve as a kind of handbook for those Brazilians, and
their associates, who are directly concerned with the Amazon soils and their use. An
attemnpt is therefore made to facilitate future soil surveys in the region by providing a
legend to all the soils hitherto encountered and by describing their geographic pattern.
All existing data on the qualities of the main soils and their management is also
provided.

The available field and laboratory data only cover a part of the region and they often
give less information than might be wished. Moreover, conclusions on local pedogene-
sis and soil-plant relationships are often only tentative. The resulting picture of the
Amazon soils is therefore far from complete, but it may well open the way to further
soil studies on the immense region known as Amazonia.

Finally it should be stated that the opinions and conclusions expressed in thls publica-
tion are the author’s responsibility, and may not be taken to represent the official
opinions or policies of either the Superimténdencia do Plano de Valorizagdo Econdmica
da Amazénia or the Food and Agriculture Organisation of the United Nations.



Some terms and abbreviations

Amazonia: The Amazon region.

Amazon planalto (LiT. Amazon high plain): The Plio-Pleistocene plateau land of
Amazonia, usually at 150-200 m altitude.

Planicie (LiT. flat area of very large extent); All the upland in the axial part of Ama-
zonia, comprising the Amazon planalto and the Pleistocene terraces.

Terra firme (LIT. stable terrain): All the upland, i.e. all non-flooded terrains, com-
prising the Planicie and the older geomorphologic units.

Virzea (L1T. low, grassy land): Holocene lowland, intermittently waterlogged.

Igapd (LIT. marsh): Holocene lowland, or bottom lands, permanently waterlogged.

Massapé (UIT. sticking-to-the-feet): Strongly mottled, clayey soil; also used to denote
terrains slightly above level of flooding, presumably of Early Holocene age.

Belterra clay: Very heavy, kaolinitic clay, deposited on top of the Amazon planalto.

Reworked Belterra clay: Belterra clay nowadays on terrains below the level of the
Amazon planalto.

Terra Preta (LIT. black earth): Soil of Pre-Columbian Indian dwelling sites.

Hiléia (or hylaea, UIT. the great forest): The vegetative cover of Amazonia as phyto-
geographic unit.

Cipoal (LIT. cipd- or liana vegetation): Forest type composed largely of creepers and
climbers.

" Tabocal (LIT. taboca- or bamboo vegetation): Forest type composed largely of Guadua

species.

Campo (LiT. field): Type of savannah,

Campina (L1T. small campo): Type of savannah.

Campina-rana (LIT. false campina): Type of savannah-forest.

Caatinga amazdnica (LIT. Amazon caatinga, i.e.openforest): Type of savannah-forest.

Capoeira (LIT. the forest that was): Young secondary forest.

FAO: Food and Agriculture Organization of the United Nations

SPVEA: Superintendéncia do Plano de Valorizacdo Econémica da Amazénia, the
Federal Brazilian Development Board for the Amazon Region _

IAN: Institute Agrondmico do Norte, the Federal Brazilian Agricultural Institute
for Amazonia (as from October 1962, IPEAN: Instituto de Pesquisas e Experi-
mentagoes Agropecudrias do Norte)

IQA: Instituto de Quimica Agricola, the Soils Laboratory of the Federal Brazilian
Soils Commission






1. The Environmental Factors

I.1 The Geographic Location

The extent of the Amazon region, later referred to as Amazonia, varies according to
the criterion used.

Most of the catchment area of the Amazon river system is situated within Brazilian
territory, but it also comprises considerable parts of Bolivia, Peru and Colombia.
Compared to this, the phytogeographical area of Amazonia is smaller to the south
and more extensive on the northern hemisphere, where it includes the Guianas and a
part of Venezuela (Fig. 1).

Fig. 1 Alguns dados geogrificos da Amazénia
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Fig. 1. Some geographical data of Amazonia
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As a geologic basin Amazonia is much smaller. It consists of a relatively narrow
stretch at the lower part of the river system, and a fan-like area towards the Andes.

This study deals with the PBrazilian part of Amazonia. The limits of Brazilian
Amazonia are partly arbitrary. In this publication, the transitions from the belt of
equatorial forest to the savannahs of North-Eastern and Central Brazil and to those of
Rio Branco — British Guiana are taken as boundaries. Brazilian Amazonia thus con-
sists of all of the States Pard, Amazonas and Acre, the federal Territories Amapd and
Rondbnia, and parts of the States Maranhio, Goids and Mato Grosso.

References to the Amazon river in general include the Solimdes, which is the name

given to the upper part of the central river in Brazilian territory. The axial part of
Brazilian Amazonia may be divided into four areas, as follows:

1. the Upper Amazon region, from the frontier with Peru-Columbia to Manaus.
2. the Middle Amazon region, from Manaus to the boundary between the States
Amazonas and Para (Faro).
. the Lower Amazon region, from Faro to the mouth of the Xingi river.
4. the Estuary region, including Marajé island, from the mouth of the Xingi river to
the Atlantic Ocean.

U

1.2 The Climate

The climate of Brazilian Amazonia is humid and hot. The number of weather
recording stations is small and they are far from evenly distributed. In the huge
watershed areas at the north and the south side of the Middle and Lower Amazon
region they are very rare. Nevertheless, the climate in its entirety is fairly well-known.
Much relevant data and many maps are produced in a recently published bock on the
geography of Brazilian Amazonia (GUERRA, 1959). Therefore only the main charac-
teristics are described.

The rainfall in Brazilian Amazonia is generally high. There is nevertheless much
variation in total annual rainfall, as well as in the annual distribution. The data for
total annual rainfall are given in Fig. 2. Highest recordings (over 3000 mm/year) are in
the extreme east and the extreme west, namely in the north-eastern part of Amapd
Territory and in the north-western part of Amazonas State. The Figs. 3 and 4 show
the number of dry months — less than 50 mm and less than 100 mm rainfall per
month —, and the central month of the dry season.

With regard to the temperature, Brazilian Amazonia shows high, but not excessively
high values. The mean annual temperature varies from 23.5°C to 26.9°C. The rainy
scason (inverno} is generally slightly less warm than the dry season (verdo). The
annual amplitude in the mean temperatures of the months is however very small at all
stations of the region, namely below 5°C, and in most places even below 2.5°C. The
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Fig. 2 The climates of Bra-
zilian Amazonia as per the
classification of Koppen, and
the total annual rainfall { from
GUERRA, 1959 ¢f. 1.2)

Fig. 3 Nimero de meses sé-
cos por ano, € més central da
estacdo séca, sendo critério
de um més séco uma preci-
pitagido de menos de 50 mm
{coligide de dados de GUER-
RA, 1959}

Fig. 3 Number of dry months
per year, and central month
of dry season, taking less than
50 mm rainfall as criterion
Jor a dry month (compiled
Jrom data of GUERRA, 1959)

Fig. 4 Namero de meses sé-
¢os por ano, e més central da
estagdo séca, sendo critério
de um més séco uma precipi-
tacdo de menos de 100 mm
(coligide de dados de GUER-
RaA, 1959)

Fig. 4 Number of dry months
per year, and central month
of dry seasom, taking less
than 100 mm rainfall as crite-
rion for a dry month (compi-
led from data of GUERRA,
1959)
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temperature of the coldest month is everywhere above 18°C. The absolute maximum
temperature ever measured is only 44°C (Tefé). There is a distinct difference in
temperature between day and night; high amplitudes are known for instance for
Belém (9.6°C), Manaus (8.7°C), and Séna Madureira in Acre State (13.5°C).

The relative humidity is high. The variation over the region in the annual mean is
between 73% and 94%. In the central part of Brazilian Amazonia the values are above
80, everywhere. The highest percentages are found near the Ocean coast, and in
Acre and western Amazonas State,

The winds are usually weak, except for the coastal region where they may be moderate
(vento gerai). Storms such as typhoons are unknown, but gusts of strong winds are
frequent before afternoon rain showers. Exact data are lacking,.

Figures for evaporation, cloudiness and dew are not available, as no systematic
recording has been carried out.

With KOpPEN'S classification, Brazilian Amazonia has three types of climate (Fig. 2).
Type Af (hot and humid, without dry season) is found in the north-eastern part of
Amazonas State, and in a pocket of as yet undetermined size around Belém. Type Am
{humid and hot, with a short dry season) comprises the main part of the region, while
type Aw (humid and hot, with a pronounced dry season) occurs on the south-castern
fringes of forest covered Amazonia, in the boundary area with British Guiana, and in
a part of the Lower Amazon region.

I.3 The Geology

The geology of Amazonia was studied already at the end of the nineteenth century,
for instance by DerBY (1877) and KATZER (1903). In recent years much more has
become known, especially from the extensive surface and subsurface prospections of
the national eil company Petrobrds. On the Figs. 5 and 6, this Company’s data are
given schematically, while use is also made of the most recent geological map of Brazil
(LAMEGoO, 1960).1

The Amazon valley constitutes a low, sedimentary area between the shields of
Central Brazil and the Guianas. These shields consist of crystalline basement com-
plexes of old age, namely of the Pre-Cambrian period. The rocks are principally granites,
gneisses and mica schists. For the Guiana shield north of the Lower Amazon region,
Katzer (1903) indicates that the granites are concentrated at the frontier zone with
the Guianas, the gneisses occur in a band along this zone and the mica schists — with

!) The area of the Brazilian shield within Amazonia is very little explored. Omitted from
Fig. 5 are several parts indicated as Cretaceous on early geology maps, and mainly as
Carboniferous on the 1960 map (areas along the middle Tapajés, the middle Xingi and
the lower Tocantins river).
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intrusions of granites and syenites — occupy the southernmost part of this crystalline
shield. In northern Amazonas State, as well as along the Tapajos river, granites seem
to be dominant.

The comparatively young Andean mountain range, which is bordering Amazonia on
the west side, consists of folded sedimentary rock, predominantly of Paleozoic or
Mesozoic age. Much volcanic activity took place here.

The sedimentary part of Amazonia is not one basin, but consists of several: the
basin of Acre, the large basin of the Amazon proper, the basin of Marajé, and the
basin of Maranhio, which latter has two sub-basins, namely those of S3o Luis and
Barreirinhas (¢f Appendix 5). The first three basins are relatively deep, while the
Maranhio basin is shallow, The Amazon basin is narrow in its eastern part, but very
wide upstream, in the western part. The schematised stratigraphic sections of the
main basins are given in Appendix 8. It can be seen that both in the Amazon, the
Maranhiio and the Acre basins a part of the beds was deposited under marine or
lacustrine conditions.

In the Maranhio basin the deposits are largely Paleozoic or Mesozoic. They outcrop
over extensive areas. The youngest deposits of considerable thickness are of Late
Cretaceous or Tertiary age (Itapecurd or Serra Negra beds). They occupy the nort-
hern part of the present surface of the basin.

In the Amazon basin proper, the deposits are for a large part Paleozoic or Cenozoic.
The Paleozoic deposits only outcrop on the edges of the basin in its narrow eastern
part. At one place they form a Dome (Monte Alegre). Apart from the edges, the
basin surface consists of Late Tertiary deposits (Alter do Chio or Barreiras beds).

The Acre basin consists of Cretaceous and Tertiary deposits for a large part. Their
composition is different from that of the deposits of the same periods in the Amazon
basin proper.

The Marajd basin has only deposits of Cretaceous and younger age.

Seen in its entirety, the sedimentary part of Amazonia has at its surface a large
proportion of Cretacecous or Tertiary sediments. They are of varying textures and
colours, consist of kaolinitic clays and quartz sands, and are little consolidated.

The thickness and the extent of the Pleistocene deposits proper, which consist also of
kaolinitic clays and quartz sands, are apparently imited, especially in the western part
of Amazonia. At Nova Olinda, near the confluence of the Amazon and the Madeira
rivers, the Pleistocene sediments comprise only several metres. On the banks of the
Amazon river between Manaus and Monte Alegre, the Tertiary Alter do Chio or
Barreiras beds are well exposed. The contact of these beds with the overlying Plei-
stocene sands is found at varying heights above the river. The thickness of the Plei-
stocene deposits reaches a maximum of 50 m, namely at Monte Alegre (SAKAMOTO,
1960). The approximately flat terrains east and south of Belém (zona Bragantina,
zona Guajarina) are covered with Pleistocene sediments, but only in a thin layer
(5-10 m). The only thick Pleistocene deposits are in the Marajé area. Here they reach
about 250 m thickness and consist of grey silts {Appendix 8).
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For geologists, truly Pleistocene deposits are therefore restricted in occurrence. But
it will be shown that Pleistocene eustatic changes in sea level and Pleistocene river
regimes have had a very great influence in reworking of the Tertiary deposits and the
topography of the Amazon land (¢f. 1.4).

It should be borne in mind that considerable parts of Amazoma which are indicated
as crystalline or Paleozoic on the geologic map, are, in fact, covered with thin layers of
Tertiary or Pleistocene sediments. This applies, for instance, to the lower Gurupi area
and the whole region of the Rio Negro,

The Holocene sediments consist largely of silts and clays. They cover the floodplain
areas along the Amazon river proper and the lower parts of its main tributaries, and
are also found in the Estuary region (Fig. 5). However, the Holocene areas, all
together, comprise only about 1-2%; of the total land surface of Amazonia. This is
much less than assumed by early explorers. As they only travelled on the rivers they
rarely saw any upland, and therefore obtained a wrong impression on the expanse of
the floodplains.

1.4 The Geomorphology
1.4.1 Sketch of proto-Amazonia

Due to the absence of major orogenetic movements since the Pre-Cambrian period,
other geomorphogenic factors were allowed to play a marked role in the development
of the landscapes of Amazonia. The evolution of Amazonia as discussed below, is
illustrated in the sketches of the Figs. 8 and 9.

A very extensive denudation and peneplanation! must have taken place after the
Pre-Cambrian. The Andean mountain range did not then exist. Instead, a Peruvian
trough was present. Because of the existence of marine Paleozoic deposits i the
above mentioned Amazon sedimentary basin, DErBY (1877) assumed that there was
no superficial connection between the two crystalline shields in those early periods.
The shields would have constituted two separate islands at the northern and southern
side of an Amazon trench?, a trench which would have been connected with the Peru-
vian trough and the proto-Atlantic until the Tertiary, KATzZER (1903), however, con-
cluded that such an Amazon trench had no connection with water masses east of
present Brazil. He stated that there must have been a superficial connection between
the eastern parts of the shields, running over the present-day Estuary region. The
existence of such a connection has been recently confirmed by the presence of the

1) 1t may concern actually ‘pediplanation’, as this term is applied more recently, for
instance by KING; the existing geomorphologist’s controversy on this subject is evaded
by adhering to the old term ‘peneplain® for an erosional surface, whatever its mode of
formation.

- %) ‘trough of subsidence’ according to Soares (1956).
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Gurupd arch (Fig. 6), and the fact that the Marajé sedimentary basin constitutes a
Graben which has been acting only from the Cretaceous onwards. A connection with
the Peruvian trough will have existed, although for several Paleozoic periods sills and
land barriers are supposed to have occurred (KATzER, 1903; SakamoTo, 1960).

During the Paleozoic the erosion products of the shields were transported from the
north and the south to the Amazon trench, and in a western direction to the Peruvian
trough. Transport to the Maranhao basin also took place.

Permean, Triassic and Jurassic deposits are not found in the Amazon basin, except
for some basic intrusions. KATZER (1903) supposes that during these periods there was
a superficial connection between the Guianas and Central Brazil over a broad front.

As related, for instance, by OLIVEIRA ef al. (1956), a general subsidence, accompanied
by an intensive levelling, took place at the end of the Jurassic or the beginning of the
Cretaceous. Cretaceous flat lying sand-stones, of continental origin, are found wide-
spread in the interior of Brazil. From their reddish colour, and the presence of eolian
elements, SAKOMOTO (1960) concluded that these sediments were formed in i relatively
warm and dry climate, and spread over the plains close to their source. The sand-stones
now apparently still cap many of the plateaux of the watersheds between the main
rivers. Examples are the Chapada de Parecis, Serra do Roncador, Serra do Cachimbo
on the Brazilian shield, and parts of the Serra de Tumucumaque, the Serra de Acarai
and the Serra de Pacaraima on the Guiana shield. These plateaux are often at an
altitude of 400-600 m. Apart from capping these platcaux, Cretaceous sediments are
found in parts of the basins, where they may be marine (Acre, Maranhdo).
SakamoTo (1960) and VARGAS (1958) distinguish also an Early Tertiary peneplanation
surface on the crystalline shields, at 250-400 m altitude. To this level for instancs
would belong the Campos de Ariramba (90 km north of Obidos), the Campos Geraie
de Obidos (200 km north of Obidos), and the table lands of Almeirim-Prainha“
amongst which is the Serra de Paranaquara.! The savannah areas in the region of the
upper Paru river, near Surinam, probably belong also to this Early Tertiary pene-
planation surface (¢f. quotation of KATZER on p. 164), so also do the savannah areas of
the middle course of the Tapajés (Campos de Cururii, Campos de Mucajazal) that
are reported by LECOINTE (1922). The geologic material of the floor of this surface is
not necessarily Pre-Cambrian crystalline. SioLt and KLINGE (1961) mention that the
substratum of the Campos de Ariramba consists of sand-stones of possibly Devonian
age, and that of the Campos de Cururi of sand-stones of Cretaceous age.

Little can be said with certainty about the above mentioned peneplanation surfaces,
The correlation with the surfaces in Central and Southern Brazil, as established by

1 From the geologic description of this table land by Katzer (1903) it seems likely that
its top is similar to that of the planalto south of Santarém (Belterra clay over Ipixuna-like
plinthite concretions; ¢f. 1.4.2 and 1.4.5). It seems therefore more probable that the tops of
the Serra de Paranaquara and the adjoining table lands belong to the Plio-Pleistocene
Amazon planalto level, and that their relatively high altitude is due to a Post-Tertiary
relative uplift of the area between Almeirim and Prainha. This is in agreement with SioLy
(1957) who deduced from the absence of rigs (cf. 1.4.3) in this area, that such an uplift
occurred.
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KING (1957), also awaits further study, 1t is possible that the above mentioned Amazon
ones are related to KiNGg's Post-Gondwana and Sul-Americana levels respectively.

It is generally accepted (cf. OLIVEIRA ef al., 1956) that, from the Middle Tertiary on,
a general uplift of Amazonia took place, except for the Marajo area (Graben of
Marajé, see above). The extraordinarily extensive Tertiary sediments of the Amazon
basin, known as the Alter do Chéo or Barreiras beds, were probably deposited largely
during the Miocene, under continental conditions. Until recently it was assumed that
this had been done by the then westward flowing proto-Amazon river. BARBOSA
(1959), however, casts doubt on the truly fluviatile character of the deposition. He
states that the sedimentation took place with an endoreic drainage, related to what
scems to have been a semi-arid climate of great extent, and that the Amazon river
system proper originated only afterwards, during a subsequent humid climate.

Contrary to the general situation, the Tertiary deposits in the Acre basin, as well as
those in the area east of Belém, were for a part laid down under marine conditions
{Pirabas beds, Pebas beds.)

To sum up, the watershed regions on the north and the south sides of the Amazon
river system may be divided into the following geomorphologic units:

1. Undulating terrains with outcropping crystalline basement.

2. Undulating terrains with outcropping Paleozoic, Mesozoic or Early Tertiary
deposits. :

3. Two peneplanation surfaces within the area designated as crystalline on the
geologic maps, supposedly of Cretaceous and Early Tertiary age respectively.

1.4.2 The Planicie. The Plio-Pleistocene Plateau or Amazon Planalto

Throughout the eastern part of Amazonia can be found a flat, terrace-like surface, at
100 or more metres above the level of the main rivers. The upper layers of this surface,
about twenty metres thick, consist of uniform, yellowish, very heavy, kaolinitic,
sedimentary clay without any visible stratification. After exposure to the weather, the
clay falls apart into characteristic fine structure elements that are very resistant to
destruction (see Photo 1). This particular material is scarcely mentioned in literature
about Amazonia. The material will henceforth be called Belterra clay, after one of the
localities where its occurrence is very conspicuous. Before dealing with the problem of
its origin, an extensive description will be given of the occurrence of plateau land with
Belterra clay cover.

1.4.2.1 Description of Occurrence of Belterra Clay {(cf. Fig. T)

A Belterra clay covered flat surface is very widespread in the upper Capim — upper
Gurupi area, in most places at an altitude of about 200 m, but in the southernmost part,
the Serra de Gurupf, at an altitude of about 350 m {¢f. cross-sections of the BR-14 high-
way, Appendices 4and 5). In the region between the rivers Xingu and Tocantins, the sur-
face is present apparently only far south of the Amazon river; it occurs west of Tucurui,
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Foto I Argila de Befterra exposta & superficie. Apds ser exposta as condigies climdticas, a argila cao-
linitica muito pesada, denominada de Belterra, desagrega-se em elementos macigos bem finos e muito
resistentes & destrugdo

Phoro 1 Belterra clay exposed at the surface. After exposure to the weather, the very heavy, kaolinitic
clay, termed Belterra clay, falls apart into very fine blocky elements that are very resistant to destruc-
tion

atan estimated altitude of 160 m (Serra de Trocara). Between the rivers Tapajos and
Xingd however the surface with Belterra clay cover is found near to the Amazon river.
Directly south of Santarém the altitude is about 130 m (Gourou, 1949). At Belterra
Estate, about 40 km south of Santarém, the altitude is about 175 m. At the Curud-una
centre, about 80 km east-south-east of Santarém, the altitude is 180 m.! Near the
Xingi the altitude is less and the surface seems in most places not flat. For the region
west of the lower river Tapajés HEinsDDK (1958¢), who knew its characteristics well
from a survey in the Curud-una area, reports that the Belterra clay covered surface is
also present, although much attacked. The plateau fragments in the area (Serra de
Parintins, Serra de Balaio, and others) are reported to occur at about 150 m altitude
(LECoINTE, 1922).

On the north side of the Amazon river the Belterra clay is also found. The clay
occurs in the southern part of Amapd Territory, namely in the headwater region of
Igarapé do Lago {about 60 km northwest of Macapd), at an estimated altitude of
100 m. The clay has been reported to occur at ‘some distance’ north of Prainha. The
presence of Belterra clay was also established at a short distance north of the towns

1) In this area, the surface has a slight dip in an easterly direction.
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Fig. 7 Ocorréncia de argila de Belterra
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Fig. 7 Occurrence of Belterra clay

Terra Santa and Faro, between the rivers Nhamunda and Trombetas, there at a re-
latively low altitude, about 60 m. It seems probable that the terrain further north,
which forms a plateau — Serra de Chinelo, Serra de Cunurti — at about 200 m altitude
(KATzZER, 1903) has also a cover of Belterra clay. A similar plateau is very conspi-
cuously present east of the river Uatumad, forming the Serra de Santa Rita, Serra de
Santa Rosa and others (VARGAS, 1958). The same author mentions a plateau of 150 m
altitude directly north of Obidos. Large parts of the stretch traversed by the recently
constructed Manaus-Itacoatiara road (AM-1) have a cover of Belterra clay. The
altitude of the approximately flat sections of plateau in this area, locally called
chapadas, is about 120 m in the central stretch of the road (about 40 km north of the
Amazon river). Near both Manaus and Itacoatiara the terrain tops are less flat and
their altitude is somewhat lower.

There are few data about the occurrence of Belterra clay on plateau land in the
western part of Amazonia. MARBUT and MaNIFoLD (1925) report the existence of a
plateau east of Humaita on the Madeira river. Southeast of Porto Velho large flat
stretches occur, at about 40 m above local river level, with a cover of Belterra clay. It
has, however, a slightly less heavy texture than that in the eastern part of Amazonia.
It seems probable that the western part of Acre State has a terrain cover similar to
that near Porto Velho. Indications from AAF and CNG topographical maps are that
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the terrains in the central part of Amazonas State (Jurud-Purtis-Madeira) have very
little topographical differences and are relatively low lying, both with regard to
altitude and to height above local river level. The textures of the surface materials
seem to be mainly heavy, for instance around Tefé. MARBUT and MANIFOLD report
that from the Catud river {(about 250 km west of the mouth of the river Puras) to the
west, a dissected plateau is present. It seems to extend westward to at least within
50 km of the frontier (1925, p. 642), and also far southward (1926, p. 440). They
estimate the level of this plateau to be about 30 m above the river Solimdes. For this
region they report soils that are similar, also texturally, to those of the plateau south of
Santarém. In the frontier region there are apparently more topographical differences
than in the Jurud-PurGs-Madeira region. For the area south of Benjamin Constant, on
the frontier, the existence is reported of sections of plateaw similar to that of the
Curud-una centre (internal reports FAO/SPVEA Mission, Belém). The only available
data about the adjoining parts of Peru are those of MareUT and MANIFOLD, who
mention a similarity with the Brazilian part of the region. For the Madre de Dios
area in Bolivia widespread presence of plateau land is established (DrewEs, 1961). No
reliable data are available on the texture of the covering sediments.

In summarising these data, it may be said that over all of the axial part of Amazonia
flat plateau land occurs with a cover of Belterra clay. The limited number of textural
analysis data suggest that the heaviness of the clay slightly increases towards the east.
Moreover, the lower part of the Belterra clay layer seems to be less heavy textured
than the upper part.l ’

In the eastern part of Amazonia the blanket of Belterra clay on plateau land is
underlain by a layer of plinthite (= laterite) concretions. The plinthite layer seems to
constitute the weathered upper stratum of the sediments of the Barreiras or Alter
do Chéo beds which composes the base of the sections of plateau (¢f. 1.4.5).

1.4.2.2. Origin of Belterra Clay (¢f. Figs. 8 and 9)
Neither dating nor explanation of the occurrence of the Belterra clay on plateau land
has been found in literature. The deposition of the clay must have taken place after the
first uplift of the Andean Cordillera and the flattening of the Amazon land by de-

1) The percentage of clay (separate <<2u) varies between 85 and 959, Within the silt
fraction (2-50u), there is apparently no clear top; two samples gave the following granulo-
metric data (by courtesy of Dr. Faveree of the Geology Department of Wageningen

University):

>50p 50-32p 32-16p 16-8p 8-2p <«<2u
(BR-14, km 366; 540 cm depth) 4.2 22 1.6 27 27 87.0
(Curué-una, km 14; 95~-150 cm depth) 2.6 22 1.6 28 49 859

The percentage of silt and/or fine sand is sfowly increasing with depth, at the cost of the
percentage of clay. This is illustrated on the lowest horizons of Profile 24 (II1.2), as well
on sample XI-1-6 of Cate (1960) from 280 cm to 470 cm depth on the planalto of Curua-
una Centre. These samples moreover show that the lower part of the Belterra clay ‘blanket’
is indeed kaolinitic in character, as was already believed because of the similarity in
morphometric characteristics between the upper and the lower parts of the layer of
sediment. It therefore does not concern a kaolinitisation by soil formation.
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Fig. 8 Eshéco que demostra a formagédo do planalto amazinico
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Fig. 8 Sketch showing the formation of the Amazon planalto
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Fig. 9 Cortes transversais esquemdticos da Amazdnia nos sentidos Nordeste-Sudeste e Norte-Sul res-
petivamente, demostrando as vdrias unidades geomorfologicas (para a legenda e a locagdo dos cortes veja
aFig.8)
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III Plio-Pleistocene Amazon planalio/Planalte amazénico Plio-Pleistoceno
1V Pleistocene terraces/Terragos do Pleistoceno
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S = Silurian/Siluriano; D = Devonian/Devoniano; C = Carboniferous/Carbonifero; Cr = Cretaceous/
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Fig. 9 Schematic cross-sections of Amazonia in nort/llst — southeast direction and north-south
directions respectively, showing the various geomorphologic units (for legend and situation of sections
see Fig. 8)
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position of Tertiary (Miocene) sediments of the Barreiras or Alter do Chio beds, and
also after the upper stratum of the latter sediments became laterised in at least part of
the region. The composition of the Belterra clay and its horizontal and vertical very
gradual changes in texture lead to the assumption that this sediment was deposited in
a huge, shallow lake or sea bay, and that the flow of suspensed material was in an
easterly direction. The tentative conclusion drawn is the following: Kaolinitic, little
consolidated deposits uplifted in the Andes region, eroding easily, gave sediments that
were spread widely throughout the enormous inland sea or bay that a large part of
Amazonia constituted during a time when the sea leve!l was high. The coarsest
sediments were laid down in thick layers near the foot of the Cordillera, and the
minuscule kaolinitic clay particles were suspended in the bay water. Whilst being
borne towards the east these particles were gradually deposited, thus forming a very
regular thin blanket on the shallow and flat bottom of the inland sea (see the upper
sketch of Fig. 8).

The present altitude of the plateau with the Belterra clay cover is usually 150-200 m in
the eastern part of Amazonia. This corresponds approximately with the Calabrian sea
level as given in Table 1, The deposition of the clay therefore probably took place in
the Pliocene (according to ZEUNER’S classification) or in the Early Pleistocene (accor-
ding to the classification of WoLDSTEDT). In the western part of Amazonia altitudes
are generally lower. There a subsidence must have occurred after deposition of the
clay. In the transitional areas between the Amazon trench proper and the crystalline
shields a continuing gradual uplift of the shields has affected the altitude of the plateau
with Belterra clay. The latter is illustrated in the southern part of the BR-14 cross-
section (Appendices 4 and 5).

The non-eroded platecau with Belterra clay cover is referred to in the following as
Amazon planalto.

As may be seen from the description of occurrence of Belterra clay, there are in the
eastern part of Amazonia also terrains with Belterra clay at an altitude considerably
lower than the planalto of 150-200 m, namely at 50 to 100 m (Igarapé do Lago; Faro;
the western bank of the lower Xingi; near Manaus). These terrains are usually not
quite flat and often occur near the main rivers. It is assumed that the clay in these
places was re-deposited, with little or no admixture of lighter textured sediments, at
these lower levels during the Early Pleistocene (Sicilian and Milazzian sea levels
mainly; ¢f. Table 1 and the discussions in 1.4.3), A good example of such a terrain is
the km 130-km 190 section of the Guamd-Imperatriz arca (Appendices 4 and 5). The
Belterra clay on such terrains will be referred to in the following as reworked Belterra
clay.

1.4.3 The Planicie. The Pleistocene Terraces
1.4.3.1 Originof Terraces
In the Early Pleistocene the river Amazon and its tributaries originated. They

provided for drainage of Amazonia to the Atlantic and started cutting into the Plio-
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Table I Coastal terraces of Pliocene-Pleistocene-Holocene age (compiled from WoLDsTEDT, 1958

and ZEUNER, 1959)

Strand lines
linhas costeiras

Flandrian!Flandriana

Epi Monastirian
Epi-monastiriano

Late Monastirian
Monastiriano superior
Main Monastirian
Monastiriano principal

Tyrrhenian
* Tirreniano

Milazzian
Milaziano

Sicilian
Siciliano

Calabrian
Calabriane

Sea
levels (m)
niveis do mar

{m)

i}
+2 ca.}
-100?
+ 3.5 ca.’

+ 7.5 ca.
+17.5 ca.

=200

-+ 3040
460 ca.

+ 100 ca.

2

+180 ca.

Chronology/cronologia
American West European British
Americano  Europeio Ocidental Britdnico
WOLDSTEDT ZEUNER
Recent Holocene Holocene
Holoceno
PLEISTOCENE/Pleistoceno
Wisconsin ~ Wiirmian Last Glaciation
Ultima glaciagéo
Sangamon  Rissian-Wiirmian  Last Interglacial
Interglacial Ultima imerglacial
(Eemian)
Mlinoian Rissian Penuliimate Glaciation
Pentltima glaciagdo
Yarmouth  Mindelian-Rissian  Great or Penultimate
Interglacial Interglacial
 (Holsteinian) Grande ou peniiltima
interglacial
Kansan Mindelian Ante-Penultimate
Glaciation
Ante-penuliima glaciagdo
Aftonian Giinzian-Mindelian Ante-Penultimate
Interglacial Interglacial
{Cromerian) Ante-peniltima
interglacial
Nebrascan  Giinzian Early Glaciation
Primeira glaciacao
PLIOCENE/Plioceno
Danubeian-Giinzian
Interglacial
{(Waalian)?
Pre- Danubeian Villafranchian
Nebrascan Biberian-Danubeian Vilafranquiano
Interglacial
(Tiglian)?
Biberian?

Tabela 1 Terragos costeiros de idade Plioceno-Pleistoceno-Holoceno (compilado de WoLDSTEDT, 1958

¢ ZEUNER, 1959)
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Plcistocene Amazon planalto, Below the level of the planalto, the land was shaped
into terraces of various levels above the rivers.

It is generally accepted that during the Pleistocene glacials of Europe and North
America the sea level was much lower than today, since much of the world’s water was
tied up as enormous masses of ice in the polar and subpolar regions. During inter-
glacial ages, on the other hand, the sea level was higher than at present. Compar-
isons and correlations of ancient strand lines all over the world have been made.
Mention is made of the studies of Zeuner (1959) and WoLDSTEDT {1958) who arrived
at several specific heights, which they named. These heights, and their correlation with
the various ages of the Pleistocene, are given in Table 1. Many discussions have arisen
as to whether or not glacials coincided with pluvials — i.e. times with humid climate -
in the equatorial and subequatorial regions, and whether interglacials with inter-
pluvials - i.e. times with dry climates - in these regions. For Africa and the Middle
East much relevant data has been assembled. Many authors have accepted the above
mentioned coincidences for these regions, but there are others whose opinions differ.
In comparison, little is known for South America. Recently VAN DER HAMMEN and
GonNzaLES (1960) established from pollen analysis at the Sabana de Bogotd that for
this region of South America a coincidence of glacials with pluvials exists. WILHELMY
{1952) mentions a pluvial, correlated with the last glacial, which would have occurred
from Venezuela to Parand.

The glacio-eustatic oscillations in sea level during the Pleistocene may be traced on
ancient strand lines and marine coastal terraces.! Oscillations in the sea level cause also
changes in the erosion base of rivers. At the same time differences in climate related
with these oscillations normally cause differences in discharge and load of the rivers.
Lowering of the erosion base of a river (regression time) normally results in entrench-
ment in its lower course until the river reaches a new equilibrium in its longitudinal
profile (graded profile). The surrounding land, the valley bottom, is modelled into a
floodplain with the same longitudinal profile. Subsequent raising of the erosion base
(transgression time) requires normally another graded longitudinal profile of the
river. In that case another, differing floodplain is formed. Along the lower course of
the river, sedimentation on the old floodplain takes place normally, whilst more up-
stream entrenchment of the former floodplain may occur, resulting in terrace for-
mation. In that case, present-day remnants of upstream terrace deposits are possibly of
ages with low erosion base of the river-or glacials—, while present-day remnants of
downstream terrace deposits are generally of ages with high erosion base — or
interglacials. Therefore, terrace levels of different age may cross, at a certain point
along the river course (‘terrace intersection point’, ¢f. scheme of Fig. 10). By means of
careful studies, which bear in mind the above factors, it may be possible to trace the
changes in sea level not only from coastal terraces, but also from fluviatile terraces as
far as these latter have been formed under influence of changes in the erosion base.

1) Reference may be made to the study of RUELLAN (1945), who distinguished the following
levels in the surrounding of Rio de Janeiro: 80-100 m, 50-65 m, 25-35 m, 15-20 m, less
than 15-20 m.
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Fig. 10 Conexdo possivel de terragos fluviais, na situagdo em que um nivel baixe do mar precéde um nive!
alio do mar

High Sea Level
(Interglacial)
nivel do mar alto

Present Sea Level [
nivel do mar atua!

Low Sea Level ==

(Glacial) ==
nivel do mar baixo g-‘-'i

1a, 1b Fluviatile terrace deposits of interglacial time
Depdsitos de terraco fluvial de época interglacial, nas partes interiores do perfil transversal do

vale
*

24 Buried fluviatile terrace deposits of glacial time
Depdsitos de terrage fluvial de época glacial, cobertos

2b Fluviatile terrace deposits of glacial time, at the outer sides of the cross profile of the valley
Depdsitos de terrago fluvial de época glacial, no exterior do perfil transversal do vale

3 Terrace intersection point; terrace deposits of glacial and inter-glacial times on the same level
Ponto de interseccdo de terracos; depisitos de terrace de épocas glacial e interglacial no mesmo
nivel

Fig. 10 Possible relationship of fluviatile terraces, with low sea level preceding a high sea level

These studies may be carried out at the different depths of the present burial of the
deposits, or at the still present remnants of terraces at different heights on the upland.
Conversely, if Pleistocene sea levels are taken as established data, then the age of
present coastal and fluviatile terrace deposits may be assessed, which is of importance
for discussion of soil genesis.

River surroundings far upstream, above resistant sills in the river course which are

_well above the highest ancient sea levels, are not affected by changes in the erosion
base of the river. Here, the conditioning factors for terrace formation are only the
water discharge and the load of the river on the spot. These factors are very much
dependent on the climatic conditions. The terraces concerned are ‘climatic’ fluviatile
terraces, in contrast to the fluviatile terraces of rivers downstream that are formed
under influence of movements of the sea level (‘thalassostatic’ terraces in the terminol-
gy of ZEUNER, 1959).

It will be shown below that Pleistocene terraces of one kind or another have a
great extent in Amazonia. As already mentioned in L3, the sediments which for
geologists are truly Pleistocene are apparently of limited expanse in Amazonia. The
changes in the regimes of the rivers during that epoch have in many parts resulted
apparently only in the re-working of Tertiary and/or older deposits.
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1.4.3.2 Terrace Levels in the Guamd-Imperatriz Area

During the reconnaissance soil survey of the Guamd-Imperatriz area it was possible
to study in detail the geomorpholegy of an extensive Tertiary-Pleistocene region,
namely along the upper part of the newly opened BR-14 highway, which forms
the spine of the survey area, 470 km long. For a considerable part of this section, the
data of the constructors (Rodobrds) regarding the original topography of the line
of the highway were studied. Forthe other parts the altitudes given on the kilometre
posts were copied, and the height differences between these posts estimated. This
permitted the drafting of a slightly schematised cross-section of the traversed terrain
(Appendix 4), which was further schematised in Appendix 5. For discussion the stretch
is divided into a northern {km 0-195) and a southern half (km 195-415).

The northern half, with land-units Santana, Candiri, Médio Guamd and Alto Guamd,
belongs to the catchment area of the rivers Guamd and Capim. These rivers join at
their lower course and make a large curve to the West before they reach their present
erosion base in the Baia de Marajo. The southern half, with land-units Cunhantd,
Gurupl-mirim, Planalto and Itinga, belongs to the catchment area of the Gurupi river,
which drains in almost straight line into the Atlantic Ocean,

In the northern half, the following levels can be distinghuished (very concretionary
tops excluded because of their resistance to erosion):

A completely flat terrace, covered with Belterra clay, is present from km 195 on, at
an altitude of about 200 m (planalto terrace, ¢f. 1.4.2). North of km 195 very gentle
undulating terrain — also covered with Belterra clay - is present, which flattens out, in
the north, to a terrace of about 100 m altitude. It is found, for instance, around km
120, but only east of the road itsclf it is conspicuously flat and extensive. Furthermore,
a terrace may be discerned at about 65-70 m altitude (km 5 — km 15; km 70-km 90).
Remnants of a somewhat lower terrace, of 4045 m altitude, are also visible, for
instance around km 20, km 33 and km 45. All these terraces have specific altitudes and
appear to be unrelated to the present day drainage pattern. However, parts of the
latter terrace may be, in fact, a terrace related to the present day level of local rivulets,
all affluents of the river Guamd. Considered as such, the level of these partsis20m +.1
The terrain directly around km 172 may also represent this terrace level of 20 m +.
At varying altitude, but positively related to the present day detailed drainage system
is a terrace at 8-10 m +. It is conspicuously present along all the rivulets between
km 75 and km 160. Between km 15 and km 75 another well-defined terrace can be
distinguished. It is situated in narrow bands along the rivulets, at 3-4 m +., At the
same height as the present rivulets the valley bottom exists {varzea or igapé). In
summarising it can be said that in the km 0-km 195 section the following terrace
levels are present: 200 m altitude; ~ 100 m aititude; 65-70 m altitude; 30-35 m
altitude (20m +); 8-10m 4 3-4 m +.

1) With + is meant the height above the high-water level of the local river or rivulet, With
‘altitude’ (alt.) the height above sea level.
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In the southern half, the section between km 195 and km 415, the situation is as
follows: The completely flat planalto terrace is present at 200-220 m altitude in the
northern 100 kms, and gradually increasing in altitude from 220 m to 360 m in the
southern 220 kms.! The terraces below this have a varying altitude. They are apparent-
ly related to the present day level of the local rivulets, all affluents of the river Gurupi.
Terrain tops occur at about 70-80 m -+, in the stretch km 320-km 405, They are
probably the remnants of a terrace at this or a slightly higher level. Another terrace
occurs at 30—40 m 4. This one is fairly well-defined in the southern part (km 320-km
405), but poorly defined in the northern part (km 195-km 320). In the latter part also
a terrace level of about 10 m 4 may be traced, but this is also fairly poorly defined.
Terraces at still lower levels are absent, In summarizing, it can be said that in the
km 195-km 415 section the following terraces are present: 200-220 (—~ 360) m
altitude; 80 m <+ ; 30-40 m +; 10 m 4.

A tentative correlation will now be given of the established terrace levels in the Gua-
md-Imperatriz area with past sea level oscillations.

Of the northern section, the upper four terraces, with their constant altitude, are
most probably marine coastal terraces of which the deposits were laid down during.
ages with high sea level. The 65-70 m one may be for a part deltaic coastal because
on this terrace there was found, in the km 70-km 90 section, a horizontal alternation
of light and heavy textured sediments. The three lower terraces are fluviatile terraces.
To establish whether the deposits of the latter are of interglacial age (high erosion
base) or of glacial age (low erosion base), it should be considered that the river Guamd
has at km 0 a rocky bottom, consisting of hard sand stones of probably Paleozoic age,
which is exposed at low tides. Owing to the presence of this sill, low sea levels will not
themselves have influenced the longitudinal profile of the Guama and its tributaries
above km 0 (all the rivulets that drain to the east). Only sea levels higher than the
present one will have permitted deposition of sediments. Therefore, the terrace deposits
of the rivulets draining to the east are of interglacial age. For the lower Capim and the
Guam4 downstream of the confluence of the Iatter, resistant sills are unknown, Low
erosion base deposits might therefore be present along the rivulets that are dis-
charging via the Capim (all those running to the West, between km 60 and km 150).
If so, then terrace intersection points, if present, would probably be located upstream
of the road, in view of the small gradient of the rivulets from the road on. The Jaboti-
maior-at-km-75-Capim-Guam4d-Baia de Marajé section has a fall of only 30 m over

340 km. The Ipixuna-at-km-107-Capim-Guam4-Baia de Marajé section has a fall
of 35 m over 390 km, and the Candiri-Agu-at-km-145-Capim-Guam4 - Baia de
Marajé section a fall of 65 m over 420 km. It is therefore probable that also the.

1} It should be mentioned that the altitudes in the southern half of the BR-14 cross-section
are not quite reliable, due to the uncertainty of the altitude of Imperatriz (probably
assessed in excess), and the incongruency in the altimetric data for the central part of the
stretch, as provided by the Rodobras survey teams; one working form km 0, one from km
467. The relative heights over short and intermediate distances, however, may be taken as
certain.
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terrace deposits of the rivulets draining to the West are of ages with high erosion

base.

The preliminary conclusion is therefore that all terrace deposits in the km 0—km 195
section are of ages with high erosion base, or interglacials. Comparing the terrace
levels with the established interglacial sea levels (Table 1), a rather striking conformity
is found, This leads to a tentative dating of the terrace deposits in the section shown in

Table 2.

Table 2 Age of the terraces in the northern part of the Guamd-Imperatriz area

Terrace level (m) and Origin

nivel do terrago (m) e
arigem

344
Ruviatile/fluvial

8-10+
Buviatile/fluvial

(20+)
fluviatile/fuvial

40-50 alt.
marine coastal
costeiro marinho

65-70 alt,

marine coastal or deltaic
coastal

costeiro marinho ou deltaico

— 100 alt.
marine coastal
costeiro marinho

200 alt.

(planalto terrace)
(rerrage de planalto)
marine-lacustrine
marinho-lacustrinho

Sediment
sedimento

more or less sandy
mais ou menos
arenose

more or less sandy
mais ou menos
arenoso

more or less sandy
mais ou menos
arenoso

more or less sandy
mais o menos
arenoso

more or less sandy
mais ol menos
arenoso

reworked
Belterra clay
argila de Belterra
remodelada

Belterra clay
argila de Belterra

High sca levels (m)

nivels do mar
altos (m)

15
Epi Monastirian
Epi-Monastirianc

7.5

Late Monastirian
Monastiriano
superior

18

Main Monastirian
Monastiriano
principal

32-45
Tyrrhenian
Tirreniano

60
Milazzian
Milaziano

100 ca.
Sicilian
Siciliano

180
Calabrian
Calabriano

Age
idade

Lower interstadium of

Wiirmian glacial (Wisconsin)
Interstddio inferior da glactal
Wurmiana

Upper part of Rissian-
Wilrmian interglacial
(Sangamon)

parte superior da interglacial
Rissiana-Wurmiana

Lower part of Rissian-
Wiirmian interglacial
(Sangamon)

parte inferior da
interglacial Rissiana-
Wurmiana

Mindelian-Rissian inter-
glacial (Yarmouth)
Interglacial Mindeliana-
Rissiana
Giinzian-Mindelian inter-
glacial (Aftonian)
Interglacial Gunziana-
Mindeliana

Plio-Pleistocene
(Pre-Nebrascan)
Plio-Pleistoceno

Plio-Pleistocene
{Pre-Nebrascan)
Plio-Pleistoceno

Tabela 2 Idade dos terragos na parte Norte da drea Guamd-Imperatriz
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For the southern section of the Guamd-Imperatriz area (km 195 - km 415), draining
to the Gurupi, the situation is as follows: In the lower Gurupi a rocky bottom of
Pre-Cambrian age occurs, slightly above present day sea level, hampering navigation
during time of low tides in conjunction with low water (GLERUM, 1960). Because of the
existence of this resistant sill, low sea levels in themselves will not have influenced the
longitudinal profile of the middle and upper Gurupi and its tributary rivulets. Only
sea levels above the present one will have permitted deposition of sediments in the
upper Gurupi system. Therefore, the deposits of established terraces in the km 195-
km 415 section will be of interglacial age. No attempt will be made to date them fully
as was done for the km O-km 195 section, because of an apparent relative raising
of the Gurupi head-water region, as is deducible from the position of the planalto
terrace there.! The height of the terraces above the present rivulets would not have
been as high without such a raising. The 30-40 m -+ and 10 m + terraces of the
km 195-km 300 section may be related to the Tyrrhenian and Late Monastirian levels
respectively of Table 1.

1.4.3.3 Terrace Levels throughout the Amazon Valley proper

Large scale topographic maps with detailed annotation of the contours do not exist
for Amazonia. Several early explorers have however, written notes on the levels of the
upland along the rivers. In recent years, more systematic studies have been undertaken,
for instance by Gourou (1950) and GUERRA (1954, 1959). Both SAkamoTo (1960) and
VaRrGas (1958) attempted to correlate their observations with the various Pleistocene
ages. The observations on terrace levels throughout the Amazon valley proper are
listed in Table 3. In this table, many of the written notes are combined with personal
observations and those deducible from the maps and reports of the FAOQ/SPVEA
Forest Inventory Group. The latter surveyed a broad stretch of land at the south side
of the Amazon river, from the river Madeira in Amazonas State to the river Maracas-
sumé in Maranh3o State (Fig. 22).

Many difficulties arise in attempting to correlate all the levels mentioned and deter-
mine their dependence on past sea level movements.

First of all, the data mainly concern scattered observations only. }t is therefore not
quite possible to establish whether the terrace level concerned has a constant altitude
or follows the river level. If the terrains concern fluviatile terraces, absolute altitudes
have little value for our purpose. The same applies to relative heights above the present
river level of coastal terraces.

The data themselves are often not very reliable. When altitudes are given, they are
estimations in part. If instruments are used, errors of several metres are quite con-
ceivable in view of the vast distances {remarkable are the differences in indicated
altitudes for Amazon towns, when comparing several descriptive atlases). When
relative heights are given it is not always clear whether they relate to maximum annual
high-water or high-tide level, to mean annual high-water or high-tide level, to the

1} See note on page 31.
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Table 3 Observations on terrace levels throughout the Amazon Valley proper

Location Estimated terrace
locagdo levels (m)
niveis avaliados
de terrago (m)

SCATTERED OBSERVATIONS/observagdes espalhadas

North of Monte Alegre/ao Norte de Monte Alegre 80 +
North of Prainha/ao Norte de Prainha 80 -
North of Obidos (Serra de Escama)/ao Norre de Obidos 80 +

{ Serra de Escama)

Guajarina: central course Capim, upper course Mojq, 100 alt.
Acard-grande and Acard-mirim/Guajaring: curso

central do Capim, curso superior do Moji, Acard-grande

e Acard-mirim

Tomé-Agh 50 +
Curué-una (¢f. Fig. 11) (90) +
Bragantina region/regido Bragantina < 60 alt.
Manaus; along the lower courses of the rivers Negro, 3540 +

Solimdes, Tocantins and Madeira/ao longe dos cursos
inferiores dos rios Negro, Solimbes, Tocantins e Ma-

deira
Santarém (terrago de Semtarém) 30 +
Southern part of Canhumd and Maués regions (slightly 20-30 +

undulating)/parte Sul das regides de Canhumd e
Maués (levemente ondulada)

Curui village (70 km East of Santarém)/poveacio de 15-20 +
Curud (a 70 km ao Leste de Samarém)

Marajd island (highest parts), surroundings Belém, 15-20 +-
Manaus (Ponte Pelada)/ilha de Marajo {partes mais
altas), arredores de Belém, Manaus { Ponte Pelada)

Parigd (Monte Alegre) and Tomé-Agh/Parigd ( Monte 8+
Alegre) e Tomé-Agi
Belém, Icoroaci, Gurupd and other places/Belém, Ico- 6-8 +

roaci, Gurupd e outros lugares

Camctd and Parintins, Maués, Codajas, Rosarinho 8+
(mouth of the river Madeira), opposite Itacoatiara: the

‘Marajé level’/Cametd e Parintins, Maués, Codajds,

Rosarinho (bdea do rio Madeira}, em frente de Iacoa-

tiara: o ‘nivel de Marajs’

Northern part of Canhumd and Maugés region/a parte 5-8 +
Norte das regives de Canhumd e de Mauds

Between the Baia de Pracupi and the Camaraipi 5+
{slightly undulating)/entre a Baia de Pracupi e 0 Cama-
raipf (levemente ondulada)

34

Source
Sfonte

VARGAs (1958)

KATZER (1903)

Heinspnx (1958h)

VARGAS (1958)

Gourou (1949)

Gourou (1949)

HEensbuk (1958¢)

VarGaS (1958)

Gourou (1949)

VaRrGAs (1958)

Gourou (1949)

MaRreUT and
MANIFOLD (1925)

Heinspuk (1958)

HEemsouk (1958a)



Tuble 3 Continued/Tabela 3 Continuado

Location
focagdo

Between the QOeiras and the lower Tocantins (slightly
undulating)/entre o Oeiras e o curso inferior do Tocan-
tins (levemente ondulada)

South of Igarapé-mirim (northwestern part of the
Guajarina zone)lao Sul de Igarapé-mirim (& parte
Noroeste da zona Guajarina)

Narrow strips along the rivers, e g. Santarém; villages
on the islands of the Estuary region; along the river
Pard; the lowest course of the Tocantins; patches
(tesos} within the lowland of eastern Marajé island/
Jaixas estreitas ao longo dos rios, p.e. Santarém, povoa-
cdes nas ithas do Estudrio; ao longo do rio Pard; o curso
inferior do Tocantins; tesos dentro da baixada do
Leste da iltha de Marajo

Marajé (4 Ievels; if taken on local high-water level
these heights are less)/ Marajd (4 niveis; caso de serem
determinados em nivel de enchente local, estas alturas
sdo menores)

Amapa Territory (upland banks along the Amazon
and the Ocean coast)/Territorio de Amapd (falésias
ao longo do Amazonas e na costa do Oceano)

TOPOGRAPHIC STUDIES OF COHERENT LARGE AREAS/
estudos topogrdficos de vastas dreas coerentes

Caeté-Maracassumé arca (¢f. Fig. 19)
Maracassumé association (3 levels)/
associagdo de Maracassumé (3 niveis)

Pitord association (3 levels)/
associacdo de Pitord (3 niveis)

Gurupl associationfassociagdo de Gurupi

North of Pitoré (an *old relatively high terrace’, also
existing in the map unit ‘Agricultural Soils, undif-
ferentiated)/ao Norte de Pitord (wmn ‘terraco velho
relativamente alto’, que também existe na unidade de
mapeamento “Solos Agricolas, indiferenciados’)

Savannah region north of Macapd/regido dos campos
ao Norte de Macapd

Manaus and surroundings/Manaus e arredores

Estimated terrace - Source
levels (m) Jonte

niveis avaliados

de terrago (m)

46+ HEeinspuk (1958a)
5-10 + Heinspux (1958b)
1-4 +
20 alt. GUERRA (1959)
15-16 alt.
10-12 alt.
4 alt.
4-7 + GUERRA (1954)
Day (1959)

10-15 +; 5-8 +;
1-3 +

10 + (partly to 15 +);
1-2 4 ; one in-between
fum entre éstes

2-5+

0+

80-100, 50-65, 25-35, GUERRA (1354)
10-15, 5-7 alt.

58 +,31 +,6 + Soares (1956}, data of
RUELLAN/dados de
RUELLAN

Tabela 3 Observagdes sobre nivels de terraco de rado o vale amazinico propriamente dito
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floodplain level, or to the annual low-water or low-tide level. Upstream, the differ-
ences between the annual high and low-water levels may be enormous (the mean
difference at Manaus is 11 m). Differences between high-tide and low-tide level are
often several metres in the Estuary region (2-3 m in the Baia de Marajé).

Another difficulty lies in the possibility of raising or subsidence of areas during the
Quaternary. In the Estuary region one may expect a tendency for the terraces to
drown, owing to the existence of the Marajé Graben (cf. 1.4.1). In the Upper Amazon
region a general gradual Quaternary subsidence is probable, in view of the low
position of the planalto terrace in this region (¢f. 1.4.2). If not subject to general
subsidence, the Middle and the Lower Amazon region have probably experienced local
vertical movements {cf. SOARES, 1956; SioLt, 1957). STERNBERG (19350) assumed the
existence of minor faults from the pattern of drainage around Manaus,

The strikingly low level of the floodplain, and the abundance of lakes, in the Itacoa-
tiara-Oroximind area may be due to some special subsidence in this part. On the
edges of the crystalline shields a tendency to gradual raising may exist, as illustrated
on the southernmost part of the Guamd-Imperatriz area.

As explained above, the question of the interglaciality or glaciality of fluviatile
terraces deposits and the possible crossing of terrace levels at some spot along the
longitudinal profile of the river, has to be taken into account as well.

At present, the longitudinal profile of the Amazon river proper is extremely flat.
Entering Brazil, 3000 km from the Atlantic Ocean, the river has an altitude of only
65 m. At Manaus, 1500 km from the Ocean, the altitude of the river is 15 m during
the low-water season. Consequently, tidal differences are detectable to beyond
Santarém, about 700 km from the Ocean. In view of the assumed gradual subsidence
of the central part of Amazonas State, the longitudinal river profile was probably less
flat during the Pleistocene. The difference however will not surpass 100 m (which is the
estimated difference in altitude between the planalto terrace in Pard and that in the
central part of Amazonas Siate) for the oldest part of the Pleistocene. The entire
Brazilian part, therefore, belongs to the flatter Jower part of the longitudinal profile of
the river, where fluviatile terrace deposits are liable to be of ages with high erosion
base, i.e. the interglacials,

Additional support for the interglaciality of the river terrace deposits is given by the
existence of rigs. This is the name for the strikingly wide, funnel-like mouths of many of
the tributaries of the Amazon river, for instance the Tocantins, the Xingd, the Tapajos,
the Rio Negro, the Trombetas. Several of these mouths are very deep, for instance
that of the Tapajds (80 m -). An adequate explanation of the existence of the rias is
that they were excavated during the last glacial (the Wisconsin, Wurmian), when the
sea level dropped to 70-100 m below the present-day one (Table 1). The erosion base
of the tributaries, Le. the bed of the Amazon proper, also will have been much lower
during that age. Due to the very restricted load of several of the tributaries in
Holocene times, contrary to that of the Amazon proper, these excavated mouths are
only partly silted up (SoAREs, 1956; SioLi, 1957; SAKaMOTO, 1960). Having been so
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many tens of metres lower, the Amazon cannot have left glacial deposits above its
present level,

As yet, the data available on fluviatile terrace levels are not systematic and reliable
enough to correlate and date them fully, in relation to the Pleistocene high sea levels.
VaRGAs (1958) made an attempt, but it is thought that both his grouping of levels and
their dating are not quite correct. He assumed the highest levels, those of 80-50 m +,
to be of Yarmouth age, and the lower ones, those 0of 20-30 m + and of 4-10 m +, to
be of the two sub-phases of the Sangamon age. Only MaRrBUT and MaNIFOLD'S
‘Marajd level’ (8 m +) seems to be certain, and widespread. These authors report this
level to extend as far as the mouth of the Japurd on the Solimdes, and Borba on the
Madeira. The Marajo level is most probably identifiable with the Late Monastirian
phase of Table 1.7)

It is likely that a large proportion of the terraces in the Estuary region and along the
Ocean coast are marine coastal or deltaic coastal. This is certainly the case for at least
the upper ones of GUERRA's terraces of the savannah region of Amapd Territory,

It is not yet possible to draw the geographic boundary between coastal and fluviatile
terraces.

The Plio-Pleistocene Amazon planalto and the Pleistocene terraces of the Amazon
valley proper will be referred to as Planfcie when considered in conjunction.

1.4.3.4 Terrace Levels in Relatively High Situated Areas

Very few data are available on the occurrence of Pleistocene fluviatile terraces in
areas situated well above the highest Pleistocene sea levels, and separated from the
lower course of rivers by erosion resistant sills.

On the latest geologic map of Brazil (LAMEGO, 1960), extensive arcas of Pleistocene
deposits are mapped in the region of the upper Xingi and along the Araguaia. During
the reconnaissance soil survey of the Araguaia Mahogany area, large tracts of flat
land were found at a level of 5-10 m above local rivers and rivulets. They are composed
of very sandy sediments and are fully under forest cover (¢f- Appendix 6, soil mapping
unit KLS, F). There can be little doubt that a Pleistocene terrace is concerned. The
whole survey area is located at 150 to 300 m altitude, separated from the Amazon
valley proper by 2 long chain of rapids, both in the Araguaia river itself, and in the
Tocantins river below the confluence of the Araguaia. Hence Pleistocene sea level
movements cannot themselves have exerted an influence on the formation of the
terrace. The terrace is probably a ‘climatic’ fluviatile terrace. The sediments must have
deposited under a river regime that favoured deposition of coarse textured sediments
over large expanses. This will have been possible only if the protecting forest cover
in the region was absent, which indicates a relatively dry climate. The terrace material

1) SoAres (1956) refers to an unedited conference of RUELLAN in 1954 at Riberdo Preto,
in which the latter links terraces at 80-100 m, 50-65 m, 25-35 m, 18-20 m, 8§ m and 4 m, in
the vicinity of Maraj6é and Belém with the Bas Monastirien and the Pré-Flandrien of
Europe.
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therefore will have been deposited during, or at the end of, an interpluvial, when there
was not enough rainfall to sustain forest growth, but forrential masses of water
occurred during the wet season, which fiercely eroded uplands further upstream and
deposited the coarse fraction of the erosion products in the area under discussion.

1.4.4 The Holocene Terrains

Next to the uplands of Pleistocene age, there are also, in a limited area within the
Middle and Lower Amazon regions, terraing only slightly above normal high-water
level (1-2 m +), which have clayey and reddish mottled soil. These massapés are
found, for instance, on the savannah areas between Oroximind and Faro (SUTMULLER
et al., 1963). VARGAS (1958} reports their existence around Parentins and Barreirinhas,
The terrains are not recent, if only because the soils are fairly strongly weathered
{compare Profile 3 of I1.3.2). Already VARGAS (1958) suggested that these clays were
deposited in a time between the deposition of the Pleistocene uplands and that of
the recent floodplain. They are assumed to have been laid down during the Atlantic
age of the Holocene, when the sea level was relatively high (Flandrian, Table 1).

The lowlands of eastern Marajé island are probably also of Early Holocene age,
because they consist of sub-recent deltaic sediments. This can be deduced from the
patterns of recent and ancient drainage, the meso-relief, and the soil characteristics on
these terrains (see the section of an aerial photograph in SUTMOLLER et al., 1963, and
SOMBROEK, 1962b), '

The floodplains and the valley bottoms are certainly of Holocene age. They are
commonly divided into two groups: the vdrzeas and the igapds. Although the literature
concerned is not quite unanimous, they may be defined as follows: The vdrzea is
Iowland that is intermittently waterlogged, while the igapd is lowland that is per-
manently waterlogged. Defined as such, the former is found usually on extensive
lowland areas, and the latter usually near or within upland areas, The vdrzeas may be
subdivided according to the character of the variation of the water level and the
quality of the water, namely:

1. Lowlands, along rivers, where the variation in water level is due to differences
within the year of the river discharge (vdrzea do rio).

2. Lowlands, away from rivers, where the variation in water level is due to differ-
ences within the year of the rainfall (vdrzea da chuva).

3. Lowlands, in the Estuary region, where fresh water tides cause the variation in the
water level (vdrzea do maré).

4. Lowlands, along the Ocean coast, where sea or brackish water tides cause the
variation in water level {vdrzea do mar).

The vdrzeas are predominantly heavy textured (silts, silty clays, clays), the igapés often

peaty. Together with the massapés and the lowlands of eastern Marajé, the floodplains
are therefore strikingly different in their sedimental composition from the Pleistocene
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uplands in eastern Amazonia. The latter contain coarse sandy, and in several places,
even stony elements.

The floodplains have the customary pattern of river basin lands (back swamps or
vdrzeas baixas) and levees (river ridges or vdrzeas altas). The latter are sometimes very
narrow and then often run parallel (point bars or restingas). Elevated floodplains that
are almost well-drained are rare. They have been found only along the upper Madeira
and along the lower Araguaia. This scarcity is related to the fact that at present the
load of the Amazon river system is small (¢f. LECOINTE, 1945), although with the
enormous water discharge the total amount is enormous (SOARES, 1956). Several
tributaries are practically without load, for instance the Rio Negro and the Tapajos.
These are rivers of humic acids containing black water (rio de dgua preta), or clear
greenish or bluish water (rio de dgua limpa). In contrast, rivers such as the Amazon
proper and the Madeira which have a considerable Ioad of sediments and are therefore
turbid, are often called rivers of white or yellowish brown water (rio de dgua branca);
SwoL1 (1951, 1956). .

1.4.5 Levels of Occurrence of Fossil Plinthite (Laterite). Its Grouping and
Its Dating

Throughout Amazonia, and especially in the eastern part, layers of reddish, iron-rich
stony material can be found. They occur at varying altitudes and heights above local
river levels, and are often accompanied by layers of highly reddish mottled, compact
and soft material. Both materials are known as laterite, and more recently as plinthite.
The origin of the Amazon plinthite will be discussed in I1.3. The material is considered
to be the result of the accumulation and segregation of Fe (and Al) largely in subsoil
horizons under influence of intermittently imperfect drainage. In the same chapter it
will be considered how to decide whether such plinthite is still in formation or is of
fossil character. Also, if the latter is the case, whether it originated in sire or was carried
along, colluvially or alluvially, from other places.

With this in mind, the study of fossil hard and fossil soft plinthite may help to forma
picture of former land surfaces and climatic conditions. This is dealt with in the present
sub chapter.

1.4.5.1 Fossil Plinthite in the Guamd-Imperatriz Area
The situation of Amazon fossil plinthite was studied in detail in the Guama-Impera-
triz survey area, namely on the BR-14 highway proper, which had many deep and
fresh road cuts and of which a complete cross-section was available (Appendix 4). In
this area, five main types of concretionary clements of hard plinthite were dis-
tinguished, each with a certain establishable area of occurrencel. The distinctions

1) not included are the very small plinthite concretions (*shot’} found in small quantities in
a few soil profiles just above a non-plinthitic B horizon (¢f. Profile 38, I11.2). They are
apparently of recent age.
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between the types were only made according to morphological field characteristics,
since no laboratory analyses are available on relative contents of elements as Fe, Al,
Mn and Ti, and on the form in which these elements occur. The names employed are
taken from local settlements. The types are listed in Table 4 (see also Photo 2):

Table 4 The five main types of concretionary elements of hard plinthite in the Guamd-Imperatriz area

Name/nome

Size of elements
{diameter)
tamanho dos
elementos
(didmetro)

Form of
elements

Jorma dos
elementos

Grainage

granulagdo

Colour

edr

Arrangement (if
not displaced)
arranjo (caso de

MAE DO RIO

small to very

IPIXUNA

medium

large (0.5-50 cm) (2-10 cm)

pequenc aié
miuito grande
(0.5-50 cm)

platy, angular
or subangular
blocky, or
prismatic reti-
culate

laminar, em
blocos angulares
ou subangulares,
ou reticular-pris-
mdtico

fine to very
coarse (‘iron-
cemented quart-
zite"}

Jino aré muito

médio
(2-10 em)

prismatic to
reticulate

prismitico
até reticular

fine, with
scattered
medium sized
quartz grains

fino com grios

grosso (‘quartzito dispersos de

cimentado de

Jerro’)

red, dusky red
or black
vermelho,
vermelho escuro
ou preto

usually
horizontal
usnalmente

ndo ser deslocado} horizontal

quartzo de

tamanhe médio

red and light
red

vermelho

e vermelho
claro

vertical

vertical

PARAGOMINAS
very small
0.5-2 cm)

muito pequeno
(0.5-2 em)

subangular
blocky

em bldcos
subangulares

fine

fino

dusky red
vermelho
escuro

not specific

nido especi-

Jicado

LIGAGAO

medium
(2-10 cm)
médio

(2-10 em)

irregular
blocky,
usually
subangular

em bldcos

irregulares,
usualmente
subangular

medium

médio

black or very
dusky red
preto ou
vermelho muito
ESCUHTO

not specific

ndo especi-
Ffeado

CAMPINHO

rather small
(0.5-5 cm)
basrante

pequeno
(0.5-5 cm)

irregular
subangular
blocky to
prismatic

em blicos
subangulares
aié prismdtico,
Irregularmente

usually fine

usualmente fino

dusky red

vermelho
escuro

not specific

ndo especi-
ficado

Tabela 4 Os cinco tipos principais de elementos concreciondrios de ‘plinthite’ duro da drea Guamd-

Imperatriz

For discussion, it is proposed to divide the studied section into the northern and
the southern half.
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Foto 2 Os principals tipos de elementos concreciondrios de ‘plinthite’ duro da drea Guamd-Imperatriz

mde do rio ipixuna

ligafﬁo ) - 7parag('>minas campinho

Phota 2 The main types of concretionary elements of hard plinthite of the Guamd-Imperatriz area

NORTHERN HALF
In the northern half, km 0-km 195, three types of plinthite concretions are found,
namely the Mae do Rio, the Ipixuna and the Paragominas type.

Mde do Rio type concretions are present only north of km 78. The concretions form
almost everywhere a layer of about 1 m thickness, and have a horizontal arrangement
in the lower part of this layer. Below this, soft plinthite occurs, to which the transition
is gradual, and which has predominantly a laminar pattern (Photo 15). The concre-
tionary layer is commonly overlain by a layer of fairly sandy sediments without
concretions. In the latter layer no ‘pedologic” A, horizon, immediately above the
concretionary zone, can be distinguished.

It may be concluded that the concretions were formed in situ. A former Ground
Water Laterite soil profile must be concerned which was truncated and afterwards
buried with sediments. The latter, in their turn, were stripped off in several parts. The
topographic data:of the cross-section indicate that the upper level of the concretions is
at about 65-70 m altitude.

Ipixuna type concretions occur mainly between km 75 and km 150. They form a
layer of 0.5-1 m thickness, and have a vertical arrangement in the lower part. This
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layer is underlain by a thick layer (up to 10 m) of soft plinthite, to which the transition
is gradual. The soft plinthite has a coarse reticulate to prismatic-tubular pattern. The
concretions are often outcropping, but locally are overlain by a thin (less than 5 m)
layer of sediments without concretions, in most places of very heavy texture (re-
worked Belterra clay). In this sedimentary cover no ‘pedologic” A, horizon, immedi-
ately above the concretions, can be discerned (Photo 18). It may be concluded that
the concretions were formed in sify, and that a former Ground Water Laterite soil
profile is concerned. This profile was truncated and soon afterwards buried with
Belterra clay. The latter, in its turn, was stripped off in many places. An exception has
1o be made for a few stone-lines of the concretions, which are found in the sediments
of a relatively young terrace in the section concerned (Photo 3). These will be of
colluvial-alluvial origin, The stone-lines occur at varying depth and may therefore
be designated as ‘geclogic stone-lines’.

Foto 3 Concregdes do tipo Ipixuna que parcialmente cobrem *plinthite’ macio e parcialmente formam lin-
has de pedra em terra fridvel e ndo mosqueada. As concregies das linhas de pedra sdo depdsitos aluvianos
ou coluvianos, As concregbes & esquerda, porém, originaram-se principalmente in situ de ‘plinthite’ macio
anterior acima do ‘plinthite’ macio atual (abaixo & esquerda). E provivel que ocorreu algum movimento
lateral destas concrecdes, vista a delimitagcdo bastante pronunciada entre as concregies e o ‘plimhite’
macio (BR-14, km 125)

i e S e _
Photo 3 Ipixuna-type concretions, partly capping soft plinthite, partly forming stone-lines in unmotiled,
Jriable earth. The concretions of the stone-lines were deposited alluvially or colluvially. The concretions
at left, however, mainly originated in situ from former soft plinthite on top of the present soft plinthite
{bottom left }. Some lateral movement of the latter concretions is likely to have taken place owing to the
Sairly sharp boundary between the concretions and the soft plinthite (BR-14, km 125}
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In a few places both Ipixuna type and Mie do Rio type concretions occur (km 78,
km 63, km 30). There, the Ipixuna type always overlies the Mie do Rio type, and is
sometimes vertically separated from it by soft plinthite. This indicates that Ipixuna
type concretions originated in a less ancient time than the other type,

The vpper level of Ipixuna type concretions is at about 75 m altitude at km 78,
gradually increasing to 190 m altitude at km 195,

Paragominas type concretions are found predominantly south of km 150, although
they have a scattered occurrence north of this (thin layers — less than 0.5 m thick -
above the Ipixuna type; usually not indicated in the cross-section). These concretions
form a layer of 0.5-1.0 m thickness, This layer is usually underlain by soft plinthite,
to which the transition is gradual in most places, The soft plinthite is present only in
thin layers — generally less than 5 m - and has a fine reticulate pattern. The Para-
gominas concretions are partly outcropping, partly overlain by Belterra clay. In the
latter case no ‘pedologic’ A;, immediately above the concretionary zone, can be
discerned.

The Paragominas concretions may therefore be taken to have predommantly
originated in situ. :

At places where the Paragominas and the Ipixuna type concretions occur together
{for instance at km 171, km 194), the former overlie the latter, indicating that the
Parapominas ones are of later date.

The Paragominas type concretions are believed to have originated mainly within the
Belterra clay. Their size and form is similar to the structural elements of the clay.
Recent reddish mottling (i.e. the pre-stage of concretions) in the Belterra clay is
related to these structural elements, by being fine spotty or fine reticulate. This
type of mottling is found in a few places above the layer of Ipixuna concretions, and
very distinctly in the B horizon of present Ground Water Laterite soil profiles in
Belterra clay (¢f. Profile 8 in I1.3.2.1). In fact, transitions between Belterra clay
mottling and the loose Paragominas concretions are found at several places.

The position and the form of the Ipixuna type concretions lead us to assume that
they did not originate in Belterra clay, but in the upper layers of the planalto base
material {medium to heavy textured sediments of the Barreiras or Alter do Chio beds).

The upper level of the Paragominas concretions is varying. Where they are not
underlain by Ipixuna type concretions, the level is between 110 and 170 m altitude,
30-50 m above local river level,

SOUTHERN HALF

In the southern half of the stretch, between km 195-km 467, Ipixuna, Ligacao,
Campinho and Paragominas concretions are found. In general, the amount of con-
cretions and soft plinthite is much less than in the northern stretch.

Ipixuna type concretions are outcropping at the planalto scarps in the km 195-
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-km 250 section'. They occur immediately below the Belterra clay, at about 10 m below
the level of the central sections of planalto. They are found in layers of 2-3 m thickness,
and are underlain by their soft plinthite (see under northern section). It may be
concluded that they were formed in situ.

South of km 250, Ligagdo type concretions are found at the scarps of planalto,!
also immediately below the Belterra clay, at about 20 m below the level of the flat
central sections. These concretions, forming a layer of 1-2 m thickness or less, are not
underlain by soft plinthite (except at a few spots around km 270 and km 405), but by
uniformly reddish coloured sediments of sandy clay loam to sandy clay texture.
Normally the boundary is sharp (Photo 4). The Ligacfo concretions are more or less
rounded, and have no pattern of arrangement. It is therefore concluded that the
Ligagio concretions are of alluvial (fluviatile) origin in most places.

The level of the Ipixuna or Ligacdo type of concretions is increasing gradually from
north to south, together with the surface of the planalto terrace. At km 195 the
altitude? is 190 m, at km 412 it is 330 m,

Paragominas type concretions are found scattered. Sometimes they occur in thin
layers just above the Ipixuna or Ligagio types at the planalto scarps, where they are
without soft plinthite. At lower levels Paragominas type concretions may form thicker
layers, and are then in some places underlain by their soft plinthite (see under northern
section), At these latter places, for instance at km 269, they were certainly formed
in situ. '

Concretions of various types are found collectively on several slopes and terrain tops,
below the level of the planalto terrace (Ipixuna + Paragominas; Liga¢io + Para-
gominas). At these places the concretions are very mixed, They may occur in a scattered
pattern in the sedimentary layers, but more often they are concentrated in thin
layers (0.5 m) at the transition zone from the yellowish A horizon to the red B horizon
of the soil profiles (most probably they are concentrated there under influence of soil
biological activity, and may therefore be designated as ‘biotic stone-lines’). Soft
plinthite is lacking. There is every indication that colluvia-alfuvia from the planalto
scarps are involved.

In the stretches km 195-km 220 and km 250-km 260 concretions of the Campinho
type are found. They are partly outcropping, partly covered by sediments that are
usually of sandy clay loam texture. These concretions form layers of about 0.5 m
thickness and, according to a limited number of observations, they are underlain by

1) The concretions and the soft plinthite are not confined only to the scarps. At several deep
road cuts it was established that both plinthite layers continue horizontally towards the
central sections of planalto. There are, however, indications that the layer of soft plinthite
has its greatest thickness near the scarps. It also seems that the Paragominas concretions,
when occurring on top of the Ipixuna or Ligagiio types, are concentrated at the scarps.

?) Sce, however, note at page 31.
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Foto 4 Concrecies dp tipa Ligagdo que cobrem terra nio mosqueada e fridvel, A auséncia de qualquer
*plinthite’ macio, a delimitacdo inferior pronunciada e irregular da capa de *plinthire’ duro, a forma sub-
angular dos mesmos elementos concreciondrios e a auséncia de qualquer arranjo déstes elementos, em
conjunto indicam que a capade ‘plinthite’ dure nio foi formada in situ, mas é de origem aluvial ( BR-14,
km 370 m. ou m.)

2 & halle. ae - R
Photo 4 Ligacdo 1ype of concretions capping unmottled, friable earth. The absence of any soft plinthite,
the sharp and irregular lower boundary of the layer of hard plimhite, the subrounded form of the con-

cretionary elements themselves, and the absence of any arrangement of these elements, 1ogether indicate
that the layer of hard plinthite was not formed in situ, bur is of alluvial origin { BR-14, km 370 ca.)

soft plinthite of only 1-2 m thick. It may be assumed that the Campinhe type was
formed in situ and is the relic of a Ground Water Laterite soil on a land surface that
was at about 30 m above the present local river level.

South of km 415, concretions are sparse. They are of varying type (at several places
platy, similar to the Mie do Rio type of the northernmost stretch), and may grade
into some soft plinthite. The observations made in this section are however too
limited to warrant deductions as to the origin and level of the concretions.

An attempt will now be made to relate the different types of fossil plinthite with
times of Ground Water Laterite soil formation, i.e. with the former existence of
approximately flat land surfaces with intermittently imperfect drainage. The scarcity
of reliable data on the surface geology in this region of unconsolidated sediments, is
a serious drawback. There are, however, a few geological notes on outcropping older
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deposits at the extreme north and south sides of the part of the BR-14 studied!.
Personal observations on the characteristics of the substratum were made at deep
road cuts, and there are the conclusions about the age of terrace deposits (¢f. 1.4.3.2).
These together enable a sketch to be made of the geologic-geomorphologic genesis of
the region. This is done in Appendix 35, from which the age of the fossil plinthite may
be established as follows:

After deposition during the Miocene of quartz sands and kaolinitic clays of the
Barreiras or Alter do Chio beds, a time of stability existed, when neither sedi-
mentation nor erosion took place. During this time, an approximately flat land
surface, which would be nowadays at 65 to 70 m altitude, permitted Ground Water
Laterite soil formation in the northernmost part of the area (km 0-km 70) because of
imperfect drainage of the surface. This was followed by a time of erosion during
which these profiles were truncated. The Mae do Rio type concretions originated by
hardening of the soft plinthite at the surface: Late Miocene { ?). There are indications,
for instance at km 30, that the Mae do Rio concretions are the relics of at least two,
superimposed, Ground Water Laterite soil profiles. This would indicate the existence
of more than one time with imperfect drainage of former land surfaces before, or
at the beginning of, the Pliocene. Such a situation would also account for the variability
in the characteristics of the Mie do Rio concretions.

After this truncation a new deposition of sediments took place, similar to those
described above, during a transgression time: Pliocene (7).

Subsequently, there was another time of neither sedimentation nor erosion, but
soil formation, Imperfect drainage of an approximately flat land surface (which
would be nowadays at varying altitude; generally increasing from north to south:
70 m altitude at km 80, 120 m at km 145, 145 m at km 195, 320 m at km 405)
resulted in formation of Ground Water Laterite soil profiles in the part km 70—km 300,
and possibly around km 400. This was followed by an erosive time (probably short,
because of the flatness of the concretionary layer), during which truncation of these
profiles and formation of Ipixuna and Liga¢3o concretions took place. At the same
time, the land surface in the section between km 300 and km 400 was covered with
alluvial Ligagio concretions: Late Pliocene ((?).

This was followed by a regression time, during which in several parts all the
concretionary land surface was stripped off, especially in the km 150-km 195 section
(Alto Guamd): Lare Pliocene or Earliest Pleistocene: Biberian (7).

A new transgression time, with lacustrine — marine conditions, caused the de-
position all over the area of very heavy textured sediments (Belterra clay) in a thin
layer (20 m thick at km 400, 10 m thick at km 200): Plio-Pleistocene { Calabrian); cf.
1.4.2,

Subsequently, a regression time caused strong erosion, resulting in a landscape of
table lands (the present day sections of planalto terrace). This erosion was most

1) For details ¢f. SoMBROEK (1962a).
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pronounced in the central and southern parts of the area. The sharp edges are due to
the presence of the erosion resistant layer of concretions. The same erosion gave
gentle undulating terrains in the stretch km 150-km 195 (Alto Guamd) where this
resistant layer was largely absent: Early Pleistocene: Danubeian (?).

Renewed raising of the general erosion base resulted in flattening of the Belterra clay
covered land surface until it became a terrace of about 100 m altitude (re-worked
Belterra clay): Sicilian level of Early Pleistocene; cf. 1.4.3.2, Table 2).

Resumed erosion during a regression time hereafter resulted in sharpening of the
table land feature of the general landscape: glacial age of Pleistocene: Nebrascan (?).

Alternating transgression and regression times during various interglacials and
glacials of the Pleistocene followed. During the transgressions, sedimentation took
place at various levels (¢f. 1.4.3.2).

In one of these ages, possibly the Yarmouth interglacial, a short time of stability
existed during which a land surface with imperfect drainage in the stretch km 200-
km 260, which would be nowadays at about 30 m above the local drainage system,
gave Ground Water Laterite soil formation. These profiles, after truncation by a
subsequent erosion, resulted in Campinho type concretions.! At the same time, or
shortly before, the main part of the Ground Water Laterite soil profiles that gave
Paragominas concretions, developed, predominantly in the stretch km 150-km 193, at
a level 30-50 m above the present day local river level. The age of the latter type is,
however, difficult to assess as a whole, because it is found in some places also im-
mediately above the Ipixuna or Ligagio concretions at the scarp of unattacked
sections of planalto. For these, Plio-Pleistocene age scems plausible. On the other
hand, the Paragominas concretions appear to be formed in present times too, as
pointed out before.

Summarising, it may be said that a large proportion of the fossil plinthite in the
Guamad-Imperatriz area was formed in situ, during and after at least two epochs of
the Late Tertiary (Miocene and Pliocene) with approximately flat land surfaces of
imperfect drainage. During a part of the Pleistocene plinthite of limited expanse was
produced. '

1.4.5.2 Fossil Plinthite throughout Amazonia _

The classification and dating of the fossil hard plinthite elsewhere in the region
requires further research. For full comparison with the situation in the Guamad-
Imperatriz area, it would also be necessary to use laboratory data on fossil plinthite as
a means of identification. Provisionally the following may be said:

1 Their formation during a time of the Early Tertiary or even of the Late Cretaceous
might be considered. This old age is however more likely to be true for the blocks of
‘iron cemented quartzite’ that are encountered on a few places in the stretch km 195 km -
220, but not along the highway itself. Should this be the case, comparable fossil plinthite
would occur deep down (about 100 m) under the sections of planaito terrace. This ¢could
not be checked.
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1. The fossil plinthite situation in the region southeast of Santarém was studied to
some extent. For Curud-una centre, the data of the road from the river to the planalto
are given in Fig. 11, Concretionary elements are outcropping at the scarp of planalto.
This hard plinthite is found immediately below a 15 m thick cover of Belterra clay.
The layer is about 1 m thick, and has in many places a gradual transition to underlying
soft plinthite, 1-2 m thick. The concretions are of a type very similar to the Ipixuna
type of the Guama-Imperatriz area. Their arrangement is vertical in the lower part,
sometimes strikingly disturbed in the upper part of the layer. Immediately above the
Ipixuna-like concretions, namely in the lowest part of the layer of Belterra clay, a
thin layer (about 0.5 m) of concretions resembling the Paragominas type are found.
On the lower slope of the planalto escarpment, Ipixuna-like concretions are also
present, but in thin, irregular, superficial layers. These are without soft plinthite, being
underlain by homogeneous reddish, unconsolidated sandy sediments (planalto base
material, Barreiras or Alter do Chio beds). -

Throughout the length of the road before the planalto escarpment, plinthite is
completely absent in any of its forms. Only in close proximity of km 0 a degree of
plinthitic material is found. At an upper level of about 16 m above the river level, a
superficial layer of hard plinthite of about 1 m thickness is present. The concretionary
elements are resembling more or less the Campinho type concretions of the Guamd-
Imperatriz area. The concretionary layer has a gradual transition to a layer of under-
lying soft plinthite, which is 1.5 m or more thick and has a fine reticulate pattern of
mottling. Nearby, but at a lower level, namely 9 m above local river level, also
concretions are found at the surface, however of quite another type. They resemble
portions of the Mie do Rio type of the Guamd-Imperatriz area. No arrangement was
observed. Whether they are underlain by soft plinthite or not, was not established.

It may be concluded that the Ipixuna-like concretions at the upper planalto scarp
were formed in situ, and are probably of Late Pliocene age. Those at the lower slope
are colluvial. The Campinho-like concretions near the river were formed also in situ,
possibly during some time of the Pleistocene. Their formation at this spot may be
due to an impervious substratum of older concretions, that possibly were formed — or
deposited - there at some time of the Tertiary, before the Pliocene. A

Similarity in type as defined in the foregoing does not necessarily imply an identic
time of formation of fossil hard plinthite. The similarity between the whole fossil
plinthite situation at Curud-una and that in the Guamd-Imperatriz area, in particular
the stretch around km 200, does however suggest that with morphometric studies
correlations can be made over large areas within Amazonia. The conditions as they
exist on the planalto scarps in the Guamd-Imperatriz area and at Curud-una centre,
were found also at Belterra Estate along the lower river Tapajds, and behind Tucurui
on the river Tocantins. One is forced to believe that all of the original planalto terrace
in eastern Amazonia has, below its blanket of Belterra clay, a layer of fossil plinthite
with Ipixuna (or Ligagio)-like concretions.

The conditions may be different for the remnants of planalto in the western part of
Amazonia. Two examples will be given. In the Manaus-Ttacoatiara area, the lower
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Fig. 11 Mapa de topografia e solos da drea ao redor do centro de Curud-una e corte transversal AB

da estrada para o planalio
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boundary of the Belterra clay is only locally marked by concretionary elements, there
as thin (1-3 dm) stone-lines, often without any soft plinthite. The concretions have

_similarity to the Paragominas type. The absence of Ipixuna-like concretions may be
related to local re-working of the Belterra clay during the Early Pleistocene (¢f. 1.4.2),
East of Porto Velho, at cascalheiras along the highway BR-29, thick (3-5 m) layers of
hard plinthite were observed. The concretionary elements thereof resemble the
Ipixuna type, and often have a (sub)vertical arrangement. Soft plinthite is seldom
found. The hard plinthite is present at a slightly higher level than the planalto at the
spot (¢f. 1.4.2), thus forming hilly outcrops (¢f. GUERRA, 19533).

2. In the Bragantina area, located directly north of the Guamd-Imperatriz area, fossil
plinthite is very frequent. The concretionary elements here often have the aspect of
quartzitic sand stone with abundant ferrugenous cementing (‘iron cemented quartzite’;
grés do Pard or pedra-Pard of several geologists) and seem to be predominantly
similar to the Mie do Rio type of the Guamd-Tmperatriz area. Asin the latter area, the
present day land surface is undulating to rolling where this type of fossil plinthite
occurs at a shallow depth. This in contrast to the almost flat surface in the stretch of
the Ipixuna or Ligagdo types. It is therefore likely that in the Bragantina area a large
proportion of the fossil plinthite is of Miocene and/or older age. Here also, the com-
plexity of the characteristics of the concretionary elements indicate more than one
epochs of Ground Water Laterite soil formation in those epochs. On one¢ location,
namely Pirelli Estate, about 20 km east of Belém, even a complete and undisturbed
buried Ground Water Laterite soil (A,; A,; B, of-soft-plinthite) was found, at -5 m
depth. On top of this Mie do Rio-like concretions were found, grading downward
into soft plinthite.

3. In the area of the upland savannahs of Amapd Territory, plinthite both hard and
soft, is also very frequent. CARNEIRO (1955) produced photographs of laterita vesicular,
laterita pisolitica, arenito lateritica {grés do Pard) and argila lateritica, all from this
area. Also GUERRA (1954) studied the crusts and sub-surface horizons of plinthite in
this Territory, calling them canga cavernosa, pigarra or arenito-Pard. From a limited
number of personal observations in the area it is concluded that, although existing
Ground Water Laterite soils occur, most of the plinthite is fossil. Part of the fossil
hard plinthite was formed in situ because it is underlain by related fossil soft plinthite.
After truncation, it was partly buried by Pleistocene sediments. However, fossil hard
plinthite of alluvial-colluvial character also occurs. The fossil plinthite in Amapd
Territory is probably of various ages in the Tertiary and the Pleistocene. A small
proportion of the hard concretionary elements there is apparently not fossil but
recent: the vesicular blocks at the falésias of Macapd fortress and some other locations
are the laterally exposed and therefore hardened parts of plinthite which is still in -
formation, The same scems to be the case with much of the pedra-preta on other
beaches and banks in the Estuary region (¢f. I1.3.2.1; plinthite-in-formation below the
solum). GUERRA (1959, p. 34-37) gives data on the occurrence of several horizons of
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fossil plinthite, below the present day ground water level, in SESP drillings at Soure
{Marajé island). From his limited descriptions of the horizons encountered, it is
deduced that the fossil plinthite involved partly constitutes truncated Ground Water
Laterite soil profiles and partly alluvial deposits,

4. Fossil plinthite scems to be frequent on the strip of uplands in the Lower Amazon
region directly north of the river. The age is probably diverse, in view of the varia-
bility in type. This may however be only related to the outcropping of Paleozoic
deposits of varying character in this region.

5. Other areas of frequent occurrence of fossil plinthite are indicated to be the
Early Tertiary and Cretaceous peneplanation surfaces (¢f. 1.4.1) in the watershed
regions of Amazonig. The fossil plinthite would conservate the table land feature of
these terrains. On the presumably Cretaceous plateaux on the watersheds of Pard,
Rhonddnia and Mato Grosso, fossil plinthite seems to form a sub-superficial crust,
outcropping at the edges (¢f. notes of GUERRA, 1953, about the Serra de Parecis in
Rhonddnia Territory). Further data on these plinthites is not yet available,

1.5 The Vegetation

The vegetative cover of Amazonia in its entirety is often called hileig after von
HumBoLpT. DuckE and Brack (1954) mention many families, genera and species that,
to a greater or lesser extent, are characteristic for the hileia. AUBREVILLE (1958)
specifics some of the differences in structure and composition of the hileia in com-
parison with tropical forests in Africa, DUCKE and BLACK found the limit of dispersion
of the genus Hevea, its most famous trees, to constitute a well-fitting boundary of the
hileia (Fig. 13). The hileia is present not only in northern Brazil, but covers also the
main part of the Guianas, the northern part of Bolivia, the eastern parts of Peri and
Colombia, and a part of Venezuela. Within Brazilian territory the hileia comprises
about 3.500.000 km?. The latest determination of its southern and eastern boundaries
was carried out by SoARres (1953), from aerial photograph analysis.

Contrary to many popular descriptions of Amazonia, the hileia is largely far from
impenetrable. On the uplands in the axial part of the region, the forests predominantly
consist of high trees. Below the tree layers, the vegetation is relatively open. Shrubs,
vines and palms are generally sparse. Consequently, it is not difficult to traverse the
forest. The atmosphere below the canopy is fairly pleasant because of its coolness.

Although Amazonia contains the world’s largest expanse of primeval tropical
forest, there are within the region several parts with savannah or savannah-forest.
Near the population centres there are terrains under cultivation or covered with
secondary shrub and/or-forest. This is the case notably in the Bragantina area (east of
Belém), along the lower Tocantins river (Cametd), around Manaus, Santarém and
Amapd (Fig. 12).
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Fig. 12 Mapa provisional da vegetagdo da Amazénia brasileira
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Fig. 12 Provisional vegetation map of Brazilian Amazonia

Apart from the collected information on the phytogeography of Amazonia by
Ducke and BLack (1954), the FAO/SPVEA Forest Inventory Program has provided
lately for many systematic data (¢f. HEINSDUK and MIrANDA Bastos, 1963). Con-
tinuously from 1954 to 1962, exploratory surveys were carried out over the vast area of
200.000 km?. The areas constitute together an almost uninterrupted, longitudinal
strip, 1700 km long, at the south side of the Amazon river, from the tributary Madeiras
in Amazonas State to the river Maracassumé in Maranhio State. A latitudinal strip
was surveyed along the forested, upper part of the newly opened BR-14 highway. As
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well as this, two special surveys were performed. They were to determine the dis-
persion and the timber volume of two valuable species. One took place on the lowlands
along the lower Tocantins river for the species Ucuunba branca (Virola surinamensis),
and the other along the lower Araguaia river for the species mahogany or Mogno
( Swietenia macrophylla).

A provisional vegetation map is given in Fig. 12.

I.5.1 The Forest Vegetation

The coverage of primeval forest is far from homogeneous. The most conspicuous
differentiating factor is the drainage condition. The following formations may be
distinguished:

1.5.1.1 Lowland Forests
The Forests of the terrains with poor drainage may be divided into three main
formations:

1. Mangue: mangrove forest. The forest of the lowlands that are under influence of
sea or brackish water (vdrzea do mar; cf. 1.4.4). The formation is present along the
Ocean coast and in narrow bands along the Baia de Marajd and the Rio Pard. Its
composition is a part of the general flora of the coasts of tropical America {Rhizophora
mangle, Avicennia sp.) and does not have relation to the composition of the hileia.

2. Mata de vdrzea: fresh water marsh forest!, The forest on the lowlands that are
intermittently water logged with fresh water (vdrzea do rio, vdrzea da chuva, vdrzea do
maré,; cf. 1.4.4). It has fewer species than the dryland forest, and the timbers are often
lighter (more floaters). Salient species are for instance the Sumauma (Ceiba pentandra)
and the Andiroba (Carapd guianensis}, and in some areas Ucuuba (Virola sp.).
Several subformations may be distinguished. They are determined by the length and
frequency of flooding and the quality of the flooding water. Upstream, and on the
highest parts, the levees and point bars, of the floodplains in the lower courses of
rivers, where flooding occurs only during the peak of the high water time, the quantity
of species is largest. The formations concerned are nearing the dryland forest as
regards their composition. In the region with tidal influence the quaniity of species is
low, especially on the floodplain parts that are flooded daily, The forest on the latter
have a rather close resemblance to the formation 3. There is also a difference in com-
position and timber volume of the forests on the vdrzeas along rivers with transparent
water (dgua preta or dgua limpa,; cf. 1.4.4) and those on the vdrzeas along rivers with

1) The applied distinction between swamp and marsh corresponds with the distinction
between vdrzea and igapd, It is in agreement with the classification of BEarp (1955), with
the exception that lowlands flooded only during high tides (vdrzea do maré) are included
with the marshes in the present publication.
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turbid water {dgua branca). The former generally have species of harder and better
distinguishable kernwood (DUCKE and Birack, 1954).

3. Mata de igapé: fresh water swamp forest: The forest on the lowlands that are
permanently water logged with fresh water (igapd; ¢f. 1.4.4). This forest formation has
few tree species; palms are often frequent, sometimes constituting the entire vegetation.
Characteristic species are for instance the Ucuuba (Virola sp.) and the Ananf { Simpho-
nia globulifera) and the palms A¢ai { Euterpe oleracea) and Paxiuba ( Iriartia exorrhiza).
The boles and crowns of the trees are usually laden with epiphytes.

1.5.1.2 Upland Forests {matas de terra firme)

These are the forests of the freely draining terrains of low altitude, in general all the
land older than Holocene. These dryland or upland forests are characterised by an
enormous variation of tree species, mainly of heavy timber, Palms are generally
sparse, although many species of them are known (AUBREVILLE, 1958).

The forests are not quite uniform. There are differences in mean gross timber volume,
and several species have a distinct optimum in some part of the immense region or are
even restricted to specific arcas. DUCKE and BLACK (1954), although admitting ‘we
cannot establish phytogeographical subregions in the hileia, because the flora of the
high land between the navigable rivers is still almost completely unknown’, made a
tentative and schematic division of the hileia into subregions (Fig. 13). Each of their
subregions has specific distinguishing species. Their sub-region ‘Norte’ is richest in
species, but the trees are generally less high and the leaves smaller and darker than in
the other regions. The subregion ‘Norteste’ contains several stretches of relatively dry
and low forest.

The FAQ/SPVEA Forest Inventory Program, already mentioned, has provided
much quantitative data on the ‘Sul’ and ‘Sudeste’ regions. Several units, with geogra-
phical nomenclature, have been separated and mapped (¢f. HEINSDUK and MIRANDA
Bastos, 1963, and Fig. 22). An inventory unit was defined by:

1. the presence or absence of one or more tree species, in contrast to the situation in
surrounding units.

2. the difference in mean gross timber volume, and

3. the degree of anthropogenic influence.

The characteristics for each unit were obtained by grouping of one hectare sampling
units, which were laid out scattered (unbiased), as much as was possible at the mode
of penctration. For the exact tracing of the geographic boundaries of a unit, the
topography and the soils of the area with the most representative sample units were
also taken as critera to some extent (for more details on the inventory system used
¢f. IV, Introduction).

It may be seen that the inventory units 1-15 do not vary greatly in mean gross timber
volume. There is no clear change in the botanical composition of these fifteen units.
HEINSDUK (1960), after noting the tendency to increase and decrease respectively in
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Fig. 13 A subdivisdo provisional da hileia em regides fito-geogrdficas conforme a DUCKE and BLACK
{1954} e os limires fixados por estes autores da dispersdo do género Hevea

200 400 800 KM
—_—

l
£o®

Fig. 13 The provisional subdivision of the hileia into phytogeographical regions according to DUcke and
BLACK (1954), and these authors’ boundaries of the dispersion of the genus Hevea

frequency of several botanical families from east to west, states ‘a regular change
in representation of the families in the forest types sampled, in one direction can,
except for the questionable examples given, be regarded as non-existent’. In fact,
these units form together one forest type, called *Pouteria association’ by HEINSDUX,
after its most stable constituent. The various inventory units are facies of this one type
(for their naming ¢f. HEINSDUK, 1960). Nearing the south-gastern boundary of the
hileia (units 16-24), there are more differences, not only in mean gross timber volume
but also in the botanical composition. The latter units for a part form other types than
that established for the centre of the valley. For the units 16, 17 and 18, for instance,
the name *Eschweilera Pouteria association® is proposed.

In the transition area which is located along the lower Araguaia river, unit 26, with
soils different from those of the other inventory units, the composition of the forests is
strikingly different from those near the Amazon river (¢f. GLERUM and SMIT, 1962b).
The number of tree species is considerably smaller. Parts of the area bear an almost

55



pure stand of mahogany (Swietenia macrophylla), which tree is reported to occur also
in other parts of the southern and southwestern transition zone of the hileia {cf.
DuckEe and Brack, 1954).

1.5.1.3 Special Upland Forest Types
. Cipoal (creeper forest). This is a kind of upland forest that is very difficult to
traverse, contrary to the predominant situation. It consists of a dense clew of many
thick creepers and climbers, with only few, big, emerging trees, often in small groups
and laden with climbers (‘climber-towers’). The transition of this type to the high forest
is called cipoalic forest (cf. Photo 22).

Cipoal proper is present in patches on the central sections of the planalto south-east
of Santarém (within units Planalto I and Planalto 11), in rather extensive areas on the
central sections of the planalto in the Guamd-Imperatriz area (units Ligagdo,
Acailandia), and in very extensive areas between the rivers Jaragi and Xingi (units
Planalto II baixo, and especially Planalto I baixo cipoal; ¢f. HEINSDDX, 1957 and the
Figs. 22 and 24). The inventory unit Upper Guamad consists mainly of cipoalic forest.
A vegetation somewhat comparable to the cipoal is found in the western part of the
Araguaia Mahogany area. There however creepers and climbers are generally thin,
the field layer is dense and palms abound. There are indications that other parts of
southern Pard and parts of northern Mato Grosso have also cipoal-like forest. The
cipeal may be taken to represent the real ‘jungle’.

2. Tabocal (bamboo forest). This is a type of upland forest which consists predomi-
nantly of Bambii andfor Taboca, both Guadua species. They form an almost impene-
trable cover of 3-10 m high. Emerging trees are practically absent, except for small
patches. The tabocal vegetation is present, in broad strips, along the headwaters
of the river Gurupi. (¢f. GLERUM and SmiTH, 1962a; ¢f. Fig. 23). Bamboo species
are lacking elsewhere in area of the hileia, except for the extreme southwestern part
(Guadua superba of Acre State; ¢f. DUCKE and BLACK, 1954),

3. Cocal (palm forest). In part of the transition zone between the hileia and the
savannahs of North-Eastern Brazil, palms are very frequent. Often these palm forests
are predominantly of Babagt (Orbygnia speciosa). This upland forest type is known as
cocal, its area as zona dos cocais.

1.5.2 The Savannah and Savannah-Forest Vegetation

In this publication, ‘savannah’ is considered to be the vegetation type which consists
of grasses with or without scattered small trees or clumps of trees (‘open savannah’),
as well as the vegetation type which consists mainly of shrubs, of variable density
(‘shrub savannah’}. ‘Savannah-forest’ is considered to be that vegetation type which
consists of trees that reach maximally about 20 m height and have thin boles (less
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than 0.25 m diameter at breast height). It seems actually to be more equivalent to
‘savannah-wood’ than to ‘savannah-forest’ as these vegetation types have been re-
defined recently. LINDEMAN and MOLENAAR(19359), for instance, describe the savannah-
forest as having two storeys of which the upper one reaches about 25-30 m height, and
the savannah-wood as having one storey, 8-15 or 20 m high, the trees having all thin
boles. :

The vegetation type here considered as ‘savannah-forest’ is discussed together with
the savannahs, in view of its edaphic relationship with the latter (¢f. Chapter 1V).

The savannahs and savannah-forests of considerable expanse are mapped in Fig. 12.
Only the boundaries of the ones near the main rivers are traced with a degree of
accuracy, because only of these parts reliable maps exist, from interpretation of aerial
photographs (AAF, 1942),

The boundaries of the savannahs of Marajo island, Amapa Territory and the Lower
Amazon region are taken from AAF topographic maps, personal observation (cf.
SUTMOLLER et al., 1963}, and local information. The savannahs and savannah-forests
of the lower Gurupi and those of the Rio Pard and the lower Tocantins (App. 7) are
copied from forest inventory maps (HeinsDDK, 1958a; 1958b; GLERUM, 1960). The
savannahs and savannah-forests between the medium courses of the Purds and the
Madeira are copied from BRAUN and Ramos (1959). The savannah areas in the sur-
roundings of Manicoré along the lower Madeira (Fig. 26) and those south of the Rio
Negro, upstream of the confluence of the Rio Branco (Barcelos), are not reported in
any publication known, but sketched in from indications on AAF maps, The savannahs
of Rio Branco Territory are copied from GUERRA (1959). The savannah areas between
the Lower and Middle Amazon regions and the Guianas are copied from the map of
LeCointe {(1907), who bases his mappings on many observations of his own and those
made earlier. Those of the medium course of the Xingl are taken from BOUILLENE
{1926), The boundaries of the latter and, for that matter, even their existence, are
however far from sure. The savannahs along the middle course of the Tapajos are
reported by BouiLLENE (1926) as well as by LECoinTE {1922) which latter called them
Campos de Cururii and Campos de Mucajazal. Also Ducke and Brack (1954)
mention the existence of savannahs in this region, namely near Cachoeira de Manga-
bal. The whole southern and southeastern boundary of the hileia is copied from
Soares (1933).

The savannahs and savannah-forests within Amazonia are far from homogeneous.
A well defined classification with full reference to similar vegetation types in other
countries is however lacking. DUCKE and Brack (1954) give a preliminary classifica-
tion with local nomenclature. Of part of the Amazon savannahs and savannah-
forests, the FAO/SPVEA Forest Inventory Program has provided for the geographic
coverage. Although such areas were by-passed during the forest inventories, and
any kind of ‘key’ to their identification is lacking, a preliminary classification of them
is given, based on aerial photograph analysis. SUTMSLLER ef al. (1963) give many
data on the habitat and the floristic composition of several savannah areas, in parti-
cular lowland savannahs.
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For the following short and provisional subdivision of the Amazon savannahs and
savannah-forests, the classification of DuckE and BLACK is taken as a basis, and the
units of the forest inventories are tentatively fitted therein.

1.5.2.1 Lowland Savannahs and Savannah-Forests
Under this heading is grouped the grassy, shrubby, or low forest vegetation on
lowlands with intermittent or permanent waterlogging., Implied are the campos de
virzea of DUCKE and BLACK and the campo alagado, campo com arbusto alagado,
arbusto alagado, floresta com arbusto alagado or ‘grassland on waterlogged soils’ of
forest inventories. Three main subformations exist, namely:

1. Campo de virzea do rio. This is the grassy vegetation on river floodplains that are
half-yearly covered with turbid river water (dgua branca; cf. 1.4.4).

A very characteristic grass is the floating Caenarana (Echinochloa polystachya, a.0.)
Shrubs and trees, especially on the highest parts (levees or point bars), are rather
frequent. This type of vegetation is present in the Lower Amazon region.

2. Campo de vdrzea da chuva. This is the grassy vegetation on lowland that is half-
yearly submerged with rain water.

On such lowland, trees and shrubs are usually absent (campo limpo). This type of
vegetation occupies for instance a large part of eastern Marajé island.

3. Campo de virzea do mar, This is the grassy vegetation on lowland that is regularly
flooded with sea or brackish water. The vegetation type is associated with mangrove
forest.

A special savannah-like lowland vegetation is still formed by the mondongos, which
are lowlands in a part of eastern Marajé island that are permanently submerged, and
therefore constitute a special type of igapd. Tall aquatic plants, like Aninga (Mont-
richardia arborescens), abound here.

On the coastal lowlands of Amapd Territory all mentioned subformations are
apparently present.

1.5.2.2 Upland Savannahs and Savannah-Forests
Under this heading is grouped the grassy or shrubby vegetation of non-flooded
uplands of low altitude, in general all the Amazon land older than Holocene. Various
subformations may be distinguished:

1. Campo. This is savannah that covers often extensive areas, but is encircled by
forest. It is commonly located in watershed regions. Implied are the main parts of the
campo and campo com arbusto or ‘grass covered terra firme® of forest inventories,
The greater part of the mapping unit ‘upland savannahs and savannah-forests’ of
Fig. 12 are of this type.
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The principal plants are Gramineae. Shrubs and small trees may be frequent {campo
coberta), scattered (campe lavrade or campe suja), or absent (campo limpa). The
trees and shrubs are stunted, have rough, thick rinds and xeromorphic leaves.
Characteristic woody plants are for instance Lixeira or Cajueiro do campo (Curatella
americana), and Murici ( Byrsomina crassifolia). In part of the campos the Mangabeira
{ Hancornia speciosa) is frequent. Fires frequently sweep the terrains. In spite of the
encircling by forest, the vegetation of the Amazon campos is not related to that of the
hileia, but resembles the vegetation of the campo cerrado of Central Brazil, according
to Ducke and Brack (1954).

The often used name campo firme is not quite adequate, because part of these
savannahs are submerged by a shallow layer of rain water during the wet season
{¢f. 1V.1.2). Really low parts (bottom lands) within campo areas are often forested. A
characteristic species in the latter parts is the palm-tree Buriti (Mauritia sp.).

The extensive campos of Rio Branco Territory and the adjoining part of British
Guiana are, in fact, outside the hileia region. Their floristic composition is different
from the campos within the hileta (DuckE and BLACK, 1954). No further mention will
be made.

2. Campina. This name applies to small savannah patches in the middle of forest,
frequently with some swampy parts that are submerged by a shallow layer of rain
water during the wet season. Patches and windings of white sand alternate with
shrubs or small trees. Implied are some of the campo, and camipe com arbusto or
‘grass covered terra firme® of forest inventories. According to DUcke and Brack
(1954), the floristic composition of the campinas is different from that of the campos.
Gramineae are less numerous than Cyperaceae, and the species of the former are
different from those of the campos. The campinas have also a large diversity of wooden
plants; these belong to the flora of the hileia and are related to that of the caatinga
amazonica (see under 3).

The campinas are usually too small to be indicated on Fig. 12. The most numerous
and typical campinas are located in the area between the Jower courses of the Rio
Negro and the Trombetas, where LECOINTE (1907) mapped them. They are especially
frequent east of the Lake of Faro (which is the widened mouth of the river Nhamun-
dd): Campos do Tigre, Campos de Maracani. Near Manaus several campinas were
observed, occurring as irregular strips along rivulets. Examples for the Estuary region
are Vigia, Colares, Gurupa and Porto de Moz. For the lower Tocantins area, DUCKE
and BLACK (1954) mention the campina of Breu Branco and that of Arumateua near
Tucurui. Also for the lower Madeira region campinas are reported: Campo Grande
of Borba. The strip-like savannahs along the Marmelos and Manicoré rivers (Fig. 26}
are probably also campinas.

The nomenclature is not quite satisfactory, because sometimes the word ‘campina’
is used for indicating a campo of small extent. On the other hand, areas with real
campina vegetation are locally called ‘campo’ or even ‘Campo Grande’ (¢f. examples
cited above). The situation is still more complicated by the fact that campo vegetation
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and campina vegetation occur sometimes beside each other, for instance in the sa-
vannah area of Cupijé, west of Cametd, the savannah area of Mariapixi, west of the
mouth of the Trombetas, and that of Ariramba (Ducke and BLack, 1954),

3. Caaringa amazénica. This is a type of savannah-forest, which consists of low
trees and shrubs with interspersed high trees, or shrubs and very low trees of approxi-
mately uniform height. The woody plants are practically all evergreen.

1ts flora definitely belongs to that of the hileia. According to DUCKE and Brack
(1954), the caatinga amazdnica is the richest in species of any vegetative formation of
Amazonia. This savannah-forest occurs in strips, and is found in the catchment area of
the upper and middle Rio Negro (tributaries Curicuriari, Igana and especially
Uaupés) in its most typical form. Another region with strips of caatinga amazdnica is
the Upper Amazon region near Sio Paulo de Olivenga.

4. Campina-rana. This is a type of savannah-forest which is isolated amidst the high
forest, or occupies transitional areas between campo or campina and high forest
(cf. Appendix 7). Most of the savannah-forests of Amazonia fall into this grouping,
Implied are the arbusto, as well as the floresta com arbusto or ‘caatinga forest’ c.q.
‘savannah-forest’ of forest inventories.

AUBREVILLE (1958) refers to foréts basses et fourrés amazoniens sur sables blancs. Both
the caatinga amazdnica and the campina-rana are apparently grouped under this latter
heading.

1.6 Paleo Climate and Paleo Vegetation

Very little is known of the paleo climate and the paleo vegetation of Amazonia as yet,
contrary to those of Africa (¢f. D’"HoOORE, 1959). It is often accepted that the climate
was constant since the Early Mesozoic, with only mild coolings during the Pleistocene,
and that also the type of vegetative cover remained almost unchanged. Great age of
the forest coverage has been deduced for instance from the great floristic richness of
the hileia. :

Recently however, doubts have arisen as to such constantness. In 1.4.1 the supposi-
tion of BarRrosa (1959) is already mentioned, namely that the sedimentation of the
Tertiary Barreiras beds took place in a semi-arid climate of great extent.

WILHELMY (1952) assumes that in the Late Tertiary a dry climate existed, during
which extensive laterite crusts were formed form the Caribbean coast to 30°S, and
open vegetation forms determined the landscape, including large parts of the area
of the present day Amazon hileia. Ap’SABER (1959) states that the presence of
various terrace levels, conserved by hard laterite crusts, and the existence of island-
like campo in otherwise forest covered zones, presupposes that immediately before
present times Amazonia had drier and inferior climates. They would be more com-
parable to the Senegalese than to the Congolese climates of today.
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It can be seen in 1V.1.2 that the island-like savannahs involved are edaphic pre-
destined, and in 11.3 that the formation of [aterite or plinthite is not necessarily related
to relatively dry climates. But it is true that truncation and burying of such plinthite
took place in times when no protecting vegetative cover existed, therefore during
relatively dry climates. In agreement with the tentative dating of the Amazon fossil
plinthite (¢f. 1.4.5) this must have been during at least two epochs of the Late Tertiary
(Miocene and Pliocene), and on a restricted scale during a part of the Pleistocene.

The whole construction of the Amazon valley proper in well distinguishable terraces
of different levels and sedimentary materials, as described in 1.4.3, points also to
distinct changes in climate and vegetation. Present-day deposition comprises only
non-kaolinitic, mainly heavy textured sediments (¢f. 1.4.4). This is quite reasonable
considering the present day climatic conditions where almost all of the surrounding
upland is covered with protecting tropical forest. Because of this coverage, erosion is
very limited. Only bank falls (zerras caidas) and a few sandy areas where the vegetative
cover has been artificially destroyed are involved. By far the main part of the load of
the large rivers comes from far upstream, outside the forest belt. For the Amazon and
the Madeira the main cource of sedimentary material is the Andean mountain range

" (cf. SioL1, 1951). :

In contrast, the sediments of the Pleistocene fluviatile terraces are kaolinitic, often
light textured, and sometimes even contain stony material (quartz pebbles, or plinthite
concretions as geologic stone-lines; ¢f. 1.4.5). In view of the small grade of the rivers,
the source of these sediments was certainly local. Principally involved was the basis
material of the Amazon planalto: kaolinitic clays and quartz sands of the Barreiras
beds, with one or more layers of fossil plinthite. The pronounced erosion of the
Amazon planalto and the accompanying formation, with the erosion products, of
well-defined floodplains (nowadays terraces) at lower levels seem plausible only when
the vegetative cover at that time was much sparser than the protecting cover of
nowadays. The climatic conditions in the valley proper, during the deposition of the
Pleistocene terrace materials, were therefore probably of similar interpluvial character
as that thought necessary for the building-up of the ‘climatic” fluviatile Pleistocene
terrace of the Araguaia Mahogany area (cf. 1.4.3). Those former climates must have
had a long and pronounced dry season which limited the growth of vegetation, and
a short but intense rainy season with a large erosional force. In view of the conclusion
in 1.4.3, namely that the fluviatile terrace deposits of the valley proper were laid down
during interglacial times, the foregeing also supports the view that interglacials and
interpluvials coincided in Amazonia.

The tentative conclusion regarding the sedimentation of the Belterra clay in a huge
inland sea during the Plio-Pleistocene (Calabrian) implies that all of the axial part of
Amazonia was devoid of any vegetation at that time.

In summarising, it is concluded that during parts of the Tertiary and the Pleistocene

the forest coverage was absent or restricted to relatively small areas. For instance, it
must have been restricted to the higher parts of the Guiana and the Brazilian shields
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during the Plio-Pleistocene at the time of the Belterra clay sedimentation. During
the interglacials — interpluvials of the Pleistocene, real forest vegetation was probably
confined to the western part of Amazonia, near the Andes (all-year orographic rains).
This picture confirms the statements made by WILHELMY (1952), namely that the
hileia only developed during the Pleistocene, from pockets of forest of Early Tertiary
age!, Also very interesting in this respect are the conclusions of vAN DER HAMMEN
(1957), that are based on analysis of fossil pollen of the Colombian Andes area. This
author arrives at a distinct periodicity in vegetational and therefore also climatic
changes during the Late Cretaceous and the Tertiary, for the N.W. part of South
America. He also notes that the centre of the Guiana shield (the boundary area of the
Guinanas and Brazil) constitutes a centre of distribution of plant species, amongst
which several genera of the palm family Mauritiaceae.

1) Quote: *Der Urwald, der heute das Amazonasbecken erfiillt, hat sich erst im Pleistocin
aus kleinen alitertidren Restbestinde entwickelt, nachdem noch im jingeren Tertidr offene
Vegetarionsformationen im wesentlichen das Landschaftsbild Amazoniens bestimniten. Aus
seinem dguatorialen Riickzugsgebiet herous ist der Wald seit Beginn der Pluvialzeit allméihlig
nach S vorgestoszen, ein Prozesz, der jedoch auf den laterisierten Biden der Teriiciren Land-
oberfliche bet der im Postpluvial wieder abnehmenden Niederschligen nur sehr langsahm und
anvollkommen vonstatten ging' (WILHELMY, 1952, p. 125).
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I. The Main Amazon Latosols and Plinthitic Soils

1.1 Evolution of the Concepts of ‘Latosol’ and ‘Laterite’ or
‘Plinthite’

The term ‘laterite® was first used by BucHaNan (1807), as descriptive of a highly
ferruginous deposit, observed in Malabar (India). It hardens upon exposure and is
therefore used as building material. Afterwards, apart from indicating building
qualities, the word laterite became associated with red colour of soil material, either
soft or hard. Almost every reddish coloured material on the earth’s surface in the
tropics and elsewhere was termed ‘laterite’, The meaning of the term became more
narrow after the work of BAUER (1898) on the chemical character of hardened
material. The presence of free aluminum oxihydrates (Tonerde hydrat, gibbsite) was
taken as the criterion. Generally speaking, such aluminum oxides were assumed
to be present if the ratio Si0,:Al, 0, (value Ki) of the quartz-free soil material was
lower than 2. Later authors assumed it to be general characteristic of weathering in the
tropics that the ultimate products are iron and aluminum oxides, and that therefore
even Si-Al products as kaolinite are not stable. HarrisoN (1933) concluded from
studies in British Guiana that on basic rock primarily gibbsite is formed (‘primary
laterite’), which can afterwards be resilificated into kaolinite, and that on acid rock
kaolinite is formed directly. HARRASSOWITZ (1926, 1930), also adopted the criterion
that “allitic’ constituents should be present to call a soil material lateritic. He could
therefore speak of lareritischer (allitischer) Rotlehm, but was obliged to exclude iron
oxide crusts that apparently had no free aluminum, for instance those formed in
‘superficial’ horizons of tropical savannah soil { Savanneneisensteine). HARRASSOWITZ
took it as proven that lateritic crusts develop by evaporation of sesquioxide rich soil
water and he made a scheme for the various ‘laterite profiles’ (¢f. I1.3.1).

The HarrAssOWITZ concept was attacked by MarsuT (1932), who based his con-
clusions on findings in Cuba and in the Amazon valley. The Cuba data concern the
lateritischer Rotlehm, which HarrassowiTz had difficulty in placing in his scheme.
The Cuba soil, called ‘Nipe series,” had developed on serpentine rock. It was considered
to be a true laterite in the sense that Ki values are below 2 (0.2-0.3 actually). Tt lacks
however a sesquioxide crust, as well as a mottled layer and a grey zone, all of which
HARRASSOWITZ considered to be essential constituents of the ‘laterite profile’. In-
dications for the wandering of sesquioxides to the surface were not found. The
intensity of the red colour in the upper part of the profile would be due merely to a
greater degree of dehydration of the iron oxides than in lower horizons, MARBUT
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concluded that normal laterites develop under conditions of good drainage, free from
the influence of high ground water. Concentration of iron and aluminum oxides is
mainly, if not entirely, mere residual {no active upward movement), brought about by
the removal of silica, the alkalis and the alkaline earths. Sesquioxide segregation may
or may not take place in the form of concretions.

MareuT found that all laterite profiles in the area of the unconsolidated sediments
of the Amazon valley have the HarRrAssowrtz horizons, but, below soil material. Ac-
cording to his observations the sequence only originates under the influence of fluctu-
ating ground water level at shallow depth, resulting in a specific, imperfectly drained
soil. Sesquioxide crusts on dissected plateaux are fossil, and the relics of such a soil
after erosion of the surface layer (for details ¢f. 11.3). MARBUT therefore distinguished:
1. ‘laterite’, as the lateritic red loam from Cuba;

2. ‘ground water laterite’, as the leached soils with mottled, and in part concretionary,
subsoil of the Amazon valley.

Gradually, MARBUT's concept as to the origin of lateritic soils and lateritic crusts was
accepted. It was fully adopted by the U.S. Soil Survey Staff. In ‘Soils and Men’
(BaLpwiN, KELLOGG and THorp, 1938), a clear distinction is made between the
intrazonal Great Soil Group of the ‘Ground Water Laterite’ and the zonal “Yellowish
Brown Lateritic’, ‘Reddish Brown Lateritic’ and ‘Laterite’ Great Soil Groups. For
the latter three Great Soil Groups, afterwards the term ‘latosol’ was preferred
(Yellowish Brown Latosol, Reddish Brown Latosol and Red Latosol respectively,
and some additional groups; KELLOGG, 1949). The Latosols therefore should comprise
‘all the zonal soils having their dominant characteristics associated with low silica/
sesquioxide ratios of the clay fractions: low base-exchange capacities, low activities of
the clay, low content of most primary materials, low content of soluble constituents, a
high degree of aggregate stability, and (perhaps) some red colour, KELLOGG proposed
to confine the word ‘laterite’ to such ferruginous materials as harden on exposure, and
to the relics of such materials. This includes:

1. soft mottled clays that change irreversibly to hardpans or crusts when exposed;
2. cellular and mottled hardpans and crusts;

3. concretions;

4. consolidated concretions.

Such materials, especially, but not exclusively, in fossil form, may be found in
several of the zonal soils, but their presence may be regarded as accidental at the
categorical level of the Great Soil Groups.

Only in the Ground Water Laterite soil, laterite is an essential feature. KELLOGG
(1949) describes the soil as having a ‘Gray or grayish-brown surface layer over leached
yellowish gray A, over thick reticulately mottled cemented hardpan! at a depth of one

1y But a cemented hardpan and concretions are apparently not essential. KELLoGG and
DavoL (1949) give Ground Water Laterite soil profiles of Central Africa, in which no
mention is made of a hardpan character of the B horizon, and of which they state ‘may have
concretions'.
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foot or more. Hardpan up to several feet thick. Laterite parent material. Concretions
throughout’.

Recently, namely in the VIith Approximation for a comprehensive system of soil
classification, the U.S. SoiL SURVEY STAFF (1960) has introduced the terms ‘Oxisol’
and "Plinthite’, Oxisol includes ‘the soils that have been called Latosols, and many, if
not most of those that have been called Ground Water Laterite soils”.! The diagnostic
characteristic of an Oxisol is that it has an ‘oxic’ subsurface (B) horizon (¢f. 11.2).
The term ‘plinthite’ replaces ‘laterite’.

The clear distinction between lateritic soils or Latosols, and the material laterite or
plinthite, as made by the U.S. Soil Survey Staff, is nowadays also adopted in other
countries. PRESCOTT and PENDLETON (1952) relate that in Australia the word ‘laterite’
is not used as a criterion in high-level soil classification, but retains its original
geological meaning as a complex parent material. Also MOHR and VAN BAREN (1954),
basing their conclusions on a large number of observations, mainly in Indonesia,
agree with the distinctions as originally made by MARBUT, although they object to the
term ‘Latosol’. Recent French and Portuguese literature on classification of tropical
soils also takes a clear distinction between plinthite formation and Latosol formation.
AUBERT (1934), for example, distinguishes cuirassement versus ferralitisation.

I1.2 Latosols
11.2.1 The Definition and Subdivision of Latosols as Applied in Brazil

The soil classification applied in Brazil by the national Soils Commission of the
C.N.E.P.A.2 is based upon the U.S.A. system. The classification of red and yellow
tropical soils in the U.S5.A. system is not yet fully elaborated. The definition and
subdivision of the ‘Latosols’ or ‘Oxisols’ order is still greatly debated, in part because
of their rarity inside U.S. territory. Detailed soil surveys of the U.S. Soil Conservation
Service in regions with tropical soils are those of Puerto Rico (ROBERTS et al., 1942;
re-classification by BONNET, 1950) and of Hawaii (CLINE ef alf., published in 1955).
For some other regions exploratory studies were made, for instance of Congo
{KELLOGG and DavoL, 1949).

Soils with latosolic appearance are frequent in the vast land mass that constitutes the
Federal Republic of Brazil. In recent years, many systematic fields studies have been
carried out, particularly in the eastern and southern part of the country (¢f. BARROS,
DRUMOND, CAMARGO et al., 1958; LEMOS, BENNEMA, SANTOS ¢t al., 1960). A detailed
definition and classification of Latosols is being established in co-operation with,
amongst others, the FAO Soil Survey and Fertility Branch. The latest trend in the
U.S, system, as published in the VIIth Approximation (SoiL SURVEY STAFF, 1960)

1) According to the concept of Ground Water Laterite soil as used in this thesis (¢f.
11.3.2.1), most of them belong to the ‘Ultisols” of the VIIth Approximation.
) Centra Nacional de Ensino e Pesquisas Agrondmicas.
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has been considered, and the new definitions of diagnostic horizons (argillic horizon,
albic epipedon etc.) and other distinctive characteristics are discussed and applied to
some extent, But the new system is not taken as a basis by the Brazilian Soils Com-
mission, one of the reasons being the above mentioned provisional character of the
definition of QOxisols,

11.2.1.1 The Modal Latesol

The first extensive description of the characteristics of the Brazilian Latosols as
recognized by the Soils Commission, is given by BENNEMA, LEMOS and VETTORI (1959),
The elaborated concept, as presented at the ISSS Congress at Madison U.S.A. by
BENNEMA (1963), is fully discussed in the following:

The fundamental characteristics of the Latosols lie in the nature and constitution
of the mineral soil mass, indicating a thoroughly weathered soil. It consists of ses-
quioxides, silicate clay-minerals having a 1:1 lattice, quartz and other minerals that are
highly resistant to weathering, Primary silicate minerals with less resistance to
weathering are either absent or are present in only a small amount. The same applies
to clay minerals having a 2:1 lattice, and those amorphous gels of Si and Al that have
high base exchange capacities. Free aluminum oxides are often present, but not
always. Concretions of iron, manganese, aluminum or titanium oxides may be
present. The silt content of the samples in the solum is generally low.

To this constitution can be ascribed a large number of the characteristics and pro-
perties of the Latosols. The most salient of them are the following:

1. Indistinct horizon differentiation, with often diffuse or gradual transition between
the horizons {(except when an Ap is present},

2. Absence, or scarcity, of distinct silicate clay skins on peds or distinct silicate clay
linings in the channels.

3. Low cation exchange capacities of the clays.

4. Red, yellow or brown colours of the subsoil® {B) horizon or part of the subsoil
horizon.

5. Absence, or near absence, of electro-negative ‘natural clay? in parts of the subsoil
horizon that have a low percentage of Carbon (C/clay ratio less than 0.015).
Additionally, the typical Latosols have:

6. Absence of well-developed blocky or prismatic structure. The structural elements
are often very fine granules, which may be more or less coherent, forming together
a porous, friable, massive soil mass.

7. Deep solum (A + B horizon),

. Very friable or friable consistency when moist.

9. High porosity and high permeability.

]

1) Subsoil considered in the sense as described in the supplement to the U.S. Agricultural
Handbook No. 18, entitled ‘Identification and Nomenclature of Soil Horizens® (1962).

N Natural clay = the clay obtained by shaking with distilled water, being a measure of
aggregate stability,
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Fore 5 O principal Latosolo amazénico. O perfil de
um Latosolo Amarelo Caolinitico (,0rt0), de textura
miédia, com a sua transicio carateristicamente difusa
entre os horizontes A e B, e @ macro-estrutura pouco
pronunciada na sec¢io sob-superficial

Photo 5 The main Amazon Latosol. The profile of
a Kaolinitic Yellow Latosol (,Ortho), of medium
texture, with iis characteristic diffuse transition
berween the A and the B horizons, and the litle
pronounced macre-structure in the sub-superficial
section

10. Low base saturation in the whole profile, or, at least, in the subsoil,

11. Relatively high anion exchange capacity and high phosphorus fixing power.

12. Relatively low amounts of exchangeable aluminum, or low active cation exchange:
capacity.

13. High resistance to gully erosion.

Soft or hard plinthite may be present in the lower part of the solum, or below the
solum, but it is not an essential characteristic of a Latosol (¢/f. 11.1).

11.2.1.2 The Distinction of the Latosols from other Soils; Latosolic-B versus
Textural-B :

Besides the Latosols, the other main well drained red and yellow soils of tropics and
subtropics are the Red Yellow Podzolic soils (including Rubrizems), the Andosols,.
the Red Yellow Mediterranean soils, and the Reddish Prairie soils. Of them, especially
the Red Yellow Podzolic soils are sometimes hard to separate in the field from
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Latosols (for the definition of the modal Red Yellow Podzolic soils ¢f. 111.2). Latosols
and Red Yeliow Podzolic soils often occur in close proximity in Brazil. Transitional
soils between the modal types of both are frequent. Both morphological and analytical
studies are then required to decide whether the soil concerned is a Latosol, inter-
grading to Red Yellow Podzolic soil, or a Red Yellow Podzolic soil, intergrading to
Latosol. The Brazilian Soils Commission has paid much attention to finding generally
valid quantitative boundaries between predominant latosolic and predominant
podzolic character. This is described in the following:

Y. Textural differentiation. In the light textured soils (frequent throughout Brazil) the
presence of silicate clay skins and linings cannot always be used as a differentiating
characteristic. Peds are often absent, and consequently also the clay skins even when
the illuviation process is well advanced. Linings in channels also are not easily
formed, due to the small amounts of clay present and the relatively short life of the
channels. Also, many morphometrical characteristics of typical latosolic soils lose
their diagnostic importance because they are also characteristics of many sandy
podzolic soils. In this case the horizon differentiation is often the only reliable field
characteristic for the separation. The changes in texture within the profile are of
special importance. The subsoil horizon of many podzolic soils is clearly distinguished
from the topsoil due to a rapid or rather rapid change in texture. A number of the
Latosols, namely those with relatively small percentages of sesquioxides, have also
a change in texture in the profile (see below), especially the sandy ones, but in this
case the change is gradual. If no other differentiating characteristics occur, for
instance the presence of small amounts of 2:1 lattice silicate clay minerals, it has been
proposed (BENNEMA, 1963) that the maximum textural gradiens* for sandy Latosols
should be as follows: an increase of 709, over 20 ¢cm of the initial clay content which
should be at least 59. However, few data about clay gradients exists as yet because
the available soil data refer predominantly to the mean of each different horizon, and
not to a change over a certain distance. Therefore an approximative value is used,
namely the textural ratio® B/{A. The value should not exceed 1.8 for the sandy
Latosols. This ratio has to be based on analytical data. In the field, therefore, ex-
perience in feeling textural differences has to be relied upon,

In the very heavy textured soils, an illuviation process does not lead so easily to a
distinct horizon differentiation as expressable in a textural ratio B/A (¢f. BENNE-
Ma, 1963). Heavy clay soils, however, when subject to an illuvation process, show
distinct clay skins. Therefore, absence of clay skins is the most important morphome-
trical field characteristic for separation of the heavy textured Latoscls from the
heavy textured Podzolic soils.

1) Texrural gradient = the difference in texture, especially in clay content, over a certain
distance.

%) Textural ratio B{A = the arithmetic mean of the clay content of the subdivisions of
the B horizon except the B,, divided by the arithmetic mean of the clay content of the
subdivisions of the A horizon.

kol
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For the very sandy red and vellow soils, a classification as Latosol or Red Yellow
Podzolic soil is thought to be inadequate. In this case, the latosolic or podzolic
character is very difficult to assess, and has moreover little sense. The presence of
inactive quartz sand becomes by far the predominant characteristic, instead of the
constitution of the colloidal part. The structure, if present at all, is often weak, the soil
mass consisting of bridges of sand grains only. Also those soils of which the very small
colloidal part is ‘latosolic may therefore be quite susceptible to (gully) erosion,
resistance to which is one of the practical properties of Latosols. In Brazil, for such
very sandy acid soils the name Acid Red Yellow ( Quariz) Sand is preferred, instead of
Latosol or Red Yellow Podzolic soil. For the upper textural limit of these Acid Red
Yellow Sands 159 clay sized particles in the subsoil' horizon is taken: light sandy
Ioam and lighter textures (¢f. LEMOS, BENNEMA, SANTOS ef al., 1960). When soils with
less than 15% clay still clearly exhibit important *latosolic' or *podzolic’ characteris-
tics, they may be classified, within the described concept, as Larosolic Sand (or Latosolic
Regosol), and Podzolic Sand respectively. The former name is applied for a part of the
Amazon soils (see below).

2. Mineralogic composition of the clay fraction. The absence, or near absence, of
2:1 lattice silicate clay minerals can be checked by X-ray and DTA analysis, preferably
combined. This, however, is elaborate and expensive. Data on the chemical composition
of the clay fraction are therefore often used as an index of the presence or absence of
2:1 lattice silicate clay minerals. The molecular ratio of the chemically determined
silicium and aluminum oxides (Si0,:ALQO; = Ki) is often used for this purpose. The
criterion for latosolic character is then a ratio below 2. Objections to this are made, for
instance, that & value above 2 does not necessarily mean the presence of 2:1 silicate
clay minerals, but may be due to presence of uncombined, colloidal, silica (¢f. Mour
and VAN BAREN, 1954), But many soil scientists working in tropical regions have
found the ratio to be a reliable characterisation tool.

3. Cation exchange capacity. An additional, and often more convenient, gauge for
determining the composition of the mineral soil mass are the cation exchange capaci-
ties of this mass, especially in view of the possible presence of amorphous gels of Si
and Al A part of the latter, and 2:1 lattice silicate clay minerals, have higher cation
exchange capacities than those characteristic for the latosolic soils. In using the cation
exchange capacities as a scale, a correction has to be made for the organic matter
present which often accounts for the bulk of the determined cation exchange
capacities. Also, it has to be clearly kept in mind which of the cation exchange capa- -
cities is being determined. The typical Latosols so far found in Brazil have a cation
exchange capacity according to the NH,OAc method (pH=7) varying from 0 to 8
m.¢.{100 g clay, while the ones that are intergrading to other soils have values up to
10-12 m.e./100 g clay (cf. BENNEMA, 1963).

') See note at page 66.
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Table 5 Principal characteristics of latosolic and textural B horizons {after BENNEMA, LEmos and
VETTORI, 1959 and LEMOS, BENNEMA, SANTOS ef al., 1960)

TEXTURAL-B/ B-textural

Normally very distinct contrast with the other
horizons. The transitions are either abrupt, clear
or gradual

O conrrasto com os oufros horizontes normulmente
€ muito distinto. As transicdes sdo abrupta, clara
ou gradual

At least 159 clay-sized mineral particles, and
more clayey than the A horizon

Ao menos 15%, de fracdo argila, e mais argilosa
gite 0 horizonte A

‘When the horizon is heavy textured {clay, sandy
clay, clav loam), then the structure is strongly or
moderately subangular and angular blocky, or
prismatic, with well or moderately well developed,
often continuous clay skins, and relatively low
porosity

Se o horizonte € de textura pesada (clay, sandy
clay, clay loam), a estrutura € em blécas sub-
angulares e angulares, ou prismdtica, fortemente a
moderadamente desenvolvida. A cerosidade ¢ forre
ou moderada, muitas vezes continua. A porosidade
€ relativamente baixa

‘When the horizon is medium textured (sandy
clay loam, loam, heavy sandy loam), then the
structure is weakly or moderately subangular
and angular blocky, with rather well developed
<lay skins. Sometimes the structure is weak fine
granular associated with single grains, forming a
homogeneous porovs soil mass with little
coherence. The textural ratio B/A is above 1.6
Se o horizonte é de textura média (sandy clay
loam, loam, heavy sandy loam), a estrutura é em
blocos subangulares e angulares, fracamente a mo-
deradamente desenvolvida, sendo a cerosidade fraca
a moderada. As vezes, a estrutura € granular pe-
quena, fracamente desenvolvida e associada com
grdos simples, formando uma massa poresa homo-
£génea com pequena coeréncia. A relacdo textnral
BiA é superior a 1.6
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vaTOSOLIC-B/ B-latosdlico

Weak contrast with the other horizons. The
transitions are normally diffuse or gradual

O ontrasto com os outros horizontes é fraco. As
transigées sdo normaimente difusas ou graduais

At least 159 clay-sized mineral particles

Ao menos 15Y, de fracdo argila

When the horizon is heavy textured (clay, sandy
clay), then the structure is generally of fine or
very fine granules, forming a porous homo-
geneous mass with very weak coherence. It also
may have a weakly or moderately developed
subangular and angular blocky structure, the
blocky elements being composed of fine granules.
Clay skins, when present, are non-continuous
and of weak development, The porosity is
generally high ’
Se o horizonte € de textura pesada (clay, sandy
clay), a estrutura é, geralmente, em granulos
pequenos ou muito pequenos, formande uma
massa porosa homogénea com coeréncia muilo
Jfraca. A estrutura apresenta-se também em blicos
angulares e subangulares, fracamente a moderada-
mente desenvolvida, sendo os blécos compostos de
granulos finos. Cerosidade, se € presente, é fraca ¢
ndo cominua. A porosidade é geralmente elevada

When the horizon is medium textured (sandy
clay loam, heavy sandy loam), then the structure
is fine or very fine granular associated with
single grains, forming a porous mass with very
weak coherence. The textural ratio B/A is lower
than 1.8

Se o horizonte € de textura média (sandy clay
loam, heavy sandy loam), a estrutura é muito
peguena granular associada com grdos simples,
Jormando uma masssa porosa homogénea com
coeréncia muilo fraca. A relacdo textural BjA &
em baixo de 1.8



Table 5 continued [ Tabela 5 continuada

TEXTURAL-B/B-textural
The consistence when moist is firm or friable

A consisténcia, quando umido, € firme ou fridvel

The ‘natural clay’ content can be relatively high.

O conteido de ‘argila natural’ muiras veres é
relativamente alto

The Ki value (Si0y/Al;O, molecular ratio) is
normally above 1.8, less commonly between 1.8
and 1.6

O valor Ki (relagdo molecular SiOy/AlLO,) ¢é
normalmente superior a 1.8, raramente enire
18el6.

The cation exchange capacity is often larger than
in the latosolic-B

A capacidade de permuta de cations ¢ muiias
vezes maior que no B-latosdlico

Easily weatherable primary minerals may be
present

Podem estar presentes minerais primdrios pouco
resistentes ao intemperismo

The silt content is often higher than in the
latosolic-B

O conteido de silte € muitas vezes mais elevado
que no B-latosdlico

LATOSOLIC-B/ B-latosdlico

The consistence when moist is friable or very
friable

A consisténcia, quando umido, € fridvel ou muiro
Srigvel

The “natural clay’ content is normally low, It is
less than 1% in the B,, except when the Ki value
is very low and the pH-KCl is higher than the
pH-H;0, or the carbon<clay ratio is relatively
high (Cfclay > 0.015) ‘

O conteiido de ‘argila natural® € mormalmente
baixo. No subhorizonie B, é menor de 1%, com
excessdo quando o Ki é muito baixo e o pH-KCl é
mais alto gque o pH-H,0, ou a relacéo carbono-
argila é relativamente alta (Clargila > 0.015)

The Ki value (Si0,/ALO, molecular ratio} is
normally below 1.8, less commonly between 1.8
and 2.0.

O valor Ki (relagdo molecular SiOfALO,} ¢é
normalmente mais baixo que [ .8, raramente entre
1.8e¢20

The cation exchange capacity is small. Tt is
below 12 m.e./100 g of clay (NH,OAc method)
A capacidade de permuta de cations é pequena. E
mais baixe que 12 m.e.[100 g de argila ( método
de NH,OAc)

Weatherable primary minerals are practically
absent. They comprise less than 4% of the sand
fraction

Minerais primdrios sujeitos ao intemperismo
sdo prdticamente ausente, Compreendem em con-
junto menos de 4%, da fracioe de areia

The silt content is generally low. The silt/clay
ratio is normally below 0.25

O conreudo de silre é geralmente baixo. A relagdo
de silielargila é normalmente mais baixo que 0.25

Tabela 5 Carateristicas principais de horizontes B-latosilico e B-textural (segundo BENNEMA, LEMOS
and VerTori, 1959 ¢ LEMOs, BENNEMA, SANTOS ef af., 1960)
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4. Weatherable minerals. It is suggested (BEnNeMA, 1963) that the amount of
minerals less resistant to weathering account for up to 4% of the sand fractions. The
amount of minerals with small resistance to weathering should, however, remain
considerably below this limit.

5. Silt content. As stated by vaN WAMBEKE (1962), the silt content of tropical soils
appears to be closely related to the actual amount of weatherable minerals. Silt/clay
ratios therefore are a helpful guide in distinguishing Latosols from less weathered
tropical soils, In Brazil, a ratio of maximally 0.25 for typical Latosols is proposed, in
agreement with D"Hoore (1960). BENNEMA (1963) however mentions that in some
Latosols, for instance the Terra Roxa Legitima (s¢e below), secondary minerals such
as kaolinite and iron oxides form part of the silt fraction, as tiny concretions. In such
soils the ratio may be higher than 0.25. In handling this ratio as a distinguishing device
it should also be remembered that inaccuracies in determination of the mechanical
composition are frequent because of difficult soil dispersion. This is especially so in
early publications. Often a large portion of that which was determined as silt is actually
non-dispersed clay (¢f. SoiL SURVEY STAFF, 1960, p. 53-54).

The set of characteristics inherent to a latosolic-B (as the diagnostic horizon for
Latosols), in comparison with that of a textural-B (as the diagnostic horizon of Red
Yellow Podzolic soil and others), is summarised in Table 5.

The described concepts on latosolic-B and textural-B are not quite identical with the
‘oxic horizon® and the ‘argillic horizon™ respectively of the VIIth Approximation
(SoiL SURVEY STAFF, 1960). Latosolic-B and textural-B are mutually exclusive, which is
not necessarily the case with the oxic and the argillic horizons: an oxic horizon can
conceivably include an argillic horizon. With the applicd maximum value for the
latosolic-B of the textural ratio BfA, a part of the group of latosolic-B horizons
falls under the argillic horizon. The lower textural limit (more than 15% clay) of
latosolic-B and textural-B is the same as for the oxic horizon, but the argillic horizon
can be lighter textured. An important difference between latosolic-B and oxic horizon
is that the latter should have 129%, or more free sesquioxides in percentage of the 1:1
lattice silicate clay minerals. Acceptance of the latter criterion would imply that some
Latosols, for instance most of the Amazon ones (see below), fall outside the Oxisol
Order. Also, the maximum percentage of weatherable primary minerals is smaller in
the oxic horizon than in the latosolic-B, namely 1%;.

11.2.1.3 The Subdivision of the Latosols
INTRODUCTION
In *Soils and Men’ only three types of Latosol were distinguished (BALDWiN,
KELLOGG and Tuorp, 1938): Yellowish Brown Latosols, Reddish Brown Latosols,
and Red Latosol. After the reconnaissance of the Congo by KELLOGG and DavoL
(1949), this was expanded to: Red Latosol, Earthy Red Latosol, Reddish Brown
Latosol, Black Red Latosol, Red Yellow Latosol, and Yellow Latosol. The distinc-

E
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tions were principally made on the basis of colour, structure and consistence. BONNET
(1950) subdivided the Latosols of Puerto Rico as follows: Coastal Plain Latosol,
Upland Latosol, Ferruginous Latosol, and Rain Forest Latosol. CLINE (1955)
discerned for Hawai Low Humic Latosol, Humic Latosol, Ferruginous Humic
Latosol, and Hydrol Humic Latosol. In that publication also the composition of
the clay fraction was taken into account in differentiating. BRAMA0 and DuDaL (1958)
mentioned Red Yellow Latoso), Dark Red and Dark Reddish Brown Latosol, Brown
Latosol, and Low Humic Latosol {(or Terra Roxa). In presenting the first draft of the
‘Soil map of South America’, BRaMAo and Lemos (1960) mention, besides the above
mentioned, also Rego-latosols, Pale Yellow Latosols, Coneretionary Latosols, and
Areno-Latosols. LEMos, BENNEMA, SANTOS ef al. (1960) report for Sdo Paulo the
following Latosols: Terra Roxa Legitima, Dark Red Latosol {ortho, and sandy
phase), Red Yellow Latosol (ortho, sandy, terrace, shallow phase), Humic Red Yellow
Latosol, and ‘Solos de Campos de Jordao’. The differentiating characteristics, also
qua composition of the clay fraction, are described in extenso, and a comparison is
made with earlier discerned units (see above).

All this is a still rather confused picture of the variation within the Great Soil Group
of the Latosols. The whole of the rapidly growing mass of field and laboratory data on
latosolic soils is being sorted out, in order to arrive at clearly defined, mappable units
for all tropical regions. It forms part of the FAQ ‘Soil map of the World Program’.

Division according to colour alone is apparently not very valid, because this depends
often more upon the stage of dehydration of the iron oxides than upon the total
amount of Fe. Also, many morphometrical field characteristics vary little; all Latosols
are deep, friable, porous soils with indistinct horizon differentiation. For subdivision,
analytical data on the composition of the clay fraction have to be taken into
account. This composition, in relative amounts of silicate clay minerals (kaolinite),
Fe clay minerals (goethite), and Al clay minerals (gibbsite), is of much importance.
It determines the stability of the structure, the natural fertility, and the effect of
fertilizing. In Brazil, where a relatively simple and reliable method for characterising
this composition is included in the standard analysis of all soil samples, a useful
subdivision of Latosols mainly on the composition of the clay fraction has been
developed.

After a preliminary subdivision as mentioned by BENNEMA (1963), it was elaborated
at the Third Technical Meeting of the Brazilian Soils Commission (Rio de Janeiro,
Dec. 1961) and presented by CAMARGO and BENNEMA (1962). For the tentative scheme
see Table 6.

DESCRIPTION OF THE SUBDIVISION OF TABLE 6

Ad I. To this group, the Acrox of the VIIth Approximation, and representing the
most advanced ‘laterisation’, belong for instance the Nipe series of Cuba (¢f. 11.1), and
many of the soils around Brasilia (¢/. BENNEMA, CAMARGO and WRIGHT, 1962). The
soils are usually found on old land surfaces with flat or gently undulating relief. In
that case the parent material is varying. The colour also varies. The morphology of the
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Table 6 Temtative subdivision of the Larosols (after CAMARGO and BENNEMA, 1962)

Molecular ratios of the clay fraction
relugdes moleculares da fra¢do argifa

. Si0,/AL,0, A} 0,/Fe, 0,
Groups and subgroups of the Latosols soil texture
grupos e subgrupos dos Laiosolos textura do solo
medium heavy
média pesada

(1) LATOSOLS WITH LOW PERCENTAGES OF SILICATE < 1.0
CLAY MINERALS (Acrox)
Latosolos com baixas percentagens de minerais-de-
argila de silicato (Acrox) ’
(Still to be subdivided, on ALO/Fe,0, ratio
and other characteristics/a ser subdividido, na
relacdo AlLO,/Fe,0, e outras carareristicas)

(I} LATOSOLS WITH INTERMEDIATE PERCENTAGES 1.0-1.6
OF S{LICATE CLAY MINERALS {Normal Latosols)
Latosolos com percentagens intermedidrias de
minerais-de-argila de silicato (Latosolos Normais)
{ Ifa) with relatively high percentages of Fe clay <17
minerals and relatively high percentages of Mn
and Ti (Latosol Roxo)
com percentagens relativamente altas de mine-
rais-de-argile de Fe, e percentagens relativa-
mente altas de Mn e Ti ( Latosolo Roxo}

{I1b) with intermediate percentages of Fe clay 20(N-26 2045
minerals (Dark Red Latosol)

com perceniagens intermedidrias de minerais-

de-argila de Fe (Larosolo Vermelho Escuro)

{Ilc} with relatively low percentages of Fe clay 29-55 4.6-8.0
minerals (Red Yellow Latosol)

com percentagens relativamente baixas de

minerais-de-argila de Fe (Latosole Vermelho

Amarelo)

(IIf) LATOSOLS WITH HIGH PERCENTAGES OF 1.6-2.0ca.
SILICATE CLAY MINERALS {Kaolinitic Latosols)
Latosolos com altas percentagens de minerais-de-
argila de silicato { Latosolos Caoliniticos)
(1lfa) with relatively high percentages of Fe 2.0 ca. 3.0 ca
clay mincrals, and relatively high percentages
of Ti
com percentagens relativamente altas de mine-
rais-de-argila de Fe, e percentagens relativa-
mente altas de Ti
(111b) with intermediate percentages of Fe clay 40 ca.
minerals
com percentagens intermedidrias de minerais-de-
argila de Fe
{ Illc) with relatively low percentages of Fe clay >4.6
minerals
com percentagens relaivamente baixas de
minerais-de-argila de Fe

Other
oxides
outros
dxidos

MnO,
>0.10%
TiO,
487

MnO,
< 0.02%

TiO,
34%

Tabela 6 Subdivisdo temtativa dos Latosolos (segunde CaMarGO and BENNEMa, 1962)

»
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profile of these soils is about the same as that of other Latosols. They have however a
very ‘earthy’ feeling (i.e. the aggregates feel raw). A reliable differentiating characteris-
tic is the fact that the pH-KCl is higher than the pH-H,O if the organic matter
content is low, i.e. in the subsoil (B) horizons. Unlike other Latosols, the typical ones
of this group also have ‘natural clay’ in the B horizon (excess of electro-positive
charges). The soils have an extremely low cation exchange capacity and effective
fertilization is difficult.

Ad Ila, To this subgroup belong the Terra Roxg Legitima (also called Latosol Roxo)
of Sio Paulo (LEmos, BENNEMA, SANTOS ef al., 1960), and probably part of the
Ferruginous Humic Latosols of CLINE {1955). They develop on basalt and diabase.
The crushed dry soil sample is magnetic. The texture is clayey. The usual colours of
the B horizon are reddish with low values and low chromas (<4}, for instance dark
reddish brown (2.5 YR 3/4) or dusky red (10R 3/4), The structure is fine granular
{pd de café) and the solum deep. The soils have often relatively high natural fertility
{coffee soils), but fertilization presents problems.

Ad ITb. To this subgroup belong many of the Dark Red Latosols and Dark Reddish
Brown Latosols'. The soils are found on igneous rocks and consolidated sediments
with considerable quantities of ferro-magnesium minerals. The crushed dry soil
sample is only slightly magnetic. The texture is varying. The common colour of the B
horizon is reddish, with low values (<Z3.5) but high chromas {5-7), for instance dark
red (10 R 3/6, 2.5 YR 3/6). The natural fertility is often somewhat higher than those of
Ile.

Ad iIc. To this subgroup belong many of the Red Yellow Latosols (BARROS, DRUMOND,
CAMARGO et al., 1958; LEMos, BENNEMA, SaNTOs ef al., 1960). They develop on
igneous rock and consoclidated sediments with only fair amounts of ferro-magnesium
minerals. The texture varies, and there may be a slight difference in texture between
the A and the B horizons. The common colour of the B horizon is reddish or yellowish,
with high value (>3.5) and high chroma (6-8), for instance red (2.5 YR 5/8), vello-
wish red (5 YR 5/8) or strong brown {7.5 YR 5/8),

Ad ile. To this subgroup belong the so-called Rego-Latosols; several Yellow
Latosols; many of the Regosolic Yellow Latosolic Podzolic soils which are also called
‘Rego-latosol Amarelo, fase Tabuleiro® or ‘Tabuleiro’ (BArros, DRUMOND, CAMARGO
et al., 1958); the Red Yellow Latosol, terrace phase (LEMoS, BENNEMA, SANTOS ef al.,
1960). These Latosols are found on relatively young land surfaces with unconsolidated
sediments, Gibbsite is absent or practically absent, and Fe,0, comprises often less
than 109, weight of the clay fraction. The texture varies and the B horizon is often

Y} The concept of these soils as used in Brazil is more narrow than the current concepts of
Reddish Brown Lateritic soils, and the Dark Red and Dark Reddish Brown Latosols of
Bramiao and DubaL (1957).
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distinctly heavier than the A horizon. The common colour is yellowish, with high
chroma and high value, The colour is often paler in regions without a dry season
(10 YR or 7.5 YR 6/6, 6/7, 7/6) than in regions with a distinct dry period {7.5 YR 8/6
or 10 YR 5/6). The structure is often weakly subangular blocky, the porosity is lower
than in most other Latosols. When dry then the profile is hard or slightly hard in the
transition zone between the A and the B horizon (A, B)). Plinthite is fairly common.
The natural fertility is normally low, except in transition areas to arid regions. The
response to fertilization is often favourable.

A further subdivision will be made both according to the thickness of the A, horizon
(weak, intermediate, pronounced!; the latter known to exist for units I/b and Jlc,
IHla and lilc), and the base saturation (low, medium, high; the latter known to
exist for units fla, I11b and Hic). To augment the practical application of soil surveys,
also ‘phases’ are used which are based often on variations of mesologic environmental
factors (geomorphology, vegetative cover).

In addition to these groups, there are Latosols, at relatively high altitudes, of brow-
nish colour and relatively thin (< 1m) solum, commonly called Brown Latosol {cf.
Bramio and DupAL, 1958). These have not yet been properly studied in Brazil, but it
is thought that at least part of them intergrade to Andosols or Acid Brown Forest soils.

11.2.2 The Main Amazon Latosol

The most prominent geomorphologic units of Amazonia are tne uplands, arranged
as terraces, of the Late Tertiary and the Pleistocene which together are termed the
Amazon Planicie (¢f. 1.4.2 and 1.4.3). These uplands are composed of unconsolidated
acid sediments of varying texture. They consist very predominantly of kaolinitic clays
and quartz sands, and locally of fossil plinthite. The well-drained soils developed on
these sediments are for the main part very similar, considering the high categorical
level of classification as is used in this publication. This similarity applies to both the
morphometrical field characteristics and the analytical data. General occurring
morphometrical field characteristics are the following (for individual profile descrip-
tions ¢f. Chapter III; ¢f. also Photos 6, 7 and 8).

1. A deep, permeable solum.

2. Little horizon differentiation, with diffuse or gradual transitions between the
horizons.

3. The texture is varying, from light to very heavy textured. The silt content is very
low, especially in the subsoil? (B) horizon.

4. The structure is usually weak very fine granular, composing a slightly coherent
porous massive soil mass, which easily falls apart into weak or moderate fine or

1) Percentage of Carbon at 20 cm depth larger than 0.3 4+ 0.057 x moisture equivalent.
1) See note on page 66.
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Foto 6 O principaf Latosolo amazénice. Uma vista de perto da estrutura da secg¢do sob-superficial do
perfil do Latosolo Amarelo Caolinitico {,Orto), de textura meio-pesada. Os elementos estdveis muito
finos da micro-estrutura constituern uma massa de solo poroso pouco coerente, massa que se desagrega
em bidcos sub-angulares fraces a moderados (para a escala veja o palito; fotografia Dr. J. Bennema)

Photo 6 The main Amazon Latosol. A near view of the structure of the subsuperficial section of the
profile of a Kaolinitic Yellow Latosol ( ,Ortho), of rather heavy texiure. The very fine, stable elements of
the micro-structure form a weakly coherent porous soil mass that falls apart into weak to moderate
subangular blocks (cf. the upright match for the scale; Photo by Dr. J. Bennema)

medium sized subangular blocky elements (cf. Photo 6). No silicate clay skins or clay
linings are present, except for a few faint ones in the very heavy textured soils. Except
for the very light textured ones, the soils are little subject to gully erosion.

5. The consistence when moist is usually friable to very friable (loose in the lightest
textured soils); when dry it is often slightly hard, to hard, especially in the upper part
of the B horizon. In a number of the soils, the subsoil horizon is difficult to penetrate
with a soil hammer.

6. The porosity is generally high, but apparently not quite as high as in most Latosols
of Southern Brazil. In a number of the soils the subsoil horizon is compact or rather
compact. _

7. The soils show practically always some degree of illuviation (lessivage or ‘podzoli-
sation'), The subsoil horizon is namely slightly heavier in texture than the surface and
subsurface horizons: the textural ratios B/A are between 1.2 and 2.1 for relatively
light textured profiles, and between 1.1 and 1.6 for relatively heavy textured profiles.
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Foto 7 O principal Latosolo amazénico. A parte
superior (50 em m. ou m.) do perfil de wn Latesolo
Amarelo Caolinitico (,0rto), de textura muito pesada.
E notdvel o horizonte A, muito delgadoe (3 cm m.
oum.)}

Photo 7 The main Amazon Latosol. The upper part
(350 cm ca.) of the profile of a Kaolinitic Yellow
Latosol (,Ortho), of very heavy texture. Note-
worthy is the very thin A, horizon (3 cm ca.)

8. The colour of the subsoil horizon is mostly yellowish, less commonly reddish, but
has always high value and high chroma. The reddish colour may be found when fossil
hard plinthite is present, or in transition zones to arid regions.

9. Plinthite, hard or soft, is rather commonly present.

The following are the analytical data:

10. The content of “natural clay’ is low; in the subsoil horizon it is very often com-
pletely absent: for the A horizons the indices of structure are between 40 and 80,
and for the B horizons they are normally 100,

11, The soils are extremely or very strongly acid, with the pH-H,O bctween 4 and 5.
The pH-KCl is lower than the pH-H,0, but normally less than one unit.

12. The base saturation of the soils under natural vegetative cover is very low (¢a.
15%,). Only in transitional areas to arid regions it may be low to medium.

13. Easily weatherable primary minerals are practically absent. The great majority of
the non-clay sized particles consists of quartz grains. The other ones are vegetal
detritus elements, some reddish coloured micro-concretions of plinthite, and cream

o
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Foto 8 O perfil de um Areia Latosolica Caoli=
nitica, E notdvel 0 horizonte A, relativamente
espesso € a funda penetracdo das rafzes

Ploto & The profile of a Kaolinitic Latosolic
Sand., Noteworthy is the relatively thick A,
horizon and the deep rooting

e v L i
coloured pseudo micro-concretions of c¢lay. Turmaling, staurolite, ilmenite and
weathering biotite and felspar, when present, form together only a trace.!

14. The potential cation exchange capacity of the soils (NH,OAc method at pH7)
varies from near zero to about 20 m.e./100 g soil in forest profiles. However, the cation
exchange capacity of the organic matter-free soil material is always very low. Cal-
culated on the basis of the clay sized particles it only amounts to 1.5-5 m.¢./100 g clay
(data obtained by extrapolation of relevant analytical data of individual profiles given
in Chapter I1I; see also Table 7 (other method of analysis) and V.3.1.1). The active
cation exchange capacity, or the exchangeable {Al)*, of the subsurface and subsoil
horizons is on the average only about 20-25% of the potential cation exchange
capacity. '

15, The mineralogical composition of the clay fraction is very uniform. The molecular
ratios between SiQ,, ALO, and Fe, O, are very constant. For about fourty analysed

1) Only in the scparate 2-16 u. felspar may be present in higher quantitics {¢f. samples
233-3, 3004 and 2104 of Fig. 14 a—¢ and Table 8).~
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profiles scattered over the Planicie, the Si0,: Al,O, values (Ki) are, with rare ex-
ceptions, between 1.7 and 2.1, throughout the profiles. Si0,: (AL, 0, + Fe,0,) values
{Kr) are only slightly lower — usually 0.2 unit —, and ALO,: Fe,C; values correspond-
ingly high, namely about 9.0, Fe,O, comprises 5-11 percent of the clay fraction.
1t i5 only in concretionary soils and very light textured soils that this percentage may
become as high as 20.

From the fact that Ki values are not above 2, it may be deduced that the silicate clay
minerals are of 1:1 lattice structure. In view of the generally low cation exchange
capacity of the clay (¢f. under 14), it is likely that kaolinite is involved, not halloysite.
From the fact that Ki values are only slightly below 2 the absence, or presence only
in a small percentage, of free aluminum oxides (gibbsite = hydrargillite) may be
deduced. It is likely that by far the majority of the determined Al Q, is derived from
the silicate clay minerals. The low values for Fe,0, indicate the presence of only small
amounts of free iron oxides (goethite = limonite; hematite). In view of the low cation
exchange capacities one might assume that parts of the determined SiO, and Al,O, are
not from kaolinite, but from inactive gels of free Si0, and free ALO, respectively.
However, full confirmation of the above deductions was given by several X-ray
diffractions, Differential Thermal Analyses (DTA), and an electron micrograph.
Subsurface (A; horizon) and subsoil (B horizon) samples of four profiles of the soils
under discussion were analysed with X-ray at the Netherlands Soil Survey Institute
of Wageningen, Holland, together with samples of some other Amazon soils. The
results (¢f. samples 233-3, 303-2, 303-4, 300-2, 3004 and 2104 of the Tables 7 and
8 and the Figs. 14 a—¢) show that indeed kaolinite is the very predominant constituent
(80-85%7) of the clay fractionl, Iron oxides account for up to 129, and aluminum
oxides up to §% of the clay fraction, whilst clay sized quartz accounts up to 6%,. An
electron micrograph was also made of the clay fraction of one of the samples (cf.
Photo 9). The pureness of the kaolinitic clay is remarkable; practically all of the
sample consists of strikingly clean and pronouncedly hexagonal, relatively large
kaolinite crystals, Comparison of the data for specific surfaces of the above mentioned
samples with their cation exchange capacities (Na-acetate at pH = 8.2) shows that a
specific surface of 100 m? gives only about 8.0 m.e. cation exchange capacity, which
applies to both the total soil mass and to the clay fraction (¢f. Table 7).

1) The presence of kaolinite in the coarser fractions is due to incomplete dispersion, and
enclosing by cementing sesquioxides.

Fig, 14a—e X ray spectra of separates = 80w (14a), 16-80 1 (14b), 2-16 . (14c), < 2 (14d), < 2 p=
treated {14¢) of the main Amazon Latosols (samples 233-3, 303-2, 3034, 300-2, 3004, 210-4) and
Plinthitic soils (samples 96-2, 96-5, 3024, 178—4)} in comparison with the compasition of some other
Amazon soils { cf. the Tables 7 and 8 and the electron micro-photographs 9, 10, 11 and 12)

Fig. 14a-¢ Curvas de Roenigengramas de separados > 80 (14a), 16-80u {14b), 2-16 u (14c),
< 2u (14d}, < 2 p-tratados (14e) dos principais Latosolos amazdnicos (amostras 233-3, 303-2,
3034, 300-2, 3004, 2104} e solos de *plinthite’ (amostras 96-2, 96-5, 3024, 178-4) em comparagio
de alguns outros solos amazonicos (¢f. Tabelas 7 e 8 ¢ micrografias eletronicas: fotografias 9, 10,
Hel2)
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Foro 9 M:crograﬁa eletrdnica da fracdo de argila ( < 2 ) de Latosolo Amarelo Caolinitico (,Orto) de
textura muito pesada (amosira 303—4; Curud-una)*

Photo 9 Elecrron m:crograph of the clay :eparare ( < 2u) of a Kaolinitic Yellow La!osol { Ortha), very
heavy textured (sample 303—; Curud-una)* .

Foto 10 Micrografia eletrénica da fragdo de argila ( < 2 p) de Solo Laterita Hidromorfica (amosira
96*5 Caeté-Maracassumé }*

Photo 10 Efecrran micrograph of the clay separate ( < 2 p.) of a Ground W‘"er Laterite m,,] (sample
96-5: Caeté-Maracassumé)*



Foto 11 Micrografia eletrdnica da fracdo de argila { < 2p) de Solo Glei Himico {amostra 188-2;
Virzea do Baixo Amazonas®

Phota 11 Eiec.rron micrograph of the clay separate ( < 2 w) af a Humuc G'ley sod { .mmpie 188-2; Lower
Amazon floodplain)®

Foto 12 Micrografia eletronica da fragdo de argila (< 2u} de Soloneiz, fase Costeira (amosira 154-2;
Leste da l!ha de Marajs)*

F8 -
Phoro 12 Efeuron macrogmph of the clay separare (< 2 ll) 0f a SOIO'“”Z- Coastal P}"“e f sample
154-2; Eastern Marajé island)*®

* By courtesy of Dr. H. Beutelspacher, Braunschweig, W-Germany.
Por obséquio do Dr. M. Beutelspacher, Braunschweig. Alemanha.



Table 7 Classification, location and general analytical data of samples with special analysis

Classification
classificagdo

Humic Gley soil
Solo Glei Himico

Low Humic Gley soil, Carbonate subsoil

phase

Solo Glei Pouco Himico, fase subsalo com

Carbonato

Solonetz, Coastal phase
Solonetz, fase Costeira

Sclonetz, Coastal phase
Solonetz, fase Costeira

Solonetzic Humic Gley soil, intergrade to

Ground Water Laterite soil

Solo Glei Himico solonétzico, *intergrade’
para solo Laterita Hidromdrfica

Hydromorphic Grey Podzoli¢ soil, high

base saturation, Ortho

Solo *Hydromorphic Grey Podzolic’, satu-

ragdo de bases alta, Orto

Red Yellow Podzolic soil, low base sat.
Solo Podzolico Vermelho-Amarelo, saturagio

de bases baixa

Ground Water Laterite soil
Solo Laterita Hidromorfica

Red Yellow Podzolic soil, int. to Kaotinitic
Yellow Latosal, Concretionary phase

Solo Podzilico Verm.-Am., int. para Latosolo
Amarelo Caol., fase Concreciondria

Kaol. Yellow Latosol, medium textured
Latosolo Amarelo Ceaol., textura média

Kaol. Yellow Latosol, very heavy textured
Latosolo Am, Caol., textura mulio pesada

Kaol. Yellow Latosol, medium textured
Latosole Amarelo Caol., textura média

Kaol. Yellow Latosol, very heavy textured
Latasole Am. Caol., textura muito pesada

HG

LHG, ¢

Sol, ¢

Sol, c

HPs, 0

RPu»

GL

RP-KYL, cr

KYLm

KYLes

KYLn

KYLvh

Location
lacaliza¢do

Lower Amazon floodplain
Virzea do Baixoe Amazonas

Lower Amazon floodplain
Virzea do Baixo Amazonas

Eastern Marajé island
Leste da itha de Margjé

Eastern Marajé island
Leste da iha de Marajd

Southern Marajo island
Sul da ilha de Marajé

Araguaia Mahogany area
Area Araguaiana de Mogno

Rio Branco do Acre
Rie Branco do Acre

Caeté-Maracassumé area
Area Caeiréd-Maracassumé

Guami-Tmperatriz area
Area Guamd-Imperatriz

Guami-Imperatriz area
Area Guamd-Imperatriz

Curud-una centre
Centro Curud-una
Belém

Belém
Guama-Imperatriz area
Area Guamd-Imperatriz

Sample!
amostrat

188-2%%*

190-2*

154-2%*+

175-3*

178-4*

290-2%*
2904

320-2
320-4+»

96-2
96-5%*

3024+

233-3%»

303-2
303-4+0¢

300-2
3004+

210-4°*

Depth

prafun- :

didade
(cm)

20-70 |

15-50

oAb s e

20-70 |

s

m

40-140
|
55100,
!
I
7-25
52-100

3-25 ¢
60-85 |
15-70 |

150-170

500-600

1} Number of field description and of horizon/mimero da descricde de campo ¢ de horizonte do perfil

tr.= traces/rraces (< 0.1 m.e./100 g)
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Tabela 7 Classificagio, localizacdo e dados analitices gerais de amostras com andlise especial

—

Cation exchange

. Granulometric capacity
I:O"' separate c }1_)[% capacidade total
korf Sracdo granulo- org. 3 Exchangeable cations de troca Specific surface
z:;::; méirica carions trocdvels {(Na-acet. pH = 8.2) superficie especifica

< 16p 16-80u > B0 Cat+t Mgrt K* Nat <2000p <2up <2000p < 2u

G G Co D (m.e./100 g) (m.e./100 g} (m/g)
C, B26 165 09 062 57 93 78 03 05 20,7 40,3 m 185
Ce 639 350 1.1 08 52 84 63 05 17 20.5 403 93 178
B,, 817 165 18 070 68 40 165 04 3.3 26.7 436 126 175
Byo 792 195 13 026 7.7 34 112 ,06 9.6 26.6 433 109 188
Bug 717 272 11 052 43 03 tr 0.3 03 19.0 343 100 168
Ay 102 524 174 203 50 6.1 38
B,y 027 S0 49 1.5 02 02 113 72
Ay 122 45 8.9 51
B, 696 217 84 065 45 150 78
Ay 205 169 626 0715 4.6 2.6 26
Byy 658 53 289 023 45 0@ 0.1 0.1 59 45 90
C 591 167 242 005 47 3.0 46 35 59
B, 253 24 723 032 46 18 6.5 22 73
A, 204 47 6.7 65
Ba 775 182 43 106 47 tr. 0.2 1 53 438 50 54
A, 039 50 16 2
B 186 55 759 013 . 1.2 18
B, 76 205 29 0716 47 29 43 48 " 81

-'--——_

* Mineralogical analysis only (cf. Table 8)/ somente anilise mineraldgica (cf. Tabela 8)
** also X-ray curves (cf. Fig. 14a—¢) também curvas de Roentgengramas (cf. Fig. 14a—¢)
*#% also Electron micrographs (c¢f. Photos 9-12)/também micrografias eleirdnicas (cf. Fotos 9-12}
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Table 8 Mineralogical composition of the various granulometric separates

Depth  Heri-  goparate/fracdo > 80p Separate/fracdo 16-30
Samplet Symbol profan-  zon
amostra®  simbolo didade horie. Q K L Ht M Ch Q K L H Hd F M Ch

(cm) zonte

188-2 HG 20270 G, 73 10 12 5 47 10 16 15 12
190-2 LHG, ¢ 15-50 C,, 64 7 F=10 16 3 60 10 12 10 8
154-2 Sol, ¢ 2070 B, 60 10 12 15 3 61 7 100 8 8
175-3 Sol, ¢ 40-140 Bn, 71 10 8 8 3 64 8 10 10 8
1784 55-100 B,, 20 4 76 88 4 4 4
290-2 HPs, 0 7-25 A, 95 s 94 6

3204 RP1s 60-85 B, 90 10 92 8

96-5 GL 150-170 B,y 89 3 8 62 15 15 8
3024  RP-KYL,cr 500600 C 30 35 3s 18 45 30 7
233-3 KYLn 70-140 B, 88 4 8 86 5 6 3

3034 KYLm 95-150 B,, 65 23 7 Hd=S$ 10 77 5 8

3004 KYLm 150-250 B, 97 3 100

2104 KYLu 60-150 B, 75 18 7 17 69 6 8

Amorphous matter and heavy minerals (maximum 1 %) were neglected in the calculation of the minerals
{mentioned in %)/Material amorfo e minerais pesados {mdxime 1%) foram desprezades no cilcule dos
minerais, cujo resultado é dado em %}

3 ¢f. Table 7/cf. Tabela 7

Reference is made to the publication of CATE (1960). He studied, with both X-ray
and DTA, samples of all horizons of a very heavy textured and a very light textured
specimen of the soils under discussion, collected at Curud-una centre. This author also
arrived at about 80-85%; kaolinite in the subsurface and subsocil horizons, when

calculated on the clay fraction,

This description shows that the majority of the well-drained soils of the Amazon
Planicic have a subsoil horizon which constitutes a latosolic-B as described in 11.2.1.
The main Amazon Latosols fall into group /Ilc of the tentative scheme of Table 6
elaborated by the national Brazilian Soils Commission. This, because of the relatively
rather weak macro-structure of the soils, the slightly hard, to hard consistence
in part of the profile when dry, the textural differentiation within the profile, and
especially the composition of the clay fraction as expressed in the $i0,: ALO,:Fe,0,
molecular ratios.

The name ‘Rego-latosol” might be applied for this subgroup of Latosols. This name
is however misleading, because it implies relatively young age, without development of
definite genetic horizons. The soils under consideration, however, have a distinctly
zonal character. They are mature soils, because they are deeply and strongly weathered
and show definite profile development, although the transitions between the horizons
are diffuse or gradual {cf. DAY, 1961). In discussions within the Soils Commission, it

£
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Tabela 8 Composicdo mineraldgica das vdrias fracdes granuloméiricas

Separate/fragdo 2-16 ¢ Scparate/fragdo < 2
Q K L H Hd F M Ch Q K L H Hd F M It Sw €Ch
35 15 15 20 15+ 20 2 I 3 10 8 7
s 15 15 23 12+ 20 26 3 2 6 8 1
35 15 15 20 15* 20 25 3 20 10 15 7
37 14 17 17 15* 20 25 3 15 6 24 7
59 13 2 2 1 18 k) 25 35 6 3 2 10 18 3
9 ) 5 30 30 15 25
62 12 8 8 7 2 24 24 4 B8 7 33
15 56 12 It=S5 10 2 2 92 6
8 55 30 7 3 B85 4 8
3 2 7 3 84 s L] 3
Is 7n 4 10 2 8 3 5 5
68 14 l 3 12 6 84 5 5
20 63 12 5 3 80 7 5 k)

hQ ™ quartz/quartzo; K =~ kaolinite/caolinita; L = limoniie (goethite) fimonita (goethita}; Ht = hematite/
iemama,: Hd = hydrargillite/hidrargilita; F = [elspar;feldsparo; M = mica (illite)/mica (ifita); It =
.",‘_‘ermednatc (between kaolinite and illive)/intermedidrio (entre caolinita e ilital; Sw = swelling illite
Hita expansivel; Ch = chloriteiclorita

Some swelling illite included incluso alguma ilita expansivel

e

has already been agreed upon that such a term should be rejected. ‘Rego-latosol’ will
not therefore be used, and 2 new term is proposed in view of the extent of these
Latosols,

For full characterisation it is considered the best plan to use the term Kaolinitic
Yellow Latosol (KYL), since apparently the most common colour of the subsoil
horizon is of a yellow hue.

As mentioned, in transition areas to arid regions the colour tends to be of reddish
hue, and the base saturation may be medium. For the time being, the term Kaolinitic
Red Latosol (KRL) is applied in this case. Another name might however fit better,

The light and very light textured profiles must fall outside the Latosols, and belong
to the Acid Sands. Such profiles, as far as they occur on the Amazon Planicie, are
otherwise very similar to the Kaolinitic Yellow Latosols. Therefore, the term
Kaolinitic Latosolic Sand (KLS) is applied for those profiles that have less than 15%
clay in the B horizon.

Besides the typical Kaolinitic Latosols, there are in the Amazon Planicie comparable
soils, in which however several of the characteristics of a textural-B horizon (cf.
I1.2.1) are present. In this instance the names to be applied will be either: Kaolinitic
Yellow Latosol, intergrade to Red Yellow Pod:olic soil, or: Red Yellow Pod-=olic soil,
imergrade to Kaolinitic Yellow Latosol, depending upon the degree of presence of
these characteristics (for details ¢f. 111.2).
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11.2.3. Comparison with other Classification Systems

Important other systems for classification of red and yellow soils of tropical and
subtropical uplands have been developed for Africa.
A. The classification for French speaking African countries (AuBerT and DucHAu-
FOUR, 1956).
B. The classification for Angola, developed by Portuguese soil scientists (BOTELHO DA
COSTA ¢t al., 1959).
C. The classification for Congo, developed by Belgian soil scientists (Sys et al., 1961).
D. The classification for the soil map of Africa south of the Sahara (D"HOORE, 1959).

No attempt will be made to give a full comparison between the classification system
as developed in the U.S.A. and in Brazil, and those mentioned above. QOver-all
correlations are in execution, for instance by FAO for its ‘Soil map of the World’
program. Reference is made to the many comparative notes given by LEM0S, BENNEMA,
SANTOS et al. (1960) on the classification applied for Sio Paulo State.

In this publication, an attempt is only made to establish the place of the Brazilian
‘Latosols’, and more in particular of the Kaolinitic Yellow Latosol and the Kaolinitic
Latosolic Sand, in the African systems:

A. AuserT and DucHaurour (1956) distinguish Sols rouges méditerranés, Sols
Jerrugineux tropicaux (ou fersiallitiques) and Sols ferralitiques. The latter are charac-
terised by a ‘ferralitic’ B horizon, with individualisation of iron and aluminum, and are
about identical with the Brazilian concept of ‘Latosols’. Within the Sols ferralitiques
the following subgroups are distinguished:

L. Sols faiblement ferralitiques: Ki' 1.7-2.0
2. Sols ferralitiques typiques: Ki<<1.7
3. Sols ferralitiques humigues {ou huntiféres): more than 5% organic matter in the
A horizon
4. Sols ferralitiques & cuirasse en place: with hardpan of hard plinthite, formed in
flat terrain
5. Sols ferralitiques & cuirasse de bas de pente: with hardpan of hard plinthite, formed
at the foot of slopes

The sols faiblement ferralitiques are comparable with the Kaolinitic Yellow Latosol,
and perhaps also parts of groups 4 and 5. No special classification is given for the
sandy ferralitic soils.

B. The classification of BOTELHO DA COSTA e!f al. (1959) is comparable with the French
one. Distinguished are Solos tropicais semi-dridos, Solos fersialiticos tropicais and
Solos ferraliticos. The latter are approximately identical with the Brazilian concept
on ‘Latosols’. An exception to this is formed by a subgroup of the Solos ferraliticos

1) §i0,: Al O, ratio - sce before.

%
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which contains weatherable primary minerals, and is also called Solos pdra-sialiticos.
The subdivision of the Solos ferraliticos proper is as follows:
1. Solo psamo-ferralitico: sandy
2. Solo fortemente ferralitico or levi-ferralitico: not sandy, Ki <<1.33
3. Solo mediamente ferralitico: not sandy, Ki < 1.7
4. Solo fracamente ferralitico: not sandy, Ki 1,7-2.0

Presence or absence of hard plinthite, and possible humic character, appears only in
the lower categories of the classification.

It is apparent that the Kaolinitic Yellow Latosol is comparable with the Solo
[fracamente ferralitico, and the Kaolinitic Latosolic Sand with part of the Solo psamo-
Sferralitico.

C. The classification of Sys ef al. (1961) is rather different from the two mentioned
above. For his classification he discerns B textural, B structural and B de consistence,
which are defined as follows:

B textural: horizon of clay illuviation, which is at least one fifth heavier in texture than
the A and the C horizons, and has clay skins.

B structural: horizon which has no clay illuviation but nevertheless clay skins on an
appreciable part of the structure elements, and which has a firmer consistence than
the A and the C horizons,

B de consistence: horizon without clay illuviation or clay skins, but only with a firmer
consistence than the A and C horizons. It has a granular or weak to moderate sub-
angular blocky structure, and contains often round pseudo-concretions of clay.

This B de consistence is not identical with the ‘latosolic-B’ as described in I1.2.1; the
Latosols proper of the Congo are for a part described as A-C profiles. The B de
consistence seems to be identical with the transitional zone between the A and the
B horizon {Aj, B,), with stronger consistence, of some of the Brazilian Latosols (¢f.
ad Illc of Table 6 of 11.2.1, and 11.2.2).

Recently, Sys (1962) defined also a B ferralitique for the Congo. This one is almost, if
not quite identical with the latosolic-B of Brazil. In the same publication it is stated
that the B de consistence forms the upper part of some ferralitic-B horizons, and that
the Congolese ‘C’ horizon may form the lower part of this ferralitic-B horizon. The
B de consistence poudreux applied to the soil survey of Rwanda-Burundi (FRANKART,
HerpILLON and VERHOEVEN, 1962) is believed to be identical with the latosolic-B.

The Congo soils fall into two large groups, namely {/} soils from recent materials,
and (2) soils from non-consolidated kaolinitic materials. The second group, called
Sols climatiques, is divided into Kaolisols and Kaolisols lessivés. The former have a
B structural or B de consistence, the latter a B textural. The well-drained Kaolisols are
subdivided in hygro-, hygro-xero-, and xero-kaolisols. The hygro-kaolisols are found
under tropical forest, in regions with less than two dry months. The kygro-xero-
kaolisols are found under tropical savannah, in regions with more than two dry
months. Both groups are ferralitiques (largely kaolinite and sesquioxides in the clay
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fraction), and have a base saturation that is below 40-50%;; in part, they are humic
(humiféres)t. The xero-kaofisols occur in dryer regions. They are fersialitiques
(besides kaolinite also appreciable amounts of silicate clay minerals of 2:1 lattice
occur), have a B structural, and a base saturation that is above 40-509%,.

The subdivision of the hygro- and hygro-xera-kaolisols is according to the degree of
weathering of the kaolinitic material, and the texture. The subsoil horizon can be
Serrisolique or ferralsolique. Contrary to the ferralsolique horizon, the former has
either:

1. anappreciable amount of clay skins (more than 25%) on the horizontal and vertical
aggregate units, i.e. a B structural or

2. a silt/clay ratio larger than 0.2 or 0.15 (for sedimentary rocks and alluvia, re-
spectively igneous and metamorphic rock), or

3. more than 109, weatherable minerals in the fraction 50-250 micron.

Three main groups within the hygro- and hygro-xero kaolisols emerge, namely:

L. Ferrisols. These are ferrisolique; gibbsite may be present in small amounts;
amorphic gels of silica and aluminum are present in appreciable amounts.
2. Ferralsols. These are ferralsolique, and have more than 209 clay in one of the
horizons above 1 m depth. Gibbsite is often present; small amounts of amorphic
gels of silica and aluminum only in a few cases.
3. Arenoferrals. These are ferralsolique and have less than 209, clay in the horizons
above 1 m depth.

It is evident that of the hygro- and hygro-xero-kaolisols the ones that are ferrisolique
fall outside the concept of soils with a ‘latosolic-B™ horizon (¢f. I11.2.1). The Ferralsols
are however comparable with the Brazilian Latosols, and the greater part of the
Arenoferrals is comparable with the Latosolic Sands. The Ferralsols and Arenoferrals
are not subdivided systematically according to the composition of the clay fraction
{no data on the Si0,: AL,O,: Fe,0; molecular ratios). Among the various Ferralsols
(e.g. JONGEN and JAMAGNE, 1959; Sys, 1960; in the Jatter publication all the Ferralsols
described have a B de consistence, and the Arenoferrals A-C profiles), the Kaolinitic
Yecllow Latosol is most similar to the Ferralsols des plateaux du type Yangambi and
the Ferralsols des bas-plateaux de la Cuvette Congolaise. The Kaolinitic Latosolic Sand
is similar to the Arenoferrals des plateaux du type Salonga.

The similarity in morphometric field characteristics between the Amazon Kaolinitic
Yellow Latosol and the Ferralsols of Congo, more in particular those of Yangambi,
was already noted by D’HoORE and TAVERNIER on recent visits to Amazonia. The
Fe,0,/clay ratios of the Yangambi soils are approximately identical with those of the

1) Recently, the kaolisols humiféres, occwrring in mountain areas, have been set apart
from, and placed at the same level as the hygro-kaolisols, the hygro-xero-kaolisols and the
xero-kaolisols (Sys, 1962).

in
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Kaolinitic Yellow Latosol and the Kaolinitic Latosolic Sand, but their cation exchange
capacity seems to be considerably higher (10-15 m.e./100 g clay; ¢f. DE LEENHEER,
D'HoOORE and Svs, 1952, p. 37-41, and Svs, 1960, p. 74).

D. Recently, several drafts have been prepared for a general soil map of Africa, by
the Inter-African Pedological Service of the Commission for Technical Co-operation
in Africa south of the Sahara (C.C.T.A.). D’HooRE (1960), in explaining the legend of
the third draft of this map, distinguishes: ‘ferruginous tropical soils’ (or fersialitic
soils), ‘ferrisols’ and ‘ferralitic soils.” The classifications mentioned above are therefore
combined to a degree. '

His ferralitic soils, which closely resemble the sols ferraliriqgues of AUBErT and
DucHAUFOUR, the solos ferraliticos of BoteLHO DA costa, and the Ferralsols +
Arenaferrals of Sys, are comparable with the Brazilian Latosols. D"HOORE's criteria for
subdivision of the ferralitic soils are not specifically the composition of the clay
fraction, but more the colour of the soil and the parent material.

The Kaolinitic Yellow Latosol is believed to compare most closely with his mapping
unit Kb: ‘ferralitic soils with yellow-yellowish brown as dominant colour, and de-
veloped on unconsolidated, more or less clayey sediments’. The Kaolinitic Latosolic
Sand is the most like the mapping unit Ka: ‘ferralitic soils, with yellow-yellowish
brown as dominant colour, and developed on unconsolidated sandy sediments’.

I1.3 Plinthitic Soils

IL3.1 Origin of Plinthite

For the benefit of the following discussion plinthite will be subvivided into two
groups, namely:

Soft plinthite {mottled clay, Fleckenzone, argile tacheté, horizon bariolé):

A layer of soft (i.e. cuttable with knife), dense, usually clayey, humus-poor mineral
material with many, coarse, prominent mottles. The mottles are red or purplel, often
with admixture of some yellow, and occur in a white or light grey matrix. In case of
predominance of the reddish, the situation may be described as the occurrence of white
and some yellow mottles in a red or purple matrix. The pattern of mottling is varying.
It may be reticulate (polygonal), prismatic (vesicular) or platy (laminar). The centres
of the red or purple parts are often indurated to some extent.

Hard plinthite (iron concretions, Eisenkruste, laterite, cuirasse, ferruginous quartzite,
canga, picarra): A slag-like (i.e. only breakable with hammer), humus-poor mineral

1) Actually usually weak red in the Munsell notation.
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material,- apparently largely consisting of indurated iron oxides; a§' well as the earth’
between this material, if present. The indurated elements vary in colour (red to black),
size (from fine gravel to enormous boulders and crusts), shape (pisolithic, platy,
prismatic, massive, vesicular), grainage (fine to very coarse elements, usually of
quartz, around which the sesquioxides are cemented), and arrangement (vertical,
horizontal, irregular).

These two names will also be placed, between square brackets, after relevant terms
in the literature referred to befow.

According to HARRASSOWITZ (1926, 1930), a fully developed ‘laterite profile’ should
consist of the following sequence:

1. Eisenkruste (Zellenlaterit): ironstone crust, ie. indurated, slag-like, porous
sesquioxide [hard plinthite]
2. Anreicherungszone (Fleckenzone): enrichment zone, mottled zone [soft plinthite]
3. Zersatzzone (Bleichzone): dissolution zone, grey zone
4, Frisches Gestein: parent material... .

As already mentioned in I1.1, HARRASSOWITZ took it as proven that the concentration
of iron and aluminum occurs at the soil surface, due to evaporation after transport of
sesquioxide-rich soil water by capillary rise from the grey zone. He therefore assumed
that laterite [plinthite] formation does not, at least not fully, take place under tropical
rain climate or even monsoon climate, but requires a savannah climate. The laterite
[plinthite] would not even be able to support tropical forest, due to the crust for-
mation { Waldfeindiichkeit).

MARBUT (1932), however, observed in the Amazon valley that the HARRASSOWITZ
sequence, if occurring, is found below soil material. He noted the following succes-
sion;
nr. 1:soil, nr. 2: iron oxide layer, porous and slag-like {hard plinthite}, nr. 3: mottled
layer [soft plinthite], nr. 4: grey layer, nr. 5: unconsolidated clay and sand.

The second! layer is often lacking. The soil above the zone of iron concentration is al-
ways ‘podzolized’, in the sense that it has a relatively light coloured and light textured
surface layer (A horizon), rich in 8i0,. MARBUT concluded from extensive field
observations throughout the valley that the HARRASSOWITZ profile is due to a process
of segregation which takes place at shallow depth below the surface, under the influen-
ce of ground water, and may be followed by the erosion of the overlying soil material.
The layers of sesquioxide accumulation and induration: mottled zone [soft plinthite)
and crust {hard plinthite], constitute essentially one horizon which develops at the
surface of the ground water. The thickness of the horizon depends largely on the
width of the zone over which the ground water surface fluctuates during the year.

") In the publication concerned actually is written fourth, From its context il becomes,
however, apparent that MagBUT must have meant the second layer, Writing or printing
errors are common in that paper. They may have contributed considerably to the confusion
which subsequently arose on the subject.

»
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According to MaRBUT, if the zone of fluctuation is deep no sesquioxide accumulation
takes place, because of a restriction in the access of atmospheric oxygen. The crust
[hard plinthite] develops in the top of the horizon where the mottled material [soft
plinthite} outcrops owing to erosion of the surface layer or at escarpments, or where
the material occurs below a shallow layer of sandy soil material. Crusts [hard plinthite]
on dissected plateaux which nowadays have no shallow ground water level, are con-
sidered to be fossil, and the relics of a mottled zone [soft plinthite] which developed
before relative raising of the terrain.

With his observations made in regions with a tropical rain climate, and in agreement
with this concept of the development of the crust, MARBUT found no reason to believe
that a climate with alternate wet and dry seasons was a requisite. Moreover, he argued,
with the help of ficld observations, that formation of such a crust through capillary
rise and evaporation at the surface in any case is highly improbable. That such a pro-
cess is also difficult to assume for purely physical reasons, was afterwards discussed by
Monr and van Barew (1954, p. 371). MARBUT concedes that ‘the horizon of iron
oxide accumulation and induration may develop at the surface, but only in the evident-
ly rare case when the ground water surface lies at the earth’s surface’.

Since MARBUT's observations, many ficld and laboratory studies have been published
on the subject. Many of them are in agreement with MARBUT's conclusions. THORP
and Barpwin (1940), for instance, adducing evidence from China and Thailand, are
convinced that the BUCHANAN’S laterite [soft plinthite] develops in the lower part of a
soil called ‘Ground Water Laterite’. This soil evoluates under intermittently shallow
ground water level, by transport of iron compounds from superficial horizons (A ho-
rizon) downward to the subsoil (B horizon) where they form reddish mottles that har-
den on exposure. They give a picture of how bleaching of the superficial horizon
occurs in such soils (‘podzolisation’, ‘lixiviation’). They also state that ‘erosion and
exposure of the laterite [soft plinthite] horizon is the true explanation of the origin of
the much discussed laterite crusts [hard plinthite]".

PrescotT and PeNDLETON (1952), basing their conclusions mainly upon Australian
occurrences, state: “the evidence, therefore, is that laterite [hard plinthite] is essential-
ly the exposed illuvial horizon of an ancient soil’. They consider it likely that the con-
centration of iron in the zone of fluctuating ground water is due to both downward
movement from eluvial surface horizons, and the carrying upwards with a rising water
table from the grey zone (for which latter they prefer the term “pallid” zone). Practically
all laterite crusts [hard plinthite] in Australia are considered to be fossil and of Late
Tertiary age. They are believed to have been formed when climatic and geomorpholog-
ic conditions were different from the present day ones.

As regards Africa, a very extensive study of plinthitic materials (zones de accumulation
de sesquioxides), their different mode of formation, and their classification in a genetic
system, is given by D'Hoore (1954). According to him, the accumulation of sesqui-
oxides followed by hardening can be relarive or absolue. The former is a carrying off
(leaching) of other constituents, principally of Si, from the horizon concerned, whilst
the latter is an addition of sesquioxides into the horizon. The addition of sesquioxides

97



at the absolute accumulation is believed to take place predominantly downward, by
soil solutions that pass vertically (in the profile) or laterally (along slopes), while some-
times Fe is added by flooding water. The first movement gives the cwirasse de ’horizon
B et Nhorizon gleyifié, the second the cuirasse de basse pente or cuirasse de nappe. The
flooding gives the cuirasse de galerie,

A similar classification is applied by MaionieN (1958). He supposes that Al accumul-
ation horizons (bauxite horizons) generally belong to the relative ones, since Al is con-
sidered to be principally a residual material, and that Fe (and Mn) accumulation hori-
zons are usually absolute. For West Africa, plinthite formation is thought to be great-
est in the transition zone between tropical rain forest and desert, where it is practically
independent of the parent rock. MAIGNIEN states also ‘les cuirasses [hard plinthite]
§s'édifient normalement & linterieur des profils. La mise d U affleurement se fait par érosion
hydrique qui décape les horizons meubles de surface. Une cuirasse affleurante est Ia partie
supérieure d’un profil tronqué. Elle représente un stade senil d’évolution,’

The most recent publication on plinthite is the review by SIVARAJASINGHAM, ALEXAN-
DER, CADY and CLINE (1962). They give also a picture on the chemistry and the minera-
logy of sesquioxide concentration and hardening,.

I1.3.2, Plinthite in Amazonia

Since the observations of MARBUT, a few geographers’ descriptions have been publish-
ed, in Portuguese, on lateritic crusts [hard plinthite] in Northern and Central Brazil
(for instance GUERRA, 1953, 1954). But there has been no large-scale checking or ela-
boration of MaRBUT’s findings. A detailed report on the widespread occurrence of
plinthitic materials in Amazonia, and a discussion in relation to soil classification, is
therefore thought to be useful, also in view of the fact that around the world stifl
relatively few complete data about ‘Ground Water Laterite” soil are reported.

The formation of plinthite in Amazonia takes place predominantly on flat land sur-
faces with a cover of unconsclidated sediments of Tertiary or Quaternary age, There
are also a number of argas with Paleozoic-Mesozoic outcrops or peneplained Pre-
Cambrian crystalline basement which show formation of the material. As will be
demonstrated in the following, the Amazon plinthite formation is, with few exceptions,
of the type called accumulation absolue by D"HOORE (1954), more especially the forma-
tion of cuirasses de I'horizon B et I'horizon gleyifié. A fluctuating ground water level, or
pseudo ground water level, is indeed essential for the formation of by far the majority
of the plinthitic materials of Amazonia,

Only a few instances were encountered in which a fluctuating ground water level may
not be an essential factor in plinthite formation. This concerns consolidated sediments
(¢f. Profile descriptions 35 and 41, and the notes on Non Calcic Brown-like soil,
Gravelly phase and Acid Brown Forest-like soil, Gravelly phase in I11.2.), The plin-
thite formation in these instances, which will not be further discussed, probably falls
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under D’HOORE’s accumulation relative. It may be a feature of a general weathering
process in the tropics under conditions of good drainage.

The possibility of accretion, without a fluctuating ground water table proper, of fossil
plinthite layers in areas of unconsolidated sediments was suggested in one instance

(cf. page 115).

I1.3.2.1 Plinthite-in-formation

The presence of a relatively shallow and fluctuating ground water level, or pseudo
ground water level or saturation zone, is frequent in Amazonia because of various
factors. There is a large expanse of flat land surfaces, which are moreover low lying
with regard to the local drainage levels: areas belonging to the Early Tertiary (?)
peneplanation surface, sections of the Plio-Pleistocene planalto, portions of the Late
Pleistocene terraces, and the Early Holocene terrains. There are, in many places, tem-
porary difficulties in the discharge of the rain water, due to scasonally high water level
of many of the rivers and yearly peaks in rainfall distribution in a large part of the
region. It may be noted that fluctuations of the ground water level are not necessarily
linked to the occurrence of wet and dry seasons. Such fluctuations are also governed
by differences in lateral drainage possibilities that are linked with seasonal differences
in water discharge of the river system in the area. In many parts of Amazonia, this
discharge is determined more by the amount of water drained from the Andes and
Central Brazil, which has a large seasonal variation, than by the rain falling in the
region itself. Another factor which favours the occurrence of shallow ground water
levels is the presence, at a number of places, of shallow-lying impervious layers, for
instance hard sand stone or fossil hard plinthite (¢f. 1.4.5).

The absence of any enrichment of the above mentioned flat land surfaces through the
deposition of sediments of flooding, of volcanic ashes or of other windborne material
is noteworthy (¢f. SaAkaMoT0, 1960). This absence is another condition favouring the
formation of plinthite, which is essentially a highly weathered material.

FORMATION OF PLINTHITE BELOW OR IN THE LOWEST PART OF THE SOLUM

At several places, notably where light textured, loose sediments form the cover of the
land, it was observed that plinthite is formed in a zone of fluctuating ground water
level which is relatively deep below the surface (arbitrarily deeper than two metres). In
these instances, the solum proper of the soil profile is normally not affected by this for-
mation. The soil is well or moderately well drained, and constitutes for instance a
Kaolinitic Yellow Latosol. The zone of fluctuating ground water level is, apparently,
too deep to hamper full activity of roots and seil fauna, which should help to form and
maintain the latosolic profile as it is.

Such a situation was observed in several parts of the relatively low uplands that may
be found in the Estuary region (predominantly Epi- and Late Monastirian terrace
levels, ¢f. 1.4.3). The fluctuations in the ground water level in these parts are largely
determined by tidal movements, which take place at 2 to 5 m below the surface. On
cliff faces, the soft plinthite formed in the fluctuation zone becomes exposed at low
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tide, The hardening relics, which in loco usvally have a vesicular-reticulate form, are
often found on the beaches. They have a black surface due to the action of the estuary
water (pedra preta of Soure, Mosqueiro and other places; Amapd town; ¢f. the notes
of MarsuUT and ManiFoLD, 1926, p. 434). The following short profile description
illusirates such a situation;

Profile 1. (KaoLinimic YELLow LatosoL, medium textured — over plinthite-in-formation)

Field description 185A (Sombroek)

Marajbé-island, Soure, river ¢iiff

Terrace 2-3 m above high water level (fluctuations in water level are 2-3 m, largely due to tides).

A, 0-25 em: Dark brown (I0YR 3/3) light sandy loam. Many roots, many pores. Transition
gradual.

A, 25-70 em: Yellowish brown (10YR 5/6} sandy loam. Many roots, many pores. Transition
gradual to diffuse.

By,  70-150 cm: Brownish yellow (I0YR 5/8) light sandy clay loam. Common roots, many pores.
Transition diffuse. ’

B.y 150-210 cm: Reddish yellow (7.SYR 7/8) sandy clay loam. Common roots, many pores.
Transition gradual.

Cyg 210-260 e¢m: Pale yellow (2.5Y 8/4) light sandy clay loam, with common medium sized
distinct mottles of white (2.5Y 8/2) and red (2.5YR 5/8), especially in the lower part. Transition
gradual.

Cyy  260-350 + em: White (10YR 8/1} light sandy clay, with many coarse prominent mottles of
red (10R 4/6) and some yellow (10YR 7/8) and pink (SYR 7/4), the latter especially in the
lower part; mottling is in a vesicular to coarse prismatic pattern, On the cliff face itself the red
parts are hard (hard plinthite), but in from the bank the whole horizon is soft except for some
tiny centres in the red (soft plinthite).

In this case, the plinthite formation is more a geological than pedolgiocal process.
Most probably, there is no transport of sesquioxides and/or clay sized particles from
the upper 200 cm. to the horizon of plinthite formation.

Similar horizons of soft plinthite are reported to occur sometimes in the B; and C
horizons of a few soils of Rio de Janeiro and S3o Paulo States which are comparable to
the Kaolinitic Yellow Latosol {(¢/. BARROS, DRUMOND, CAMARGO ef al., 1958, p.
289; LEmos, BENNEMA, SANTOS et al., 1960, p. 389). ’

FORMATION OF PLINTHITE WITHIN THE SOLUM: GROUND WATER LATERITE S01LS

The formation of plinthite nearer the surface was observed in many places. These are
terrains with an imperfect drainage, on which the zone of fluctuating ground water
level is shallow (arbitrarily at less than two metres depth). In these instances this zone
is shallow enough to restrict the activity of roots and soil fauna. No full homogenisa-
tion, which usually would result in Latosol formation, is therefore possible. Clay-sized
particles and sesquioxides are carried downward to the horizon of plinthite formation.
The latter, in effect, now forms the B horizon of a pedological profile. The Ground
Water Laterite soil profile proper, as defined by MARBUT and successors, develops.
- The first large expanse of these soils was observed by Day (1959)in the Cacté-Mara-
cassumé area. Afterwards, Ground Water Laterite soils were found to occur also in
many parts of the Lower Amazon region and on the Island of Maraj6 (Day, 1961;
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SOMBROEK, 1962b). Scattered observations elsewhere led to the conclusion that the soil
is very common throughout Amazonia, often associated with areas of natural savan-
nah or savannah-forest (¢f. 1V.1.2.2). Several phases of the soil, and intergrades of it to
other soils, have been distinguished to date. A picture about the variability in the pro-
file characteristics may be obtained from the following short descriptions, partly based
on profile pits and partly on augerings. Most of these profiles were analysed. The ana-
lytical data that are thought to be of importance for the classification of the soils are
given in Appendix 9.

Above each profile description the provisional classification, as used in the survey re-
ports, is printed between brackets. In this publication, no attempt will be made to give
an elaborate scheme for classification of the various Ground Water Laterite soils. It is
evident, however, that the described profiles all come outside the Latosol or the Oxisol
Order, because the plinthitic horizon has many of the characteristics of the ‘textural-
B’, ¢.q. the ‘argillic horizon®. The soils seem to constitute, in fact, a kind of imperfectly
drained phase of the Red Yellow Podzolic soils. Many of them probably come under

Foto 13 O perfil de um solo Laterita Hidro-
morfica. Claremente visiveis sdo o horizonte-A,
colorido de humo, o horizonte A, arenose branco
€ o horizonte B densa e de textura pesada de
‘plinthite’ macio, com seus numerasos mosquea-
dos grossos & prominentes de matiz vermelha
muma matriz de cinzento claro. Neste perfil os
mosqueados tém padrdo reticular. Por causa do
cardter muito alvejado de horizonte A,, o perfil
clussifica-se entre o chamado solo Laterita Hidro-
mdrfica, fase Baixa (fotografia Mr. Th, H. Day)

Photo 13 The profile of a ground Water Laterite
soil. Clearly visible are the humus stained A,
horizon, the white sandy A, horizon, and the
dense, heavy textured B horizon of soft plinthite,
Wwith its many coarse and prominent motties of
red hue in a light grey matrix. The mottles have
a reticulate pattern in this prefile. Because of
the strongly bleached character of the A horizon,
the profile falls under the so-called Ground
Water Laterite soil, Low phase {Phato by Mr.
Th. H. Day)
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the *Ultisols’ of the VIIth Approximation, more especially the Gehraquultic Plinta-
quults (SOIL SURVEY STAFF, 1960, p. 226-227). The Ground Water Laterite soil, Low
phase seems to be identical to the ‘Gray Ferruginous soil’ as defined in the Multilin-
gual Yocabulary of Soil Science (JACKS, TAVERNIER and BoaLcH, 1960).

Profile 2 (Grounn WATER LATERITE soil, medium textured phase)

Field description 124 (Day, Sombroek)

Lower Amazon tegion, 20 km NNW of Prainha (Lat. 1°.48'S; Long. §3°.40'W)

Flat; remnant of terrace ca. 50 m above local rivulet. Imperfectly drained because of impervious layer
of fossil plinthite at shallow depth (outcropping at sides); upper phreatic level - ? m, lowest phreatic
level below —1.1 m. Early Pleistocene sediments. Grasses and scattered shrubs; yearly burned.
Surface strewn with platy slabs of hard plinthite, stratified coarse and fine grained.

Ay  0-10 em: Yellowish brown {10YR 5/4) light fine sandy loam,

A,  10-30 cm: Brownish yellow (10YR 6/6) fine sandy loam.

B,y 30-60 em: Reddish yellow (SYR 6/8) finc sandy clay loam, with few to common medium sized
prominent mottles of weak red (7.5R 4/4); also some white spots. About 159 small (2-3 cm)
coarse grained plinthite concretions.

By 60-110 + cm: Light reddish brown (SYR. 6/4) clay, with many coarse prominent motties of
dusky red (7.5R 3/4), strong brown (7.5YR 5/8) and light grey (N7/0).

Profile 3 (GROUND WATER LATERITE soil, medium textured phase)

Field description 136 (Day, Sombrock)

Lower Amazon region, 5 km E of Terra Santa (Lat. 2°.07'S; Long. 56°, 27'W)

Extensive flat terrain, 1-2 m above local river high water level, Imperfectly drained; upper phreatic
level — 7 m, lowest phreatic level below —2.3 m. Early Holocene sediments. Grasses and paiches of
low trees; yearly burned.

A, 0-10 em: Dark grey brown (10YR 4/2) very friable fine sandy loam, with a few fine faint
mottles of strong brown (7.5YR 5/8). Transition clear.

Ay 10—40 c¢m: Brownish yellow (10YR 6/8) friable fine sandy clay loam, with a few fine distinct
motttes of grey (I0YR. §/1). Transition clear.

B,y 40-150 cm: Reddish yellow (5YR 6/8) firm fine sandy clay, with many coarse prominent mottles
of red (2.5YR 5/8). Within the red some dusky red hardening centres. Transition diffuse.

B,y 150-225 + em: Light red (2.5YR 6/8) firm fine sandy clay, with many coarse prominent
mottles of light grey (N 7/0), Within the light red several dusky red, hardening centres.

Profile 4 (GroUND WATER LATERITE s0il, Low phase)

Field description 269 (Sampaioc)

Lower Tocantins, 2 km E of Curugambaba (Lat. 2°.9'S; Long. 49°.17'W)

Extensively flat; terrace, 8 m ca. above local river level. Imperfectly drained; upper phreatic level
+0.2 m ca. (rain water), lowest phreatic level below 3.3 m. Late Pleistocene sediments, Grasses
and scattered low trees and palms; yearly burned.

A, 0—40 em: Very dark grey (N 3/0) very friable light sandy loam. Transition gradual,

A,  40-100 cm: White (10YR 8/1) friable sandy loam. Transition clear.

ABy 100-150 em: White (I0YR 8/1} friable light sandy clay loam, with few to common medium
sized distinct mottles of strong brown (7.5YR 5/8). Transition gradual.

Bug  150-220 em: White (10YR 8/1) firm clay loam, with many fine distinct mottles of yellowish
red {5YR 4/8) and reddish yellow (7.5YR 6/8). Within the red very small hardened nodules.
Transition gradual.

By 220-330 + em: Red (.5YR 4/8) firm light clay loam, with many medium sized prominent
mottles of white (I0YR 8/1) and reddish yellow (7.5YR 7/8). Within the red small hardened
nodules,

*
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Profile § (GroUND WATER LATERITE s0il)

Field description 96 (Day)

Cacté-Maracassumé area, Piria river (Lat. 1°.32'S; Long. 46°.27'W)

Flat terrace, some metres above local river level. Imperfectly drained; upper phreatic level - 7 m,
lowest phreatic level below —3.0 m. Pleistocene sediments. Young secondary forest.

Ap  0-15 em: Yery dark brown (10YR 2/2) very friable loamy sand. Structureless, or weak medium
sized granular. Transition gradual and smooth.

A, 15-70 cem: Dark greyish brown (10YR 4/2) friable sandy loam, with & few fine faint mottles of
brown (10YR 6/8). Weak coarse angular blocky. Transition gradual and smooth,

Ay 70-110 em: Yelowish brown (10Y R 5/6) friable sandy loam, with common medium sized faint
mottles of light yellowish brown (2.5Y 6/4) and reddish yellow (7.5YR 7/8). Very weak coarse
angular blocky.

AB  [10-120 em: Heavy sandy loam. Transition zone,

Byg  120-140 em: Yellow (2.5Y 7/6) firm light sandy clay loam, with many medium sized distinct
mottles of red (2.5YR 5/8). Weak very coarse subangular blocky. Transition abrupt and
smooth.

Byug 140-150 em: Gravelly light sandy clay loam, with same colours as By, 50-75% quartz
pebbles {1-3 cm diam.). Transition abrupt and smooth.

11 B,y 150170 + em: White (10YR 8/1} firm heavy sandy clay loam, with many coarse prominent
mottles of red (10R 4/6). In the red some dusky red hardening nodules.

Profile 6 (GrRouND WATER LATERITE soil, intergrade to GrRey HYDROMORPHIC s0il)

Field description 83 (Day)

Caeté-Maracassumé area, Maracassumé river (Lat. 1°.40°S; Long. 45°.52'W)

Flat; terrace, some metres above local river level. Imperfectly drained; upper phreatic level probably
+ 0.2 m ca., (rain water), lowest phreatic level probably —2.0 m. Shallow Pleistocene sediments
over Pre-Cambrian granitic rock. Grasses.

A;  0-5 cm: Pale brown (10YR 6/3) loose sand. Single grains. Transition abrupt and wavy,

An  3-15 em: White (I0YR 8/2) ioose sand. Single grains. Transition clear and wavy.

Ay, 15-30 em: Yellow (10YR 8/6) very friable to loose sand, with common fine distinct mottles of
reddish yellow (7.5YR 6/8). Weak coarse angular blocky. Transition clear and wavy.,

(0)B,g 3040 c¢m: Pale yellow (2.5Y 8/4) firm sandy loam, with many coarse distinct mottles of
reddish yellow (7.5YR 6;8). Weak to moderate coarse subangular blocky. About 57 small
(1-2 ¢m diam) plinthite concretions. Transition clear and irregular.

(DB 40-700 cm: White (N 8/0) firm heavy sandy clay loam, with common coarse prominent
mottles of red (2.5YR 4,8). Moderate to strong medium sized columnar.

(INB,; 100-140 + cm: White (N 8;0) firm light loam, with many coarse prominent mottles of reddish
yellow {7.5YR 7/8). Throughout the B horizon a few medium sized (3-5 ¢m diam.) angular
stones of quartz and grano-diorite (7).

Pl:oﬁlc 7T (GROUND WATER LATERITE 50il)
Field description 162/173 (Day, Sombroek)
C/. 112, Profile 43,

Pl:oﬁle 8. (GroUND WaTER LATERITE s0il}

Field description 199 {Day, Sombroek)

G!larné-lmperatriz arca, km 129 E (Lat. 2°.45'S, Long. 47°.25'W)

Slightly dipping part of extensive terrace, 50 m ca. above Jocal rivulet level, Micro-reliel of kaww/oe-
toes'. Imperfectly drained; upper phreatic level +0.5 m ca. (rain water), lowest phreatic level below

1) Also called *pocket’ micro-relief (Day, 1961), or canaleres (SomBROEK and Sampalo,
1962).
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—1.5 m. Plio-Pleistocene lacustrine sediments (Belterra clay), reworked during Early Pleistocene.
Shrubby low forest,

A, 0-Fcm: Light grey (L10YR &/1) friable clay. Moderate fine subangular blocky. Transition clear.

Ay  3-20 em: White (10YR 8/2) friable to firm heavy clay, with many fine faint motties of brownish
yellow (10YR 6/8). Moderate to weak medium sized subangular blocky. Transition gradual.

By  20-100 cm: White (10YR. §/1) firm heavy clay, with many medium sized prominent mottles of
red (2.5YR 4/8) and some yellow (10YR 7/8), Maoderate to weak medium sized subangular and
some angular blocky; tendency to platy. A few faint clay skins. Transition gradual.

Byy J100-130 + cm: Red (2.5YR 6/8) very firm heavy clay, with many medium sized prominent
mottles of white (10YR 8/1) and some yellow (10YR 7/8).

Profile 9 (GROUND WATER LATERITE soil}

Field description 214 (Sombrock, Sampaio)

Guama-Tmperatriz area, km 252 (Lat. 3.42'S; Long. 47°.29°'W)

Slightly dipping part in almost flat terrain; terrace 5 m ca. above local river level. Imperfectly drained;
upper phreatic level —=? m, lowest phreatic level below —1.5 m. Late Pleistocene sediments. High
forest, of low timber volume.

A,  0-5 ¢m: Brown (10YR 5/3) very friable fine sandy loam. Weak medium to fine subangular
blocky. Transition clear.

A;  5-40 em: Very pale brown (10YR 7/4) firm fine sandy clay loam, with common - in lower part
many — fine distinct mottles of strong brown (7.5YR 5/8). Moderate medium sized subangular
blocky. Transition clear.

B,y  40-80 em: White (10YR 8/2) very firm clay, with many fine to medium sized distinct mottles of
strong brown (7.5YR 5/8) and light red (2.5YR 6/8). Weak to moderate coarse angular blocky.
Common faint clay skins. About 10%; rather soft, only partly loose plinthite concretions,
small (0.5-2 ¢cm diam.), rather fine grained and dark reddish brown (2.5YR 3/4) or red (2.5YR
4/8}. Transition gradual,

B,y 80-150 + cm: White (2.5YR 8/2) very firm clay, with many coarse distinct to prominent
mottles of light red (2.5YR 6/8) and some yellow (10YR 7/8). Massive, to weak coarse angular
blocky.

Profile 10 (GrRoUND WATER LATERITE s0il, light textured phase — intergrade to KaoLiNiTic LaTosoLic
SAND); (SANDY GROUND WATER LATERITE 50il)

Field description 151 (Sombroek)

Marajé island, 40 km N of Muani (Lat. 1°.09°S, Long. 49°.11'W)

Ridge-like terrain fZeso ), 1-2 m above submergeable lowland. Imperfectly to moderately well-drained;
upper phreatic level -1.7 m ¢a,, lowest phreatic level —2.5 m ca. Late Pleistocene sediments. Grasses
and scattered low trees and paims; yearly burned; fertilized.

An  0-20 em: Grey (10YR 6/1} loose fine sand. Single grains. Transition graduval.

Ayg  20-70 em: Dark grey brown (I0YR 4/2) very friable fine sand. Structureless, to weak fine
crumbly. Transition gradual.

As 70-140 em: Pale yellow (2.5Y 7/4) loose loamy fine sand, Transition gradual.

By  140-170 cm: Brownish yellow (10YR 6/8) loose loamy fine sand, with common medium sized
distinct mottles of red (10R 5/8). A few small hard plinthite concretions. Transition gradual.

Bag 170-200 em: Red (2.5YR 4/8) loose loamy fine sand, with many coarse distinct mottles of
brownish yellow (10YR 6/8). Transition gradual.

Byy 200-230 cm: White (N 8/0) loose loamy fine sand, with many medium sized distinct mottles of
light red (2.5YR 6/8) and yellow (10YR 7/B). Transition gradual. '

Cy  230-325 + em: White (N 8/0) loose fine sand.
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Profile 11 (GRoOUND WATER LATERITE soil, heavy textured phase); (GROUND WATER LATERITE soil,
Humic phase)

Field description 157 (Sombroek)

Marajo island, 40 km N of Muand (Lat. 1°.09'S; Long. 49°.11'W)

Flat terrain. Imperfectly to poorly drained; upper phreatic level +0.5 m (rain water), lowest phreatic
level -3.0 m ca. Early Holocene (?) sediments. Grasses, scattered low trees and palms.

A, 030 ¢m: Black (N 2/0), very friable humic clay loam. Strong fine granular. Transition gradual.

Ay 30-60 em: Light grey (10YR 7/1) firm clay, with a few fine distinct mottles of reddish yellow
(7.5YR 6/8). Transition gradual.

By  60-270 em: White (N 8/0) very firm clay, with many coarse prominent mottles of dark red
(7.5R 3/6) and some yellow (10YR 7/8). Throughout the horizon in the dark red many small,
dusky red and half hard nodules.

Note: A similar profile in the neighbourhood showed in the B, the following structure: Weak 1o moderate
coarse prismatic, breaking into strong coarse subangular blocky, Presence of clay skins.

Profile 12 (GrOUND WATER LATERITE 80il, intergrade to KaoLINITIC YELLOW LATOSOL, Or reverse)
Field description 317 (Sombroek, Falesi)

Porto Velho, km 72 of BR-29.

Extensive flat terrace, 10 m above local rivulet level. Imperfectly to moderately well-drained; upper
phreatic level 1.0 m ca., lowest phreatic level below —2.0 m. Plio-Pleistocene lacustrine sediments
(Belterra clay). Low forest with many creepers.

A, 0-13 ¢m: Greyish brown (10YR 5/2} friable light ¢lay. Moderate fine to medium sized subangu-
lar blocky. Transition clear.

A, 10-60 em: Light olive brown (2.5Y 5/4) friable clay. Moderate medium sized subangular
blocky. Transition diffuse.

B, 60-100 cm: Light yellowish brown (10YR 6/4) friable to firm clay. Weak to moderate medium
sized subangular blocky. Transition gradual.

By,  100-150 em: Light yellowish brown (10YR 6/4) firm clay. Weak to moderate medium sized
subangular and angular blocky. Common faint clay skins, Scattered (2%7) small (1 ¢m diam.)
fine grained dark reddish brown (2.5YR 3/4) rather soft plinthite concretions. Transition
gradual.

Byg 150-200 + cm: Pale yellow (2.5Y 7/4) firm clay, with many medium sized prominent motiles
of dusky red (10R 3/4) and some dark reddish brown {2.5YR 3/4), yellowish brown (I10YR 5/8)
and white (N 8/0). Moderate medium sized to coarse angular and subangular blocky, with -
tendency to prismatic. Common faint clay skins.

Profile 13 (GroUND WATER LATERITE soil, intergrade to Low Humic GLEY soil)

Ficld description 146 (Sombrock)

Lower Amazon region, 20 km S of Prainha (Lat. 2°.02'S; Long. §3°.30'W)

Patch of low upland (tese), 0.5 m above high water level, within floodplain, Imperfectly drained;
upper phreatic level 0.0 m ca., lowest phreatic level about -3.0 m ca. Early Holocene (7) sediments,
Grasses, scattered high trees. :

A, 0-10 cm: Dark grey (10YR 4/1) loamy fine sand. Transition clear.

A, 10-25 em: Light grey (10YR 6/1) loamy fine sand, with few fine faint mottles of reddish yellow
{7.5 YR 6/8). Transition clear,

AB; 23-60 cm: Light grey (10YR &/1) fine sandy loam, with many medium sized distinct to pro-
minent mottles of yellowish red (SYR 5/8). Transition gradual.

By  60-225 4+ c¢m: White (N B/0) firm fine sandy clay loam, with many coarse prominent mottles
of red (2.5YR 4/8), partly bounded with yellow (10YR 7/6). From 120-150 ¢m also some weak
red (10R 4/3) mottles with hardening centres.
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Profile 14 (GrROUND WATER LATERITE $0il, intergrade to HyproMorpsic Grey PobzoLic soil, Deep
phase)

Field description 28% (Sombrock, Sampaio)

Araguaia Mahogany area, Bloco Piranha (Lat. 6°.01'S; Long. 48°.10'W)

Almost flat terrain, I m ca. above level of local intermittent rivulet. Micro-relief of kauwfoetoes.
Imperfectly drained ; upper phreatic leve] +0.3 m ca. (rain water), lowest phreatic level below —4.0 m.
Triassic fine sand-stone (?). Low forest with many creepers.

A, 0-30 e¢m: Very dark grey {10YR 3/1) loose light sandy loam. Single grains. Transition gradual.

Ay 50-140 em: White (10YR 8/1) loose light sandy [oam, Transition clear.

ABy  140-175 cm: White (10YR 8/1) friable sandy loam, with common medium stzed faint mottles
of brownish yellow (10YR 6/8). Transition clear.

By  175-250 cm: White (5Y 8/1) firm light clay loam, with many coarse prominent mottles of dark
red (7.5R 3/8) and reddish yellow (7.5YR 6/8). Central parts of dark red half hardened.
Transition gradual.

By,  250—420 ¢m: (Sampled 250-320 cm). White (5Y 8/1} firm heavy loam, with many very coarse
prominent moitles of dark red (7.5R 3/8), reddish yellow (7.5YR 6/8) and some pale red
(I0R 6/4). Central parts of dark red somewhat hardened.

Profile 15 (GROUND WATER LATERITE soil, intergrade to HybromorrHic Grey Pobzovic soil, Clay
stone substratum phase — partly truncated?)

Field description 287 (Sombroek, Sampaio)

Araguaia Mahogany area, near Bloco Piranha (Lat. 6°.02'S; Long. 48°.11"W}

Almost flat terrain, about 2 m above level of local intermittent rivulet. Imperfectly drained; upper
phreatic level +0.1 m (rain water), lowest phreatic level below —1.2 m. Jurassic-Triassic silty clay-
stones, Low forest with many creepets. )

A;  0-5cm: Pale brown (10YR 6/3) very friable light loam, with many fine faint mottles of yellow-
ish brown (10YR 5/8). Weak to moderate fine subangular blocky. Transition gradual.

A,g  5-30 em: Light grey (10YR 7/2) very friable loam, with many fine distinct mottles of yellowish
brown (10YR 5/8). Weak medium to fine subangular blocky. About 80%; small {«< 1 cm diam.)
hard, fine grained dark red (7.5R 3/8) plinthite concretions. Transition clear.

B,y 30-50 cm: Light grey (10YR 7/1) friable clay loam, with many medium sized faint motiles of
yellowish red (SYR 4-5/6). Moderate fine subangular blocky. A few faint clay skins. Transition
gradual.

B,y  50-80 cm: Very pale brown (10YR 7/4) friable to firm silty clay loam, with many medium sized
preminent mottles of red (10R 4/6) and white (10YR 8/2). Moderate fine angular to subangular
blocky, compsing weak medium prismatic. Common faint clay skins. The centres of the red
parts somewhat hardened. Transition gradual,

By  80-100 em: White (10YR B/1) friable to firm silty clay loam with many medium sized prominent
mottles of red (7.5R 4/8) and yellow (10YR. 7/6). Moderate fine to medium sized angular to
subangular blocky, composing weak medium prismatic. Common distinct clay skins. Transi-
tion gradual.

G 100-120 + em: White (N 8/0) friable silty clay loam, with many medium to coarse prominent
mottles of dark red (7.5R 3/8) and yellow (I0YR 7/6). Weak medium angular to subangular
blocky structure. A few faint clay skins.

Profile 16 (GRoUND WATER LATERITE soil, intergrade to HyDroMorRPHIC GREY PobzoLic soil
Micaceous phase)
Field description 274 (Sombroek, Sampaio)
Araguaia Mahogany area, opposite Xambiod {(Lat.6°.29'S; Long. 40°14'W)
Narrow strip of lowland along intermittent rivulet. Imperfectly to poorly drained; upper phreatic
level +0.5 m ca. (rivulet water), lowest phreatic level below —1.5 m. Colluvium-alluvium from sur-
rounding Pre-Cambrian micaceous schists. High forest.

"

’

106



A, 04 ¢m: Dark grey (10YR 4/1) very friable sandy loam. Fine crumbly, composing very weak
fine subangular blocky. Some tiny flakes of mica. Transition clear.

A 4-20 em: Light grey (10YR 6/1) friable heavy sandy loam, with common fine distinct mottles
of brownish yellow (I0YR 6/8). Weak medium subangular blocky. Transition gradual.

By  20-90 cm: Light grey (N 7/0) firm clay, with many fine to medium sized distinct mottles of red
(2.5YR 5/8) and yellowish red (5YR 5/8). Moderate medium subangular to angular blocky.
Common very faint clay skins. Transition gradual.

By  90-130 + em: Light grey (N 7/0) firm light clay, with many fine to medium sized distinct
mottles of yellowish brown (10-7.5YR 5/8).

Profile 17 (GroOUND WaATER LATERITE soil, intergrade to LiTHOsOL — partly truncated?)

Field description 145 (Sombroek}

Lower Amazon region, Monte Alegre, centre of Dome (Lat. 1°.57°S, Long. 54°.10'W)

Low part of gentle undulating terrain. Imperfecily drained; upper phreatic level 0.0 m ca., lowest
phreatic level —1.0 m ca. Devonian fine sand-stone. Grasses and many shrubs, locally cacti.

A-A,; 0-15 cm: Grey brown (10YR 5/2) friable fine sandy loam, with common fine faint mottles of
yellow (10YR 7/6). Transition abrupt.

B, 15-30 cm: Reddish yellow (7.5YR 6/8) friable clay loam. About 80% loose and hard small
(0.5-2 cm diam.) fine grained very dusky red plinthite concretions. Transition abrupt.

B-C, 30-80 cm: White (N 8/0) very firm clay loam, with many medium sized prominent mottles of
dusky red (7.5R 3/4) and some yellow (10YR. 8/6). Transition abrupt.

R 80 + cm: Stratified hard sand-stone; upper part broken and ferruginous.

Profile 18 (Solonetzic Humic GLEY soil, intergrade to GrROUND WATER LATERITE 50il}; (GROUND
WATER LATERITE s0il, Humic phasc)

Field description 178 {Day, Sombroek}

Marajé island, 8 km NW of Arariuna (Lat. 0°.59'S; Long. 49°.60'W)

Flat lowland. Imperfectly to poorly drained; upper phreatic level 4+1.0 m ca. (river water, almost
without load), lowest phreatic level —4.0 m ca. Early Holocene marine-deftaic (?) sediments, Grasses
and occasional shrubs.

A,y 0-15 em: Very dark grey brown (10YR 3/2) firm clay with some strong brown (7.5YR 5/8).
Moderate medium sized prismatic, breaking into moderate coarse subangular blocky. Transi-
tion abrupt and smooth.

Ay  15-20 cm: Grey brown (10YR 5/2) friable clay loam, with commeon fine distinct mottles of
yellowish red (5YR §/8). Moderate medium sized subangular blocky. Transition abrupt and
smooth.

B,g-C 20-55 cm: Dark grey (10YR 4/1) firm clay, with many fine distinct mottles of red (2.5YR 4/6).
Weak fine prismatic, breaking into strong fine subangular blocky. Transition clear and smooth.

B,,o~C 55-100 cm: Light grey (10YR 6/1) very firm clay, with many fine distinct motiles of red
(2.5YR 5/6) and reddish yellow (7.5YR 6/8). Strong very coarse prismatic. Clay skins promi-
nent on horizontal ped surfaces, faint to distinct on vertical ped surfaces. Transition diffuse and
smooth.

Bjop-C 100-180 + cm: Light grey (N 6,0) firm clay, with many coarse prominent mottles of dark red
(10R. 5/6) and reddish yellow (7.5YR. 6/8). Weak to moderate coarse prismatic, composed of
strong coarse angufar blocky, Clay skins prominent on both horizontal and vertical ped
surfaces. '
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The main factors that cause the variations, as illustrated in the profile descriptions,
are the following:
1. the character of the fluctuation of the ground water level (or pseudo ground water
level, or saturation zone), which fluctuation may vary in depth and frequency.
2. the texture of the parent material.
3. the degree of pre-weathering of the parent material.

Ad 1. The plinthite formation may take place at relatively shallow depth (the Profiles
6, 8, 15), or relatively deep (Profiles 4, 10, 12, 14). In the latter case, little influence of
the ground water fluctuation may be felt in the upper horizons; the A, of the Ground
Water Laterite profile might then be taken as for instance the A; or the B, horizon of a
shallow Kaolinitic Yellow Latosol ¢.g. Kaolinitic Latosolic Sand (Profiles 10, 12).

The thickness of the layer of soft plinthite (the B horizon) depends on the thickness of
the zone of fluctuation. The lower boundary was established only in a few instances
(Profile 10); in the other cases no ‘pallid zone’ proper was reached during the field
studies. It is evident however, that the upper boundary does not coincide with the
upper level of the ground water. At places where this level reaches the surface tempo-

Foto 14 Solo Laterita Hidromdrfica, desenvolvi-
do em sedimentos arenosos. Néste perfil, os nos-
queados vermelhos do horizonte B de ‘plinthite’
macio, ocorrem como faixasverticalmente arran-
Jadas. O horizonte A arenoso lixiviado tem cir
relativamente escura em sua secgdo central,
devida a alguma cumulacdo de humo naquéle
lugar (fase inicial de formacdo de Podzof
Hidromdrfico dentro do horizonte A de solo
Laterita Hidromdrfica)

Photo 14 A Ground Warter Laterite soil, devel-
oped on sandy sediments. In this profile, the red
mottles of the soft plinthitic B horizen occur as
vertically arranged siripes. The leached sandy
A horizon is relatively dark coloured especiaily
in its central section, due 1o some humus accumu-
lation there (initial stage of Ground Water
Podzol formation within the A horizon of a
Ground Water Laterite soil)

108



rarily, or the terrain is even shallowly covered with rain water for a part of the year
(Profiles 2, 4, 6, 8, 11, 14, 16, 18), the soft plinthite layer nevertheless only starts from
some depth on (0.5-1.5 m). One may expect the thickest layers of soft plinthite up-
stream of the main rivers, where seasonal differences in river level are greatest (Soli-
moes, Madeira, Araguaia). Also, since near rivers the fluctuation of the phreatic level
is generally larger than on watershed parts, one might find thicker layers at the former
locations. Apparently however Ground Water Laterite soils predominate in watershed
regions {¢f. IV.1.2.2). Near the rivers the zone of fluctuation is probably usually too
deep to cause plinthite formation (good drainage), or the sesquioxides are carried off
to the river.

Ad 2. Understandably, the textural differentiation between the A and the plinthitic
B horizon, as expressed in the textural ratio BfA, depends on the texture of the
parent material, If this texture was light throughout, then the plinthitic B horizon of
the genetically ultimate profile would be rather light textured (Profile 10). If the parent
material was a clay, then also the ultimate A horizon would be at least rather heavy
textured! (Profile 8). It seems that the upper boundary of the plinthite layer, with the
same drainage condition (for instance the ground water level temporarily at the sur-
face, or standing rain water), depends on the texture of the parent material. If this is
sandy, then the plinthite develops relatively deep (Profiles 4 and 14 versus 8). The
pattern of moitling seems to depend on both texture and structure of the soil material
in situ (¢f. 11.3.2.2).

Ad 3. Per definition, the ‘modal’ Ground Water Laterite soil is a strongly weathered
soil and its clay minerals are ‘lateritic’, by consisting only of silicate clay mingrals with
1:1 lattice structure (kaolinite), and sesquioxides (gibbsite, goethite, hematite). Such a
‘lateritic’ character of the clay fraction shows up in the SiO,:ALQ, ratios (Ki values),
which should be about or below 2.

The parent material can be strongly pre-weathered (‘rego-genetic” material), the only
mineral constituents being quartz, kaolinite and sesquioxides. In this instance, the
*‘modal’ Ground Water Laterite soil can be established relatively rapidly, since only
the concentration of the kaolinite and the sesquioxides in the B horizon is involved.
This is likely to be the case with all the Ground Water Laterite soils of the Planicie,
They have a Ki value of about or below 2, a low silt/clay ratio in the B honzon and a
low cation exchange capacity (Profiles 2, 4, 7, 8, 9, 10, 12).

Profile 5 can also be called a ‘modal’ Ground Water Laterite soil. X-ray diffraction
was applied to the lower part of the B horizon of this profile (¢c/. sample 96-5 of Tables
7 and 8, and Fig. 14 a—¢). The clay fraction of this sample is practically completely
kaolinitic (92%), with only 6%, hematite and 2%, quartz present. The percentage of
sesquioxides is understandably larger in the coarser fractions. They consist however
only of iron oxides (hematite 8-159%,}, not aluminum oxides. That in the fractions 2-16

1) The texture of the plinthitic B horizon is often esnmated too heavy m thc ﬁcld duc to
the denseness of the horizon. . .
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micron and 16-80 micron also some other minerals, notably mica, are present is pro-
bably related with the fact that, in the area of the profile, the crystalline basement (mica
schists) is often almost outcropping. The composition of the clay fraction of the sample
is comparable, to a large extent, with that of the B horizons of the Kaolinitic Yellow
Latosol profiles (samples 233-3, 303-4, 300-4 and 210-4 of Table 8). An electron
micrograph (Photo 10) however shows that the kaolinite crystals are less well
developed than in these latter. The difference in crystallisation also shows up in the
different values for specific surface of the clay fraction of samples 96-5 and 303-4 res-
pectively {Table 7).

When the parent material is relatively rich, easily weatherable primary minerals and
silicate clay minerals of 2:1 lattice structure forming part of it, then the formation of
the ‘modal’ Ground Water Laterite profile requires both a weathering to kaolinite and
sesquioxides, and a regrouping in the profile, This is likely to take more time. Apparen-
ly, the modal type is not therefore reached on the Holocene sediments nor on some
Paleozoic-Mesozoic deposits. Lowlands which are still being enriched (flooding by
river water with a load of sediments, dgua branca, ¢f. 1.4.4) usually have Low Humic
Gley or Humic Gley soils. On the following sites, however, the formation of plinthite
was invariably observed:

1. The lowlands intermittently covered with only rain water (except for those in eas-
tern-central Marajé island which are alkaline).

2. The lowlands flooded with river water without load of sediments (agua preta, dgua
limpa, c¢f.1.4.4).

3. The terrains, along rivers, only slightly above high water level (massapés, cf. 1.4.4).

Examples are the Profiles 3, 11, 13 and 18. The weathering in these profiles is often
not yet very strong. Ki values are still above 2.0, which indicates that also non-kaolin-
itic silicate clay minerals are present. This is substantiated by a sample of Profile 18, to
which X-ray diffraction was applied (sample 178-4 of the Tables 7 and 8). In addition
to kaolinite (359%) and sesquioxides (11 %), the clay fraction contains also mica (illite,
10%), intermediate (16 %) and some chlorite (3 %7). In the coarser fractions moreover
some felspar is present. The specific surface of the sample is still high (Table 7).

That the weathering in the profiles under discussion is still not very strong is also
shown by the fact that often no pronounced textural difference between the A and the
B horizons has developed as yet (Profiles 3, 11), and that textural differences within the
parent material, due to stratification, are often not yet quite erased (Profile 18).

The Ground Water Laterite soils on relatively rich deposits of Paleozoic-Mesozoic
age, and on peneplained Pre-Cambrian basement have a large textural difference
between A and B horizons. Ki values are, however, still considerably above 2 (Pro-
files 6, 14, 15, 16, 17). Also the silt/clay ratios are usually still high (Profiles 14, 15).

Whatever the parent material, the ultimate stage of Ground Water Laterite soil for-
mation is believed to be represented by the following profiles (¢f. GL in Fig. 15): A
»*
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thick, bleached and very sandy A horizon, grading sharply into a thick, relatively
heavy textured, dense, slowly permeable B horizon of soft plinthite, At the transition
zone of the two horizons, some plinthitic material occurs that has already hardened.
Such profiles, in this publication called Ground Water Laterite, Low phase, generally
have a poor vegetative cover (¢f. 1V.1.2), Any Jowering of the drainage base and chan-
ge in climate will result in erosion of the A horizon, followed by hardening of the
truncated soft plinthite of the B horizon.

I1.3.2.2 Fossil Plinthite

INTRODUCTION

In Amazonia, it is common to encounter layers of hard or soft plinthite on well
drained sites, where the phreatic level occurs at many metres depth, and a shallow
pseudo ground water level does not exist. In view of the above described present day
formation of plinthite in Amazonia, and in agreement with the majority of the recent
literature on the subject, such plinthite is considered to be fossil. It was formed in
times when there existed, in situ or in the surroundings, a land surface with a fluctu-
ating ground water level at shallow depth.

Fossil hard plinthite may occur underlain by fossil soft plinthite, or as an unconfor-
mable layer on top, or between non-concretionary sediments without any mottling.
Fossil soft plinthite without a distinct capping of fossil hard plinthite was rarely found.

Layers of fossil hard plinthite occurring alone, as crusts on top of, or as stone-lines of
varying thickness within, non-concretionary sediments without any mottling, were not
formed in siru, but carried along, alluvially or colluvially, from other places. Absence
of a regularity in the arrangement of the concretionary elements, and a more or less
rounded form of the elements, are complementary in establishing their alluvial-collu-
vial origin.

However, the apparently most frequent situation is that a layer of fossil hard plinthite
is underlain by a layer of fossil soft plinthite. In these instances, it is likely that both
plinthitic layers constitute the relics of a Ground Water Laterite soil - or of its geologic
relative, if the formation had taken place below the solum. After the conditions of
imperfect drainage ceased to exist the profile was eroded geologically to the point that
all the light textured and loose A horizon, and possibly part of the heavy textured
plinthitic B horizon, was stripped off. Whilst the lower part of the plinthitic B (and the
C) horizon has remained soft, the upper part has become hard plinthite. The red mottles
changed and became stony elements (pisolithic pieces, vesicular blocks or massive
plates, depending upon the original pattern of mottling), by dessication through alter-
nate wetting and drying at the surface. The white and yellow parts of the dense mate-
rial changed, under influence of roots and soil fauna, to become friable homogeneous
Yellowish or reddish earth. It is normally only a Iack of contact with the atmosphere
which prevents the hardening of that section of the plinthitic layer which is below the
present day crust. This was verified at many deep cuts excavated for the BR-14 high-
way, which were examined during the construction of the road, as well as at intervals

111



Foto 15 O processo de endurecimento de ‘plinthite’,
Apds ser exposio por menos de dofs anos, o sib-solo
original de ‘plimhite’ macio do corte de estrada tem
endurecide considerdvelnente, Foi ievado pela dgua o
material caolinitico da mairiz de cor branca, enquanio
o5 mosqueados vermelhos endurecentes — aqui em padrdo
laminar - ressaltam do corte. Na parte superior do corte
pode ver-se o ‘plinthite’ duro como era antes da ex-
cavacdo. Partes deste ‘plinthite’ duro ainda mantém
um arranjo laminar {Tipo de concregdes Mde do Rio;
BR-14,km40 m. oum.)

Phoro 15 The hardening process of plinthite. After
being exposed for less than two years, the original soft
plinthitic subsoil of this road embankment has hardened
to a considerable extent. The kaolinitic material of the
white coloured mairix has been washed away, while the
hardening red mottles — here in & platy paitern - pro-
trude from the face of the embankment. At the upper-
most part of the embankment, the hard plinthite can be
seen as it existed before excavarion. Parts of this hard

1 plinthite still have a piaty arrangement (Mde do Rio
Ea = type of concretions, BR-14, km 40 ca.)

during the 2-3 years afterwards. While the plinthite was soft during the excavating, the
wands of the cuts became gradually hard as stone! {¢/. Photo 15).

The sequence: fossil hard plinthite - fossil soft plinthite, normally indicates that the
material was formed in situ. But it is of course possible that the hard plinthite, or part
of it, was carried along and deposited on top of the plinthite which was formed in situ,
Certainty is obtained about the in situ origination of layers of fossil hard plinthite over-
lying soft plinthite if the sequence has the following features:

1. The character of the concretionary elements (size, form, grainage) is related to the
character of the red parts of the soft plinthite

2. The arrangement of these elements in the lower part of the hard plinthite layer is
similar to the pattern of mottling in the soft plinthite

3. The transition between hard plinthite and soft plinthite is gradual.

A frequently occurring situation is that fossil soft plinthite is capped by related fossil
hard plinthite which in its turn is overlain by non-concretionary sediments of varying
thickness. Such a situation might be confused with present-day Ground Water Late-
rite formation, especially if the hard plinthite forms a layer near to and parallel with

") It is likely however, that the types of soft plinthite which have relatively high Ki values,
for instance those constituting the Zersatzzone of consolidated sediments and rocks, need
considerably more than a few years time for hardening, if they harden at all.
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the surface. But, as stated above, layers of hard plinthite are infrequent in present-day
Amazon Ground Water Laterite soils and are then always thin, One can establish the
fossil character of the plinthite from the absence, directly above the hard plinthite, of a
relatively light textured layer with colours of little chroma and htgh value, and/or
mottling (pedologically an A, horizon).

Suchanarrangement of’; sediments - fossil hard plinthite - fossil soft plinthite, can be
explained by assuming that after truncation and hardening of a former Ground Water
Laterite soil profile, the stony surface was buried with sediments. A disturbance of an
original arrangement of the concretionary elements in the upper section of the hard
plinthite layer is also a sign of truncation and subsequent burying.

It may still be noted that, with the sequence : sediments — hard plinthite - soft plinthite,
there is a good possibility for new Ground Water Laterite soil formation in the covering
sediments. This is the case when the layers of fossil plinthite are impervious, thereby
causing a pseudo ground water level. This new soil, in its turn, may become truncated,
resulting in another sequence of fossil plinthite above the earlier one (/. 1.4.5). If the
zone of fluctuating ground water level is located within the layer of fossil hard plin-
thite, then the conditions for the formation of plinthitic conglomerates are present,.

The above considerations on the origin of the sequence sediments - hard plinthite -
soft plinthite holds for Amazon conditions. It is quite conceivable that in semi-arid
regions, for instance in North-Eastern Brazil, the sequence may constitute the whole
of a non-eroded fossil Ground Water Laterite profile, because there the soil may fre-
quently dry out to a great depth, and the original A, may lose its aspect of lixiviation.
Amazon fossil plinthite not truncated at some time in the past, and consequently not
hardened over more than a few decimetres, is apparently uncommon. In the central
part of the Guamd-Imperatriz area however, a well-drained soil was found which may
be a fossil full Ground Water Laterite soil profile. The soil, classified under Red
Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosal (cf. for instance Profile 39),
is found on terraces that are 30-10 m above the level of local rivulets. The soil has a
yellowish (hue 10YR) and friable A horizon and a reddish (hue 5 YR or 2.5YR),
rather firm and heavier textured B horizon. Between these, a transitional horizon (AB)
oceurs, 20-50 cm thick, of which the upper part has rather often small (1-2 cm diam.),
hard, round plinthite concretions which comprise about 5-20% of the soil mass. The
lower part of the transitional horizon has, within a matrix of yellowish hue, common,
medium sized and distinct mottles of yellowish red or red (5YR, 2.5YR). The indica-
tions are that the parent material of the A, AB and B is identical. The features described
therefore make it likely that an originally plinthitic horizon has hardened in its upper
part, while in the lower part the mottling has been diminished by oxidation. Genetical-
ly speaking, the profile is likely to constitute a ‘raised’, but not truncated Ground
Water Laterite soil profile, in which the formation of plinthite was limited.

In the foregoing discussion it was assumed that the soft plinthite! below a capping of

1) The chromas and values of the matrix of soft plinthite well above the ground water level
are usually less low and less high respectively than those of the matrix of soft plmlhlte in
the B horizon of present-day Ground Water Laterite soils.
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fossil hard plinthite is all of fossil character. However, the layer of soft plinthite is
sometimes of ten and more metres thickness. The lowest section of such thick layers
has only a concentration of sesquioxides into mottles (the form of which is often
directly related to the stratification of the parent material; ¢f. Photo 16), not a concen-
tration of silicate clay minerals. This lowest part, after exposure, maintains also a
rather soft consistence. It is improbable that at the time of Ground Water Laterite soil
formation the fluctnation of the ground water level was so great that all of the layer

Foto 16 A seqiiéncig de ‘plinthite’ duro fossil e ‘plinthite’ macio fssil que constitui o sole Podzdlico
Vermelho-Amarelo, ‘intergrade’ para Latosolo Amarelo Caolinitico, fase Concreciondria. A camada de
‘plinthite’ duro que forma a parte superior do perfil se compie de elementos concreciondrios discretos
em rerra fridvel nilo mosqueada. A camada de ‘plinthite’ macio que constitui a parte inferior do perfil,
se compoe de material argiloso firme ¢ denso com mosqueados prominentes ¢ grossos de matiz vermelho
numa matriz branca ou cinzento claro. Neste perfil 05 mosqueados tém um padrdo vesicular-prismdtico
e os elementos concreciondrios sdo do tipe Ipixuna. As separagies ovais dentre do horizonte de “plinthite'
macio sdo compostas de terra ndo mosqueada fridvel sem concregies. Provivelmente resuftam de
homogenizagdo local do ‘plinthite® macio por cupins ( BR-14, km 115 m. oum.)

Photo 16 The sequence of fossil hard plinthite and fossil soft plinthite that constitutes a Red Yellow
Podzolie soil, intergrade to Kaolinitic Yellow Latosol, Concretionary phase. The layer of hard plintite
which makes up the upper part of the profile, consists of discrete concretionary elements in unmottled
friable earth. The layer of soft plinthite which makes up the lower part of the profile, consists of dense and
firm clayey material with a prominent coarse motiling of red hue in a white or light grey matrix. In this
profile, the motiling has a vesicular-prismatic pattern and the concretionary elemenis are of the Ipixuna
type. The pockets and pipes that are visible in the layer of soft plinthite consist of unmotiled, Sfriable earth
* without concretions. They are probably the result of local homogenisation of the soft plinthite by termites
(BR-14,km 115 ca.)}

-
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was then formed. The thickness of the soft plinthite layer may be due to a very gradual
lowering of the ground water level, related to a very gradual lowering of the drainage
base. In view of the fact that the layer seems to be thickest at the rims of crust-capped
plateau land (¢f. 1.4.5, note on page 44), it is however more probable that, once a
sequence of hard and soft plinthite is present in a well drained position, the soft plin-
thite may enlarge itself in a downward direction under influence of obliquely down-
ward moving ground water. For such present-day accretion of fossil plinthite a fluctua-
ting phreatic level proper would therefore not be necessary.

From the descriptions in 1.4.5, it can be concluded that the fossil hard plinthite of
Amazonia rarely constitutes massive, impenetrable and thick slabs (hardpans, cara-
pages), as reported for many areas in Africa, for instance N. Nigeria. Usually there are
only concretionary elements between loose earth. This general weakness of the devel-
opment of the Amazon plinthitic crusts is believed to be related, in part, to a general low
Fe content of the main Amazon sediments, which alse accounts for the low iron oxide
content of the main Amazon Latosol (¢f. 11.2.2). The variation in the characteristics
of the concretionary elements of fossil hard plinthite, as shown in 1.4.5, is related to a
variation of patterns of mottling of the original soft plinthite. The latter is believed to
have depended upon differences in texture and in stratification of the sediments, or
upon differences in structure of the superficial layers (i.e. the soil) before, or during.' the
time when conditions of imperfect drainage caused the plinthite formation. It was
discussed in 1.4.5 that the Paragominas type of concretions is very likely connected
with the structural constitution of the Belterra clay. The reticulate-prismatic pattern
of the Ipixuna type may be due to a blocky to prismatic structure of the B horizon of
the original soil, before or at the time when conditions of imperfect drainage occurred,
or to action of roots and soil fauna in this layer during the plinthite formation. For the
Maie do Rio type, an origin in non-homogenized stratified sediments is plausible, espe-
cially for those elements that are platy and alternating coarse and fine grained, or
coarse grained throughout. The more massive aspect, compared with other types, may
indicate a formation below the solum, lateral enrichment with sesquioxides, or both.

FOSSIL PLINTHITE BELOW THE SOLUM

Fossil plinthite occurring only deep below the surface, arbitrarily below .50 m, is not
diagnostic for classification of the soil at the spot, unless at a very low categorical level.
At several places such a situation was observed. At the town of Belém fossil hard
plinthite is found from about 5 m depth on, under sandy sediments that constitute a
Pleistocene terrace. Near [tacoatiara, thin bands (30 cm) of fossil hard plinthite, in part
underlain with fossil soft plinthite (150 ¢m), are found at a local depth of 8 m below
the surface (ETA-54 seringal, near river Urubi). On the planalto terrace in the region
south and southeast of Santarém, fossil hard plinthite is found at about 15 m below
the level of the flat central sections. Also in the Guamd-Imperatriz area such situations
are common.

In these instances the solum is usually a Kaolinitic Yellow Latosol (KYL), which
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Fig. 15 Eshogo de alguns soles amazdnicos com ‘plinthite’ (para os simbolos, veja Tabela 9)

RP-KYL,cr KYL,cr
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Fig_ 15 Sketch of some Amazon plinthitic soils (see for symbols Table 9) /y 128

developed on the overlying sediments. Imperfectly drained soils may however occur,
also where the land surface is well above the level of the local rivers, due to the fact that
the fossil plinthite can form an almost impervious substratum. In that case the profile
constitutes normally a recent Ground Water Laterite soil {¢f. Profile 8 of 11.3.2.1).

FOSSIL PLINTHITE WITHIN THE SOLUM

Fossil plinthite at the surface or at a shallow depth (less than 1.50 m arbitrarily) is, of
course, an important characteristic of the soil in sitie. In fact, the plinthite now acts as
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parent material for a soil. The characteristics of the soil depend on the degree of
weathering of the original soft plinthite. As discussed before, the final product of this
weathering is the hard plinthite, which in Amazonia consists, with few exceptions, of a
mixture of hard, concretionary elements, and loose, friable earth. The concretionary
elements are inactive, whilst the earth is, in fact, similar to that of latosolic profiles on
non-concretionary sediments in the surrounding area (kaolinitic character of the clay
fraction; Si0,:AL,0; molecular ratios = Ki values around, or slightly below 2).

This weathering may be only relatively shallow, i.e. the dense layer of soft plinthite is
still present near to the surface (arbitrarily less than 1 m). In that case the actual solum
consiscs of a friable, concretionary topsoil (A horizon) with subangular blocky or
granular structure, and a dense, firm subsoil (B horizon) with predominantly angular
blocky structure and presence of a few clay skins. Because of the morphometric ficld
characteristics of the B horizon the soil cannot be called a Latosol, although Ki values
are around or slightly below 2. Such soils are classified as Red Yellow Podzolic soil,
intergrade to Kaolinitic Yellow Latosol, Concretionary phase (RP-KYL, CRr).

If the weathering of the soft plinthite has progressed to a greater depth from the sur-
face (arbitrarily to more than 1 m), then practically the whole solum, both the A and
the B horizons, consists of friable, concretionary earth. Therefore, the soil can be clas-
sified as a Latosol: Kaolinitic Yellow Latosol, Concretionary phase (KYL, cRr). This
classification has to be given, of course, also to those concretionary and friable soils, in
which soft plinthite is completely lacking and the concretions were not formed in situ,
but are of colluvial-alluvial origin (stone-lines). A thickness of the stone-line of mini-
mally 30 cm above 1 m depth is taken as a criterion for a Concretionary phase.

Profile 19 (RED YELLOw PopzoLic soil, intergrade to KaoLmiTic YELLow LaTosoL, Concretionary
phase - type of concretions: Ipixuna)

Field description 202 (Sombroek)

Guamd-Imperatriz area, km 109.6 (Lat. 2°.35S; Long. 47°.28'W)

Approx. flat terrain; terrace, 55 m above level of local rivulet. Slightly imperfect drainage. Pliocene
sediments, probably formerly covered with Belterra clay. High forest, with rather high timber volume.

A,  0-10 ¢cm: Brown (10YR 5/3) friable clay. Moderate fine subangular blocky. About 25% loose
hard plinthite concretions, medium to small sized (10-0.5 cm diam.), prismatic, predominantly
fine grained, dusky red (10R 3/4) and locally light red (10R 6/6). Transition clear to gradual.

A, 10-70 em: Brownish yellow (10YR 6/6-8) friable heavy clay. Moderate fine subangular blocky
and locally angular blocky. A few faint clay skins, largely at the surfaces of the concretions.
About 757 loose hard plinthite concretions, similar to those in A,. Transition gradual.

B, 70-120 cm: Reddish yellow (7.5YR 7/6) firm heavy clay, with many medium sized to fine
distinct mottles of red (2.5YR 5/6) and yellow (10YR 7/8) in a reticulate pattern; the red parts
are rather hard. Weak medium prismatic, composed of moderate medium to fine subangular
blocky. Common faint clay skins. About 25%; half loose, vertically arranged, hard or rather
hard plinthite concretions, similar to those in A,. Transition gradual and irregular.

By-B, 120-350 em: Reddish yellow (5YR 7/8) very firm heavy clay, with many coarse prominent
mottles of dusky red (7.3R 3/4), white (N 8/0) and yellow (10YR 7/8); the dark red occurs
predominantly as vertical pipes, about 5-20 ¢m tong, which are rather hard. Weak medium to
coarse prismatic, falling apart into moderate fine subangular and angular blocky. A few faint
clay skins. Transition gradual.

C 350-550 + em: Reddish ycllow (7.5YR 8/6) firm to very firm heavy clay, with many coarse
prominent mottles of pale red (7.5YR 6/6), white (N 8/0} and yellow (10 YR 8/8).
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Profile 20 {(Rep YELLow Popzouic soil, intergrade to KaoLmimic YeLLow Latosor, Concretionary
phase — type of concretions: Mie de Rio)

Field description 238 (Sombroek, Sampaio)

Cf. 1112, Profile 40.

Profile 21 (Rep YeLLow Pobzouic soil, intergrade to Kaoumimc YeLrow Latosor, Concretionary
phase — type of concretions: Paragominas)

Ficld description 205 (Sombrock, Sampaio)

Guama-Imperatriz area, km 175.6 (Lat. 3°.06'S; Long. 47°.18'W)

Side of fow hill in very gently undulating terrain. Slightly imperfect drainage. Plio-Pleistocene
Jacustrine (Belterra clay) and older sediments; upper part of profile probably colluvial. High forest,
of low timber volume.

A,  0-5 cm: Brownish yeilow (I10YR 4/2) very friable heavy sandy loam. Weak fine subangular
blocky. About 60% loose, hard plinthite concretions, very small sized (0.5-1.0cm diam.),
subangular blocky, fine grained, dusky red (7.5R 3/4). Transition clear.

A; 580 cm: Brownish vellow (10YR 6/6) friable heavy fine sandy clay. Weak medium to fine
subangular blocky. About 80%; loose, hard plinthite concretions, similar to those in A,, but
somewhat larger (0.5-2.0 ¢m diam.). Transition gradual.

B, 80-120 em: Reddish yellow (T.5YR 6/8) friable to firm clay with common medium sized
distinct mottles of red (2.5YR 5/8), predominantly in a fine polygonal pattern. Moderate
medium sized subangular and angular blocky. Common faint clay skins, largely at the surface
of the concretions. About 80%; loose, hard concretions similar to those of A, but somewhat
larger (0.5-2.5 ¢m diam.).

B, 120-220 cm: Light red (2.5YR 6/8) firm clay, with common to many medium sized faint
mottles of light red (7.5YR 6/6) in a fine polygonal pattern, and half hard. Weak medium sized
subangular and angular blocky. About 50 % half loose, hard or half hard plinthite concretions,
similar to those in the A,, but somewhat larger (0.5-2.5 cm diam.). Transition clear.

B, 220-280 4 em: Light red (2.5YR 6/8) friable to firm clay, with common coarse distinct
mottles of pale red (7.5R 6/4), and white (N 8/0). Massive, to weak medium sized subangular
and angular blocky.

Profile 22 (KaoLmiITiCc YELLOW LaTOsoL, Concretionary phase)
Field description 114 (Day)
C/. I11.2, Profile 28,

Profile 23 (KAoLINITIC YELLOW LaTosoL, medium textured — over bank of fossil plinthite)

Field description 337 (Commissio de Solos)

Amapa Territory, along road Macapi-Fazendinha (Lat. 0°.0"; Long. 51°.08'W)

Flat terrain, about 4 m above local river level. Well-drained. Pleistocene sediments. Grasses and
scaitered shrubs; yearly burned.

Ay 0-15cm: Very dark greyish brown (2.5Y 3/2) friable sandy clay loam. Weak very fine to coarse
granular. Transition clear and smooth.

As  15-30 cm: Olive brown (2.5Y 4/4) friable heavy sandy clay loam, with many fine faint mottles
of very dark grey brown (2.5Y 3/2). Weak very fine subangular blocky. Transition diffuse and
smooth.

B, 30-350 ¢m: Yellowish brown (10YR 6/5) friable sandy clay. Little coherent massive, easily
falling apart into fine earth. Transition diffuse and smooth.

B,y  30-75 em: Olive yellow (7.5Y 6/5) friable light clay. Structure as in B,. Transition difluse and
smooth.

B,y  75-110 e¢m: Brownish yellow (IOYR 6/6) friable light clay. Structure as in B,. Transition
abrupt and irregular.

By  J10-190 em: Same maierial as B, but with about 80%; loose, large (up to 20 ¢m diam.),
somewhat rounded, vesicular plinthite concretions, fine and medium grained and variegated
reddish coloured. @
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The foregoing profile descriptions, and their analytical data (Appendix 9), illustrate
the variation in the characteristics of well or moderately well-drained soils with fossil
plinthite.

Anather profile of Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Lato-
sol, Concretionary phase (RP-KYL, CR), located at km 30 of the Guamd-Imperatriz
area, was also studied. A sample of the soft plinthite of the deep subsoil, beneath two
separate layers of fossil hard plinthite, was analysed by X-ray diffraction (¢f. sample
302-4 of Tables 7 and 8, and the Figs. 14 a-¢). The clay fraction was found to be pre-
dominantly kaolinite (859/), iron oxides comprising only 12%, and clay sized quartz
39, In the coarser fractions more sesquioxides are present (30-35 %), but they are only
hematite. This mineral apparently kept enclosed much kaolinite (35-55%,). In the
2-16 micron and 16-80 micron fractions moreover some mica (7 9;) occurs. The speci-
fic surface of both the whole soil and the clay fraction is very low. The clay fraction is
in fact quite comparable, also in its chemical activity, to that of B horizons of Kaoli-
nitic Yellow Latosol profiles (samples 233-3, 303-4, 300-4, and 210-4 of Table 7).

In the Guamd-Imperatriz area practically all concretionary soils contain soft plin-
thite at shallow depth. They therefore have been grouped as RP-KYL, cr. The impres-
sion is that the same situation exists in the majority of the concretionary soils else-
where in Amazonia. However, those near Belém (Bragantina arca) and Amapd
(Savannah area) are, for a part, deeply friable: KYL, CR. It is often difficult, during
surveys, to establish the upper level of the soft plinthite, because of the stoniness of the
surface, It can only be easely done where recent deep road cuts are present, as was the
case in the Guamd-Imperatriz area. Besides, for actual land use the degree of stoniness
may be more important than the morphometric-genetic characteristics of the subsoil
which determine the classification.

The genetic relationship between the Ground Water Laterite soils and the above
described concretionary soils of Amazonia was the reason why the latter were provisio-
nally termed ‘Ground Water Laterite soil, Truncated phase’ (¢f. DAY, 1961: SOMBROEK,
1962b). Such a term however refers to the genesis of the parent material of the soils,
not that of the present-day soils. Moreover, it suggests a drainage condition inherent
into the Ground Water Laterite soil profile, i.e. intermittently imperfect drainage. The
soils concerned are however well or moderately well-drained. Also, the differences in
thickness of the layer with friable earth cannot be indicated as decisive as is secured by
the distinction between Latosol and Red Yellow Podzolic soil.

The concretionary soils are, in fact, intergrading to Lithosols. When practically no
earth occurs between the mass of concretionary elements, or the fossil plinthite forms -
a slab-like hardpan, a classification of the soil as ‘Concretionary Lithosol’ may be
the most appropriate (¢f. CAMARGO and BENNEMA, 1962). Such senile soils are, how-
ever, rare in Amazonia.

A general scheme for the different soils that can be distinguished with the formation,
respectively the truncation and the burying of Amazon plinthite is given in Fig. 15.
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IIL. The Soils Classified, and their Geographic Occurrence

H1.1 The Methods of Study

I11.1.1 Field Studies

The soil data compiled in this publication were obtained from field studies by FAQ
soil scientists during the years 1957-1962, partly in cooperation with members of the
Soils Section of the Instituto Agrondmico do Norte (IAN) at Belém. During this
time, several reconnaissance soil surveys were executed, largely in the eastern half of
the region. Also many observations scattered throughout the region were made {cf.
Fig. 16). Together with the data of the surveys, they enabled a picture to be obtained of
the soils of Amazonia, and their relative importance. A total of about 350 full profile
descriptions was assembled., -

The reconnaissance soil surveys of the Caeté-Maracassumé area, the Guamd-Impe-
ratriz area and the Araguaia Mahogany area (2, 3 and 4 of Fig. 16) were executed in
cooperation with an FAQ/SPVEA Forest Inventory Team, which made forest inven-
tories of the same areas at the same time. Aerial photographs were used for these sur-
veys. They were only partly verticals with full coverage of the terrain (Araguaia Maho-
gany area). The majority were trimetrogon photographs of poor quality. Moreover,
they left gaps in the coverage. For the one area mentioned, aerial photograph inter-
pretation was very helpful for soil mapping. For the other areas however, where vege-
tational differences were hardly noticeable, the photographs could only be used to
produce little more than topographic-planimetric maps, as prepared by the Forest
Inventory Team. It was therefore necessary to make comparatively many field obser-
vations. This was economically and technically possible because of the cooperation
with the Forest Inventory Team, which cut, for its measurements, a network of ten-
kilometres transects all over the area concerned. Details on the location of these tran-
sects may be found on the maps of GLERUM (1960) and GrLeEruM and SmiT (1962a,
1962b).

The field studies were partly done on profile pits and partly on borings with a Dutch
soil auger, the Ede/man auger. The profile descriptions were made according to the
standards established in the SoiL SURVEY MANUAL (1951). The pH of the soil in the
field was estimated with adapted fluids (Soil-tex pH kit, La Motte-Morgan pH kit, or
Hellige pH kit). The Munsell Soil Color Charts were used to establish soil colours,
Unless stated otherwise, the colour noted are those of the soil in a moist condition.
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Fig. 16 Os estudos de campo utilizados para base desta publicagdo

W

Reconnaissance soil surveys ®  Concentration of other field studies
Levaniamentos de reconhecimento dos solos Concentragde dos outros estudos de campo

1. Bragantina (FiLHO ef af., 1963); 2. Caeté-Maracassumé (Day, 1959); 3. Guamd-Imperatriz (SoM-
BROEK, 1962a); 4. Araguaia Mahogany (Someroek and Sampato, 1962); 5. Manaus-Itacoatiara
(SANTOS €t al., in exccution/em execugdo)

Fig. 16 The field studies of Amazon soils which were used as a basis for this publication

I11.1.2 Laboratory studies

Samples of about 100 of the studied soil profiles were analysed in the laboratory. The
analysis of most samples was carried out at the Instituto de Quimica Agricola (IQA) in
Rio de Janeiro, Brasil, under the supervision of the chemist Dr. Leandro Vettori, The
methods employed (IQA, 1949) are the same as those used for the laboratory analysis
of the studies of the national Brazilian Soils Commission (¢f. BARROS, DRUMOND,
CAMARGO et al., 1958; LEMOS, BENNEMA, SANTOS et al., 1960), and are as follows:

PHYSICAL ANALYSIS

1. Apparent bulk density: Weighing of 100 ml earth, compacted in a metal cylinder of
the same capacity.

2. Real bulk density: A known weight of fine earth (<< 2.0 mm), dried at 105°C, is put
in a receiver of 50 ml, which is then filled up with absolute ethyl alcohol.
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3. Mechanical analysis: Sedimentation in a Koettgen cylinder, using NaOH as the
dispersion agent. In the samples with more than 1% C, the organic material is first
destroyed by H,0,.

For a portion of the samples, the separation is made in four fractions according to the
classification of the U.S. Department of Agriculture (fractions 2.0-0.2 mm, 0.2-0.05
mm, 0.05-0.002 mm and << 0.002 mm) and for the other samples according to the In-
ternational Classification (2.0-0.2 mm, 0.2-0.02 mm, 0.02-0.002 mm and < 0.002 mm).
The textural class names generally used in the field are based on the subdivision of the
U.S. system, In case the data are provided according the International Classification,
the percentages of the 0.02-0.05 mm fraction are therefore estimated, by graphical
interpolation on a summation curve.

4. Textural relation B{A: The mean of the clay percentages of the subhorizons of the
B (exclusive By), divided by the mean of the clay percentages of the subhorizons of
the A,

5. ‘Natural’ clay: The percentage of clay obtained by shaking with distilled water.

6. Index of structure: Obtained by comparing ‘natural’ clay content with clay content
after dispersion with NaOH. Index of structure == 100 x (1-natural clay/total clay)

7. Moisture equivalent, M.E.: Determination according to the process of BRIGGS and
MAac-LANE, centrifuging the moistened earth at 1000 g during 40 minutes.

CHEMICAL ANALYSIS
8. Organic carbon, C; Oxidation of the organic material with potassium bichromate
0.4 N (method of TIURIN),

9. Total nitrogen, N: Digestion with sulphuric acid, catalized with copper and potas-
sium sulphate. After transformation of all N into ammonia salt, this is decomposed by
NaCH and the distilled ammonia collected in a solution of boric acid 4%, which is
titrated with H,SO,, 0.02 N,

10. Ratio C{N: Dividing organic carbon by total nitrogen.

11. pH-H,0 and pH-KCI: Determination with potentiometer in a soil paste with ratio
of soil to water approximately 1:1, using glass electrode.

12. Available phosphorus, P,0,: Extraction according to the TRUOG method, (H,;SO,,
0.01 —0.001 N 4 (NH), SO,, 0.05 M) using the *Unicam’ colorimeter, or according
to the Bray method (HCL, 0.1 N + NH,F, 0.5 M).

13. Attack by H,S0, {d = 1.47);: Under a reflux cooler, 2 g of fine earth are boiled for

an hour with 50 ml H,SO,, d = 1.47. After boiling, the material is cooled, diluted and

filtered into a receiver of 250 ml capacity.

a. Si0,: The residue of the sulphuric acid attack is boiled for half an hour with 200 ml
Na,CO;, 5%. The mixture is filtered, and in a measured part of the filtrate, the dis-
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solved silica is precipitated by excess of concentrated H,8O, and heating in a sand-
bath until smoking. This silica is determined gravimetrically.

b. Al,0,, total aluminum: In 50 ml of the filtrate of the sulphuric acid attack, the other
heavy metals are separated with an excess of NaOH, 30%,. A measured part of the
new filtrate is gradually neutralized with HCl and the aluminum determined volu-
metrically with EDTA.,

¢. Fey0,, total iron: Determination on 50 mi of the filtrate of the sulphuric acid attack
by the bichromate method, using diphenilamine as the indicator and tinchloride as
the reducer.

d. TiO,: Determination in the filtrate of the sulphuric acid attack by the colorimetric
method of H,0,, after elimination of the organic material by heating with some
drops of concentrated KMnO,.

e. POy, total phosphorus: Colorimetric determination on the filtrate of the sulphuric
acid attack, using ascorbic acid as the reducer, in the presence of ammonium molyb-
date, sulphuric acid, and bismuth salt.

14, Values Ki (Si0y:Al,O4 ratio) and Kr (5i0y:{ Al,0, + Fe,0,) ratio): Calculation
on molecular basis from the data obtained under 13. It is assumed that Al and Fe are
determined totally with the sulphuric acid attack as described under 13. The data for
these two constituents therefore represent the sums of the portions of Fe and Al occur-
ring in exchangeable form, the portions occurring as free sesquioxides - including con-
cretions — and the portions that are constituents of the silicate clay minerals, The de-
termined Si comprises all that of the silicate clay minerals and also that which is present
in free colloidal form. Quartz and other primary minerals are not, however, attacked,
even when of clay-size.

The IQA has found that the determination of the Ki and the Kr on the fine earth frac-
tion generally gives the same results as the internationally used determination on the
clay fraction (VETTORL, 1959). The Kr may be slightly different if concretions are pre-
sent.

15. Exchangeable metallic cations:

a. The sum of exchangeable metallic cations, S: Determination by percolation of 12.5
g fine earth with 250 ml normal ammonium acetate at pH 7. 100 grams of the per-
colate are evaporated,' calcinated, the residue dissolved in a measured excess of
HC], 0.1 N, and the excess determined with NaOH, 0.1 N. The value S represents also
the sum of the separately determined Ca++, Mgt*, K+ and Nat,

b. Exchangeable calcium, Cat*, and magnesium, Mg**: A measured part of the -
solution prepared for direct determination of S (¢f. 15 a) is used for determination
of Cat++ 4 Mgt by EDTA, applying Eriochrome as the indicator. In another
measured part of the solution, Catt is likewise determined by application of the
indicator Murexide. With this analysis method, the Ca of possibly present free
carbonates is included in the value for Catt,

¢. Exchangeable potassium, K+, and sodium, Na*+: Dlrcct determination in the perco-
late of ammonium acetate with a flame photometer (see, however, 16).
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16. Soluble salts: If the amount of Nat, determined under 15¢, is rather high, then the
presence of free salts in the soil solution is suspected. In that case, the quantity of free
anions, referred to as “soluble salts’ or ‘Cl, is determined by measuring the conductivity
of the saturation extract.

In the presence of soluble salts, the sum of the metallic cations as determined under
15a represents the exchangeable metallic cations together with the soluble metallic
cations, It is assumed that the latter are normally Nat for a large proportion. In this
case therefore, the Na* in the saturation extract is determined separately. This
amount of Na* is subtracted from the amount determined under 15¢, to obtain the
real amount of exchangeable Na* on the adsorption complex. The value S, as deter-
mined under 1354, is also diminished with the amount of Nat in the saturation extract,
to obtain the approximately correct sum of exchangeable metallic cations on the ad-
sorption complex.

17. Exchangeable aluminum, (Al)*: Determination by shaking 10 g fine earth with 200
ml KC, 1 N, followed by decantation, and titration with NaQH, 0.1 N, in the pre-
sence of brome-thymol blue.

In fact, this determination gives the ‘active acidity’. Experience at IQA has however
shown that the data for exchangeable (Al)*, determined colorimetrically with alumi-
non after extraction with KCl, 1 N, are practically always equal to the data for active
acidity. '

18. Potential acidity, H* 4 (Al)*: Determination by extraction with normal calcium
acetateat pH 7.

This value represents the ‘potential acidity’. Its includes the ‘active acidity’, or the
exchangeable (Al)* (see 17). H* alone represents the pH-dependent acidity.

19. Potential cation exchange capacity, T: Not determined separately but obtained by
the addition of S (see 15 a) and H* + (AD* (see 18). As such, it is equivalent to the
potential cation exchange capacity according the NH,OA¢ method at pH 7.

20. Base saturation, V: Obtained by comparing S with T. V = 100 §/T.
The value represents the base saturation percentage of the potential cation exchange
capacity.

MINERALOGICAL ANALYSIS

Mineralogic analysis by IQA involves only a few selected samples, of which only the
coarse sand fraction is studied. After separation of the minerals in groups with the
Brogger funnel, using bromoform and a mixture of bromoform and chloroform as a
separation fluid, the material is analysed under the binocular loupe and the polarizing
microscope. Amounts less than 0.5 9 weight are indicated as “traces’,

Samples of a few selected profiles were analysed in laboratories elsewhere, namely
that of UNSF British Guiana Soil Survey at Georgetown, British Guiana, that of the
Royal Tropical Institute at Amsterdam, Holland, and that of the Netherlands Soil
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Survey Institute (STIBOKA) at Wageningen, Holland. For a description of their ana-
lysis methods ¢f. PLAISANCE and VAN DER MAREL (1960); Dax et al. (1964).

1.2 The Soils Classified

The soils described in this publication are classified according to an international
system, so as to permit comparison of the Amazon soils with those of other tropical
regions. The classification system followed is that applied until recently in the USA, as
described first by BaLpwiN, KELL0oGG and THorp (1938), and revised by THORP and
SMITH (1949). The details of the classification of the zonal tropical soils agree with the
adaptations and elaborations made on the USA system by the national Brazilian
Soils Commission (¢f. 11.2). The ‘Guide to the classification of the Late Tertiary and
Quaternary soils of the Lower Amazon valley’ (Day, 1961) is followed as closely as
possible, the said guide also being based on the USA system. However, Da¥’s classi-
fying had to be done practically only on morphometrical field studies. Laboratory
data afterwards becoming available, expansion of the field studics, and more definite
correlation with the findings in other regions of Brazil, made it necessary to elaborate,
and in part deviate from, this Guide.

The levels of classification are those of the ‘Great Soil Group’®, its subgroups, and
phases of these. For practical soil mapping, the soil texture is often included in the
nomenclature.

In the following, the soil units found to date in Amazonia are described systematic.
ally. A full description of the concept and the range in characteristics of a unit is given
only for those ones of which frequent occurrence was established, for instance those
mapped in survey areas. Further details are given in direct survey reports (Day, 1959;
SomBroOEK, 1962a; SOMBROEK, 1962b; SOMBROEK and SaMmralo, 1962). The listing of
the soils discussed is given in Table 9. For analytical data on most individual profiles,
<f. Appendix 10.

(I) KaoLmitic LatosoLs anp KaouiNiTic LaTosoLic Sanps (KL and KLS)
A peneral discussion of the characteristics of this most important group of Amazon
soils is given in 11.2.2. Their qualities are dealt with in V.3.

(Ia) Kaolinitic Yellow Latosol (KYL)

General concept: This unit comprises deeply and strongly weathered soils, well-drain-
ed and permeable, predominantly with colour of yellowish hue, and of varying texture,
but with at least 159 clay in the B horizon. The soils are very strongly or extremely
acid, having a base saturation below 40°%,

The profiles are well developed, having ABC sequence of horizons; the boundaries
between these horizons are gradual or diffuse. The soils have a latosolic-B horizon (cf.
1L.2.1); the clay-sized particles consist very predominantly of silicate clay minerals of
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Table § Listing of the described Amazon soils

Profile no. and

Soil name Symbol detailed symbol
nome de solo simbolo niimera do perfil e
simbolo detalhado
m KaoLinimic LatosoLs anp KaoLiniTic LaTosoLic
SANDS
Larosolos Caoliniticos e Areius Latosdlicas Caoliniticas XKL + KLS
{Ia) Kaolinitic Yellow Latosol KYL
Larosolo Amareio Caolinitico
(1a.1) Kavolinitic Yellow Latosol {,Ortho) KYL 24 KYLa
Latosolo Amarelo Caolinitico (,Orto) 25 KYLy
(Ia.2) Kaolinitic Yellow Latosol, Compact phase KYL, ¢ 26 KYL, Cyp
Latosolo Amarelo Caolinitico, fase Compacta 27 KYL, ¢
(I13.3) Kaolinitic Yellow Latosol, Concretionary  KYL, cr 28 KYL,cr
phase
Latoselo Amarela Caolinitico, fase Con-
creciondria
(Ia.4) Kaolinitic Yellow Latosol, intergrade to KYL-RP 29 KYL-RPpy
Yellow Podzolic soil

Latosolo Amarelo Caolinitico, *infergrade
para solo Podzilico Vermelho-Amarelo
(1a.5) Kaolinitic Yellow Latosol, intergrade to KYL-DHL Jo KYL-DHLa
Dark Horizon Latoso!
Latosolo Amarelo Caolinitico, ‘intergrade’
para Latosole de Horizonte Escuro
(12.6) Kaolinitic Yellow Latesol, intergrade to KYL-GL
Ground Water Laterite soil
Latosole Amarelo Caolinitico, ‘intergrade’
para solo Laterita Hidromdrfica

(Ib) Kaolinitic Red Latosol KRL 37 KRLn
Latosolo Vermelho Caolinitico
(Ic) Kaolinitic Latosolic Sand KLS 32 KLS, F
Areia Latosdlica Caolinitica 33 KLS, s
()  RED YeLLow LaTOsOLS RL 34 RL?
Latosoles Vermelho-Amarelo
(I1I) Dark Rep LaTos0Ls DL 35 DL,s
Larosolos Vermelho Escuro
(I¥Y) Rep YeLtow PopzoLic solLs RP
Solos Podzdlicos Vermelho-Amarelo
(1V.1) Red Yellow Fodzolic soil {,Ortho) RP 36 RPyy
Solo Pod:zdlico Vermelho-Amarelo (,Orro) 37 RPas
(V.2) Red Yellow Podzolic soil, intergrade to Kaolinitic RP-KYL 38 RP-KYLn
Yellow Latosot 39 RP-KYL:

Solo Podzdlico Vermelho-Amarelo, ‘intergrade’
para Latoselo Amarelo Caolinitico
(IV.3) Red Yellow Podzolic soil, intergrade to Kaolinitic  RP-KYL,cr 40 RP-KYL, c&
Yellow Latoso!, Concretionary phase
Sole Pod:dlico Vermelho-Amarelo, ‘intergrade’
para Latosolo Amarelo Caolinitico, fase Con-

creciondgria
{Y)  RED YELLOW MEDITERRANEAN SOILS RM 41 RM
Solos Mediterrdnicos Vermelho-Amarelo
(VI) LitHosois » L 42 L
Litosolos
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Table 9 continued | Tabela 9 continuado

Profile no. and

Soil name Symbol detailed symbol
nome de solo stmbolo nimero do perfil e
simbola detalhado
(VII) GRrOUND WATER LATERITE SOILS GL 43 GL
Solos Laterita Hidromorfica
(VII} HyproMorprHIC GREY PobzoLiC soiLs HP 44 HPup, 0
Solos *Hydromorphic Grey Pod:zolic’ 45 HPyp, D
46 HPgp, s
(IX) Grounp Watkr PobzoLs AND WHITE SanDp Recosois  GP 47 GP
Podzols Hidromdrficos e Regosolos de Areia Branca WSR 48 WSR
(X) Low Humic Grey anp Humic GLEY soILs LHG 49 LHG
Solos Glei Himico e Glei Pouco Himico HG 30 HG
51 HG, v
(XI) SALINE AND ALKALI SOILS 32 Sol, ¢
Solos Salinos ¢ Alcalinos
(XII) *TerrA PRETA' 5OIL TP 353 TP

Terra Preia

{(XII) *Terra RoxA LEGITIMA” AND *‘TERRA ROXA ESTRUTURADA'; GRUMOSOL; NonN CaLcic BRownN-
LIKE 80iL, GRAVELLY PHASE (NB, G); Acip BRowN FOREST-LIKE S0IL, GRAVELLY PHASE (AF,
G); ALLUVIAL 50iL; ‘PARA’ PoDzoL; GREY HYDROMORPHIC SOIL; HALF B0OG s0I1L AND B0OG S0I1L
Terra Roxa Legitima e Terra Roxa Estruturada; Grumoselo; Sole parecido com *Non Calcic
Brown', fase Cascalhenta; Solo parecido com ‘Acid Brown Forest', fase Cascalhenta; Solo
Aluvial; Pod:zol de Pard, Solo ‘Grey Hydromorphic’; Soles Orgdnicos

Applied soil textural classcs Applied base saturation classes
aplicadas classes rexturais de solo classes de saturagdo de bases
clay (%) class symbol V(%) class symbol
argila (%) classe simbolo classe simbola
< 5% very light textured vl <50 low Ib
textura muito leve baixa
15-15% light textured ! 50-70 rather high rhb
textura leve meio-alta
15-35% medium te'xt.ured ] 70-100 high b
textura média alla
35-50% rather heavy textured rh
fextura meio pesada
50-70%; heavy textured h
textura pesada
=>70%, very heavy textured vh

textura muito pesada
If the textural class is applied for the soil as a whole, the texture of the By horizon is taken as the
criterion
Se a classe texrural é aplicada ao solo como um todo, entdo a texiura do horizonte B, € a que prevalece
In generalisations, the first three classes are grouped together as ‘relatively light textured’, and the
latter three as ‘relatively heavy textured'. The terms ‘sandy” and ‘clayey’ for these two groups are
normally avoided
Ao se fazerem generalizagies, as trés primeiras classes sdo agrupadas como ‘textura relativamente leve’
€ as ultimas trés como ‘textura relativamente pesada’. Os 1érmos “arenoso’ e ‘argilose’, para éstes dois
grapos, sde geralmente evitados

Tabela 9 Os solos amazénicos descritos
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the 1:1 Iattice structure, being kaolinite. The soils have a rather weak macro-structure,
at least in the subsurface horizon. When dry they are slightly hard, or hard. The B hori-
zon is generally somewhat heavier than the A horizon, a fact which is also noticeable in
the ficld, except where very heavy textured profiles are met.

Within the Kaolinitic Yellow Latosol group, various subgroups are distinguished.
For practical mapping purposes, these subgroups are, for the most part, further sub-
divided according to the texture of the B horizon (¢f. Table 9).

(1a.1) Kaolinitic Yellow Latosol (,Ortho) (KYL)

The profiles of the Ortho type are characterized by the following features:
1. The transitions, both as regards colour and texture, between the horizons are diffu-
se, or gradual, except the transition from the A, to the A;. From top to bottom of the
profile, the colour gradually obtains more value, more chroma, and a redder hue;
mottles are absent.
2. The B horizon is neither compact nor firm.
3. The soils are deeply porous and deeply rooted, to the C horizon.
4. Hard plinthitic gravel is absent or nearly absent. If occurring scattered in the pro-
file, it comprises maximally 5% of the soil mass; if concentrated in a layer, then this
layer is less than 30 cm thick above | m depth.

The range in characteristics of the very heavy rextured profiles is given below:

The profiles have heavy clay texture in all horizons, The A horizon, consisting of an A, and an A,, is
between 20 and 45 cm thick; the B horizon, consisting of a B, and often a B,, is 80 to 150 cm thick;
the C horizon is of varying and often difficult to determine, thickness.

The A, subhorizon varies considerably in thickness (from 2 to 30 cm). The colour is predominantly
dark yellowish brown (10 YR 4/4) or dark brown to brown (10 YR 4/3 or 5/3). The structure is usually
moderate, medium to fine subangular blocky, with often weak to moderate, very fine granules present.
The superficial part may be crusted and clodded (¢f. 1V.1.1.2).

The A, subhorizon is 15-40 c¢m thick. The ¢olour is predominantly yellowish brown (10 YR 5/6 or
5/4) or light yellowish brown (10 YR 6/4). It has usually a weak to moderate fine subangular blocky
and modcrate to weak, very fine granular structure. On a considerable part of the insect and root
channels, coatings may be present,

The subhorizons of the B horizon are normally strong brown (7.5 YR 5/6), less frequently yellowish
brown (10 YR 5/6) or reddish yellow (7.5 YR 6/6 or 6/8). The structure is weak to moderate, mostly
medium subangular blocky, with weak, very fine granular elements present in varying frequency, A
portion of the channels may have coatings.

The C-horizon is reddish yellow (7.5 YR 6/6 or 6/8, 5 YR 6/8), or ycllowish red (5 YR 5/8), and
massive or with a weak, medium subangular blocky structure.,

The characteristics of the heavy, rather heavy, and medium textured profiles have the
following range:

The profiles have heavy sandy loam, sandy clay loam, sandy clay, or clay texture in the B horizon. The
A horizon, consisting of an A, and A,, is 35 to 75 cm thick. The B horizon, consisting of a B, and B,,
and often a By, is 100 to 250 cm thick. The C horizon is of varying and not easily determined thickness.

The A, subhorizon ranges from § to 30 cm in thickness. The texture varies from sand to sandy clay.
The colour has values of 3 to 5,achroma of 3 or 4,and a hue of 10 YR, less frequently 7.5 YR or 5 YR
most common are brown (10 YR 4/3 or 5/3) and dark yellowish brown (10 YR 4/4). In the lightest
textures the horizon may be structureless (single grains), but more often there is a structure of weak to
moderate, fine subangular blocky and very fine granules. Both under a cover of primeval forest, and
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under cultivation, the upper section of the A, often consists of a layer of loose, bleached sand (pepper
and salt colour), ranging in thickness from 0.1 to § cm (*micro-podzol’).

The A, subhorizon is normally between 20 and 50 cm thick, The texture varies from sandy loam to
light clay. The colour value is usually 5 or 6, the chroma varies from 4 to 8, and the hue is generally
10 YR ; most common are yellowish brown (10 YR 5/6) and light yellowish brown (10 YR 6/4). The
structure is mostly weak to moderate, medium to fine subangular blocky, with very fine granules
present in varying frequency.

The B, subhorizon, when present, is 30 to B0 cm thick, The texture is usually heavy sandy loam or
light sandy clay loam. The colour is brownish yellow (10 YR 6/6) or yellow (10 YR 7/6), less frequent-
ly reddish yellow (7.5 YR 6/6 or 7/6). The structure is normally the same as that of the A,.

The B, subhorizon, 70 to 150 cm: thick, varies in texture from heavy sandy loam to clay: the texture is
always noticeably heavier than that of the A horizon. The colour is normally reddish yellow (7.5 YR
6/6 or 6/8) or brownish veltow (10 YR 6/6 or 6/8). The structure is normally a slightly coherent porous
soil mass, falling apart into weak, medium to fine subanpular blocky elements and some very fine
granules.

The B, horizon is commonly slightly lighter textured than the B,, with the other characteristics
approximately identical.

The C horizon, in texture varying from sandy loam to sandy clay, is usually reddish vellow (5 YR
6/8) or yellowish red (5§ YR 5/8). The horizon is massive, but has mostly a large number of fine pores.

Profile 24. KaoLinimic YeLLow Latosor (,OrRTHO), very heavy textured (KY Loa).

Fietd description 210 (Sombroek)

Location: Along highway BR-14, km 247, 8 of Sdo Miguel do Guamd.

Relief and drainage: Totally flat top of rather small section of high terrace (planalto). Alt. 200 m. Well-
drained,

Parent material: Plio-Pleistocene lacustrine sediments (Belterra clay).

Vegetative cover: Primeval tropical forest, Rather low timber volume (100 m*/ha ca.); rather few, but
thick trees; dense undergrowth, of thick creepers and climbers.

0, 8-5 em: Undecomposed plant residues.

0, 5-0 cm: Partly decomposed plant residues with many fine roots.

A,y 0-2 cm. Dark yellowish brown (10 YR 4/4) heavy clay. Moderate, medium to fine subangular
blocky and weak, very fine granular structure. Moist, friable. Sticky and plastic when wet.
Locally the horizon is crusty, due to intense activity of insects, especially termites. Many pores.
Very many, mostly fine, roots. Transition clear.

Ay 2-20 em: Yellowish brown (10 YR 5/6) heavy clay. Moderate, fine subangular blocky and
weak, very fine granular structure. Moist, friable. Sticky and plastic when wet, Soft when dry.
Many pores. Very many roots. Transition gradual.

B, 20-60 em: Strong brown (7.5 YR 5/6) heavy clay. Weak to moderate, medium to fine subangu-
lar blocky and weak, very fine granular structure. A few, faint clay skins. Moist, friable.
Sticky and plastic when wet. Slightly hard when dry. Many pores. Many roots, Transition
diffuse.

B, 60-130 cm: Strong brown (7.5 YR 5/6) heavy clay. Weak, medium sized subangular blocky
and weak, very fine granular structure, A few, very faint clay skins. Moist, friable to firm.
Sticky and plastic when wet, Slightly hard when dry. Common pores. Many roots. Transition
diffuse. .

C 150-250 em: Yellowish red (5 YR 5/8) heavy clay. Massive to weak, medium sized subangular
blocky structure. Moist, firm. Sticky and plastic when wet. Few pores. Very few roots.

For full mineralogical analysis and specific surface data of the A; and B, horizons of
a comparable profile: see sample 303-2 and 303-4 of the Tables 7 and 8, Fig. 14a-e and
Photo 9. For pF-curves of the B, of comparable profiles: see samples 219-3 and 303-3 of
Fig. 37.
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Profile 25. KAOLINITIC YELLOW LaTosoL (,OrTHO), medium textured (KYL i),

Field description 233 (Sombroek-Sampaio)

Location: Along highway BR-14, km 12.7 § of S40 Miguel do Guamad.

Relief and drainage. Flat top of terrace, about 55 cm above nearby river, Well-drained. Alt. 65 m.

Parent material: Pleistocene fluviatile (?) sediments.

Vegetative cover: Tropical forest with medium timber volume (150 m’/ha ca.). At the spot probably

once or twice attacked by fire,

O, 6-1 em: Undecomposed plant residues.

Q, 1-0 em: Partly decomposed plant residues, with very fine roots.

A, 0-2 em: Loose bleached sand.

Agg 2-20 emm: Brown (10 YR 4/3) coarse sand. Single grains and a few, weak, fine crumbs. Moist,
foose. Not sticky and not plastic when wet, Soft when dry. Very many, mainly fine roots.
Transition gradual,

A, 20-70 em: Yellowish brown (10 YR 5/4) light coarse sandy loam. Little coherent massive, to
weak, medium to fine subangular blocky structure. Moist, very friable, Not sticky and not
plastic when wet, Slightly hard when dry. Slightly more resistant to penetration than other
horizons. Common pores. Many roots. Some pieces of charcoal. Transition diffuse.

B, 70-140 em: Brownish yellow ($0 YR 6/6) coarse sandy loam. Weak, medium to fine subangu-
lar blocky structure. Moist, very friable. Not sticky and not plastic when wet. Slightly hard, to
hard when dry. Common pores. Many roots. Transition diffuse.

B 140-220 em: Reddish yellow (7.5 YR 6/6) heavy coarse sandy loam. Litule coherent massive,
to weak, medium to fine subangular blocky structure. Moist, very friable. Not sticky and
slightly plastic when wet. Slightly hard, to hard when dry. Common, to few poers. Few roots.
Transition diffuse.

B, 220-320 em: Reddish yellow (7.5 YR 6/6) light coarse sandy clay loam. Little coherent massi-
ve. Moist, very friable. Not sticky and slightly plastic when wet. Hard when dry, Few pores.
Yery few roots, :

For full mineralogical analysis and specific surface data of the A; and B, horizons of
a comparable profile: see sample 300-2 and 300-4 of Table 7 and 8. For the pF-curve of
the B, of a comparable profile: see sample 231 of Fig. 37.

(12.2) Kaolinitic Yellow Latosol, Compact phase (KYL, C)

The profiles of the Compact phase differ from those of the Ortho type in being com-
pact and rather firm, especially in the B horizon. This B horizon is relatively slightly
porous; the root development in this horizon is limited. The hue of the profiles is yel-
lower (often 2.5 Y). In the very heavy textured profiles, the A horizon is extremely thin.
In the lighter textured profiles the textural difference between the A and the B horizons
is fairly great. Some mottling may also be present in the B horizon of the latter profiles.

The very heavy textured and the rather heavy textured profiles were frequently en-
countered. A range in characteristics can therefore be given.

The range for the very heavy textured profiles is as follows:

The A horizon, consisting of an A, and an A,, is 30-50 ¢m thick. The B horizon, consisting of a B,
and a B,, is between 100 and 150 ¢cm thick. The C horizon is of varying thickness.

The A, subhorizon rarely comprises more than 2-3 cm, The colour value is 5 or 6, the chroma 3 or 4,
the hue 10 YR or 2.5 Y. Light yellowish brown (10 YR 6/4) is the most common. The structure is
usually moderate, fine subangular blocky, composing weak, medium subangular blocky. Due to the
thinness of the A,, and the thinness or absence of an O, and O,, the yellowish ¢lay of the A; can often
be observed bare at the surface. The A, subhorizon, varying from 30 to 50 ¢m in thickness, has colour
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values of 6 or 7, chromas of 4 or 6, hues of 2.5 Y or 10 YR. Most common are very pale brown (10
YR 7/4) and pale yellow (2.5 Y 7/4). Thestructure is a moderale, fine subangular blocky and weak very
fine granular. The B, horizon, varying in thickness from 50 to 100 cm, has colour values of 6 or 7,
chromas of 6 or 8, hues of 10 YR or 7.5 YR. Most common is yellow (10 YR 6/7). Mottling does not
occur, The structure is commonly weak to moderate, fine subangular blocky and locally weak, very
fine granular, The B, subhorizon is about 70 cm thick. The colour is generally reddish yellow (7.5 YR
6/8). The structure is usually weak, medium subangular blocky but sometimes a weak, medium sized
platy structure occurs. The C-horizon is generally reddish yellow (5 YR 7/6). The horizon is normally
massive. -

For the rather heavy textured profiles the range in characteristics is as follows:

The A horizon, consisting of an A, and an A,, varies between 20 and 60 cm in thickness. The B hori-
zon, consisting of a B, and a B,, is between 100 and 120 cm thick. The C horizon is of varying thick-
ness. The A horizon is often capped with a rather thick (up to 3 em)} layer of loose bleached sand
(’micro-podzol’).

The A, subhorizon varies between 5 and 20 cm in thickness. The texture is predominantly sandy loam.
The colour is grey brown (10 YR 5/2), brown (10 YR 5/3) or pale brown (10 YR 6/3). The horizon is
structureless, or has a weak, fine subangular blocky structure. The A, subhorizon is between 20 and
40 ¢m thick, The texture is mostly sandy clay loam, sometimes sandy loam or sandy clay. The colouris
predominantly very pale brown or pale yellow (10 YR, resp. 2.5 Y 7/4), sometimes pale brown (10 YR
6/3). The structure is usually weak, medium subangular blocky. The B, subhorizon is between 20 and
70 cm thick. The texture is predominantly sandy clay, sometimes sandy clay loam, or clay. The colour
is commonly brownish yellow {10 YR 6/6), but also colours of less chroma occur {10 YR resp, 2.5 YR
6/3-6/4). The latter is mostly the case if the horizon is of clay texture; then also common and distinct
mottles of yellowish red (5 YR 5/8), may be present. The structure is normally weak, medium subangu-
ar blocky but sometimes a stronger structure (weak to moderate, medium angular blocky) is present,
accompanied by a few faint clay skins, The B, subhorizon is between 50 and 100 cm thick. The texture
is predominantly a light sandy clay. The colour is commonly reddish yellow (7.5 YR 6/6-6/8), but
yellow (10 YR resp. 2.5 Y 7/6) may occur. The horizon is massive, or has a weak, medium sized sub-
angular blocky structure.,

The C horizon has normally sandy ¢lay or sandy clay loam textures. [is colour is predominantly
reddish yellow (7.5 resp. 5 YR 6/8-7/8).

Profile 26. KaoLmNimic YeLLow LaTosoL, Compact phase, very heavy textured (KYL, Cyp)
Field description 230 (Sombroek)

Location: Highway BR-14, km 69 of Siao Miguel do Guam4, 6 km E.

Relief and drainage: Totally flat terrace. Well-drained., Alt. 70 m.

Parent material: Plio-Pleistocene lacustrine sediments, re-worked in early Pleistocene.
Vegetative cover: Primeval tropical forest, with medium (140 m*/ha cq.) timber volume. Scattered thick
trees, often in small groups; dense undergrowth, largely consisting of thick creepers and climbers,

0, 41 em: Undecomposed plant residues.

0, I-0 cm: Partly decomposed plant residues with many very fine roots. Surface rough and
rather hard, locally bare and then with green cover (Aigae).

A, 0-3 em: Grey brown (2.5 Y-10 YR 5/2) heavy clay. Structure of moderate, fine subangular
blocks, composing weak, medium sized subangular blocks. Moist, friable to firm. Sticky and
plastic when wet. Hard when dry. Many pores, many large insect channels. Very many, main-
ly fine roots. Transition clear.

A, 3-40 cm. Light yellowish brown (2.5 Y 6/4) heavy clay. Moderate, fine subangular blocky and.
weak, very fine granular structure. Moist, friable. Sticky and plastic when wet. Slightly hard
when dry. Rather compact. Many pores. Many roots. Transition gradual.

B, 40-90 em: Brownish yellow (10 YR 6/6) heavy clay. Structure of weak to moderate, very fine-
subangular blocks, composing weak, medium sized subangular blocks. Tendency to platy. A
few, faint clay skins, Moist, friable to firm. Sticky and plastic when wet, Slightly hard, to
hard when dry. Compact. Very resistant to penetration with hammer. Few pores. Few roots_
Transition diffuse.
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With Dutch auger:

B, 90-130 cm: Brownish yellow (10 YR 7.5 YR 6/8) heavy clay, Moist, firm. Sticky and plastic
when wet. Very difficult to penetrate with soil auger. Transition diffuse.

C 130-180 em: Reddish yellow (7.5 YR 7/8) heavy clay. Moist, firm. Sticky and plastic when
wet. Very difficult to penetrate with soil auger.

Profile 27. KaoLINnTIC YELLOW LATOSOL, Compact phase, rather heavy textured (KYL, Cra)

Field description 194 (Sombroek)

Location: Highway BR-14, km 63 § of Sdo Miguel do Guamd, 7 km E.

Relief and drainage: Extensive, completely flat terrace, about 60 m above river level. Somewhat imper-
fect internal drainage. Alt. 60 m,

Parent material: Early Pleistocene fluviatite () sediments,

Vegetative cover: Primeval tropical forest of low timber volume (75 m®ha ca.), Dense undergrowth,
predominantly of thin creepers and climbers,

0, 9-2 em; Undecomposed plant residues.

O, 2-0 em: Partly decomposed plant residues with many fine roots

Ay 0-1 em: Loose bleached sand.

A,y =30 em: Pale brown (10 YR 6/3) sandy loam. Weak, fine subangular blocky structure. Moist,
friable. Not sticky and not plasiic when wet, Slightly hard when dry. Slightly compact. Com-
mon to few pores. Common roots. Transition diffuse,

A, 30-60: Light yellowish brown (2.5 Y 6/4) heavy sandy clay loam. Weak, medium subangular
blocky structure. Moist, firm. Slightly sticky and slightly plastic when wet. Hard when dry.
Compact. Yery resistant 1o penetration with hammer. Very few pores. Few roots. Transition
diffuse,

B, 60-120 cm: Yeliow (2.5 Y 7/6) light sandy clay. Weak to moderate, coarse subangular blocky
structure Moist, firm, Slighily sticky and slightly plastic when wet. Hard when dry. Compact.
Very resistant to penetration with hammer. Common pores. Few roots. Transition diffuse.

B, 120-170 em: Yellow (2.5 Y 7/6) sandy clay loam, with few, medium sized, faint mottles of
yellow (J0 YR 7/6). Massive to weak, medium sized subangular blocky structure. Moist,
friable to firm. Slightly sticky and slightly plastic when wet. Hard when dry. Slightly compact.
Less resistant to penetration with hammer than B,. Common pores. No roots,

(Ia.3) Kaolinitic Yellow Latosol, Concretionary phase (KYL, CR)

The profiles of the Concretionary phase differ from those of the Ortho type owing to
the presence of plinthitic gravel. This includes more than 5% of the soil mass when it
occurs scattered in the profile, or constitutes a layer in excess of 30 cm in thickness
above a depth of 1 m. Soft plinthite is absent above a depht of 1 m. The colour is
often, but not always, somewhat redder than that of the Ortho type. For a general dis-
cussion on the genetics of this soil, please refer to 11.3.2.2.

Profile 28. KaoLinimic YeLLow Latosor, Concretionary phase (KYL, cr)

Field description 114 (Day)

Location: Near Belém, 3 km S of IAN Headquarters (Lat. 1°.27°S; Long 48°.26’ W),
Relief and drainage: Undulating terrain (slope 2-59%). Alt. less than 50 m. Well-drained,
Parent material: Mio-Pliocene fluviatile () sediments.

Vegetative cover: Cleared from brush. Formerly forest.

Ap 0-25 em: Dark reddish brown (5 YR 3/2) gravelly sandy clay loam. Weak, coarse subangular
blocky structure, breaking into moderate, medium to fine subangular blocky. Moist, friable.
Gravels are coarse grained iron-quartz plinthite fragments, of diameter 0.5-3 cm, occupying
about 759, of the soil mass, pH (Soiltex) 4 or below. Transition clear and smooth.

A, 25-50 cm: Gravelly clay. Transitional horizon between A,y and By,. Transition gradual and

wavy.
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By, 50-100 cm: Yellowish red (5 YR 5/6) gravelly clay, Weak, coarse subangular blocky structure.
Moist, friable. Gravels are plinthite fragments, containing some medium or coarse grained
quartz. They are of diameter 1-5 cm and occupy about 759 of the soil mass. pH (Soiltex) 4 or
below, Transition diffuse and wavy,

B, 100-170 em: Red (2.5 YR 5/8) gravelly clay. Weak, very coarse angular blocky structure,
breaking into moderate, fine angular blocky. Moist, friable. Gravels are plinthite fragments,
fine, and occupying about 75 % of the soil mass, pH (Soiltex) 4 or below. Transition diffuse and
wavy,

With Dutch auger:

C 170-230 cmi; Red (2.5 YR §/8) clay, with common to many, medium sized, prominent mottles
of yellow (10 YR 8/B) and dark red (10 R 3/6). Still a few plinthite concretions, fine grained,
rather soft.

Cy 230-290 em: Light reddish brown (2.5 YR 6/4) clay, with many, coarse, prommem mottles of
pinkish white (7.5 YR B/2) and dusky red (10 R 3/4).

(1a.4) Kaolinitic Yellow Latosol, intergrade to Red Yellow Podzolic soil (KYL-RP)

The profiles of this group differ from those of the Ortho type in having a distinct
colour change from the A to the B horizon. Also, the textural difference be-
tween the A and the B harizons is slightly larger than that of profiles of the Ortho type
with the same general texture. The change in texture is, however, diffuse to gradual, as
in the Ortho type.

Many examples were studied of the rather heavy textured profiles. Therefore, a range
in characteristics for this textural class can be given:

The A horizon, consisting of an A, and an A,, is between 35 and 60 cm thick. The B-horizon, consist-
ing of a B; and a B,, is 150 to 180 cm thick. The C horizon is of varying thickness. The A horizon is
generally capped with only a thin layer (< 1 mm) of loose sand (*micro-podzol’}.

The A, subhorizon is between 5 and 10 cm thick. The texture is predominantly sandy clay loam,
sometimes sandy loam, or sandy clay. The colour is grayish brown or brown (10 YR 5/2 resp. 10 YR
5/3). The structure is weak or moderate, fine subangular blocky. The transition to the A, is characteris-
tically clear. The A, subhorizon varies between 20 and 50 cm in thickness. The texture is normally
sandy clay loam or sandy clay. The colour value is 6 or 7, the chroma 4 or 6, the hue 10 YR, sometimes
2.5 Y. Most frequent is very pale brown (10 YR 7/4). The structure is weak to moderate, medium to
fine subangular blocky. The transition to the B horizon is characteristically gradual, not diffuse. Some-
times a transition zone {A - B) occurs, with colours both of A, and B,. The B, subhorizon is 60 to 80
cm thick. The texture is commonly a light clay, but sandy clays are also rather frequent. The colour is
reddish vellow (7.5 YR 7/6, sometimes 7.5 YR 7/8 or 6/6). The structure is a weak, medium subangular
blocky. A few, faint ¢lay skins may occur. The transition to the B, is diffuse. The B, subhorizon varies
between 50 and 100 cm in thickness. The texture is a sandy clay or, less frequently, a light clay. The
colour is reddish yellow (5 YR 6/8, 5 YR 7/8). The horizon has a weak, medium subangular blocky
structure, if any. The C-horizon has commonly a sandy clay texture. Sandy clay loam or light clay
textures also occur, The colour is reddish yellow {5 YR 6/8) or light red (2.5 YR 6/8), often with some
mottling of yellow (10 YR 8/6). Sometimes colours of rather yellow hue and little chroma (e.g. pink,
7.5 YR 7/4) predominate.

Profile 29. Kaotmiumic YeLLow Latosow, intergrade to RED YELLow PobnzoLic soil, rather heavy
textured (KYL-RP,;); the actual profile would come under the heavy texture class

Field description 197 (Sombroek)

Location: Along highway BR-14, km 136 8 of Sio Miguel do Guama.,

Relief and drainage: Edge of flat terrace, 10 m above level of nearby rivulet. Well-drained. Alt, 80 m.
Parent material: Pleistocene fluviatile sediments.

Vegetative cover: Primeval tropical forest of rather high timber volume (200-250 m*/ha). Erect, open
undergrowth, nearly devoid of creepers and climbers.
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0, 4-0.5 cm: Undecomposed plant residues.

Q, 0.5-0 em: Partly decomposed plant residues with very fine roots. Surface somewhat irregular
and hard, due to intense termite activity. Loose bleached sand grains form a very thin discon-
tinuous cover,

Ay 0-5 em: Dark brown {7.5 YR 3/2) heavy sandy clay loam. Moderate, very fine subangular
blocky structure. Many very fine granular insect outcasts. Moist, friable, Sticky and slightly
plastic when wet. Slightly hard when dry. Very many pores and large insect channels. Very
many, mainly fine, roots. Transition abrupt.

A 35-20 em: Dark grey brown (10 YR 4/2) sandy clay, with many, fine, faint mottles of pale
brown (10 YR 6/3), Weak to moderate, fine subangular blocky and weak, very fine granular
structure, Moist, friable. Sticky and plastic when wet. Soft when dry, Many pores. Many roots.
Transition clear.

A, 1550 em: Very pale brown (10 YR 7/4) clay. Weak to moderate, medium subangular blocky

- and weak, very fine granular structure. Moist, friable. Sticky and plastic when wet. Slightly
hard when dry. Many pores. Many roots. Transition gradual,

A + B 50-70 em: Reddish yellow (5 YR 7/8) clay, with many, fine, faint mottles of very pale brown
(10 YR 7/4). A transition zone between Ay and B,.

B, 70-140 cm: Reddish vellow (5 YR 7/8) clay. Structure weak, coarse subangular blocky, fall-
ing apart into weak, fine subangular blocky. A few, very faint clay skins. Moist, friable.
Sticky and plastic when wet, Haed when dry. Many pores. Common roots. Transition gra-
dual,

B, 140-190 em: Reddish yellow (5 YR 7/8) clay, with many fine, faint motiles of pink (7.5 YR 7/4).
Massive, to weak, coarse subangular blocky or medium prismatic structure. Moist, friable,
Sticky and plastic when wet, Slightly hard when dry. Common pores. Common roots. Transi-
tion gradual,

C 190-250 em: Pink (7.5 YR 8/4) heavy clay, with many, medium sized, faint to distinet mottles
of white (10 YR B/1). Massive, 10 weak, medium prismatic structure, Moist, friable, Sticky
and plastic when wet. Slightly hard when dry. Few, to common pores. Few roots.

(1a.5) Kaolinitic Yellow Latosol, intergrade to Dark Horizon Latosol (KYL-DHL)

The profiles of this group differ from those of the Ortho type by having in the B hori-
zon a layer of slightly darker colour (lower value) than the earth immediately above
and below. The classification is very provisional, awaiting more field studies, and ana-
Iytical data (for Dark Horizon Latosol ¢f. RUHE and Caby, 1954; SoIL SURVEY STAFF,
1960, p. 241).

Profile 30. KaoLivimc YeLLow LaTosor, intergrade to Dark HorizoN LatosoL, heavy textured
(KYL-DHL)

Field description 319 (Sombroek, Falesi)

Location; 8 km E of Porto Velho; Experimental Station of [AN, 2 km S of Headquarters.

Relief and drainage: Approximately flat terrain, 30 m ca. above larger rivulets. Well-drained. Alt.
100 mca.

Parent marerial: Pleistocene sediments.

Vegetative cover: High secondary forest.

0, 7—4 cm: Undecomposed plant residues.

0, 4-0 ¢m: Partly decomposed plant residues, and very many very fine roots.

A, 0-3 em: Dark yellowish brown (10 YR 4/4) fine sandy clay. Moderate, fine subangular blocky
structure. Moist, friable. Slightly sticky and slightly plastic, to plasticjwhen wet. Many coarse
and few fine pores. Very many roots. A few pieces of charcoal, Transition clear.

A, 3—45 cm; Yellowish brown (10 YR 5/4) fine sandy clay. Weak, fine subangular blocky and
weak to moderate, very fine granular structure. Moist, friable. Slightly sticky and slightly
plastic, to plastic, when wet. Few coarse and common fine pores, Many roots. A few pieces of
charcoal. Transition gradual.
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Bia 45-85 em: Dark yellowish brown (10 YR 3/4) fine sandy clay. Weak, fine to medium subangu-
lar and weak, very fine granular structure. Moist, very friable. Slightly sticky and slightly
plastic, to plastic, when wet. Little resistance to penetration with hammer. Common to many
fine pores. Many roots. Transition gradual.

B, 85-130 cm. Strong brown (7.5 YR 5/6) clay. Porous massive, to weak, medium subangular
blocky and weak, very fine granular structure, Moist, very friable. Plastic and slightly sticky
when wet. Little resistance to penetration with hammer. Many medium sized pores. Many
roots. Transition diffuse,

B, 130--180+ em: Reddish yellow (7.5 YR 6/8) clay. Porous massive, to weak, medium subangu-
lar blocky structure. Moist, very friable. Plastic and slightly sticky when wet, Litile resistance
to penetration with hammer, Common fine pores. Common roots.

(1a.6) Kaolinitic Yellow Latosol, intergrade to Ground Water Laterite soif (KYL-GL)

The profiles of this group differ from those of the Ortho type in having in the lower
part of the profile some soft plinthite-in-formation: The B and C horizons have a fair
quantity of reddish mottles in a matrix of less chroma than the Ortho type. The B hori-
zon has certain characteristics of a textural-B (¢f. 11.2), viz. relatively large textural
difference B/A, subangular to angular blocky structure, a few clay skins, and limited
porosity. The A, subhorizon is often slightly paler (e.g. hue 2.5 Y, chroma 4 to 6) than
that of the profiles of the other types.

The Kaolinitic Yellow Latosol, intergrade to Ground Water Laterite soil seems to
be identical with what is called *Planosolic Latosol’ by the U.S. Soil Conservation Ser-
vice. This name refers to soils assumed to occupy about 40° of the area in western
Amazonia and described by STRIKER as: ‘very highly acid, with greyish and yellowish
brown silty to silty clay surface horizons over yellow and reddish yellow, mottled,
moderately plastic or compacted, slowly drained clay subsoils’ (KELLOGG, personal
communication). See also Profile 12 (11.3.2.1).

{Ib) Kaolinitic Red Latosol (KRL)

General concept: This unit includes deeply and strongly weathered soils, well-drained
and permeable, predominantly of reddish hue and of varying texture but with at least
159 clay in the B horizon. The soils are very strongly to slightly acid, and have a base
saturation above 40 9.

The profiles are well developed, having an ABC sequence of horizons; the boundaries
between these horizons are gradual or diffuse. The soils have a latosolic-B horizon (cf.
I1.2.1); the clay-sized particles consist very predominantly of silicate clay minerals of
the 1:1 lattice structure, being kaolinite. The soils have a rather weak macro-structure,
at least in the sub-surface horizon. When dry they are slightly hard, to hard. The B ho-
rizon is generally slightly heavier than the A horizon.

The only frequently encountered profiles of this unit are of medium texture. The
range in characteristics within this textural class is given below:

The A horizon, consisting of an A, and A,, is about 70 ¢m thick. The B horizon, consisting of a B,
and a B,, is aboul 200 cm. The C horizon is of varying thickness. The A horizon is normally capped
with a thin (< 1 cm) layer of loose bleached sand (Cmicro-podzol').,
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The A, subhorizon is 5-20 cm thick. The texture varies between loamy sand and light sandy clay
loam. The colour value is 4 to 5, the chroma 4 to 6, the hue 7.5 YR or 5§ YR. Brown (7.5 YR 4/4 or
5/4) is most frequent. The horizon is structuseless (single grains} or has a weak, fine subangular blocky
structure. The A, subhorizon is 40-60 cm thick. The texture is usually sandy loam or sandy clay loam.
The colour is predominantly yellowish red (5 YR 4/6 or 4/8). Weak, fine subangular blocky is the pre-
dominant structure. The B, subhorizon is 50-100 ¢m thick, The texture is commeonly sandy ¢lay loam,
sometimes sandy loam, or sandy clay. The predominant colours are yellowish red (5 YR 4/6 or 4/8)
and red (2.5 YR 4/6 or 4/8), The structure is a weak, medium to fine subangular blocky. The B, subho-
tizon is about 100 cm thick. The texture is light sandy clay loam or sandy loam. The colour is the same
as in the B, horizon. The horizon is structureless (little coherent porous massive), or has a weak, me-
dium subangular blocky structure, The C horizon is predominently of sandy loam texture, The colour
is generally red (2.5 YR 4/8). The horizon is massive. Rounded quartz pebbles or rounded plinthite
concretions commonly occur, in small percentages.

Profile 31. KaoriNiTiC RED LATOSOL, medium textured (KRL,,); the actual profile is transitive to the
light texture class

Field description 226 (Sombrock, Sampaio)

Location: Along highway BR-14, km 422 § of Sdo Miguel do Guama,

Relief and drainage: Side of one several small hills in generally flat terrain., Somewhat excessively
drained. Alt. 140 m.

Parent material: In Pleistocene reworked sediments of Cretaceous/Tertiary age.

Vegetative cover: Tropical forest, with low timber volume (75 m*/ha ca.). Low, thin trees; many palms
of various species. Rather dense undergrowth, in which thin creepers and vines are common.

O, 4-1 em: Undecomposed plant residues.

Q, 1-0 em: Partly decomposed plant residues. .

Ai  0-0.5 em: Loose bleached sand with many fine roots.

A 0.5-20 cm: Dark brown (7.5 YR 4/4) loamy sand. Single grains. Moist, loose. Not sticky and
not piastic when wet. Many roats. Transition clear to gradual.

A, 2070 em: Yellowish red (5 YR 4/8) fine sandy loam. Weak, fine subangular blocky structure.
Moist, very friable. Not sticky and not plastic when wet. Soft when dry. Many pores. Many
roots. Transition diffuse.

B, 70-180 cm: Red (2.5 YR 5/8) fine sandy loam. Weak, medium to fine subangular blocky struc-
ture. Moist, very friable. Not sticky and not plastic when wet. Slightly hard when dry. Many
pores. Many roots. Transition diffuse.

B, 180-300 cm: Red (2.5 YR 5/B) fine sandy loam. Massive to weak, medium subangular blocky
structure. Moist, very friable. Not sticky and not plastic when wet, Slightly hard when dry.
Many pores. Many roots,

In A, and B, some guartz pebbles and rounded, black, medium textured plinthite concretions,
both partially as stone-lines.

(Ic) Kaolinitic Latosolic Sand (KLS)

General concept: This unit comprises highly and very deeply weathered soils, well or
somewhat excessively drained, with colours of yellowish or, less commonly, of reddish
hue. The soils are light textured, the percentage of clay-sized particles in the B horizon
being less than 159, They are very highly or extremely acid and have a base saturation
of less than 409,

The profiles are well developed, having an ABC sequence of horizons; the boundaries
between these horizons are gradual or diffuse. The solum is generally very thick (2 m
or more). The few clay sized mineral particles consist very predominantly of silicate
clay minerals of the 1:1 lattice structure, being kaolinite. The soils are structureless
(single grains), or have a very weak structure. The B horizon is slightly less sandy than
the A horizon, which is often also noticeable in the field.
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Apart from texture and associated characteristics, the soils are comparable to the
Kaolinitic Yellow Latosol (,Ortho).

Two main phases are distinguished, namely a Forest phase and a Savannah phase.
Many profiles of the Forest phase (F) were studied. Therefore, a range in characteristics
can be given.

The A horizon, consisting of an A, and an A,, is about 70 cm thick. The B horizon is between 150 and
200 em thick, and consists normally of a B, and a B,. The C horizon is of varying thickness.

The A, subhorizon is 10-40 ¢m thick, Its texture varies from sand to sandy loam. The colour value is
4 or 5, the chroma 2 or 3, the hue 10 or 7.5 YR ; dark brown to brown (10 YR 4/3) is predominant.
The structure is usually weak fine subangular blocky. The subhorizon is generally capped with a thin
layer of loose bleached sand. The A, subharizon is between 30 and 60 ¢cm thick. Its texture varies from
sand to sandy loam. The colour value is 4 to 6, the chroma 3 to 6, the hue is 10 or 7.5 YR, less com-
monly § or 2.5 YR ; brown (7.5 YR 5/4) is most common. The structure is weak medium to fine sub-
angular blocky, or little coherent porous massive. The B, subhorizon is 70-150 cm thick. Its texture is
a loamy sand or light sandy loam. The colour hue is 10 or 7.5 YR, less commonly (for instance in
relatively dry regions) 5 or 2.5 YR ; value and chroma are 6/6 or 6/8 (brownish yellow, reddish yellow,
sometimes light red), The structure is normally little coherent porous massive, to weak medium sub-
angular blocky. The B; subhorizon, S0 to 100 cm thick, varies between sand and sandy loam in
texture. The colours are predominantly the same as in the B,, sometimes of slightly redder hue. The
structure is usually porous massive. The C horizon is generally somewhat lighter textured than the B,.
It has the same colour or is of slightly redder hue; some mottling, for instance light grey in a reddish
yellow matrix, may occur. The harizon is massive, Plinthite concretions or rounded quartz pebbles
may occur at varying depth in this horizon.

Only a few profiles were studied of the Savannah phase (s). Except for the develop-
ment of the A, horizon and a slightly larger difference in texture between A and B hori-
zons, the phase seems to be largely comparable to the Forest phase.

Profile 32, K aoLinmic LaTosovLic SanD, Forest phase (KLS, F)

Field description 296 (Sombroek)

Location: Araguaia Mahogany area, Rio Antonino, transect 6, stake 23(Lat. 6°21°S; Long. 48° 16’ W)
Relief and drainage : Extensive flat terrace, about 10 m above level of nearby rivulet. Somewhat excess-
ively drained. Alt. 200 m. ca.

Parent material: Pleistocene sediments,

Vegetative cover: Primeval forest with low timber volume. Closed canopy of rather thin trees, and
palms. Open undergrowth, with a few thin climbers. Open field layer of seedlings and scattered clumps
of grass.

0, 12-2 em: Undecomposed plant residues,

O, 2-0 em: Partly decomposed plant residues, and fine roots. Surface smooth, with scattered out-
casts of parasol ants,

Ay 0-0.2 em: Loose bleached sand.

Ags 0.2-10 em: Dark brown (10 YR 4/3) light loamy fine sand. Single grains, to weak, fine sub-
angular blocky structure. Moist, very friable. Not sticky and not plastic when wet, Soft when
dry. Many, mainly fine roots. Many large, and commton fine pores. Transition clear.

A, 10-70 em: Yellowish brown (10 YR 5/4) loamy fine sand. Little coherent porous massive, to
weak, medium to fine subangular blocky structure. Moist, very friable. Not sticky and not
plastic when wet. Slightly hard, to hard and somewhat brittle when dry. Many roots. Many
large and fine pores. Transition gradual.

By 70-140 em: Reddish yellow (7.5 YR 6/6) loamy fine sand. Litite coherent porous massive, (o
weak medium subangular blocky structure. Moist, very friable, Not sticky and not plastic
when wet. Common roots. Common fine pores. Some krotovinas of A,. Transition diffuse.
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With Dutch auger:

Bis 140-220 em: Reddish yellow (7.5-5 YR 5/8) loamy fine sand. Moist, very friable, Not sticky
and not plastic when wet. Few roots. Transition diffuse.

B, 220-290 em: Reddish vellow (5§ YR 6/8) heavy loamy fine sand. Dry. Not sticky and not plas-
tic when wet, A few fine roots. Transition clear,

By(y}  290-320+ cm: Reddish yellow (7.5 YR 6/8) light fine sandy loam, with common, medium sized,
distinct mottles of very pale brown (10 YR 7/4). Moist, very friable. Not sticky and not plastic
when wet.

Profile 33, KaoLNITIC LATOsoLIC SanD, Savannah phase (KLS, s); the actual profile is transitive to
the medium texture class of the KAoLINITIC YELLOW LaATOSOL

Field description 298 (Sombroek}

Location: Araguaia Mahogany area, Araguatins, 1.5 km E of town (Lat. 5°38’ S; Long. 43° 06' W)
Relief and drainage: Approximately flat upland, about 15 m above level of rivulets. Excessively drain-
ed. Alt, 150 m ca. i

Parent material: Reworked sand-stones of Sambaiba member of Pastos Bons beds (Jura-Triassic).
Vegetative cover: Savannah, Shrubs and rare low trees, Open field layer: scattered palmiets, some
grasses under the shrubs. Formerly frequently (2) burned.

0, 2-0 em: Locally. Undecomposed plant residues.

Q, Absent: Most of surface is bare and white sandy.

A 0-5 em: Loose bleached sand.

A S5-30 ¢m: Dark grey brown {10 YR 4/2) coarse sand, Little coherent porous massive, to weak
medium subangular blocky. Some white sand around the structure clements. Moist, very
friable to loose. Not sticky and not plastic when wet. Hard when dry; the horizon stands out
as a bank in long exposed pits. Common roots. Few large, and common to few, fine pores.
Transition gradual.

A, 30-65 em: Light yellowish brown (10 YR 6/4) coarse sand, with krotovinas of brown (10 YR
4/3), Very little coherent porous massive, to weak, medium to fine subangular blocky structure.
Moist, very friable to loose. Not sticky and not plastic when wet, Slightly hard when dry.
Common roots. Common large and fine pores. Transition gradual,

B, 65-130 em: Reddish yellow (7.5 YR 6/6) loamy coarse sand. Little coherent porous massive.
Consistence as in A,. Very few large, and common fine pores. Few roots. Scattered pieces of
charcoal. Transition diffuse.

With Dutch auger:

B., 130-220 ¢m: Reddish yellow (7.5 YR 6/6 -8) light coarse sandy loam. Consistence as in A,.
Common fine roots. Scattered pieces of charcoal. Transition diffuse.

B, 220-320 erm: Reddish yellow (7.5 YR 6/6 — B) light coarse sandy loam. Consistence as in A,,
A few fine roots,

(I) Rep YELLOW LaTOsoLs (RL)

General concept (cf. group Ilc of Table 6): This group includes deeply and strongly
weathered soils, well-drained and permeable, with below the surface layer a colour that
is commonly of reddish or yellowish hue, high value and high chroma. The soils are of
varying texture, but with at least 159 clay in the B horizon. The profiles are well
developed, having an ABC sequence of horizons. The boundaries between these hori-
zons are gradual or diffuse. The B horizon is a latosclic-B horizon (¢f. 11.2.1). The clay
fraction is composed of intermediate percentage of silicate clay minerals of 1:1 lattice
" structure, i.e. kaolinite, and relatively low percentages of Fe clay minerals. The soils
have a moderately strong macro-structure. There may be some difference in texture
between the A and the B horizon.-

Only a few profiles of this group were encountered. A range of characteristics
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of the Amazon Red Yellow Latosols cannot therefore be given. The description of
only one profile follows. This profile, moreover, does not seem to be a typical one, if
only because of its colour.

Profile 34. Rep YeLLow Latosow (D (RLY

Field description 308 (Sombroek}

Location: Serra de Navio, Amapd Tetritory; top of ICOMI manganese mine,

Relief and drainage: Slope (15%) in hilly upland. Alt. 300 m. ca., well-drained.

Parent materigl; Undefined rock of crystalline basement.

Vegetative cover: Primeval forest, of rather high timber volume.

A, 0—40 cm: Dark brown to brown (7.5 YR 4/4) light clay. Moderate to strong, very fine suban-
gular blocky, or granular, structure. Moist, very friable. Sticky and plastic when wet. Soft
when dry. Many pores. Many roots. Transition diffuse.

Ay 40-100 ¢m: Reddish brown (5 YR. 4/4) clay. Moderate, very fine subangular blocky, or granu-
lar, structure. Consistence as in A;. Many pores. Many roots, Transition diffuse,

B, 100-200+ em: Reddish brown (5 YR 4/4) clay. Moderate, very fine subangular blocky, or
granular, structure. Consistence as in A,. Many pores. Many roots.

In all horizons small (diameter < $ cm), hard, round, black concretions of Mn (?), in a quan-
tity of 5-10%4.

(1ITy DARk Rep LaTosoLs (DL)

General concept (cf. group ITb of Table 6): This group includes deeply and strongly
weathered soils, well-drained and permeable, with below the surface layer a colour that
is commonly of reddish hue, low value and high chroma. The soils are of varying
texture, but with at least 159 clay in the B horizon. The profiles are well developed,
having an ABC sequence of horizons, The boundaries between these horizons are
gradual or diffuse. The B horizon is a latosolic-B horizon (¢/. 11.2.1). The clay fraction
is composed of intermediate percentage of silicate clay minerals of the 1:1 lattice
structure, being kaolinite, and intermediate percentages of Fe clay minerals. The soils
have a moderate to strong macro-structure, There is normally no textural difference
between the A and the B horizon.

Only a limited number of profiles with Dark Red Latosol characteristics were en-
countered. A description of only one profile is given. This profile is moreover not
typical for the group, because of its hsallowness, and the considerable percentages of
silt present.

Profite 35. DARK RED LATOS0OL, Shallow phase (DL, )

Field description 279 (Sombroek, Sampaio)

Location: Araguaia Mahogany area, Rio Corda, transect 8, stake O (Lat. 6°23'S; Long. 48°20° W).
Relief and drainage: Edge of almost flat terrain, about 10-15 m above level of nearby river, Well
drained. Alt. 200 m ca.

Parent marerial: Dark shales of Pimenteiras beds (Devoman).

Vegetative cover: Primeval forest. Open canopy of a few thick trees, taden with climbers, and scattered
palms. Dense undergrowth, with many creepers and climbers. Dense field layer, consisting largely of a
fern species.

o, 4-2 em: Undecomposed plant residues.
Q, 2-0 em: Partly decomposed plant residues, with many fine roots, At the surface some worm
outcasts.
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A, 0-15 cm: Dark reddish brown (2.5 YR 3/4) light clay loam. Structure of moderate, very fine
granules, composing weak, fine subangular blocks. Moist, very friable. Slightly sticky and
slightly plastic when wet. A few, small (diameter <X § cm) plinthite concretions, similar to
those in A,. Yery many roots. Transition diffuse.

A, 1540 cm: Dark reddish brown (2.5 YR 3/4)clay loam. Moderate, very fine granular structure,
Moist, very friable, Slightly sticky and slightly plastic when wet. About 209, small (diam.
< 5 cm), to a degree platy, hard, very fine grained, plinthite concretions, brownish yellow
{10 YR 6/8) in their outer parts, black (5§ YR 2/1) in their centres. Many toots. Transition
gradual.

B, 40-80 cm: Dark red (2.5 YR 3/6) clay loam. Structure of moderate to strong, very fine gran-
ules, composing weak, fine subangular blocks, A few, faint clay skins, for a large proportion
on the surface of the concretions. Moist, very friable. Plastic and slightly sticky when wet,
About 70% plinthite concretions, similar to those in Ay, but slightly larger (diam. < 10 cm),
less hard, and with more brownish yellow. Many roots. Transition gradual, irregular.

C 80-120 +cm: Dark red (2.5 YR 3/6) heavy clay loam. Structure and consistence as in B,. About
959 large (diam. 10-20 c¢m), platy, rather soft, fine grained, black and yellow concretions
(weathering dark shale?).

For the pF curve of the B, see Fig. 37.

(IV) RED YELLOW PopzoLic soiLs (RP)

General concept: According to BALDWIN, KELLOGG and THorp (1938) and THorp
and SMiTH (1949), the modal Red Yellow Podzolic soils are well-drained soils with a
thin organic top over a well developed light textured surface horizon (A horizon) and a
heavy textured, blocky or prismatic subsoil (B horizon), with silicate clay skins present.
This B horizon often has a red or yellow colour in the upper part and a redder colourin
the lower part, while at the transition zone with the C horizon a mottling is often
present.

According to the elaboration of this concept as applied in Brazil (¢f. LEmos, BENNEMA,
SANTOS et al., 1960) the clay-sized minerals should consist of silicate clay minerals
mainly of 1:1 lattice structure, and iron oxides. The latter are generally present in smal-
ler quantity than in most Latosols, and there are few if any aluminum oxides. The
B horizon should have the characteristics of a textural-B as described in 11.2.1. In
Brazil, the Red Yellow Podzolic soils are subdivided in those of low base status, and
those of medium and high base status.

(IV.1) Red Yellow Podzolic soil (,Ortho) (RP)

Under this head are described those Red Yellow Podzolic soils of which the B horizon
has about all the characteristics of a textural-B.

Only a few profiles were encountered of those with low base saturation. Therelore
only a profile description is given.

Many profiles were encountered locally of those with rather high base saturation.
Therefore the following generalisation can be given:

The A horizon, consisting of an A, and an A,, is about 40 cm thick. The B horizon, consisting of a
B, and sometimes a B,, is 40 to 80 cm thick. The C horizon is about 30 cm. Below this, unweathered
rock (mica schists) occurs. The A, subhorizon is 5-10 cm thick. Its texture is usually a loam. The
colour value is about 4, its chroma 2 or 3, its hue 10, 7.5 or 5 YR; most common is dark brown (7.5
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YR 4/2). The structure is a moderate, medium to fine subangular blocky and fine granular, The A, sub-
horizon is about 30 cm, Its texture is predominantly clay loam. Its colour value is 4 to 6, its chroma
also 4 to 6, its hue 7.5, 5 or 2.5 YR ; most common is reddish brown (5§ YR 4/4). The structure is usual-
ly a moderate, medium subangular blocky (in part composed of moderate, very fine subangular to
angular blocks). Clay skins are few and faint. The B, subhorizon is about 40 cm. Its texture isa clay,
Jess frequently a clay loam. The colour value is 4 or S, the chroma usually 6, the hue 5 YR or 2.5 YR ;
most common is red (2.5 YR 4/6). The structure is normally moderate, medium angular, to subangular
blocky (in part composed of very fine angular blocks), Clay skins are common to continuous, and
distinct. The B, subhorizon, where existent, has usually a clay or clay loam texture. Its colour is
approximately identical to that of the B,. The structure is somewhat weaker. Clay skins are mostly
common, and faint to distinct. The C horizon has a loam or clay loam texture. Iis colours are varie-
gated red, black and reddish vellow, The horizon is normally massive,
Fine shiny flakes of mica are found in all horizons. Angular quartz stones are often present.

Profite 36. REp YELLOW Popzovic soiL (,Ortho), with low base saturation (RPz)

Ficld description 320 (Sombroek, Falesi)

Location; Rio Branco do Acre, km 0.5 W of town

Relief and drainage: Low top in gentle undulating terrain, Alt. less than 100 m. Well-drained.
FParent material: Tertiary (7} clay-stone.

Vegetative cover: Secondary shrub.

A, 0-3 em: Dark brown to brown (10 YR 4/3) loam with commen, fine, distin¢t mottles of strong
brown (7.5 YR 5/6). Moderate, medium subangular blocky structure. Moist, friable, Slightly
sticky and slightly plastic when wet, slightly hard when dry. Many large, and few fine pores.
Many roots. Activity of earth worms. Transition ¢lear and smooth.

A, 3-26 em. Strong brown (7.5 YR 5/8) loam. Weak, medium subangular blocky structure, Moist,
friable. Slightly sticky and slightly plastic when wet, hard when dry. Few large and fine pores.
Few roots. Activity of earth worms. Transition clear and wavy.

B, 26—60 cm: Yellowish red (5 YR 5/8) clay loam. Moderate, medium subangular to angutar
blocky structure, Clay skins continuous, faint. Moist, firm. Sticky and plastic when wet, hard
when dry. Common large and fine pores. Few roots, Transition diffuse and smooth.

B, 60-85 em: Yellowish red {5 YR 5/8) clay. Moderate to strong, medium and fine angular blocky
structure. Clay skins continuous, faint to moderate, Moist, firm. Sticky and plastic when wet,
hard when dry. Few large, and common fine pores. Few roots. About 297 small (diam. <
0.5 cm), round, hard, fine grained plinthite concretions. Transition gradual and smooth.

By 85-130 em: Light grey (2.5 Y 7/2) heavy clay, with many, medium sized, distinct to prominent
motiles of dark red (10 R 3/6) and strong brown (7.5 YR 5/8). Weak to moderate, medium
subangular, to angular blocky structure. Clay skins common, very faint. Consistence as in B,.
Few pores. No roots. Transition gradual.

Ce 130-300+ cm: White (2.5 Y 8/2) heavy clay, with many, coarse, prominent mottles of red
(2.5 YR 4/8) and yellowish brown (10 YR 5/8). Massive, Consistence as in B,, Material is used
for brick making.

No IQA analysis was executed on this profile, but the Soils Laboratory of the Royal
Tropical Institute in Amsterdam (Holland) kindly provided for analytical data.

Full mineralogical analysis was carried out on the B, horizon, by the Netherlands
Soil Survey Institute, Wageningen (Holland). The data on sample 320-4 in the Tables 7
and 8, and the Figs. 14a-e show that the mineralogical composition is indeed distinctly
different from that of latosolic profiles. In the clay fraction even 339 mica (illite)
occurs, more than kaolinite (24 %); iron oxides comprise 129 and aluminum oxides
7%. The remainder is comprised of clay-sized quartz (24%). In the fraction 2-16 mi-
cron some felspar (8 %) and chlorite (3 %,)} are present. The coarser fractions contain
only quartz (90%;) and hematite (10 %%).
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For both the A, and the B, horizons also the specific surface was determined (samp-
les 320-2 and 320-4 of Table 7). A specific surface of 100 m2, on whole soil basis, gives
about 18 m.e, cation exchange capacity, which is considerably more than in the Lato-
sol profiles (cf.11.2.2).

For both the A, and B, horizons a pF curve was determined on undisturbed samples.
The A, proved to have 13.5 vol. perc. available moisture (50.1%/ moisture at pF 0.4;
32.4% at pF 2.0; 18.9% at pF 4.2), the B, only 8.6 vol. pere. (50.4 %, moisture at pF 0.4
36.9% atpF 2.0;28.3% at pF 4.2); ¢f. V.3.1.1.

Profile 37. Rep YELLow Pobpzotic soil (,Ortho), with rather high base saturation (RP sap)

Field description 282 (Sombroek, Sampaio)

Location: Araguaia Mahogany area, Santa Isabel, transect 10, stake 11 (Lat. 6°08°S; Long. 48°22° W).
Relief and drainage: Gentle sloping side of hill in undulating terrain. Well-drained. Alt. 200 m ca.
Parent material: Micaceous schists with veins of quartz, of Pre-Cambrian (Arquean) age.

Vegetative cover: Primeval forest of very low timber volume. Open canopy, of only a few trees, and
some palms. High undergrowth, consisting largely of a dense network of creepers and climbers. Very
dense field [ayer, consisting predominantly of a fern species.

0, 4-2 cm: Undecomposed plant residues.

0, 2-0 em: Partly decomposed plant residues, with fine roots and fungi. About half of the surface
is covered with very dark grey worm outcasts,

A, 0-& cm: Dark reddish brown {5 YR 3/3) light loam. Structure of weak to moderate, fine gra-
nules, composing moderate, medium to fine subangular blocks. Moist, very friable. Slightly
sticky and slightly plastic when wet. Very many large and fine roots. Many pores, Common
very fine shiny flakes (mica). Transition gradual, smooth.

A, 8—40 cm: Reddish brown (2.5 YR 4/4) clay loam. Structure of weak to moderate, very fine
subangular to angular blocks, composing moderate, medium fo fine subangular blocks, Com-
mon, faint clay skins. Moist, friable. Sticky and plastic when wet. Many large and fine roots.
Common fine pores, Common very fine shiny flakes (mica). Transition gradual, smooth.

B, 40-80 em: Red to dark red (2.5 YR 4-3/6) clay. Structure of moderate, very fine angular
blacks, composing weak to moderate, medium subangular to angular blocks. Continuous,
distinct clay skins, Moist, friable to firm, Sticky and plastic when wet. Common roots. Com-
mon, fine pores. Common, very fine, shiny flakes (mica). Transition gradual, smooth. From
30 to 70 cm many (75 % ca.), small to medium sized (2-20 cm), very hard, angular, milky white
stones of quartz, the surfaces of which are coated with clay skins,

B, 80-110 em: Red (2.5 YR 4/6) clay. Structure of moderate, very fine subangular to angular
blocks, composing weak to moderate, medium to coarse, subangular to angular blocks. Conti-
nuous, faint to distinct clay skins. Moist, friable. Sticky and plastic when wet. Few roots.
Few fine pores. Many fine shiny flakes (mica)., A few quartz stones similar to those in B,.
Transition gradual, irregular.

C 110-140+ cm: Weathering micoceous schist: Dark red (10 R 3/6) and black (N 3/0) soft rock of
heavy loam texture, horizontally very finely stratified. Angular milky quartz stones embedded
in a scattered way.

For the B, horizon a pF curve was determined on a undisturbed sample, The amount
of available moisture proved to be 9.0 vol. perc. (51.19/ moisture at pF 0.4; 42.1%, at
pF2.0;33.1% atpF4.2); ¢/ . V.3.1.1.

(IV.2) Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol (RP-KYL)
Under this heading are described Red Yellow Podzolic soils which have a B horizon
whose characteristics mosily belong to those of the textural-B, while a minor part of
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them are characteristics of the B horizon of the Kaolinitic Yellow Latosol. Those
belonging to the textural-B are the following:

1. a gradual to clear boundary between the A and the B horizons,

2. adistinct change in colour from the A to the B horizon or the presence of a transi-
tional horizon that is mottled,

3. adistinct textural difference between the A and the B horizons,

4. compactness and rather firm, to firm consistence of the B horizon,

5. alimited porosity and rooting in the B horizon.

As to the characteristics of the B horizon that belong to those of the latosolic-B, there
is in particular an absence of a well developed angular blocky or prismatic structure.
Clay skins are weak and discontinuous, when present at all. The mineralogical compo-
sition of the clay fraction is largely comparable to that of the Kaolinitic Yellow Lato-
sol,

The base saturation of the soils is low throughout the profiles (< 40 %). Plinthite con-
cretions are absent or occur only in minor quantities. The group of soils is subdivided,
for practical mapping purposes, according to the texture of the B horizon. The quali-
ties of the soils are dealt with in V.3,

Many examples were encountered and studied of both very heavy textured and rather
heavy textured profiles. For both variants, therefore, a range in characteristics can be
given.

The very heavy textured profiles have an A horizon of 40-50 em thick, consisting of an A, and an A,
subhorizon. The B horizon, which consists generally of a B, a B,, varics between 100 and 150 cm in
thickness. The thickness of the C horizon is undetermined.

The A horizon lacks a capping with loose bleached sand. The A subhorizon is 2-5 cm thick. The
texture is predominantly light clay or heavy sandy clay, The-colour is usually dark grey brown (13 YR
4/2). A moderate, fine subangular blocky is the common structure. The transition to the A, is gene-
rally clear, The A, subhorizon is about 40--50 cm thick. The texture is a clay or heavy clay. The colour
hue is 10 YR, the value varies between 5 and 7, the chroma between 6 and 8. Most frequent is brown-
ish yellow (10 YR 6/6). The structure is usually moderate, fine subangular blocky and weak, very fine
granular, The transition to the B, is gradual or clear. Several times a thin (10-20 cm) transition zone
occurs, with colours both of the A, and the B, The B, subhorizon is between 50 and 70 ¢m thick, The
texture is a heavy clay. The main colour has a hue of 7.5 YR, a chroma of 8 and a value between 5 and
7. Reddish yellow (7.5 YR 6/8) is most frequent. The profiles have normally common, fine, distinct
mottles of red (2.5 YR 5/8). The structure is normally moderate, medium to fine subangular blocky.
The presence of a few, faint clay skins is general. The transition to the B, is gradual to diffuse. The
B, subhorizon varies between 40 and 80 cm in thickness. The texture is a heavy clay. The main colour
is yellowish red (5 YR 5/8. 5 YR 6/8). Secondary colours are light red {2.5 YR 6/8) and yellow (10 YR
8/6), occurring as few to commeon, fine, distinct mottles. The structure is moderate, medium subangu-
lar to angular blocky, The structure elements are covered with common faint clay skins. The transition
to the C is diffuse or gradual, The C horizon has predominantly a clay texture. The colour is red or
light red (2.5 YR 5/6 or 5/8, resp. 2.5 YR 6/6 or 6/8), The structure is predominantly weak, medium
angular to subangular blocky. Clay skins, when present, are few and very faint,

Rather commuon is the presence, in small quantities (5% ¢a.), of very small fine grained, red or dark
red plinthite concretions. They are hard in the A horizon, half hard in the B horizon. A few larger
concretions may occur.

The rather heavy textured profiles have an A horizon of 40 to 70 cm thickness which consists of an
A, and an A,. The B horizon, consisting of a By, and a B,,, is between 100 and 150 cm thick. Between
the A and the B horizon-a transitional horizon AB, of 20-50 cm thickness, occurs, The C horizon is of
undetermined thickness.
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The A, subhorizon is mostly $-10 cm, sometimes 10-20 ¢m thick. The texture is predominantly light
sandy clay loam, but sandy loam and even loamy sand textures may be found. The colour hue is 10
YR, the value 4 or 5, the chroma 3, 4 or 6. Yellowish brown (10 YR 5/4} is predominant, The struc-
ture is a weak to moderate, fine subangular blocky. The transition to the A, is clear. The A, subhori-
zon varies between 20 and 60 c¢m in thickness, The texture is predominantly a heavy loam clay or light
sandy clay, but also sandy loams do occur. The colour hue is 10 YR, the vaiue 5§ or 6, rarely 7, the
chroma 4 or 6. Brownish yellow (10 YR 6/6) is the most common. The structure is weak to moderate,
medium to fine subangular blocky. The transition to the AB is cicar. The AB horizon, 20 to 50 cm
thick, has predominantly light sandy clay texture, but Jight clay or sandy clay loam textures also occur.
The main colour is normally identical to that of the A,, namely brownish yellow (10 YR 6/6). Secon-
dary colour is yellowish red (5 YR 4/8, 5/8) or red (2.5 YR 4/6 or 5/6, sometimes 2.5 YR 4/8 or 5/8),
oceurring as common, medium, distinct mottles. In the upper section of the horizon very small, hard,
round plinthite concretions {5-20 % of the soil mass) occur rather often. The structure is usually a weak
to moderate, medium subangular blocky. The transition to the By, is gradual to clear. The B,, sub-
horizon varies between 40 and 80 cm in thickness. The texture is a sandy clay or ¢lay. The ¢olour hue
is 5 YR, sometimes 2.5 YR or 7.5 YR, the value is § or 6, the chroma 8. The colour is therefore predo-
minantly vellowish red or reddish vellow. The structure is weak to moderate, medium subangular to
anguiar blocky. Clay skins are few and faint, if present at all. The transition to the B,, is diffuse. The
B;. subhorizon varies between 20 and 70 em in thickness. The texture is a clay or sandy clay. The
colour is red (2.5 YR 4/8 or 5/8). The structure is a weak, medium subangular to angular blocky. Clay
skins are normally absent. The transition to the C is diffuse. The C horizon was examined at only a
few profiles. There it showed a sandy clay texture, and a massive structure. The colour was red (2.5
YR 5/8) with common, medium sized, distinct mottles of red (10 R 4/8) and yellow (10 YR 7/8).

Included in the unit are profiles with many, rather large plinthite concretions concentrated in the AB
horizon, but with otherwise similar characteristics as described above. The concretions are apparently
colluvial, in contrast to the rather few, very fine concretions which occur commonly in the AB and
which are believed to have been formed in situ (¢f. 11.3.2.2).

Profile 38. REp YELLOW PopzoLic soIL., intergrade to KAoLINIMTIC YELLOW LATOSOL, very heavy text-
ured (RP-KYLes)

Field description 236 (Sombroek, Sampaio)

Location: Along highway BR-14, km 232 § of Sio Miguel do Guama,

Relief and drainage; Flat stretch of gentle undulating terrain, about 10 m above level of nearby inter-
mittent rivulet. Moderately well-drained. Alt. 140 m.,

Parent material: In Pleistocene redeposited material from Plio-Pleistocene lacustrine origin (reworked
Belierra clay).

Vegerative cover: Primeval forest, with medium timber volume (150 m?¥/ha ca.). Open undergrowth,
nearly devoid of creepers and climbers.

O 12-2 em: Undecomposed plant residues.

O, 2-0 em: Partly decomposed plant residues, with many fine roots. Surface rather irregular and
hard, stightly crusted due to intense termite activity.

A 0-2 cm: Dark grey brown (10 YR 4/2) clay. Moderate, fine subangular blocky structure, Moist,
friable to firm. Sticky and plastic when wet. Slightly hard when dry. Many pores, and large in-
sect channels, Very many, mainly fine, roots. A few, very small, fine grained, dark red plinthite
concretions. Transition abrupt,

A, 2-40 cm: Yellowish brown (10 YR 5/6) heavy clay. Moderate, fine subangular blocky and
weak to moderate, very fine granular structure. Moist, friable. Sticky and plastic when wet.
Slightly hard when dry. Many pores, Many roots, A few plinthite concretions, similar to
those in A,. Transition gradual.

B, 40-100 em: Strong brown (7.5 YR 5/8) heavy clay, with common, fine, distinct mottles of red
(2.5 YR 5/8). Weak to moderate, medium to fine subangular blocky and weak, fine granular
structure. A few, faint clay skins. Slightly compact, to compact, Moist, friable to firm. Sticky
and plastic when wet. Hard when dry. Common pores. Common roots. Transition gradual,

B, 100-180 em: Yellowish red (5 YR 5/8) heavy clay. Weak to moderate, coarse to medium, sub-
angular and angular blocky structure, Tendency to prismatic. Common, faint clay skins. Com-
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pact. Moist, firm. Sticky and plastic when wet., Hard when dry. Few pores. Few roots. Transi-
tion diffuse, ‘

C 180-230+cm: Red (2.5 YR 5/8) heavy clay. Weak, medium sized subangular and angular blocky
structure. Slightly compact. Moist, friable to firm. Sticky and plastic when wet. Slightty hard
when dry. Common pores. Few roots,

Profile 39. REp YELLow PoDZoLIC sotL., intergrade to KaoLmitic YerLow LavosoL, rather heavy
textured (RP-KYL»)

Field description 237 (Sombroek, Sampaio)

Locarion: Along highway BR-14, km 205.8 S of S0 Miguel do Guam4.

Relief and drainage: Nearly flat remnant of terrace, about 30 m above level of nearby stream. Well-
drained. Alt, 101l m.

Parent material: Pleistocene fluviatile sediments.
Vegetative cover: Primeval forest, of medium timber volume (130 m*ha). Rather dense undergrowth,
with several thin creepers and climbers.

O, 6-1 cm: Undecomposed plant residues.

0, 1-0 em: Partly decomposed plant residues with fine roots, and some loose bleached sand.

A, 0-10 em: Dark brown (10 YR 3/3} sandy loam. Weak to moderate, fine subangular blocky
structure. Moist, very friable. Not plastic and slightly sticky when wet. Soft when dry. Many
pores, Very many roots. Transition clear,

A, 1060 cri: Brownish yellow (2.5 Y-10 YR 6/6) sandy clay loam. Weak to moderate, medium
to fine, subangular blocky structure. Moist, friable. Slightly sticky and slightly plastic when
wet. Slightly hard, to hard when dry. Scattered (2 %) very small, fine textured, dusky red plint-
hite concretions, Many pores. Many roots. Transition gradual,

AB 60-110 cm: Yellow (10 YR 7/8) fine sandy clay. Weak to moderate, medium to fine subangular
blocky and weak, very fine granular structure, Moist, friable. Slightly sticky and slightly plas-
tic when wet. Slightly hard, to hard when dry. About 209 plinthite concretions, similar to
those in A,. Many pores. Common roots. Transition clear.

B,, 110-160 cm: Reddish yellow (5 YR 6/8) fine sandy clay, with few to common, fine, distinct
mottles of yellow (10 YR 7/8). Weak to moderate, medium sized subangular and angular
blocky and locally weak, very fine granular structure. A few, faint clay skins. Moist, friable to
firm. Slightly sticky and slightly plastic when wet. Hard when dry, Common pores. Few roots.
Less than 1 %] plinthite concretions, similar to those in A,. Transition gradual.

By 160-220 +em: Light red (2.5 YR 6/8) heavy fine sandy clay. Weak, medium sized subangular
and angular blocky structure. Moist, friable to firm. Slightly sticky and slightly plastic when
wet. Hard when dry. Few pores. No roots.

For the pF curve of the B, horizon of a similar profile: see sample 213-3 of Fig. 37.

(IV.3) Red Yellow Pod:olic soil, intergrade to Kaolinitic Yeliow Latosol, Concretio-
nary phase (RP-KYL, cRr)

This soil is similar to that of unit (IV.2), except that the A horizon contains consider-
able amounts of gravelly hard plinthite concretions. Moreover, the B horizon is gene-
rally of heavy texture, and has abundant prominent mottling of red, yellow and white,
although the soil is well or moderately well-drained. The structural development of the
B horizon is normally slightly nearer to that of a textural-B horizon than that of the
(1V.2) unit. The soil has a low base saturation percentage (<< 40%,). The plinthite
concretions are of varying size, form, colour, grainage and arrangement. The mottling
in the B horizon is of varying pattern. Included in the soil unit are profiles in which the
concretions start only at some depth below the surface (maximally 50 cm arbitrarely).

The genesis of the soil is discussed in [1.3.2.2, in which section additional profile des-
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criptions are given, Reference may be made also to 1.4.5. The qualities of the soil are
dealt with in V.3. Many profiles of the soil were encountered and studied, enabling the
following generalisations to be made:

The A horizon, consisting of an A and an A,, comprises about 80 crn. The B horizon, consisting
normally of a B, a B; and a B,, varies in thickness between 200 and 250 cm. The C horizon is often
many meters thick.

The A, subhorizon, 5-10 cm thick, has commonly a sandy clay loam texture, but also sandy loam,
sandy clay or clay textures occur. The colour is predominantly brown (10 YR 5/2). The structure is
usually & weak to moderate, fine subangular blocky. Loose, hard plinthite concretions occur in per-
centages of 25-909 of the total soil mass. The transition to the A, is clear or gradual, The A, subhori-
zon, 50-70 cm thick, consists mostly of a sandy clay, sometimes of clay or heavy clay, The colour hue
is 10 YR or 7.5 YR, the value 5 or 6, the chroma 6 or & Brownish ycllow (10 YR 6/8) is predominant.
The structure is a moderate, fine subangular blocky and weak, very fine granular, Loose, hard plinthite
concretions comprise 50-80%; of the soil mass. The transition to the underlying horizon is gradual.
The B, subhorizon, if present, is about 50 cm thick, Its texture is generally a clay or heavy clay. The
main colour is predominantly reddish vellow (7.5 YR 6/8). Secondary colours, occurring as common,
medium sized, distinct mottles, are red {e.g. 2.5 YR 5/6) and vellow (e.g. 10 YR 7/8). The structure is
predominantly moderate, medium subangular to angular blocky, Faint clay skins are common, occur-
ring especially at the surfaces of the concretions. Half loose, hard plinthite concretions comprise
25-50% of the soil mass. The transition to the B, is gradual. The B, subhorizon varies in thickness
between 50 and 100 ¢m, The texture is a clay or heavy clay. The main colour is normally yellowish red
{5 YR 5/8) or red (2.5 YR 5/8). Secondary colours, occurring as many, coarse, prominent mottles, are
red (10 R 5/8), dusky red (7.5 R 3/4), yellow (10 YR 7/8) and white (N 8/2). The structure is a moderate,
medium to fine subangular and angular blocky, the latter sometimes composing a weak, medium pris-
matic. Clay skins are usually few and faint, The transition to the B, is gradual. The B, subhorizon
varies in thickness between 50 and 150 ¢m. The texture is mostly a clay, sometimes a sandy clay. The
colours are generally identical to those in the B,. The structure is usvally a weak, medium subangular
to angular blocky. Clay skins are normally absent. The transition to the C is gradual or diffuse. The
C-horizon has mostly a sandy clay, sometimes a sandy clay loam texture. The predominant colour
is dark red (e.g. 10 R 3/6). Secondary colours are often present, as mottles of variable quantity, size
and contrast. The horizon is massive.

Profile 40. Rep YeLLow PobzoLic sou., intergrade to KaoLtINITic YeLLow Latosor, Concretionary
phase (RP-KYL, cr); type of concretions: Mie do Rio

Field description 238 (Sombroek, Sampaio)

Location: Along highway BR-14, km 41.8 S of Sio Miguel do Guamad.

Relief and drainage: Side of low hill in gentle undulating terrain. External drainage good; internal
drainage slightly imperfect, Alt, 50 m.

Parent material: Fluviatile sediments of Late Miocene (?) age.

Vegetative cover: Primeval forest, of rather high timber volume (150-200 m?/ha}, Rather dense under-
growth, consisting partly of creepers and climbers, both predominantly thin,

0, 11-1 em: Undecomposed plant residues.

0, 10 em: Partly decomposed plant residues, with fungi and fine roots.

A, 0-10 em: Brown (10 YR 5/3) sandy clay loam. Weak, fine subangular blocky structure. Moist,
very friable. Slightly sticky and slightly plastic when wet. Soft when dry. About 709 locse,
hard plinthite concretions of various forms, sizes and grainage®. Many pores. Very many roots.
Transition gradual.

Ay 10-80 em: Strong brown (7.5 YR 5/8) clay. Moderate, fine subangular blocky and weak, very
fine granular structure, Moist, friable. Plastic and sticky when wet, Soft when dry. About
75 %, loose hard plinthite concretions of various forms, sizes and grainages {in lower part pre-
dominantly fine blocky). Theé concretions are very mixed, without specific arrangement. Many
pores. Many roots. Transition clear to gradual.
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B, 80-160 cm: Yellowish red (5 YR 5/8) clay, with many, coarse, prominent mottles of dusky red

{7.5 R 3/2), red (10 R 5/8), yellow (10 YR 7/8) and white (§ YR 7/1). Mottling partly in well
defined horizontal stripes, partly in poorly defined vertical pipes. Moderate, fine subangular
and angular blocky structure, Tendency to prismatic, A few, faint clay skins. Moist, very firm.
Sticky and plastic when wet. Hard when dry, locally, namely the dusky red, very hard, Com-
pact. Much resistance to penctration with hammer. Very few pores. Few roots. Transition
diffuse.
Within this plinthitic soil mass a few sharp boundered pockets oceur (diam. 20 cm ca.) of
vellowish red (5 YR 5/8) clay with a moderate, fine subangular blocky and weak, very fine
granular structure, Moist, friable, Slightly hard when dry. Many pores. Many roots. Probably
the result of local activity of termites in the plinthite,

B, 160-250 + em: Reddish yellow (5 YR 6/8) clay, with many, coarse, prominent mottles of dusky
red (7.5 R 3/2), yellow (10 YR 7/8), white (5§ YR 7/1) and red (10 R 5/8). Mottling poorly de-
fined laminar. Massive to weak, medium to fire, subangular and angular blocky structure.
Moist, very firm. Sticky and plastic when wet. Hard when dry. Compact. Moderate resistance
to penetration with hammer. No pores. Very few roots.

For mineralogical analysis of the lower part of the C horizon of a similar profile:
see sample 302-4 of the Tables 7 and 8, and Fig. 14a-¢,

(V) RED YELLOW MEDITERRANEAN SOILS (RM)

General concept (reference be made to BARROS, DRUMOND, CAMARGO ¢! al., 1958;
LEmMOS, BENNEMA, SaNTOS ef af., 1960): The Red Yellow Mediterranean soils are rela-
tively shallow soils, well-drained and moderately weathered. The profile has an ABC
or ABR sequence of horizons. These horizons are distinctly contrasting and the trans-
ition between them is clear. The A horizon is thin, consisting of an A, and occasional-
ly also an A,. The horizon is dark coloured and has often a granular structure. The B
horizon is a textural-B (¢f. I11.2.1), with well developed angular blocky or prismatic
structure. It is normally reddish coloured and clayey. Its base saturation is medium to
high. The lower part of the B horizon and the C horizon contain still appreciable
amounts of easily weatherable primary minerals. The silicate clay minerals of the soil
are of the 2:1 lattice structure for a good part. ‘

Few of such profiles were encountered in Amazonia. None contained all the above
characteristics. The A horizon was often thick (more than 20 cm}, consisting either of
athick A, only, or having a subhorizon with the appearance of an A,, in which plinthit-
ic gravel was a rather common feature. The texture of the B was more often loamy than

1y Note page 146

The following concretions are present:

Large (>>20 cm diam.), irregularly shaped, massive blocks; dusky red (10 R 3/4); coarse
grained: iron cemented quartz grains.

Medium sized {ca. 20 cm diam.), angular, massive blocks; dusky red (7.5 R 3/2), light red
(10 R 6/8) and black (N 2/0); medium grained.

Medium sized {ca. 10 cm diam.), platy; alternately dark red (2.5 YR 3/6) very fine grained,
and black {N 2/0) coarse grained.

Medium sized (ca. 20 cm diam.), vesicular; very dusky red (7.5 R 2/2) and red (10 R 4/8);
predominantly fine grained.

Rather small (ca. 5 cm diam.), prismatic; dusky red (7.5 YR 3/3); predominantly fine
grained. .

Very small (0.5-1 ¢m diam.), subangular blocky; dark red; predominantly fine grained.
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clayey, and the horizon sometimes showed considerable mottling. The amount of
easily weatherable primary minerals seemed often rather small.

A portion of the profiles encountered are likely to be, in fact, intergrading to either
Reddish Prairie soil or to Red Yellow Podzolic soil and Ground Water Laterite soil
respectively.

Profile 41, RED YELLOW MEDITERRANEAN-LIKE soil (RM)

Field description 225 (Sombroek, Sampaio)

Locarion: Along highway BR-14, km 457.5 § of Sio Miguel do Guam4 (km 9 N of Imperatriz).

Relief and drainage: Low hill top in irregular, undulating terrain. About 10 m above level of nearby
rivulets. Alt. 120 m. External drainage good. Internal drainage slightly imperfect.

Parent material: Intimately interbedded shales and silt-stones, belonging to the Codd beds (Middle
Cretaceous).

Vegetative cover: Original vegetation largely destroyed. At present low shrubs and a few scattered
palms.

00, 5-0 em: Undecomposed and partly decomposed plant residues, and some loose fine sand.

A, 0-15 em: Dark brown {7.5 YR 3/2), in dry condition light reddish brown (5 YR 6/3), heavy
very fine sandy loam. Weak to moderate, fine subangular blocky, to coarse granular structure.
Moist, friable. Not sticky and not plastic when wet, Soft when dry. Many pores. Very many
roots. Transition gradual,

Ay(Ag) 15-50 em: Reddish brown (5 YR 5/3-4) heavy very fine sandy loam. Weak to moderate, me-
dium to fine subangular blocky structure. Moist, friable. Not plastic and not sticky when wet.
Slightly hard when dry. Many pores. Many roots. From 20 to 45 cm depth common (20 %)),
very small (0.5 cm diam.), rather fine grained, red plinthite concretions. Transition clear.

B, S50-100 em: Red (2.5 YR 5/8) heavy very fine sandy clay loam. Structure moderate to strong,
coarse angular and subangular blocky, composing weak, coarse prismatic. Common, faint
clay skins. Moist, firm. Sticky and plastic when wet. Hard, to very hard when dry. Few pores.
No roots. Transition gradual.

B, 100-160 cm: Reddish yellow (7.5 YR 6/8) very fine sandy clay loam, with many, fine to me-
dium sized (in lower part medium sized to coarse), distinct mottles of white (2.5 Y 8/2) and red
(2.5 YR 5/8). Structure moderate to strong, coarse angular blocky, composing moderate, very
coarse prismatic. A few, faint clay skins. Moist, firm. Slightly sticky and slightly plastic when
wel. Hard, to very hard when dry. No pores. No roots. Transition clear to abrupt, wavy.

Cy 160-230 cm: Weathering shale: white (5§ Y 8/1) heavy clay with many, coarse, prominent
mottles, in horizontal stripes, of dark red (10 R 3/6) and yellow (10 YR 7/8). Moderate, me-
dium sized to coarse, platy structure elements, falling apart into angular blocky. Moist, friable.
Upper part rather hard when dry, lower part soft when dry. Transition abrupt.

IIC.y 230-270 em: White (N 8/0) loam, with many, very coarse, prominent motles, in vertical pipes,
of red (2.5 YR 4/8) and yellow (10 YR 7/8). Massive. Soft when dry.

(¥I) LitHosoLs (L)

General concept: Lithosols are shallow, often stony soils without horizon develop-
ment, over consolidated rock. Other characteristics and the properties vary consider-
ably depending on the nature of the rock. They are therefore commonly subdivided in-
to phases according to the geology of the substratum.

A Sand-stone substratum phase (L, ss), a Cherty substratum phase (L, cn), a Quartzite
substratum phase (L, QU) and a Kaolinite-stone substratum phase (L, K or L) were
encountered. Of the latter, one profile will be given, which is actually less shallow
than normal.
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Profile 42, KaoLmimic Litnosou {(L); or Lithosol, Kaolinite-stone substratum phase

Field description 241 {(Sombroek}

Location: Along highway BR-14, km 66.0 S of Sio Miguel do Guama.

Relief and drainage: Edge of terrace about 30 m above nearby rivulet. Surface drainage good, internal
drainage slightly impetfect, Altitude 60 m,

Parent material: Consolidated kaolinitic sediments of Miocene age (7).

Vegetative cover: Recently cleared from primeval forest.

A, 0-15 cm: Grey brown (2.5 Y 5/2) sandy clay loam. Weak, fine subangular blocky structure.
Moist, very friable. Slightly sticky and slightly plastic when wet. Soft when dry. About 759,
rather soft, somewhat rounded stones (diam. < 10 cm), white (10 YR 8/1), with very fine
veins of yellow (10 YR 7/8). Many pores. Very many roots, Transition gradual.

A, 1560 cm: Pale olive (5 Y 6/3) sandy clay, Weak 1o moderate, fine subangular blocky and
weak, very fine granular structure. Moist, friable. Slightly sticky and slightly plastic when wet.
Slightly hard when dry. 5%; stones similar to those in A,, but not rounded, and somewhat
targer (diam, 20 ¢cm ca.). Many pores. Many roots. Transition gradual.

R\-B, 60-110cm: Pale yellow (2.5 Y 7/4) clay, with common, fine, distinct mottles of reddish yellow
(5 YR 6/8). Moderate, fine subangular blocky structure. Moist, friable. Sticky and plastic
when wet, Slightly hard when dry. About 9034 of the horizon consists of hard, sharp edged
stones (diam. < 20 cm), white (5 YR 8/1) and with thin veins of pale red (10 R 6/4) in their
centres, reddish yellow (5 YR 6/8) and yellow (10 YR 6/8) at the break-lines. In the earth some
roots, Porous. Transition gradual.

R, 110-200 em: Horizontally layered, broken, hard stone, with colours identical to that of the
stones of R;-B,. Some krotovinas of very pale brown (10 YR 7/4) earth, with structure and
texture of the earth of R,-B,, and with much insect activity. Transition gradual.

R, 200-270+ e¢m: White (5 YR 8/1) clay-stone, with many, medium sized, distinct mottles of
pinkish white (7.5 YR 8/2), yellow (10 YR 8/8) and red (2.5 YR 5/8). Massive. Rather soft
when dry. No pores. No roois.

(VII) GrROUND WATER LATERITE 50115 (GL)

General concept (cf. also 11.3.2.1). Ground Water Laterite soils are intermittently
imperfectly drained, highly weathered soils. They have a light coloured and usually
light textured A, subhorizon. The B horizon consists of largely soft plinthite; it is
made up of dense, more or less clayey material, with prominent, coarse and abundant
mottles of red, and often also some yellow, in a white or light grey matrix. The base
saturation is low and the silicate clay minerals consist of kaolinite. The genesis and the
variation in characteristics of the soils are discussed in detail in 11.3.2.1, which section
also includes many short profile descriptions. Only one full profile description follows.

Profile 43. GROUND WATER LATERITE so1L (GL)

Field description 162/173 (Day, Sombroek)

Location: South-castern part Marajé-istand; About 25 km W of Soure (Lat. 0°.48’S; Long 48°.40° W),
Relief and drainage: Slightly dipped part of extensive, flat, low upland, about 2-3 m above high water
level. Imperfectly drained: ground water level at 2,5 m depth during the dry season, at | m depth dur-
Ing the rainy season.

Parent material: Late Pleistocene, or Early Holocene, fluvio-marine (?) sediments.

Vegetative cover: Grasses; scattered low trees and shrubs. Vegetation is burned in most dry seasons.
Formerly probably forest covered,

The profile is Iocated near a patch with traces of former Indian occupation { Terra Preta).

A, 0-30 em: Black (10 YR 2/1) sandy loam, with white points of bleached quartz grains. Single
grains. Moist, loose. Not sticky and not plastic when wet. Soft when dry. Many pores. Many
roots, Transition gradual,
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Ay 30-90 em: White (10 YR 8/2) light sandy clay loam, Very littie coherent porous massive
Moist, very friable. Not sticky and slightly plastic when wet. Slightly hard when dry. Many
pores, Common roots, Transition gradual.

By 90-120 em: Yellow (10 YR 6/8) light sandy clay loam, with many, medium sized to coarse,
distinct to prominent motties of red (2.5 YR 4/8) and white (10 YR 8/1). Within the red a few
smal} plinthite concretions. Structure weak to moderate, medium sized prismatic, falling apart
into weak, medium sized subangular to angular blocks. Common, faint clay skins.

B.g 120-260 em: White (N 8/D) sandy clay loam, with many medium sized to coarse, prominent
motties of red (10 R 4/6) and some brownish yellow (10 YR 6/8), in a reticulate-prismatic
pattern. Centres of the red half hardened. Structure moderate, medium sized angular blocky,
composing weak, medium sized prismatic, Common, faint to distinct clay skins. Moist, friable.
Slightly sticky and slightly plastic when wet. Hard when dry. Very few pores. No roots. Tran-
sition gradual,

With Dutch auger:

1B, 260-300 cm: White (N 8/0) light sandy loam, with many, coarse, prominent mottles of pale
yellow (2.5 Y 8/4) and light red (2.5 YR 6/6). Scattered, large, loose plinthite concretions.
(fossil), especially in the lower part.

(V1) HypromorrHIC GREY PopzoLic soiLs (HP)

General concept: This name, which is not encountered in the literature, is tentatively
given to a locally frequently encountered group of imperfectly drained, moderately
weathered soils with the following characteristics:

The A horizon is grey or grey brown and rather light textured. The B horizon is a
textural-B (cf. 11.2.1), with mottles of yellowish hue in a greyish matrix. This B horizon
is dense, heavy textured, has a well developed prismatic to columnar structure, and
prominent signs of clay illuviation (clay skins). The silicate clay minerals are non-kao-
linitic for a good part. The base saturation is medium in the upper part of the profile,
high to complete in the lower part. The pH of the lowest section of the profile (the
C horizon) is often relatively high, namely 6-8. The surfaces of the structure elements
in the B horizon are often comparatively dark coloured. Slickensides are distinct in the
lower part of the B horizon. The soils differ from the Grey Hydromorphic soils in the
high base saturation and the composition of the clay fraction. The soils have, in fact,
several characteristics of Grumosols, of which they may constitute a kind of imper-
fectly drained phase. Morphometrically the soils are also similar to the Solodized
Solonetz.

Because of the base saturation status, the soils are further classified as Hydromorphic
Grey Podzolic soil, with high base saturation (HPpp).

Three subtypes are distinguished, namely one that is (arbitrarily) called the Ortho
(HPgp, 0), one called the Shallow phase (HPps, s), and one the Dark phase (HPps, D).

The Ortho sub-type has an A horizon of 40 1o 80 cm thick, which consists of an A, and A,, and some-
times an A,. The B horizon is 80 to 150 cm thick and consists normally of a B, and a B,. The C hori-
zon is about 50 ¢m thick. The A, subhorizon, 10 to 30 cm thick, consists predominantly of light loam.
or loam. Its colour value is 2 or 3, its chroma 6 or 7, its hue 10 YR;; light brownish grey (10 YR 62) is
most common. A few, fine, faint mottles, usually of yellowish brown (10 YR §,8), are often present.
The structure is weak, fine subangular blocky. The transition to the A, is gradual. The A, subhorizon,
20 to 40 cm thick, is predominantly 3 loam or heavy loam, The main colour is light grey or light brown-
ish grey (10 YR 6/1 resp. 6/2), with few to common, fine, faint mottles of yellowish brown or brownish
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yellow (10 YR 5/8). The structure is massive or weak, fine to medium subangular blocky. The transi-
tion to the B, is clear or abrupt, and wavy, The B, subhorizon, 30 to 80 cm thick, has predominantly,
clay loam textures, The main colour js light grey (10 YR 7/1, resp. 6/1), Mottles with value 5, 6 or 7,
chroma 8 and hue 10 YR or 7.5 YR (predominantly reddish yellow: 7.5 YR 6/8) are common, me-
dium sized and distinct. Also motties of yellowish red (S YR 5/Byor red (2.5 YR 5/8) are often present,
but less conspicuous. The structure is usually moderate, medium prismatic, or columnar. Clay skins
are common and distinct. The transition to the B, is gradual, wavy. The B, subhorizon, 40 to 80 cm
thick, consists of ¢lay loam or clay. The principal colour is light grey (10 YR 6/1, 10 YR 7/1, N 7/0)},
with many, medium, distinct to prominent mottles of yellowish hue, as in the B,. Mottles of red (2.5
YR 4/8) are few and fine, if present. The structure is @ weak to moderate prismatic. Clay skins are
common, and distinct to faint. Slickensides are general on the subhorizontal surfaces. The C horizon
consists mostly of silty clay loam. lts main colour is predominantly light olive grey (5 Y 6/2). Mottles,
usually of brownish yellow (10 YR 6/8), are present in varying quantity, size and distinctness, Colour-
less crystals, of gypsum, are often found,

The Dark phase has an A horizon of only 20 to 40 cm. The B horizon is 30 to B0 cm thick and is rela-
tively dark coloured. The C horizon is about 40 ¢m thick.

The A, subhorizon, about 10 cm thick, is loamy and grey or dark grey (10 YR 5/1, resp. 4/1). The
structure is weak to moderate, fine subangular blocky. The transition to the A, is gradual and smooth,
The A, subhorizon, 10-30 ¢cm thick, consists of a loam or light clay loam. Tts colour is normally grey
{IQG YR 5/1 or &/1), often with some yellowish mottling. The structure is often weak, medium subangu-
lar blocky. The transition to the B is commonly gradual and irregular. The B , subhorizon, 30 to 40 cm
thick, consists of a heavy clay. The main colour is dark grey (10 YR 4/1), with many, fine to medium,
distinct mottles, usually of brownish yellow (10 YR 6/6). The structure is strong prismatic. Clay skins
are common to continuous, and distinct. Slickensides are faint. The B, subhorizon, 10 to 40 cm thick if
exsient, is of clay or heavy clay texture. Its main colour is grey (10 YR 5/1), with mottles of yellowish
hue. The structure is moderate prismatic. Clay skins are common and faint; slickensides distinct. The
C horizon consists of a clay loam, with colours normally similar to those of the B,. Colourless crystals,
of gypsum, are general.

The Shallow phase has an A horizon of only 20 to 40 cm, a B horizon, being usually only a B,, of 20
':_0 40 cm and a € horizon of 10 to 30 cm. Its total solum comprises 530 to 70 cm; below it, hard rock is

ound.

The A, subhorizon, 5 to 15 cm thick, is of sandy loam texture. s colour is dark grey brown or very
dark grey brown (10 YR 4/2 resp. 3/2), its structure weak to moderate, fine subangular blocky. The
transition is gradual, smooth. The A, subhorizon, 20 to 30 cm thick, has the same texture as the A,
Its main cotour is predominantly light brownish grey (10 YR 5/2). Mottles of strong brown or reddish
Yellow (7.5 YR 56 resp. 6/8) are many, fine and faint, The structure is mostly weak, medium subangu-
lar blocky. The transition is clear to abrupt, irregular, The B, subhorizon is of clay texture. The colour
of the matrix is grey (10 YR 5/1 or 6/1), with many, fine, distinct mottles of reddish yellow or yeHlowish
ted. The structure is strong, coarse prismatic, partly columnar. Clay skins are commeon and distinct.
Slickensides are invariably present, and distinct. The C horizon is silty, with a variety of colours, in
which olive grey predominates. Crystals of gypsum were not found.

P{‘oﬁlc 44. HypromorpHic GRey PopzoLic soil, with high base saturation, Ortho (HPyy, 0)

Field description 288 (Sombroek, Sampaio)

Location: Araguaia Mahogany area, Bloco Piranha, southern half, transect 7, stake 38 {Lat. 6'01° S;
Long. 48°10° w),

Relief and drainage: Flat terrain, less than | m above level of nearby, narrow, intermittent rivulets.
V'_=l'y distinet micro relief of canaletes tkauwfoetoes). Imperfectly drained; the canaletes are filled
With non-stagnant rain water during rainy scason. Profile studied in dry season, when ground water
level was below 150 cm. AN, 200 m ca.

Parent material: G ypsiferous and calcarcous silty clay-stones of Motuca member of Pastos Bons beds
Uura-Triassic).

Vege.mtiw caver: Primeval semi-deciduous forest. Nearly closed, rather high canopy, consisting pre-
dornmamly of rather big mahogany trecs; also some palms. Rather open undergrowth, with a few thin
€recpers and climbers. Open ficld layer of seedlings.
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0, 2-0 em: Undecomposed plant residues.

0, 2-0 em. Partly decomposed plant residues, with fine roots. At the surface many outcasts of
worms,

Ay 0-10 em: Grey brown (10 YR 5/2) light loam. Weak to maderate, fine subangular blocky struc-
ture. Maist, very friable. Not sticky and not plastic when wet. Rather hard when dry. Many
roots. Many, large pores, Transition gradual, and smooth.

A, 10-50 em: Dark grey brown (10 YR 4/2) light loam, with many, fine, faint mottles of yellow-
ish red (5 YR 5/8). Porous massive 1o weak, medium to coarse, subangular to angular blocky
structure. Moist, friable. Not sticky and not plastic when wet. Very hard when dry. Many
roots, Common large and fine roots. Transition abrupt, wavy.

By 50-80 em: Light grey (N 7/0) clay loam, with many, medium sized, distinct mottles of reddish
yellow (7.5 YR 6/8) and some red (10 R 4/8). Structure weak, very fine prismatic, composing
moderate, very coarse columnar. Common, distinct clay skins, somewhat darker coloured
than rest of soil mass. Moist, very firm. Very sticky and very plastic when wet. Few roots. No
pores, Transition gradual, wavy.

By 80-120 cm: Light grey (N 7/0) clay loam, with common to many, medium to coarse, distinct
mottles of reddish vellow (7.5 YR 6/8). Weak to moderate, medium 1o fine prismatic struc-
ture. Common, distirict clay skins, somewhat darker coloured than rest of soil mass. Distinct
slickensides on the (sub) horizontal surfaces. Moist, very firm. Very sticky and very plastic
when wet. No roots. No pores. Transition clear, irregular.

Cy 120-150+ em: Olive grey (5 YR 5-6/2) silty clay loam, with many, medium to coarse, distinct
motties of brownish yellow (10 YR 6/0) and some red (2.5 YR §/6). Massive. Moist, very
firm. Slight sticky and slightly plastic when wet. Locally white (10 YR 8/1) spots, cffervescing
with HCT: carbonates, Many, mainly very small (1 mm), colourless crystals: gypsum.

Full mineralogical analysis was carried out on the A, horizon of a comparable profile
(¢f. sample 290-2 of the Tables 7 and 8, and the Figs. 14a-¢). Its clay fraction contains
15%; mica (illite), 25 %, “intermediate’, 30 9, kaolinite and 309} clay-sized quartz. In the
fraction 2-16 micron, mica (illite) comprises 3% and chlorite 5%,; the rest is quartz.
The coarser fractions consist of quartz (95 %) only, with some hematite.

Profile 45. HypromoRrpPHIC GREY PopzoLic soil, with high base saturation, Dark phase (HP;4, D)
Field description 291 (Sombroek, Sampaio)

Location: Araguaia Mahogany area, Bloco Piranha, southern part, transect 7, stake 25 (Lat. 6°01’ §;
Long. 48°10° W),

Relief and drainage: Flat terrain, less than 1 m above level of nearby, narrow, intermittent rivulets.
Vague micro relief of canaletes (kauwfoeroes). Imperfectly drained: the canaletes are filled with non-
stagnant rain water during rainy season. Profile studied in dry season, when ground water level was
below 150 cm.

Parent material: Gypsiferous and calcareous clay-stones of Motuca member of Pastos Bons beds
(Jura-Triassic),

Vegetative cover: Primeval deciduous forest. Open canopy, consisting mainly of low, thin, stunted
mahogany trees, in a dense patiern. Rather open undergrowth, largely consisting of théin creepers and
climbers. Rather open field layer, of some seedlings, clumps of Cyperaceae, and Selagineliae.

0, 3-1 em: Undecomposed plant residues.

0, 1-0 em: Partly decomposed plant residues, with fine roots. At the surface a few oulcasts of
WOrms,

A, 0-7 cm. Grey {10 YR 5/1), light grey (10 YR 6/1) when dry, loam. Weak to moderate, medium
to fine, subangular blocky structure. Dry, slightly hard. Not sticky and not plastic when wet.
Friable when moist. Many roots. Many large, and few fine pores. Transition gradual and
smooth,

A, 7-30 em: Light brownish grey (10 YR 6/2), light grey (10 YR 7/1) when dry, loam, with many,
fine, faint mottles of yellowish brown (10 YR 5/6). Weak to moderate, medium to coarse,
subangular to angular blocky structure. Dry, hard. Slighily sticky and slightly plastic when
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wet, Friable to firm when moist. Common roots. Few large, and common fine pores. Transi-
tion gradual, irregular.

By 30-75 em: Dark grey (10 YR 4-5/1) heavy clay, with common, medium sized, distinct mottles
of reddish brown (2.5 YR 4-5/4). Structure moderate to strong, medium to coarse prismatic,
with tendency to columnar. Many, distinct clay skins. Faint slickenslides on the (sub) hori-
zontal surfaces. Moist, firm to very firm, Plastic and very sticky when wet. Very hard when dry.
Few roots. A few, large pores. Transition gradual, wavy.

By 75-120 em: Grey (10 YR 5/0) clay, with common, medium sized, distinct mottles of ycliowish
brown (10 YR 5/6) and red (2.5 YR 6/6). Moderate, coarse prismatic structure, Common,
faint clay skins. Distinct slickensides on the (sub)horizontal surfaces. Moist, firm, to very
firnt. Very sticky and very plastic when wet.

Co 120-140+ c¢m: Light grey (N 6/0) clay loam, with many, coarse faint mottles of brownish
yellow (10 YR 6/6). Massive, Moist, firm, Very sticky and very plastic when wet, Scattered,
fine, white {N 8/0) points, Very many colourless crysials (gypsum). )

Profile 46. HypromorpHIC GREY Popzovic soil, with high base saturation, Shallow phase (HPy, 5).
Field description 294 {Sombroek, Sampaio)

Lacation: Araguaia Mahogany area, Rio Antonino, transect 1a, stake 190(Lat.6°09'S; Long. 43°14° W).
Relief and drainage: Flat terrain, about 1 m above level of nearby, narrow, intermittent rivulet. Cons-
picuous micro relief of canaletes (kauwfoetoes). Imperfectly drained: the canaletes are filled with non-
stagnant rain water during the rainy season. Profile studied in dry scason, when ground water level was
below 100 cm.

Parent material: Calcareous cherty silt-stones of Pedra de Fogo beds (Permean).

Vegetarive cover: Deciduous hydromorphic shrub, A very few, thin, stunted, low trees emerge above a
dense layer of shrubs and thin creepers and climbers. Rather dense ficld layer (Gramineae, Cyperaceae,
Selaginellae, Araceae).

0, 35-0 em: Undecomposed plant residues.

0, Absent. Surface very irregular, due to abundance of outcasts of worms.

A, 08 c¢m: Dark grey brown (10 YR 4/2) sandy loam, with few, fine, faint mottles of yellowish
brown (10 YR 5/4). Moderate, fine subangular blocky structure. Dry, hard, slightly crusted,
Slightly sticky and slightly plastic when wet. Friable whena moist. Many roots. Common large
and fine pores. Transition gradual, smooth.

Ay 8-25 em: Grey brown (10 YR 5/2) sandy loam, with many, fine, faint mottles of strong brown
{7.5 YR 5/6). Weak to moderate, medium to fine, subangular blocky structure. Dry, slightly
hard. Not plastic and slightly sticky when wet. Friable when moist. Common roots, Many
large and fine pores. Transition gradual, wavy.

Ay 25-37 cm: Grey (10 YR 6/1) light loam, with many, fine, faint to distinct mottles of grey
brown (7.5 YR 4/4). Weak, coarse, subangular to angular blocky structure. Dry, hard. Not
plastic and slightly sticky when wet. Friable when moist. Few roots. Few large, and common
fine pores. About 259 very small (diam. < 5 mm), fine grained plinthite concretions. Transi-
tion clear, irregular,

B,y 37-37 cm: Light grey (10 YR 6/1) clay, with many, fine, distinct mottles of reddish brown (5
YR 4/4). Structure strong, very coarse prismatic, with tendency to columnar. Common to
general, distinct clay skins, Distinct slickensides on the (sub)horizontal surfaces. Dry, hard.
Very sticky and very plastic when wel. Very firm when moist, Very few rcots. No pores. Tran-
sition gradual, wavy.

By 57-77 cm: Grey (5 Y 5/1) clay, with many, fine, faint mottles of yellowish brown (10 YR 5/6).
Strong, coarse prismatic structure. Common, faint clay skins. Strong slickensides on all
(subjhorizontal surfaces. Dry, hard. Very sticky and very plastic when wet, Very firm when
moisl, Very few roots. No pores. Transition abrupt, irregular.

Ci 77-87 cm: Brownish yellow (10 YR 6,8} silt loam, with many, distinct horizontal stripes of
white (1¢ YR &/1}and grey (10 YR 5/1). Moderate, medium platy structure. Moist, friable to
firm. Sticky, very plastic when wet. A few, fine roots. No pores, Transition abrupt, irregular.

Cuw 87-102 ¢m: Bluish olive grey and purplish olive silty clay. Moderate, medium platy structure.
Moist, very firm. Very sticky and very plastic when wet. With white spots, which give effer-
vescence with HCL

R 102+ cm: Pale yellow calcareous silt-stone.
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{IX) GrounD WATER PopzoLs AND WHITE SAND ReGosoLs (GP and WSR)

General concept: Ground Water Podzols are imperfectly drained, highly weathered
soils. They are characterised by a light to very light texture throughout the profile, a
bleached A, horizon of varying thickness, and a dark coloured B horizon with a con-
centration of humic material. This B horizon is usually, for a part, cemented by
sesquioxides, thus forming a hardpan (Ortstein).

The thickness of the A, horizon in the Amazon Ground Water Podzols varies from
20 ¢m to 200 em and more, The thickness and hardness of the Ortstein also vary consi-
derably. There are indications that the cementing sesquioxides are aluminum oxides,
not iron oxides. This further classifies the soil as Ground Water Humus Podzol.

Under White Sund Regosol are classified those soils that consist of bleached sand to a
great depth. The soil occurs commonly in a well-drained position,

Profile 47. GrRounD WaTER Humus PopzoL (GP)

Field description 234 (Sombroek, Sampaio)

Location: Along highway BR-14, km 38.8 S of Sdo Miguel do Guamd.

Relief and drainage.: Approximately flat, narrow terrace, 3-4 m above level of nearby rivulet. Alt. 25 m
ca. Imperfectly drained.

Parent materiai: Pleistocene fluviatile sediments.

Vegetative cover: Secondary shrub.

A, 0-10 cm: Dark brown (7.5 YR 3/2) sand, spotty by presence of very many white sand grains,
Single grains. Moist, loose. Not sticky and not plastic when wet. Soft when dry. Many roots.
Many pores. Transition clear and spotty.

A, 10—45 cm. Light grey (10 YR 6/1} sand. Single grains. Moist, loose. Not sticky and not plastic
when wet. Soft when dry. Many pores. Many roots. Transition gradual and smooth.

Bia 4560 em. Dark grey (10 YR 4/1) sand. Weak, medium to fine subangular blocky structure.
Moist, friable. Not sticky and not plastic when wet. Stightly hard when dry, Many pores.Many
roots. Transition abrupt and irregular. Krotovinas of B, penetrating into underlying horizon.

Boam 60-80 cm: Ortstein: Brown to dark brown (7.5 YR 4/2) loamy sand. Massive, indurated.
Moist, extremely firm. Extremely hard when dry. Not sticky and not plastic when wet, No
pores. No roots. Transition abrupt and broken.

Byhm 80-110 em: Ortstein: Brown to dark brown (7.5 YR 4/4) loamy sand. Massive, strongly ce-
mented. Moist, very firm. Very hard when dry. Not sticky and not plastic when wet. No pores.
No roots. Transition gradual and irregular.

B, 110-150 cm: Light olive brown (2.5 Y 5/4) sand. Single grains to weak, medium to fine sub-
angular blocky structure. Moist, very friable. Soft when dry. Not sticky and not plastic when
wet. No pores. No roots,

Profile 48. WaiTe SAND REGOsoOL (WSR)

Field description 131 (Day, Sombroek)

Location: Lower Amazon region, about 10 km N of Oroximind (Lat. 1°42’§; Long, 55°49° W)
Relief and drainage: Extensively flat, to gently undulating terrain. Atl. 50 m ca. Excessively drained.
Parent material: Pleistocene fluviatile (?) sediments.

Vegetative cover: Dense and low forest; burned in preceding dry season,

0, 3-0 em: Reddish brown, partially decomposed organic material, with very many fine roots

A, 0-20 em: Grey (N 6/0) sand. Single grains. Many roots. Transition gradual.

Ay?  20-480+ em: White (N 8/0) sand. Single grains. In upper part a few roots, in lower part none.
Sand grains are angular to subangular, Little variation iny grain size distribution with depth.
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{X) Low Humic GLeY anD HuMIC GLEY soiLs (LHG and HG)

General concept: These are poorly drained soils from recent non-marine sediments,
with little profile development. They have an A, horizon of varying thickness and pro-
minence, overlying a mineral, gleyed sub-surface and subsoil. The A, horizon of the
Low Humic Gley soils is thin and/or little humic, The A; horizon of the Humic Gley
soils is prominent and dark, without being, however, an organic horizon proper. A
prominent A, in this respect is arbitrarily defined as being 20 or more cm thick and
having a percentage of Carbon which surpasses 1.5 4 0.015 x 9 clay.

The gleyed sub-surface and subsoil horizons of the profiles of both Low Humic Gley
and Humic Gley soils encountered in Amazonia have a main colour of grey or light
grey. Mottling is usually common, fine to medium sized and distinct, and its colours
are predominantly yellowish brown or strong brown (10 YR 5/6-5/8 and 7.5 YR 5/6—
5/8 respectively). Hues redder than 5 YR are rare. The soils are usually heavy textured
and often contain considerable percentages of silt. The structural development of the
subsoil is mostly weak. Signs of clay illuviation (clay skins) are often little conspicuous,
if present at all. Because of stratification of the original sediments, sudden changes in
texture within a profile may occur. The presence of one or more humic or peaty layers
in the subsoil is not uncommon. The soils vary considerably in consistence and degree
of subsoil compactness. The mineralogical compaosition of the soils varies from site to
site, and there are also considerable differences in the base saturation percentages.
Amongst the Low Humic Gley soils, a Carbonate subsoil phase (LHG, €) is separated.
This phase is characterised by being strongly alkaline in the subsoil, which also con-
tains carbonate concretions. A very compact and usually dark coloured horizon
(laklaag, ‘lacquer’) is invariably found just above this alkaline subsoil.

Amongst the Humic Gley soils, an Upland phase (HG, v} is distinguished. It is
characterised by being extremely acid, having low amounts of silt, and silicate clay
minerals of 1:1 lattice structure (kaolinite) only. :

Profiles, intergrading to Ground Water Laterite soil, are not uncommon, concerning
both the Low Humic Gley and the Humic Gley soils (¢f. Profile 18).

A few profile descriptions are given. More details about the soils, many profile des-
criptions, and analytical data are reported by SOMBROEK (1962b).

Profile 49. Low Humic GLEY s0il (LHG)

Field description 265 (Sombroek, Sampaio)

Location: Lower Tocantins floodplain, about 20 km WNW of Igarapé-mirim (Lat. 1°.58’ §; Long.
49°.09° W),

Relief and drainage: Flat lowland; floodplain of fresh water tidal creeks. Poorly drained: daily flooded
by water with a considerable load of sediments. The difference between high tide and low tide level of
nearby creek is about 3 m.

Parent marerial: Recent, fresh water deltaic sediments on ofder deposits.

Vegetative cover: Swamp forest with many palms.

A, 0-7 cm: Very dark grey {10 YR 3/1) heavy clay loam. Moderate, medium to fine subangular
blocky, to crumbly structure. Moist, very friable, Plastic and very sticky when wet, hard when
dry. Yery many roots. Transition clear.
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With Dutch auger:

Cyp 7-18em: Lightgrey (10 YR 6/1-7/1) silty clay loam, with a few, fine, distinct mottless of strong
brown (7.5 YR 5/8). Wet, very sticky and very plastic. Common roots. Transition gradual.

Cy 18-350 em: Light grey ta grey (N 6/0) heavy clay, with many, fine to medium sized, distinct
mottles of strong brown (7.5 YR 5/8). Wet, very sticky and very plastic. Common roots.
Transition clear.,

Cyp 50-110 cm: Dark reddish brown {5 YR 2/2) peaty sandy ¢lay loam, Transition clear.

Cu 110-130 em: Grey (N 5/0) silt loam. Wet, very sticky and very plastic. No roots. Transition
gradual,

Cog 130-240 cm: Light grey (N 7/0) silty clay, with few, coarse, distinct mottles of light olive
brown (2.5 Y 5/6). Wet, very sticky and very plastic. No roots, Transition gradual.

NICyy 240-380 cm: Light grey (N 7/0) clay, with many, medium to coarse, prominent mottles of
dusky red (10 R 3/4). Mottles slightly hardened in their centres. Wet, very sticky and very

_ plastic. Compact. No roots.

Profile 50. Humic GLEY s0il (HG)

Field description 188 (Sombroek)

Location: Lower Amazon floodplain, about 20 km § of Prainha (Lat. 1°59’ S; Long. 53°30° W).
Relief and drainage: Flat lowland; backswamp of floodplain of river Amazon and rivulet Purus. Poor-
1y drained: during high water season Aooded with about 1.5 m water which has a load of sediments,
Parent material: Recent fluviatile sediments.

Vegetative cover: Grasses, and other herbaceous plants.

A, 0-25 em: Grey (10 YR 5/1) silty clay loam, with some strong brown (7.5 YR 5/8) along the
grass roots. Structure medium sized subangular blocky, of moderate strength. Surface hard
when dry, slightly cracked. Moist, friable. Sticky and plastic when wet. Transition clear.

With Dutch auger:

Cy 25-70 em: Light grey (N 6/0) stity clay loam, with many, medium sized, distinct mottles of
reddish yellow (7.5 R 6/8), Moist, friable to firm, Sticky and plastic when wet, Transition
abrupt.

Cop.s  70-120 cm: Very dark grey (10 YR 3/1) clay, with commeon, fine, faint mottles of dark yellow-
ish brown (10 YR 4/4). Moist, firm. Sticky and very plastic when wet, Compact. Transition
gradual,

Cyy 120-170 em: Grey (N 4/0-5/0) clay with many, medium sized, distinct mottles of reddish yel-
low (7.5 YR 6/6). Moist, firm. Sticky and very plastic when wet. Transition abrupt.

Cew 170-190 em: Very dark grey (10 YR 3/1) clay. Moist, firm. Sticky and very plastic when wet.
Transition gradual,

Cie 190-210 em: Grey (N 5/1) clay with common, fine, distinct mottles of yellowish red (5 YR
5/8). Moist, firm. Sticky and very plastic when wet. Transition clear.

Ce 210-220+ cr: Black (10 YR 2/1) clay, with organic relics. Moist, firm, Sticky and very plastic
when wet.

A full mineralogical analysis was carried out on a sample of the second horizon. The
data concerning sample 188-2 of Tables 7 and 8 and Figs. 14a-¢ show that indeed the
mineralogical composition is favourable, for which the Ki and Kr data give already an
indication. In the clay fraction, only 229/ kaolinite is present, while mica (illite)
occupies 30 %, ‘intermediate’ 109, swelling illite 8 %, and chlorite 79%,. A considerable
amount of felspar (15%,) occurs in the 2-16 micron and 16-80 micron fractions. Photo
Il illustrates the composition of the clay fraction.

Sample 190-2 has approximately the same mineralogical composition; it is of a Low
Humic Gley soil, Carbonate subsoil phase, of the same physiographic unit (the horizon
sampled occurs above the lacquer and the alkaline horizons of the profile).
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Profile 51. Humic GLEY soil, Upland phase (HG, v)

Field description 119 {(Day, Sombroek)

Location: Amapi Territory, catchment area of Igarapé do Lago (Lat, 0°27° N; Long. 51°38° W),
Relief and drainage: Bottom land in undulating upland with savannah cover. Poorly drained. Alt
below 50 m.

Parent marerial: Colluvial deposits from heavy textured sediments of surrounding upland,
Vegetative cover: Tall grasses.

A, 040 cm: Black (3 YR 2/1) clay. Strong, very fine subangular blocky structure. Moist, friable.
Plastic and slightly sticky when wet. Apparently high in organic matter. Many roots.

With Dutch auger:

Aygg  40-60 em: Olive brown (2.5 Y 4/2) clay, with common, medium sized, distinct mottles of dark
grey (N 4/0) and dark brown (7.5 YR 4/4). Wet, sticky and plastic.

C 60-100 cm: Yellowish brown (10 YR 5/4) clay, with many, medium sized, distinct to promi-
nent moittles of yellowish red (5 YR 4/6) and black (N 3/0). Wet, sticky and plastic, to very
plastic.

Co 100-120+ cm: Pale brown (10 YR 6/3) clay, with common, medium sized, faint to distinct
mottles of yellowish red (5 YR 6/6).

{XT) SALINE AND ALKALI SOILS

General concept: The Saline and Alkali soils are characterised by either excessive con-
centrations of exchangeable Nat and Mgtt, or soluble salts, or both.

They are termed saline, if the conductivity of the saturation extract exceeds 4 mmhos/
cm at 25°C, corresponding to about 0.15 % salts in the dry soil (SoIL SURVEY MANUAL,
1931, page 360). Assuming the soluble salts to be predominantly NaCl, this value cor-
responds to about 2.5 m.e. /100 g ‘soluble salts®, as this datum is provided by IQA.

The Selonetz is a soil with a cloddy B horizon and a prominent prismatic or columnar
structure. The exchangeable cations of this horizon are Na*+ and/or Mg*+ for a good
part (Mgt -+ Nat > Ca*t + H*; ¢f. SoiL SURVEY STAFF, 1960, p. 45). It has recently
been suggested that Mgt may have a similar detrimental effect on the structure as
Nat and this has been confirmed by laboratory trials, for instance those of SCHUYLEN-
BORGH and VEENENBOS (1951). Solonetzes are usually found in dry climates. They also
exist, however, along ocean coasts, independent of climatic conditions, where they
have developed on sediments with high percentages of Mg+t and Nat, due to deposi-
tion in marine-deltaic conditions. They are known as ‘coastal Solonetzes® and are
described for instance by EDELMAN (1950) for Holland, where they have the local
names pik or knip clays.

The Amazon soils denoted as Solonerz, Coastal phase (Sol, ¢} have usually only a
moderate prismatic structure. A number of them have a thick humic top with a crum- -
bly structure and slickensides in the subsoil horizons. These soils are, in fact, inter-
grades to Grumosols. Others, with only a thin humic top and moderate to weak pris-
matic structure, are intergrades to Low Humic Gley soils. The soils may have a saline
subsoil.

In coastal Amazonia also there are saline soils that have no structure, or a weak, fine,
granular one. The water movement through the profile is rapid, contrary to the situa-
tion with the Solonetz, Coastal phase. These soils are classified as Saline soils. More
data about the Saline and Alkali soils of Amazonia are reported by SOoMBROEK (1962b).
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Profile 52. SoLoneTZ, CoasTAL pHasE (Sol, ©)

Field description 175 (Day, Sombroek)

Location: Eastern part of Marajé isiand, about 40 km NW of Soure (Lat. 0°32’ §; Long. 48°47' 'W).
Relief and drainage: Flat lowland. Poorly drained: during the rainy season submerged under about
m rain water.

Parent marerial: Subrecent marine-deltaic sediments,

Vegerative cover: Grasses, and other herbaceous plants,

A, 0-20 em: Dark grey (10 YR 4/1) with many, fine, distinct mottles of strong brown (7.5 YR
5/8), mainly along the grass roots. Trampled by cattle. Structure very coarse prismatic, of
moderate strength; breaking into coarse angular blocks, generally of weak, but in lower part,
locally, of moderate strength. Dry, very hard; strongly cracked. Very sticky and very plastic
when wet, The upper 10 cm has many insect channels; the lower part is massive within the
structure elements. Transition clear and irregular.

Byg  20-40 em: Very dark grey brown (10 YR 3/2) clay, with common, very fine, faint motttes of
strong brown (7.5 YR 5/8). Structure moderate, coarse prismatic, locally columnar. Faint,
locally distinct, clay skins on all vertical ped faces. Distinct slickensides on the sub-horizontal
surfaces. Dry, very hard. Very sticky and very plastic when wet, Scattered, small (2-5 cm diam),
round, half-hard, black concretions, effervescing with Hy0,: concretions of manganese.
Transition clear and wavy.

By  90-140 cm: Dark grey (5 Y 4/1) clay, with many, fine, faint mottles of light vellowish brown
{2.5Y 6/4). In the upper part the structure is medium prismatic, of weak to moderate strength.
Common, faint clay skins on vertical ped faces, Distinct slickensides on the sub-horizontal
surfaces. Moist; lower part wet. Very sticky and very plastic. Concretions of manganese as
above. No effervescence with HCl, Transition gradual.

With Dutch auger: .

By 140-210 em: Light grey (5 YR 6/1) clay, with many, coarse, prominent motiles of yellowish
red (5 YR 5/8). In the yellowish red, half-hard plinthitic tubes. Wet, very sticky and very
plastic. No effervescence with HCL. Transition clear,

Cy 210-225+ cm: Grey (N 4/0) clay. Wet, very sticky and very plastic. No effervescence with
HCL

Note: Sampling of the A, at the beginning of the dry season, of the By,g, the B,y and By at the end of

the dry season.

Full mineralogical analysis was carried out on a sample of the By, horizon. The data
of sample 175-3 of Table 7and 8 show that in the clay fraction kaolinite comprises only
25%, while 2:1 lattice silicate clay minerals comprise together about 509,. Of these,
‘swelling illite’ is particularly important (24%,). Felspar is present in considerable
amounts (17 and 109 respectively) in the 2-16 and 16-80 micron fractions.

To some extent sample 154-2 has the same mineralogical composition (¢f. the Tables
7 and 8 and the Figs. 14a-e), which is of the B,z horizon of another Solonetz, Coastal
phase profile (intergrade to Low Humic Gley soil). Photo 12 illustrates the composi-
tion of the clay fraction of the latter sample.

(XII) TERRA PRETA sOIL (TP)

General concept: Terra Preta soil is a well-drained soil characterized by the presence
of a thick black, or dark grey, topsoil which contains pieces of artefacts.

As discussed in 111.3.4, the Terra Preta soil is a kind of kitchen-midden, developed at
the dwelling sites of Pre-Columbian Indians. A general discussion of its qualities is
given in V.3.1.2, Here, only onc full profile description is given.
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Profile 53. TERRA PRETA, light textured (TP;)

Field description 39 (Day)

Location: Santarém, at Silviculture plots of Sawmill training centre.

Relief and drainage: Gentle undulating terrain (slope 1-3%{). Well-drained. Alt. less than 50 m.
Parent material: Pleistocene sediments.

Vegetative cover! Low secondary forest.

Ap 0-35 em: Black (N 2/0) loamy sand. Moderate, medium crumb structure. Moist, friable. Many
roots. Scattered pieces of old ceramics. Transition gradual, smooth.

A, 35-70 em: Very dark greyish brown (10 YR 3/1) loamy sand. Moderate to weak, tmedium
crumb structure. Moist, friable. Many roots. Transition diffuse, smooth.

B, 70-100 cm. Dark brown (10 YR 3/3) heavy loamy sand. Weak, coarse subangular blocky
structure. Moist, friable. Stightly more compact than B,,. Transition diffuse, smooth.

B,s 100-160+ em: Dark brown, to brown (10 YR 4/3) light sandy loam. Weak, coarse subangular
blocky structure. Moist, friable.

(XIII) OTHER SOILS
A number of other soils were encountered in Amazonia, Since they have not been
properly studied and/or are of limited occurrence, they will be described only in short.
One such a soil is a fertile, red, clayey soil, locally known as Terra Roxa. Whetheritis
predominantly a Terra Roxa Legitima (a Latosol, ¢f. group Jla of Table 6), or a Terra

Roxa Estruturada (a soil with a textural-B), is not established.

One profile studied® (Alenquer) proved to be more like the latter than like the former: The A horizon
of this profile is of clay loam texture and the B horizon of light clay texture, giving a textural ratio
B/A of 1.43. The structure of the B horizon is moderate to weak, very fine to medium subangular,
with common and weak clay skins. Analysis revealed that the silt fraction (2-50 micron) is relatively
high (20-25 %, while 45 % clay is present). Ki data decrease from 2.0 in the topsoil to 1.5 in the central
part of the B horizon. The Al,0,:Fe,0, ratio increases in the same stretch from 1.6 to 1.9. The T-value
decreases from 18 m.e./100 g in the topsoil to about 3 m.e. in the subsoil. The pH-H,;O is between 6.0
and 6.5 throughout the profile down to 200 ¢m depth, and the base saturation is between 70 and 9097,

Another fertile soil encountered is a black, very sticky and very plastic clayey soil,

denoted Grumosol.

One profile studied! (Monte Alegre) consists to 40 em depth (A horizon) of black ¢lay loam, of weak
or moderate, medium to coarse, mainly subangular blocky structure. Below this, olive grey clay or
heavy clay is encountered, with white specks of carbonates and presence of slickensides. Analysis of
this profile gave Ki data of 4.5 to 5.0, high amounts of natural clay, high T-value (40 m.e./100 g and
more) and high to complete base saturation, with Ca*+ as strongly predominant cation.

A well-drained, moderately weathered soil with the following characteristics has been
tentatively classified as a Non Calcic Brown-like soil, Gravelly phase (NB,G):
Reddish brown colour throughout the profile; presence of much gravel and stones of
laterized chert; loam to clay loam texture, without much textural difference between
the A and the B horizons. The structure in both horizons is moderate, medium to fine

subangular blocky.

An analysed example of such profiles (Araguaia Mahogany area) shows a low base saturation in both
the A and the B horizons, together 50 cm thick, but high base saturation in the C horizon (50 cm thick)
in which the Ca*+*ion is very predominant. In all three horizons the Ki value is about 2.9 and the
percentage Carbon 1-2%;.

) Excursion Eighth Brazilian Congress of Scil Science, 1961.
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A well-drained, moderately weathered, shallow soil with the following characteristics
has been tentatively classified as an Acid Brown Forest-like soif, Gravelly phase (AF, G):
Presence of many fine gravelly plinthite concretions (of laterized silt-stone) in the
lower part of the profile; yellowish brown to light yellowish brown colour below the
surface layer; silty clay loam texture. The A horizon does not seem to be much lighter
textured than the B horizon, and the structure is moderate subangular blocky and

weak subangular blocky respectively.

One analyzed profile(Araguaia Mahogany area) shows about 35 97 clay in the A horizon (40 cm thick),
457, clay in the B horizon (40 ¢m thick), high percentages of silt (40-50%;), and much natural clay in
the B horizon. Ki and Kr data of the solum decrease with depth from 2.4 to 2.2 and from 1.7 to 1.5
respectively, The cation exchange capacity (T-value) of the solum decrecases with depth from 12 m.e,/
100 g to 8 m.e., and the base satutation from 40 to 20 %, at pH-H,0 values of 5.5-5.0.

Under Aliuvial soil are classified well or moderately well-drained soils on recent sedi-
ments, with little profile development.

The profiles of this soil encountered (Araguaia Mahogany area) are generally light or
medium textured, usually with colours of yellowish hue, and with flakes of mica in the
sand fraction. In one analysed profile, the distinguishable soil layers up to 350 ¢cm
depth, vary in their clay content between 10 and 209 and in their silt content between
20 and 309%;. Natural clay comprises about half of the total clay. The structure is weak
subangular blocky in the upper part, massive in the lower part of the profile. Ki data
vary between 3.5 and 2.7 and Kr data between 2.8 and 2.1. The T-value varies between
3.7 and 5.0 m.e./100 g, and the base saturation decreases with depth from 60 to 20%.

The name Pard Podzol has been given to a highly weathered, well-drained, very light
textured soil, with a thin bleached A, horizon and humus accumulation, without
cementation, in the B horizon. A profile description is given by Day (1961). No ana-
Iytical data are available about this soil.

Under Grey Hydromorphic soil is classified a strongly weathered, imperfectly to poor-
ly drained soil, which has a light textured, bleached A, horizon, that grades sharply in-
to a relatively heavy textured, mottled, dense B horizon, which is not plinthitic. The
main colour of this horizon is grey or light grey, and mottles of reddish yellow or
strong brown are present in varying abundance and size. The silicate clay minerals are
supposedly of 1:1 lattice structure (kaolinite), and the base saturation is thought to be
low, to very low. .

Organic soils have also been encountered in Amazonia. They are waterlogged and
very acid. A peaty horizon of varying thickness overlies mineral soil material that is
commonly very light textured, and bleached. For these soils, the names Half Bog soil
or Bog soil are applied, if the organic layer is between 30 and 60 em thick, and more
than 60 cm thick respectively.

o
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1I1.3 The Occurrence of the Soils in Relation to the Various
Geomorphologic Units

In this subchapter, a picture is given of the distribution of the soils as described and
classified in the preceding pages. The geomorphologic units described in 1.4 are taken
as the basis. The situation is illustrated, very diagrammatically, in Fig. 17. For the soils

Fig. 17 Mapa esbogado dos solos amazénicos principais na sua relaciio com as unidades geomorfologicas

1w 50" 50*

Holocene terrains — Saline and Alkali H]IIII Outcropping crystalline basement and
soils outcropping Paleozoic, Mesozoic and

Terrenos Holocenos — Solos Salinos e Early Tertiary deposits, as well as Early
Alcalinos Tertiary(?) peneplanation surface -
Holocene terrains ~ Low Humic Gley Red Yellow Latosols, Dark Red

- and Humic Gley soils Latosols, Red Yellow Podzolic soils,
Terrenos Holocenos — Solos Glei Hiimico Lithosots, Ground Water Laterite soils
e Glei Pouco Himico Embasamento cristalino aflorante e

depdsitos aflorantes do Paleozdico,
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Ground Water Laterite soils
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Latosols of very heavy texture Superficie de peneplanacdo Creidcea(?)
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Fig. 17 Sketch map of the main Amazon soils in their relation to the geomorphologic units
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of the Planicie, which have been comparatively thoroughly studied, the influence of
several soil forming factors is discussed in some detail. These factors are Time (degree
of profile development, depending upon terrace level), Man (Terra Preta), and Ground
Water (Ground Water Laterite soil versus Ground Water Podzol).

1I1.3.1 The Soils of the Undulating Terrains with Quicropping Crystalline
Basement

Only a few data are available as to the soils in the regions where the Pre-Cambrian
crystalline basement, of the Guiana and the Central Brazilian shields, outcrops. In the
Araguia Mahogany area (cf. Appendices 2 and 6), on the outskirts of Amazonia, the
crystalline, western section consists of mica schists and quartzites. The mica schists,
which occupy undulating to hilly terrain, have resulted in the formation of shallow red-
dish soils which have been classified as Red Yellow Podzolic soil, with rather high base
saturation (RPypp; Profile 37). The quartzites are present in mountainous terrain
{Dome formations), and have resulted in Lithosol, Quartzite substratum phase (L, Q).
On the crystalline rocks elsewhere in Amazonia (granites, gneisses, syenites, mica
schists), the deep, friable, reddish or yellowish Red Yeflow Latosols (RL) are probably
the most frequent. An example of such a soil is the profile from Serra de Navio in Ama-
pd Territory, which has probably developed on amphibole and mica schists (Profile
34). Examples of profiles on granites, gneisses and syenites are not available, The com-
paratively small areas with basic effusions (gabbro, diabase, dolerite) have probably
Terra Roxa (Legitima or Estruturada) soils for the most part.

I11.3.2 The Soils of the Undulating Terrains with Outcropping Paleozoic,
Mesozoic or Early Tertiary Deposits

The soils on these terrains, where consolidated and slightly metamorphosed sedi-
ments of a whole series of geological periods are found within short distances {cf.
Appendix 8 and the Figs. 5 and 6), are naturally very diverse. It has to be borne in
mind that a large portion of the areas indicated on the geo'logical maps as having
these deposits, have in fact a thin cover of Late Tertiary or Quaternary sediments.
Areas with soils derived from Paleozoic, Mesozoic or Early Tertiary deposits are
therefore comparatively small. Lithosols, of hematized sand-stones and shales, are
apparently rather common among them.

No data are available on the soils of the Silurian and Pre-Silurian deposits of the
Amazon basin. _

A little is known about the soils derived from the Devonian deposits of both the Ama-
zon and the Maranhdo basins. In the Araguaia Mahogany area (Appendices 2 and 6),
the principal soil on the Pimenteiras beds is a Dark Red Latosol, Shallow phase
(DL, s; Profile35). SakamoTo (1960) mentions a soil on the Miacur of bedsthe Amazon
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basin, in the area of the lower Trombetas and the Erepecurt rivers. He describes it
as *loose sands with a limited amount of clay, light orange and brilliant reddish orange
coloured over more than 1 m’. It is possibly a Red Yellow Latosol. In describing
a red shale, occurring at the lower Jari river and supposedly of Devonian age, the
same author states that it weathers into yellow kaolinitic clay.

The Carboniferous deposits of the Amazon basin are very interesting economically
because of the presence of lime-stones, evaporites and diabase (the latter are Jurassic in
part). In the Monte Alegre-Alenquer area, a few studies of the soils derived from these
deposits have been made. The lime-stones have given a Grumosol, while a Terra Roxa
Estruturada has developed on the diabase (Excursion Eight of the National Brazilian
Soil Congress, 1961; ¢f. notes under (XIII) of 111.2). The evaporites are likely to have
resulted in the formation of soils similar to those present upon the Pastos Bons-Motu-
ca beds of the Maranhio basin (¢f. below). No consistent data are available on the
soils on the less rich deposits within the Carboniferous strata of the Amazon basin
{cf., however, Profile 17 of 11.3}.

The Carboniferous strata in the Maranhdo basin are also very diversified. In the
Araguaia Mahogany area (Appendices 2 and 6), Acid Brown Forest-like soil, Gravelly
phase (AF, G) has been found to be the common soil on reddish brown silt-stones,
which are probably of the lower section of the Piaui beds. The presence of Lithosol,
Sand-stone substratum phase (L, ss) has been established on coarse grained sand-stones
which probably belong to the Poti beds. In the same area, Carboniferous lime-stones
occur, associated with very resistant chert (chalcedony) in the superficial layers
(Piaui beds, ¢.q. Pedra de Fogo beds and upper section of Piaui beds). The soil is
therefore only a Lithosol, Cherty substratum phase (L, CH)}, or a very gravelly Non
Calcic Brown-like soil {NB, G). On flat land surfaces, with the same substratum,
Hydromorphic Grey Podzolic soil, with high base saturation, Shallow phase (HPy,,
s; Profile 46) has developed.

Also a few data are available on the soils derived from the Lower Mesozoic deposits
of the Maranhio basin. As to the Jurassic-Triassic deposits, it can be said that on
approximately flat terrains in the Araguaia Mahogany area, with a substratum of
silt-stones and clay-stones that are, in part, calcarcous and gypsiferous (Pastos
Bons-Motuca beds; Piaui beds of other geological mapping), various hydromor-
phic soils have developed (mapping unit H of Appendices 2 and 6; ¢f. also Fig. 23).
Among them are Hydromorphic Grey Podzolic soil, with high base saturation, Ortho
and Dark phase (HPps, 0 and HPpp, D; Profiles 44 and 45 respectively) and Ground 4
Water Laterite soil, intergrade to Hydromorphic Grey Podzolic soil ( Deep phase and
Clay-stane substratum phase, GL-HP,p and GL-HP,¢; c¢f. Profiles 14 and 15
respectively of I1.3). Undulating ground composed of coarse grained sand-stones(Pastos
Bons-Sambaiba beds) was found to have Kaolinitic Latosolic Sand profiles, Transition
Phase and Savannah phase (KLS, T and KLS, s; ¢f. Profile 33 for the latter).

The survey of the Guamd-Imperatriz area (Appendices 1 and 5) provides for some
clues as to the soils derived from the Cretaceous deposits of the Maranhdo basin. Red
Yellow Mediterrancan-like soil (RM ; Profile 41) is the common soil of the undulating

163



country, at the southern end of the area, which is composed of the relatively rich Codé
beds. In the same stretch, patches of Ground Water Podzol (GP) have been found. This
soil is likely to have developed on the sandy Corda beds which occur immediately
below the Cod6 beds.

SaxamMOTO (1960) states that the sediments of the Itapecurd or Serra Negra beds
{Late Cretaceous, or Tertiary) contain a small percentage of volcanic elements, con-
trary to the sediments of the Late Tertiary Barreiras beds. He thinks it likely that the
soils derived from the former sediments have a higher content of bases. In the meagre
amount of geological literature relevant to this area, it is assumed that the Itapecurt or
Serra Negra beds occurs in a stretch of the Guamd-Imperatriz area north of the zone
of outcropping of the Codé beds, In studying Appendices 4 and 5 it is, however, evi-
dent that the land surface in this stretch was modelled during the Plio-Pleistocene
epoch (planalto with Belterra clay) and the Pleistocene epoch (terraces at lower level).
The charac.eristically rather high base saturation of the Kaolinitic Red Latosol occur-
ring on the terraces in the stretch (¢f. I11.3.4), may however be an indication that the
modelling was done exclusively with the above-mentioned, volcanic elements contain-
ing Early Tertiary sediments.

The Cretaceous and Early Tertiary sediments of the Amazon basin are apparently
nearly everywhere covered with a thin layer of Late Tertiary and/or Pleistocene mate-
rials (¢f. I11.3.4). In contrast, the Cretaceous and Tertiary deposits of the Acre basin
outcrop, according to indications, in the eastern part of Acre State over considerable
stretches. In this area, the presence of Red Yellow Podzolic soil, with low base saturation
(RP j3; Profile 36) has been established. Also a dark red, friable, clayey soil, provision-
ally classified as Dark Red Latoso! (DL) occurs. It was not possible to make a definite
correlation of these soils with known geological strata (¢f. Appendix 8).

I11.3.3 The Soils of the Cretaceous and/or Early Tertiary Peneplanation
Surfaces

No field data exist on the soils of the presumably Cretaceous plateaux in the transi-
tion zone between Amazonia and Central Brazil. On the FAO Soil Map of South
America, second draft, they are indicated to have Areno-Latosols or Rego-Latosols.
The supposedly Early Tertiary peneplanation surface, occurring about halfway be-
tween these plateaux and the Amazon river, are likely to have a predominance of
Hydromorphic soils and Lithosols. It is believed that the same soils predominate in the
savannah covered areas of the boundary region of Pard State and the Guianas (Cretac-
eous and/or Early Tertiary). According to indications, the terrains concerned are
extensively flat, with a number of crystalline ridges (¢f. discussions in TV.1,2).
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H1.3.4 The Soils of the Planicie

As discussed in 1.4, the uplands in the broad axial part of Amazonia consist of uncon-

solidated kaolinitic sediments largely of the vaguely dated Alter do Chio or Barreiras
beds. They are shaped into a heavy clay covered Plio-Pleistocene plateau (the Amazon
planaito with Belteira clay), and more or less sandy Pleistocene terraces at a lower
level. These uplands are collectively called Planicie. The soil data on this Planicie are
relatively numerous. A general discussion of the soil qualities in relation to the
agricultural capabilities is given in Chapter V.

111.3.4.1 The Soils of the Amazon Planalto

The soils of the Belterra clay covered Amazon planalto have an uniform profile
development over large areas. In the eastern part of the region, east of Manaus, the
soils are very predominantly Kaolinitic Yellow Latosol {,Ortho), very heavy textured
(KYLyj; Profile 24). Its presence has been established in a considerable part of the
Guamad-Imperatriz area (¢f. Appendix 1), near Tucurul on the Tocantins river, along
Curud-una river (¢f. Fig. 11}, at Belterra Estate along the lower Tapajos river (¢f. Fig.
20) and in the central section of the Manaus-Itacoatiaia area. There is a gradation in
the compactness of the subsoil, which has apparently an influence upon the quality of .
the forest cover (¢f. 1V.1.1.2). The thickness of the A, subhorizon also varies consider-
ably. Terra Preta soil (TP yp) only occurs very locally on the planalto (¢f. Fig. 20).

As discussed in1.4.2, the Belterra clay covered plateau is relatively low-lying in west-
ern Amazonia (west of Manaus), and the clay itself probably slightly less heavy. The
plateau has been studied near Porto Velho, along a 100 km stretch of the Acre — Bra-
silia highway (BR-29). The soils in this stretch are, for a part, Kaolinitic Yellow Latosol
{.Ortho), heavy textured (KYLy) and Kaolinitic Yellow Latosol, intergrade to Dark
Horizon Latosol, heavy textured (KYL-DHL). The central sections of planalte have,
however, heavy textured Kaolinitic Yellow Latosol, intergrade to Ground Water Laterite
soil (KYL-GLy; Profile 12). It is likely that about the same soil situation exists for
plateau land in western Acre State. On the low piateau land between the lower Puris
and the Catua rivers, (very) heavy textured Kaolinitic Yellow Latosol, intergrade to
Ground Water Laterite soil (c.g. Planosolic Latosol; cf. 111.2) is probably predominant.
The notes of MarBUT and MaANIFOLD (1925, 1926) concerning the dissected plateau
land in all the region west of the Catud river, point to good drainage. They suggest their
soil group 3: ‘clay loams and clays with red or reddish friable clay subsoils’, to be the
most common on these plateau parts (¢/. Fig. 18). Since this group comprises the soil
on the planalto south of Santarém, it may be assumed that the Kaolinitic Yellow Lato-
sol (,Ortho), (very} heavy textured (KYLyx or KYLy) is also predominant on the
planalto areas in this part of Amazonia. The only available soil data as to the planalto
stretches in the Peruvian-Columbian part of Amazonia are also those of MARBUT and
ManiroLp. They indicate a similarity to the adjoining Brazilian parts. In Bolivia,
however, much of the plateau land is imperfectly drained (Madre de Dios area; cf.
ARENS, 1963). :
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Fig. 18 Mapa de MarsUT and MANIFOLD {1926) dos grupos de solos da Bacia Amazdnica Interior

Fig. 18 The soil groups of the Inner Amazon Basin according to MarsUT and MANIFOLD's map ( 1926)

111.3.4.2 The Soils of the Pleistocene Terraces
Both the uplands with sediments of undisputedly Pleistocene age (¢f. 1.3) and those
with supposedly Late Tertiary sediments that were however re-modelled into terraces
during the Pleistocene (¢f. 1.4.3), have soils that are comparatively well known because
of their easy access.

MAIN SOILS

In the eastern part of Amazonia, all the arca east of Manaus, the principal soils on all
Pleistocene terraces are yellowish and deeply friable, and of varying texture. They are
classified as Kaolinitic Yellow Latosol (,Ortho), medium, rather heavy or heavy textured
(e.g. Profile 25: KYLy,). They have been mapped for large stretches of the Guamd-Im-
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‘Sandy loams with yellow friable subsoils usually consisting
of sandy clay

*Fine sandy loams with predominant yellow to reddlsh yellow 4.8°
friable clay to sandy clay subsails’

*Clay loams and clays with red or reddish friable clay subsoils’

subsoils usually at a depth of two feet or Jess'

‘Very fine sandy loams with reddish or reddish yellow friable "
clay subsoils’

*Alluvial soils’

‘Clays and clay loams with heavy imperfectly oxidised clay

peratriz area (Appendix 1). In the Caeté-Maracassumé area (¢f. Fig. 19) and the Bra-
gantina area they are the predominant soils (mapped as ‘Yellow Latosol’ by Day
(1959) and FiLHO ef al. (1963) respectively; medium textures predominate). The light
textured relatives to these soils, classified as Kaolinitic Latosolic Sund (KLS), are nor-
mally present near the rivers and are of frequent occurrence in the Lower Amazon
region. The uplands with Kaolinitic Yellow Latosols or Kaolinitic Latosolic Sand are
largely under forest. A number of the savannah terrains, however, also have these
soils {¢f. IV.1.2.1). In that instance, ‘Savannah phase’ is applied.

PROFILE DEVELOPMENT IN DEPENDENCE OF TEXTURE AND TERRACE LEVEL
Many profiles of both the Kaolinitic Yellow Latosols and the Kaolinitic Latosolic
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Fig. 19
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O levantamento expedito da drea Caeté-Muracassumé por Day (1959)
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Fig. 19

Association Maracassumé (*Yellow Latosol’ + ‘Ground Water Laterite’ predominantly)
Associacdo de Maracassumé (predominantemente *Latosolo Amarelo’ + ‘Laterita Hidromor-
fica'}

Association Gurupi {‘Ground Water Laterite, low phase’ predominantly)
Associacdo de Gurupi { predominantemente *Laterita Hidromdrtica, fase Baixa’}
Association Pitord (‘Ground Water Laterite’ + ‘podzolised Ground Water Laterite’ +
“Yellow Latosol’ predominantly)

Associacdo de Pitord (predominantemente *Laterita Hidromdrfica' + *Laterita Hidromdrfica
podzolizada® + ‘Latosolo Amarelo’)

*Low Humic Gley soil’

‘Solo Glei Pouco Humico'

“Saline soils

‘Selos Salinos .

‘Ground Water Laterite, low phase’

‘Laterita Hidromorfica, fase baixa’

‘Agricultural soils, undifferentiated’

*Solos agricolas, nio diferenciados’

The reconnaissance soil survey of the Caeté-Maracassumé area by Day [ 1959)
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Sands have been studied. There is a general and clear tendency for the profiles of
heavier texture to have shallower B, horizons, a smaller textural ratio B/A, thinner
A, subhorizons, and thinner superficial films of loose bleached sand (‘micro podzol’).
It is infetred that there are also slight differences in the morphometry and in the physic-
al and chemical properties of the profiles, which are related with the terrace level on
which the profiles occur. Since higher terraces are of greater age, this may enable an
evaluation to be made of the influence of the soil forming factor Time on these profiles
This is especially possible, because other soil forming factors — Parent Material, Topo-
graphy, Vegetation and Soil Fauna, Ground Water, and Climate — are fairly equal
throughout the Planicie of eastern Amazonia. The profiles on higher level, i.e. older,
terraces show the following trends:

The superficial film of bleached loose sand is slightly thicker; the A, subhorizon is
slightly thicker; the depth of the horizon of maximum clay accumulation and mini-
munm silt content, i.e. the B, subhorizon, is larger; the difference in texture between the
A and the B horizons, as expressed in the textural ratio B/A, is slightly larger; the
silt/clay ratio is slightly smaller; the activity of the clay-sized particles is slightly small-
er; the C/N value of the organic matter is somewhat larger. The P-fixation and the per-
centage of exchangeable (Al)* may depend also on the terrace level.

These trends are separate from the above-mentioned much larger differences in mor-
phometry which are a consequence of a difference in the over-all texture of each indivi-
dual profile. For studying of the time factor therefore, profiles of similar general tex-
ture should be compared. A quantitative evaluation is not possible because not enough
precise data are available on profiles with comparable texture from completely flat and
non-¢roded parts of the terraces at different levels. Moreover, the differences due to the
time factor are so small that they cannot be measured with accuracy with the method
of horizon sampling used and the present day level of refinement of laboratory ana-
lysis. Minute differences in parent material, in the forest cover, the soil fauna or in the
climate may alsc obscure one or more trends, The mentioned aspects of profile ‘ageing’
are therefore only exemplified by two profiles of Kaolinitic Yellow Latosol (,Ortho),
medium textured (KYL,;). They occur both on flat and non-eroded sections of terraces
in the northern part of the Guamd-Imperatriz area, and are both under primeval
forest cover (Table 10, the numbers 233 and 231).

The data of three profiles of Kaolinitic Latosolic Sand (K LS} are also given, although
the terrace levels of these latter profiles are not well established. Parent material and
climate of Profile 296 are moreover probably slightly different from those of the
numbers 45 and 169.

That under long existing and man-induced savannah growth (¢/. 1V.1.2.1), the trends
are stronger, becomes apparent from the data on number 337. The much clearer in-
fluence of the over-all texture on the variations in morphometry can be judged from
the data of two profiles of Kaolinitic Yellow Latosol {,Ortho), very heavy textured
{KYL,z) of the non-eroded planalto, also under primeval forest cover.
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Table 10 Variations in @ number of data on soil profiles from terraces at different levels, showing the influence of Time

Classifica-
No. tion Terrace
field classifica- level
descr, ¢da nivel de
decsr. de  (cf. Table 9) Location Vegetative cover terrago Age
campo (¢f. Tabela 9} localizagdo cobertura vegeial (m) idade
42{112 KYLys Cuorud-una, kmé6.5 primeval forest 180 Calabrian
floresia primitiva Calabriano
210 KYLys BR-14, km 247.0 primeval forest 200 Calabrian
Hforesta primitiva Calabriano
233 KYLs BR-14,km12.7 primeval forest 65 Milazzian
Sfloresta primitiva Milaziano
231 KYLm BR-14,km 58.0 primeval forest 34  Epi-Moenastirian
Sforesta primitiva ] Epi-monastiriano
3 KYLs  Amapd-Fazendinha, anthropogenic savannah 3-4 Epi-Monastirian
km8 savana antropogénica Epi-monastiriano
45 KLS Curua-una, km 5 ca. primeval forest 100 ca. Sicilian?
Sfloresta primitiva Sieiliano?
169 KLS Curui-una, km 2.5 ca. primeval forest 60 ca. Milazzian?
Sfloresia primitiva Milaziang?
296 KLS Araguaia, Rio Corda  primeval forest 10 ca. Late Monastirian
Horesia primitiva Monastiriano superior
Constitution of B, horizon [ constitui¢éo do horizonte B,
Base Moist,
No. Si0;: Clay Cation exch. cap. saturation equiv.
field Si0,: (ALO, + argila capacid. de troca sasuragdo equiv.
descr. Al,O, Fe,0,) (< 2w Carb. (NH,OAc-pH=17) de bases de umidade
deser. de o (%) {m. &./100 g} ) (g/100 g)
campo Ki Kr C. C T v M.E.
42/112 1.90 1.71 88.0 0.83 4.81 10.8 358
210 1.77 1.48 88.5 0.69 4.56 14.0 4.0
233 1.85 1.63 204 0.16 1.69 23.0 9.8
231 1.82 1.63 239 0.22 2.14 18.7 13.2
337 1.83 1.63 538 0.30 2.07 17.9 25
45 1.60 1.23 10.0 0.22 1.06 3.7 4.7
169 1.50 1.24 149 0.08 - - 6.7
296 1.77 1.53 10.9 0.09 1.61 25.5 6.0

S

1) Silt-Int. fraction estimated, by graphical interpolation on summation curve, with known silt-U.S. [ Fracdo silte-Int. estimada,
por interpolacdo grifica em curva cumulativa, com silte-U.S. conhecido,

%) Depth of central part of B: [ Prefundidade da parte central do B,

% 20-2 1

a < ln x 100 »

Y a Estimated. by graphical comparison of horizons of the individual profile that have approximately identical percentag®
of Carbon | Estimadoe, por comparacdo grifica de horizontes do perfil individual que apreseniam percentagem de Carbond
aproximadamente idéntica
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Tabela 10 Variacies em dudos de perfis de terracos de diferentes niveis, mostrando a influéncia do fator Tempo

P-fix
Thick-  Bleached ) in B:
ness sand cover Depih Textural ~ Int.silt fix.de  (AD*in
espes- cobertura  profun- ratio clay P ao B, 1
sura de areia  didade relacdo i C/N of / do (% of T Classif.
A, alvejada Byt textural e Int. P-total\ ‘c41)+  (of. Table 9)
{cm) (cm) (cm) BiA argila® A B, P-Bray no B, (cf. Tabela$)
30 0 65 1.12 49 13.7 138 - - KYLgn
2 0 40 1.12 54 10.9 8.6 150 23 KYLen
20 20 230 1.82 34 14.7 1.7 225 39 KYLw
20 0.5 100 1.15 16.7 9.7 7.3 75 25 KYLm
15 - >% 1.60 74 154 150 130 16 KYLa
35 ? =120 1.85 2.0 17.2 22.0 - - KLS
20 ? 350 207 2.7 14.6 8.0 - - KLS
10 0.5 255 1.31 {9 9.7 4.5 66 20 KLS
Cation exchange cap. of clay in B,
Moisture equiv. of pure capacidade total de troca da argila do B,
clay in B, Spec. f‘,“'f'
equivalente de umidade NH,OAc-pH =7 NaO Ac - of clay* in B,
da argila pura do B, pure clay [ argila pura H— §.2 superf. 'fp':"' .
(m.c./100 g) {m.e./100 g) pit = ¢&. da argila Classif.
/e clay | argila® do B, (¢f. Table 9)
at b* ct ds (m.e./100 g) (m*/100 g) (cf. Tabela 9)
39 46.7 0.5 18 4.8 54 KYLua
43 41.0 1.3 21 48 81 KYLya
45 43.8 1.5 52 6.5 73 KYLy
57 49.6 T 5.4 - - KYLm
46 43.6 2.7 1.7 - - KYLjx
33 43.3 2.9 20 - - KLS
35 439 8.6 - - - KLS
7 53.7 12.2 11.6 - - KLS

b Calculated, using the factor 1.7 for the activity of the organic matter {cf. V.3.1.1) [ Calculade, usando o fator 1.7 para a
atividade da matéria orgdnica (cf. V.3.1.1)
¢ Estimated, by graphical comparison of horizons of the individual profile that have approximately identical percentage
of clay / Estimado. por comparacde grdfica de korizontes do perfil individual que apresentam percentagem de argila aproxima-
damente idéntica
d Calculated, using the factor 3.9 for the activity of the organic matter (ef. V.3.1.1) } Calculado, usando o fator 3.9 para a
o .. Gtividade da matéria orgdnica (cf. V.3.1.1)
) Organic matter not destroyed | Maréria orgdnica ndo destruida
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OTHER WELL-DRAINED SOILS

Reworked Belterra clay is present on parts of the higher Pleistocene terraces {cf.
1.4.2). The main soil developed on this clay is more compact, and at the same time paler
than the soil developed on Belterra clay on the planalto proper, It is classified as Kaolin-
itic Yellow Latosol, Compact phase, very heavy textured (KYL, Cyn; Profile 26). The
presence of this soil has been established for a part of the Guamd-Imperatriz area,
where peculiar hummocks, called jabotfs, are an associated terrain feature (¢f. Appen-
dix 1, km 130-km 190; Appendix 3 and Photo 20). In the headwater region of [garapé
do Lago in Amapd Territory, the soil is found also, largely under savannah cover.
Also near both Manaus and Itacoatiara, where the reworked Belterra clay seems to
have a slight admixture with coarser sediments, the soil has a compact appearance.

Also relatively compact and pale profiles may be found which possess lighter textu-
res. They scem to be restricted to the older Pleistocene terraces, for instance the one of
about 60 m* (Milazzian). An example is the Kaolinitic Yellow Latosol, Compact phase,
rather heavy textured (KYL, Cyy; Profile 27) of the terrains east of the stretch km 50—
km 90 of the Guama-Imperatriz area.

In the southern stretch of the Guamad-Imperatriz area, which has a pronounced dry
season although it has a forest cover, a soil much comparable to the Kaolinitic Yellow
Latosol {,Ortho), medium textured has been found. It is, however, of redder hue and
has a higher base saturation. This soil is classified as Kaolinitic Red Latosol, medium
textured (KRL,,; Profile 31). ’

Well-drained soils were also found 1o occur which have a reddish subsoil (B horizon)
below a yellowish topsoil (A horizon). When these subsoils are friable, then such pro-
files are classified as Kaolinitic Yellow Latosol, intergrade to Red Yellow Podzolic soil.
This a common soil in the stretch km 90-km 140 of the Guamd-Imperatriz area (Ap-
pendix 1 and 3), where the subsoil is largely rather heavy textured (KYL-RP,z; Profile
29). In part, these reddish subsoils are firm, and then also the textural ratio B/A is
rather large. Such profiles, which are classified as Red Yellow Podzolic soil, intergrade
to Kaolinitic Yellow Latosol, were frequently found to occur in the central part of the
Guamd-Imperatriz area. The texture of the subsoil varies there from rather heavy to
very heavy (RP-KYL,s and RP-KYLyj; Profiles 39 and 38 respectively). Similar
soils have been described for the Caeté-Maracassumé arca, more especially the south-
western part of the area of the ‘Association Pitord’. At that time, the name ‘Red
Yellow Podzolic’ was applied (Day, 1959; ¢f. Fig. 19).

Many parts of the Planicie in eastern Amazonia have fossil plinthite near the surface.
The well or moderately well drained soils which have a considerable quantity of such
fossil plinthite in the solum, are discussed extensively in 11.3.2.2. They are classified
either as Kaolinitic Yellow Latosol, Concretionary phase (KYL, CR; Profile 22, 28), or as
Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol, Concretionary phase
(RP-KYL, cr; Profiles 19; 21, and 20, 40). The former soil is found in sizeable expanse
east of Belém (Latosol Concreciondrio of FILHO et al., 1963). The latter soil occurs
frequently in the northern part of Guamd-Imperatriz area.
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IMPERFECTLY OR EXCESSIVELY DRAINED SOILS

Imperfectly drained soils with plinthite-in-formation within the solum, i.e. Ground
Water Laterite soils (GL), occur in a number of areas of eastern Amazonia. In water-
shed parts of extensive flat terrains, where savannah or savannah-forest forms the
vegetative cover, the profiles are often outstandingly hydromorphic, constituting the
so-called Ground Water Laterite soil, Low phase. Many descriptions of the occurrence
of these hydromorphic soils are given in IV.1.2. Discussions on the variability in the
profile characteristics, depending on the character of the fluctuation of the ground
water level, the texture of the parent material, and the degree of pre-weathering of the
parent material, are given in 1[.3.2.1. The Profiles 2, 4, 5, 7/43, 8, 9, and 10 are of
Ground Water Laterite soils on Pleistocene terrains in eastern Amazonia.

Imperfectly to poorly drained soils with a bleached surface horizon and an Ortstein,
ie. Ground Water Podzols, have also been encountered, commonly in strip-like
patches. The few analytical data suggest that Ground Water Humus Podzols (GP;
Profile 47) are involved. It can be inferred from the detailed descriptions in 1V.1.2, that
these soils often bear savannah or savannah-forest of a kind.

It may be mentioned that Ground Water Laterite soils and Ground Water Podzols
have a different position. The former predominate, as extensive units, on watershed
areas with flat relief, and the latter on narrow strips of low upland along the rivers and
on former river beds, when these terrains are sandy. This implies that on imperfectly
drained sites where lateral ground water movement does not take place, Ground Wa-
ter Laterite soils develop, while on imperfectly drained sites where the ground water
can move laterally, Ground Water Podzols develop. It may be concluded that on
imperfectly drained watershed terrains there is merely a concentration, partly by
downward movement (bleached top of GL, Low phase), of sesquioxides into mottles in
the zone of fluctuating phreatic level. On imperfectly drained sandy terrains along ri-
vers, on the other hand, only the Al component of downward moving sesquioxides
concentrates, together with humus, into a homogeneous layer, while the Fe component
is carried away to the river {the latter conclusion may be drawn only when all Ground
Water Podzol profiles prove to have indeed only aluminum concentrated in their
Ortsteins).

An excessively drained soil which consists, to a great depth, of bleached sand and is
classified as White Sand Regosol (WSR ; Profile 48), seems to have a restricted, patch-
like occurrence, commonly on relatively high terraces with sandy parent material. This
soil usually supports savannah-forest {¢f. IV.1.2), but it may be found under high forest.

Shallow Podzols on sandy terrains in good drainage position were found to occur
also, but very locally: Pard Podzol of Day (1961). This Pard Podzol occurs in close
association with, and often in a position between the Kaolinitic Latosolic Sand and the
White Sand Regosol. The soil is therefore probably an intermediate stage in a weather-
ing process that may transform Kaolinitic Latosolic Sand into White Sand Regosol
(cf. Day, 1961).

Because of the excessive thickness of the bleached sand layer of the White Sand
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Foro I7 Algumas das cerdmicas das tribos indias pré-colombianas que com fregliéncia se acham nos
solos de Terra Preta, Véem-se um sapo, a trompa de uma anta, as cabegas de trés pdssaros e de um
macaco & una estatueta de fertilidade

Photo 17 Some of the ceramics of Pre-Columbian Indian iribes that are commonly found in the Terra
Preta soil. There can be seen a toad, the trunk of a rapir, the heads of three birds, a monkey and a fertility
symbol

Regosol, it can normally not be established whether or not a humus accumulation
occurs below the layer. The above mentioned physiographic position of the soil,
however, implies that the White Sand Regosol s likely to be actually very deeply and
strongly wheatered in situ. Instead of Regosol, a very deep Podzol or Ground Water
Podzol would be concerned. Even in the case that a layer of bleached sand was
deposited as such, alluvially or colluvially, one may assume that the layer will have
increased in thickness because of podzolisation, which seems to be the only possible
soil forming process on such a site. In any case, therefore, a name as ‘Giant Podzol’
may be more appropriate for the soil than White Sand Regosol.

TERRA PRETA SOIL
Throughout the Planicie in eastern Amazonia there can be found patches of so-called
Terra Pretaor Terra preta do indio (TP; Profile 53). This is an upland soil with a thick,

black or dark grey top, contains pieces of artefacts, and is famed locally for its fertility.
Gourou (1949) mentions a number of places where the soil occurs.

The patches are invariably small, often not exceeding 1000 m®. They are usually
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located at sites where the upland is near the navigable waterways. They are especially
frequent at outer bends of the rivers, where no floodplains occurs between the water
and the upland, and where the waterway can be scanned freely. Many of the TP pat-
ches occur at, or near, present-day villages or towns. Their location implies that the
soil predominates on the Pleistocene terraces, not on the planalto. It is only where the
latter closely approaches the main rivers, being banded by only narrow strips of lower
terraces, that patches of TP may be found on its edges. The latter is the case in the
Santarém-Belterra area, where the planalto edges provide for an excellent view over
the area of the confluence of the rivers Tapajds and Amazonas. The patches of TP on
Belterra Estate have been mapped (¢f. Fig. 20)!. On eastern Marajé island the TP soil is
found, likewise as small patches, on the ridgy elevations (fesos) within general low-
land and on the highest parts of continuous low vpland.

Apparently, all TP profiles contain, in their dark toplayer and/or just below this,
picces of artefacts, in varying frequency. They can be identified with ceramics of pre-
Columbian Indian tribes (¢f. HILBERT, 1955). The fantasy employed in producing these
ceramics is iflustrated in Photo 17.

It can be taken for certain that the patches were occupied by the former Indian popu-
lation of Amazonia. Those small groups of wild Indians still in existence today, have
been driven far away from the means of communication and the population centres.

Fig. 20 Mupade solvs do Estabelecimenta de Belierra no baixo rio Tapajis (executado por Jost Bexito
Samealo, 71962)

Les (777772002

54%55" W KLS = Kaolinitic Lato-
solic Sand/ Areie Larosd-
lica Caolinitica

KYLm = Kaolinitic
Yellow Latosol, medium
textured, Larosole Ama-
relo Caolinitico, de rex-
tura média

KYLe = Kaolinitic
Yellow Latosol, very
heavy textured, Latosolo
Amarelo Caolinitico, de
fextura muito pesada

TP = Terra Prela
TM = Terra Mulaua

nvmeLs

7
/ Tl

MISS5ED - FAD/SPVEA o
SECCED DE PEDDLOGIA

Fig. 20 Soil map of Belterra Estate on the lower Tapujos river (¢xecuted by ). B, Sameaio, 1962)

1y The mapping unit Terra Mulatta (TM), which is characicrised by a slightly less dark
topsoil than the TP(Terra Preta)and the absence of artefacts, occurs in a broad band around
several of the TP patches. It scems likely that this soil has obtained its specific properties
from long-fasting cultivation. The gardens around the former Indian villages were pro-
bably situated here. No analytical data are however available concerning these TM soils,
which have not been observed outside the Santarém - Belterra planalio.
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At the time of the first European penetration, however, the then populous Indian
tribes used to dwell in well developed communities on dry terrains along the water
ways, which were the best sites for fishing, hunting and warfare strategy (¢f. MILLER,
1954),

There have been many discussions on the subject of the origin of the TP fertility (¢f.
Gourou, 1949), The following two hypotheses predominate:
1. The Indians chose these settlements because of higher natural fertility of the soil,
2. The present day fertility is solely due to prolonged Indian occupation. Previously,

the soils were no better than the surrounding ones.

Only the second hypothesis can be the right one, for the following reasons:
a. The texture of the TP profiles is varying, but always comparable to that of immedi-
ately surrounding soils (usually more or less sandy; sometimes concretionary, or very
clayey as on Belterra Estate}.
b. The composition of the clay fraction of the TP profiles is identical to that of the
surrounding soils. It consists very predominantly of kaolinite (Ki values between
1.7-2.0; Kr values above 1.5).2
¢. The deeper subsoil (C horizon) and the substratum of the TP profiles are the same
as those of the surrounding soils.

Apparently, the TP soil is a kind of ‘kitchen-midden’, which has acquired its specific
fertility, notably much Calcium and Phosphorus, from dung, household garbage, and
the refuse {bones) of hunting and fishing. For detailed discussion of the TP fertility
please refer V.3.1.2,

THE PLEISTOCENE TERRACES OF WESTERN AMAZONIA

Only a limited number of actual data is available on the soils of the terrains with
Pleistocene influence in the western part of Amazonia, the area west of Manaus. Indi-
cations are that the principial soils are similar to those of eastern Amazonia. However,
the textures seem to be, on the whole, heavier and the sand fraction finer, at least in the
area between the rivers Solimdes and Madeira (¢f. the textural data of MarBuUT and
ManiroLD, 1926, and Fig. 18 for the area concerned). Only in the area along the Rio
Negro the textures are believed to be relatively light.

Kaolinitic Yellow Latosol (,Orthe), rather heavy or heavy textured (KYL,a, KYLy)
probably predominate. Rather heavy or heavy textured Kaolinitic Yellow Latosol,
intergrade to Red Yellow Pod:olic soil (KYL-RP) and Kaolinitic Yellow Latosol, inter-
grade to Ground Water Laterite soil {KYL-GL, or Planosolic Larosol; cf. 111.2) = seem

') For soul!u‘rn Brasil such patches are not known. This may be because of nomadic
living conditions of the former tribes in that region. The Amazon tribes, in contrast, are
Suvpcscd'to have been of a more sedentary predisposition or to have returned repzatedly to
old dwelling sites,

*) Other Ki and Kr data are to be expected for patches of TP in the non-Planicie part of
Amazonia,
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Foro 18 O terrace superior da unidade de terra Candirii. A superficie de ‘plinthite’ fossil € parcialmente
enterrada sob uma camada de argila de Belterra remodelada, de uma espessura de | a 2 metros. E notdvel
o arranjo vertical dos elementos concreciondrios (tipe Ipixuna) na parte superior da camada de *plin-
thite' fussil, d altura do martelo. Também € carateristico o fim abrupto da camada de argila de Belierra.
A diveita exirema vé-se a escarpa do terrago { BR-14, km 140 m. ou m.)

ol R W RN ! T ST ', ; ok e

Phoio 18 The upper terrace of the land-unit Candird. The surface of fossil plinthite is for a part buried
under a one 1o two metres thick layer of reworked Belterra clay. Noteworthy is the vertical arrangement
of the concretionary elements (Ipixuna Ivpe ) in the uppermost part of the fossil plinthite layer, which is
at the height of the hammer. Also characteristic is the sudden end of the layver of Belterra clay. The
scarp of the terrace can be seen al the far right { BR-14, km 140 ca.)

to be also rather frequent, the latter for instance at Tefé. It is supposed that soil group §
of MARBUT and MaxiFoLb (1926) which consists of ‘very fine sandy loams with reddish
or reddish yellow friable clay subsoils’ (¢f. Fig. 18), largely applies to the three ment-
ioned soils. Also well developed Ground Water Laterite soif (GL) is apparently rather
frequent, espectally between the rivers Madeira and Purus. It is, for instance, the main
soil of the extensive savannahs of Humaitd — Ldbrea, as described by Braun and
Ramos (1959). There can be little doubt that soil group 4 of MARBLT and MaNiFOLD,
which consists of ‘clays and clay loams with heavy, imperfectly oxidised clay soils
usually at a depth of two lect or less’ refers largely to Ground Water Laterite soils.

Ground Water { Humus) Podzol (GP) is also present. It is, for instance, the soil of the
caatinga amazonica of the upper Rio Negro (Vitira and FiLno 1961; ¢f. 1V.1.2.2).

Concretionary soils seem to have a restricted occurrence, in contrast to the situation
in eastern Amazonia (¢/. MARBUT and MaNIFOLD, 1926; p. 434),
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111.3.5 The Soils of the Holocene terrains

. As to the soils of the Holocene terrains in eastern Amazonia, many data are assem-
bled in the study of SUTMSLLER ¢t al. (1964), and in the related report of SOMBROEK
{1962b). Summarising the following can be said:

On the vdrzeas, intermittendly poorly drained and non-peaty soils, classified as Low
Humic Gley soil (LHG ; Profile 49) or Humic Gley soil (HG; Profile 50) predominate.
Also Ground Water Laterite-like soil is found, Well or moderately well-drained soil
from recent alluvium, Aluvial soil, seems 1o be restricted to small areas far upstream of
the main rivers (¢f. a portion of mapping unit F of Appendix 2).

The soils of the igapds are permanently poorly drained, often peaty and normally very
acid. They are Bog soil, Half Bog soil and Humic Gley soil, intergrade to Ground Water
Podzol (¢f. SOMBROEK, 1962a).

The bottom lands within grass-covered upland, which physiographically are related
to the igapos, were found to have Humic Gley soil, Upland phase (HG, u; Profile 51).
A sizeable area with this soil has been mapped near Braganca, as ‘Glei Himico’, by
FiLHO ef al. (1963).

Along the Ocean coast and in eastern Marajo island the lowland soils are characteris-
ed by salinity and/or a predominance of Na+ or Mg+t at the adsorption complex. They
are grouped together as Saline and Alkali soils (for instance Solonegtz, Coastal phase
(Sol, c; Profile 52).

The massapé terrains have well developed Ground Water Laterite soil (GL; Profile 3).
Also other Early Holocene terrains have such soil. In part, they intergrade to Low
Humic Gley or Humic Gley soil (¢f. Profiles 11 and 13).

TII.4 Soil Associations and Land-Units

The above described soils may occupy stretches large enough to be mapped on the
scale of a reconnaissance soil survey. Usually however, they occur together with other
soils, with or without a specific pattern: soil associations and undifferentiated soil
units. The soil association is a group of defined and named taxonomic soil units,
regularly geographically associated in a defined proportional pattern. If the taxonomic
units do not occur in a regular geographic association, or if they are not defined, the
mappable group is an undifferentiated soil unit (SoIL SURVEY MANUAL, 1951).

A soil association or an undifferentiated unit may occur on one and the same topo-
graphic unit, for instance a terrace. An example is the association of Kaolinitic Yellow
Latosol (,Ortho), heavy textured (KYL,), Kaolinitic Yellow Latosol, intergrade
to Dark Horizon Latosol, heavy textured (KYL-DHL,) and Kaolinitic Yellow
Latosol, intergrade to_Ground Water Laterite soil, heavy textured (KYL-GLp)
which occurs on the planalto east of Porto Velho.

An example of an undifferentiated unit on one terrace is the occurrence of Kaolinitic
Yellow Latosol (,0rtho), medium textured (KYL,,), Kaolinitic Yellow Latosol, Com-
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Foto 19 A base do rerrage superior da unidade de terra Candiri. Os sedimentos caoliniticos ndo consoli-
dados que ocorrem por baixo da camada de ‘plinthire’ fossil, podem mostrar pinturas peculiares em cortes
de estrada fundos. Isto ¢ devido aos diferentes coloridos das camadas sedimentdrias, provivelmente
devidas d dgua fredtica que passa, rica em dxidos de ferro. Estas partes vermelhas ndo endurecem em
poucos anos ( BR-14, km 135 m. ou m., ladeira do jacaré)

Photo 19 The base of the upper terrace of the land-unit Candiri. The unconsolidated kaolinitic sediments
that occur below the cap of fossil plinthite may show peculiar pictures on deep road embankments. This
is due 1o different colour staining of the sedimentary layers, presumably by passing ground water rich in
iron oxides, These deep reddisk layers do not indurate within a few years ( BR-14, km 135 ca. crocodile
hill)

pact phase, rather heavy textured (KYL, ¢,), Ground Water Laterite soil (GL), and
Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol, Concretionary
phase (RP-KYL, CR) in the area east of the stretch km 60-km 90 of the Guama-lmpe-
ratriz area (¢f. Appendix 1).

Usually however, an association or undifferentiated unit covers several topographical
units which occur in a specific pattern and have each their specific soil, or group of
soils. The parent materials of each of these topographic units are usually different. On
the Planicie part of Amazonia little more than differences in texture are involved, but
even in that case the associations of soils on a range of relief cannot be called a ‘catena’
In its strict sence. It would be allowed only when adopting the East-African concept of
the latter (‘second-class catena’ of MILNE; ¢f. SoiL SURVEY MANUAL, 1951, p. 160).

During the combined forest inventory soil survey of the Guamd-Imperatriz area, it
was thought desirable to introduce the ‘Jand-unit’. This is defined as a tract of country
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Foto 20 ‘Jabotis’. Estes monticulos sio carateristicos para muitos terrenos cobertos de argila de
Belterra na drea Guamd-Imperatriz. Os monticulos sdo provavelmente os restos de enormes termiteiros,
constritidos durante alguma época do Pleistoceno. Morfométricalmente o perfil dos monticulos ndo difere
notivelmente do das partes planas dos terrenos ( BR-14, km 372 m. ou m.)

Photo 20 Jabotis. These hummocks are a characteristic feature of many of the terrains with Belterra
clay cover in the Guamd-Imperatriz area. The hummaocks are presumably the relics of huge termite
mounds, constructed during a time of the Pleistocene. Morphometrically, the soil profile of the hummocks
Is not noticeably different from that of the flat parts of the terrains { BR-14, km 372 ca.)

within which the geologic, topographic and hydrographic elements, the climate, the
pattern of vegetation, and the pattern of soils are approximately uniform. The des-
cription of such land-units can give, comprehensively, many data about an area
hitherto completely unknown. An insight into a surveyed area, for the purpose of
. planning of forest management or agricultural settling, is likely to be obtained more
readily from comprehensive descriptions of land-units than from the very technical
data about soils and soil associations. This is particularly likely since, at the commonly
applied level of classification, the Planicie soils themselves are similar in many aspects.
The differences in topographical characteristics, and others, are then very important.
Future detailed soil surveys can also be facilitated by taking the characteristics of the
1and-unit under consideration into account.

A land-unit may comprise only one soil. An example of this is the Kaolinitic Yellow
Latosol (,Ortho), very heavy textured (K'YLyp), on non-attacked planalto terrain in
the region south-east of Santarém. Usually however, a land-unit coincides with the
area, or part of the area, of an association of soils. In that case the land-unit is not
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Fig. 21 Esbégo da composicdo da unidade de terra Candiri (para a legenda, veja o Apéndice 4 e Ta-
bela 9 da pdgina 126)
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Fig. 21 Sketch of the constitution of the land-unit Candirii (see for legend Appendix 4 and Table 9 of
page 126)

identical with the association, but comprises many more characteristics of the area
concerned.

The three observed ‘Associations’ of the Caeté-Marassumé area (¢f. Fig. 19 and
Day, 1959) are, in fact, also land-units!, as are the mapping units of the Araguaia
Mahogany area (¢f. Appendices 2 and 6, and the detailed descriptions in SOMBROEK
and Sampato, 1962).

In the Guamd-Imperatriz area, eight land-units have been discerned: Santana,
Médio Guamd, Candird, Alto Guamd, Cunhanta, Gurupi-mirim, Planalto, Itinga and
Imperatriz (cf. Appendix 4, and SOMBROEK, 1962a).

As to land-unit Candirii, see Fig. 21 and the Photos 18, 19 and 20. A small portion
of the area of this land-unit is given in Appendix 3.

1) As real associations the Pitoré and Maracassumé ones are, as DAy himself states,
practically identical. Their separation largely took place because of the difference in the
composition of the vegetative cover.
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IV The Soils and the Vegetative Cover

INTRODUCTION

An important part of the Amazon soil studies by FAO technicans concerned the rela-
tionships between the soils and the natural vegetative cover, In fact, the author’s spe-
cific duty was to cooperate closely with the FAO/SPVEA Forest Inventory team. His
task was to establish to what degree differences in vegetative cover, as encountered
during the forest inventories, can be ascribed to differences in edaphic conditions.
Such a study necessarily implies the recognition and evaluatlon of the influence of the
non-edaphic factors climate and man.

The data collected on edaphic and non-edaphic factors and those on vegetative cover
are incomplete and only cover a small percentage of the enormous area that constitutes
Amazonia. The data on the vegetative cover are also of limited value for the purpose of
the study of plant-soil relationships, since it was not possible to apply methods of eco-
logical research proper.

For a thorough study, a clear picture of the position of the various components (tree
species, palms, climbers and creepers, epiphytes, shrubs) in the total structure of the
tropical forest is a prerequisite. The relative competition strength of these components
directly determines the timber volume. Tree species themselves vary much in their
reaction to conditions of micro climate, whether it be radiation, light, heat or humi-
dity. Some species need full sunlight, or associated conditions, during their entire life,
some only when they are young. Others do not need full sunlight, or cannot even stand
it, during a part or the whole of their life. Commonly, two main groups of species are
discerned: ‘light-demanding’ or ‘intolerant’ trees (upper-storey trees), and ‘shade-
bearing’ or “tolerant’ trees (under-storey trees). The average life cycle of species varies
considerably. There are several natural causes of decay and death: old age, smothering,
direct or indirect windfall, sunburn, attack by (micro) flora or fauna. On the other
hand, a number of species require a special soil micro flora { Mycorrhizae) for their
development. The geographical distribution of a species depends not only on climate,
man and soil conditions, but also on the length of time elapsed since it first appeared
somewhere in the hileia, and the rate of distribution. The latter is directly related
to the mobility of the seeds. Possibly connected with this is the tendency of some
species to grow in patches or colonies, of varying size.

Although HEINSDIJK‘?_ (1957, 1960) and Pitr (1961) give many notes on the posi-
tion of tree species in the total structure of the Amazon forest units, systematic re-
search in this respect is still lacking.

The forest inventories were meant only to obtain, in a short time, general data on the
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economic value of the primeval forest cover over large areas (¢f. HEINSDUK and Mi-
RANDA BASTOS, 1963). Its sampling units therefore comprise only about 0.03 9 of the
forest covered land surface under consideration. Within a sample unit, only trees were
considered, and only those with a DBH (diameter at breast height) larger than 0.25 m.
Only the merchantable bole, i.e. the part of the stem below the first major branching,
was considered in assessing the gross timber volume. Tree species with characteristic
thin stems therefore, and those with characteristic low branching, figure with relatively
low timber volume in the inventory tables. Stretches with swamp forest or secondary
forest were not sampled. Areas with savannah were avoided. Likewise patches of
savannah-forest and shrub-forest were not sampled, as it was assumed that such pat-
ches would not contain trees with DBH larger than 0.25m.

In view of the near absence of published data on plant-soil relationships in Amazonia,
and the winding up of the FAQ/SPVEA forest inventory — soil survey programme, the
conclusions of this programme are discussed in the present chapter, though in many
cases one would have preferred to await more definite and adequate data.

1V.1 The Uplands with Forest Cover

1V.1.1 Evaluation of Non-Edaphic Factors

IV.1.1.1 The influence of the Climate

It is likely that the difference in climate between the northwestern part of Amazonia
and the central and eastern parts (¢f. Fig. 2) is responsible for some of the differences
between the general vegetative covers of the uplands in those parts. This is suggested
by the phytogeographic data of Ducke and BLAck (1954) as related in 1.5. These dif-
ferences apply not only to the timber volume and the occurrence of tree species, but
also to the composition of the undergrowth. For instance, it was observed that within
the ‘pocket’ area with Af climate around Belém (cf. Fig. 2), epiphytes are rather fre-
quent on the tree stems in the upland forests. In regions outside this pocket, with Am
climate, epiphytes are found in considerable quantities in the patches of forest on the
permanently waterlogged igapd parts, but are practicaily absent in the forests of the up-
lands. 1t is supposed that the absence of epiphytes in the latter is due to a drop in the
relative humidity in the tree layer during the dry season. The plants can only flourish
in the igapd parts, where the waterlogging of the soil prevents such a drop. The ab-
sence or presence of epiphytes in upland forests may give an indication of the local
climate in areas where weather recording stations are absent.

TIMBER vOLUME

Higher annual amounts of rain and a more regular distribution of the rainfall over
the year (Figs. 3 and 4) apparently does not imply a higher mean gross timber volume,
¢daphic conditions being constant. The FAQ;SPVEA forest inventories apply to the
Planicie for a large part, and the freely draining soils of this section of Amazonia are
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similar to a large degree (¢f. 111.3.4). As Fig. 22 shows, the highest timber volumes
{inventory units Planalto I, Planalto Ii, Planalto IT Baixo, Portel, and especially
Caxiuana) are found in a streich with about 2000 mm rainfall and a fairly well defined
dry season. In a westerly direction the mean gross timber volume decreases, although
the rainfali is higher and also more regularly distributed over the year. In the area
where the Amazon enters Brazil, the timber volume on the uplands is still lower (100
m3/ha ca.; unpublished data of FAO/SPVEA Mission about the Benjamin Constant
area), although total rainfall is nearly 3000 mm and a dry season is absent. The des-
cription by DUCKE and BrLack (1954) of their ‘Norte’ region (¢f. Fig. 13), much of
which is located in a section of the Planicie with Af climate, also points to a relatively
low timber volume (for instance: ‘less high trees than elsewhere in the hileia”).

Going from the mentioned stretch with maximal mean gross timber volume in easter-
ly and south-easterly directions, the timber wealth begins to decrease substantially
only in the transition zone towards the savannahs of North-Eastern Brazil. In thiszone
the dry season becomes fairly pronounced (4 months with less than 50 mm rainfall
each, although total annual rainfall is still, probably, about 2000 mm). This decrease
in timber wealth was studied in the Guamd-Imperatriz area. The fact that the timber
volume in the southern part of this area (inventory unit Acaildndia) is very low in com-
parison with that of areas north and northwest, must be largely due to a different
distribution of the rainfall over the year. This is, because the soils are similar or identi-
cal, and planalto parts with Kaolinitic Yellow Latosol, very heavy textured (KYL )
in the area of the inventory unit Acaildndia have a distinctly lower timber volume than
planalto parts with the same soil in the area of the inventory unit Ligacio. That the
timber volume in this region decreases with increasing seasonal drought is also
illustrated by the fact that in the southern half of the Guamd-Imperatriz area steep
slopes facing the east, viz. the direction of the rains, generally have a better forest cover
than those facing the west. The latter often bear a low vegetation largely consisting of
shrubs. This phenomenon has not been observed in the areas of the inventory units
nearer to the Amazon.

Also the timber volume situation in the inventory units Pirid, Gurupi, and Maracas-
sumé reflects the influence of an increasingly pronounced dry season. Although the
areas of the units Pirid and Maracassumé have the same main well drained soil, namely
the Kaolinitic Yellow Latosol, medium textured (KYLy,) of the Associations Pitoré
and Maracassumé respectively (¢f. Fig. 19), there is a substantial difference in timber
volume between both units.t

As will be discussed below {1V.1.2), many differences in timber volume between the

1) Day (1959) suggests that a larger extraction of timber throughout the years in the
Maracassumé unit may account for the difference. GLERUM (1960) however states that this
extraction concerns only the Cedro { Cedrela odorata) and the Andiroba { Carapd guianensis).
The first species’ contributes generally, and also in the Pirid unit, hardly anything to the
gross timber volume of the Amazon forests. The accurrence of the second species is only
slightly higher in the Pirid unit than in the Maracassumé unit (6.6 m*ha and 4.3 m*ha
respectively).
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Fig. 22 Inventdrios Florestais € Reservas Florestais. Extrato de MIRANDA BasTOS (1958 ), HEINSDIIK
(1957, 1958a, 19586, 1958¢ ), GLERUM (1960, 1962), GLERUM and SmiT (19624, 1962b) ¢ HEINSDIK and
MIRANDA BASTOS (1963)
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uana; 7. Flanco II; 8. Planalto II baixo cipoal; 9. Flanalto 1I baixo; 10, Planalto II; 11. Flanco I;
12. Planalto I; 13. Arapiuns; 14. Maués; 15. Canhumd; 16, Pirid; 17. Gurupi; 18. Maracassumé;
19. Santana; 20. Candird; 21, Médio Guam4; 22. Alto Guamd; 23. Ligaciio; 24, Aqailindia; 25, To-
cantins (Ucuuba); 26. Araguaia (Mogno)

Fig. 22 Forest Inventories and Forest Reserves. Extracted from MIRANDA BasTOS { 1958}, HEINSDUX
(1957, 1958a, 1958b, 1958¢}, GLERUM (1960, 1962), GLERUM and SmiT (1962a, 19625) and HEINSDIK
and MIRANDA BASTOS (/963)

various inventory units may be ascribed to differences in soil qualities. Nevertheless,
the above comparison with climatical conditions gives a tentative conclusion that
highest timber volumes of the Planicie may be found in those areas where the total
annual rainfall is not excessively high and a short relatively dry season exists. Only
when this dry season becomes pronounced (four or more months with less than 50 mm
rainfall each) it may have a negative effect on the growth of the forest.

OCCURRENCE OF INDIVIDUAL TREE SPECIES
A number of the differences established in occurrence of tree species are also likely to

be due to differences in climate, in particular as regards the amount and distribution of
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rainfall. Comparison of the specics composition of the unit Agailindia, which has a
fairly pronounced dry season, with those of inventory units located north and north-
west of it confirms this impression {¢f. GLERUM and Swmrr, 1962a)., Many species
found in one or more of the latter units are absent, or sparsely present, in the Agailin-
dia unit, although the soils are comparable, and in parts even identical. This applies,
for instance, to the Aagelim pedra ( Hymenolobium excelsum) and the Pau amarelo
( Euxylophora paraensis). A few species, such as the Jutal-aci ( Hymenaca courbaril},
have a higher timber volume per ha in the Agailindia unit than in the units with a less
pronounced dry season.

A further example is found in the Araguaia Mahogany area, which has a relatively
low total annual rainfall {about 1700 mm) and a pronounced dry season. In some parts
of this area, the soil is fully comparable to those of the Planicie part of Amazonia, This
applies to the Kaolinitic Latosolic Sand, Forest phase (KLS, F; ¢f. Appendix 2),
which occurs also in the region directly south and southeast of Santarém, in the
centre of the valley. The composition of the forest cover in the two localities is never-
theless very different. The type 1 ‘high forest, closed canopy, no mahogany’ and type 2
*high forest, closed canopy, dominant tree species: Umirl { Humiria floribunda}, no
mahogany’ of GLERUM and Swit (1962b) may be compared with the unit Flanco I
of Henspuk (1957). Many species of the Flanco I unit are not found in the forestson
the same soil in the Araguaia Mahogany area, while a few found in the former unit
occur more frequently in the latter. Absent, or nearly absent, in the Araguaia Maho-
gany area are species such as the Abiuranas ( Pouteria spp.), \he Magaranduba { Manil-
kera huberi) and Maparajuba ( Manilkera paraensis) and the Freijos (Cordia spp.);
these are species which form the bulk of the canopy in the Planicie forests. At least a
number of these differences must be due to the difference in climate,

The fact that some species are more frequent in regions with a lower annual rainfall
and/or more pronounced dry season does not necessarily imply that they actually
grow better under these conditions. It may be that they only endure a restricted mois-
ture supply better than other species, with the result that they are better able to with-
stand competition for a place in the forest.

1V.1.1.2 The Influence of Man
Although Amazonia as a whole is very sparsely populated, it is possible to discern
several traces of anthroprogenic influence on the characteristics of its forests.

SECONDARY FORESTS

The influence of man is of course very clearly visible in the areas with secondary
forests (for their location ¢f. Fig. 12). Young secondary forest {capocira) can be recog-
nized easily on aerial photographs, as well as in the field. The first is often difficult
with very old secondary forest { capoeirdo), but for the trained eye the differences from
primeval forest are clearly visible in the field. DUCKE and BLack (1954) give data on
the differences in composition of the secondary forests, whether regenerating after
felling only, or after felling and burning.
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SELECTIVE CUTTING

Also seemingly primeval forest may have undergone anthropogenic influence, for
instance by selective cutting of certain very valuable tree species. This applies to the
Magaranduba ( Manilkera huberi), a tree often present in large quantities, which is cut
for its latex (HEINSDUIK, 19582). Forests are often penetrated very deeply for cutting
the rare Pau rosa (Aniba roseoduvra), which renders oil used in the perfume indus-
try (Hainsbuk, 1958¢}. The same applies to the rare Cedro (Cedrela odorata)}, which
has very valuable timber (HEINSDIIK, 1957; GLERUM, 1960).

Henspuxk (1960) notes, in agreement with observations elsewhere (Surinam), that
forests in regions which have long been under man’s influence {occasional cutting of
trees, large areas of secondary forest nearby) often have more trees of certain species
than forests not influenced by man, but with otherwise similar growing conditions.
This applies to the species Cupiuba (Goupia glabra) and the Quarubas { Vochysiaceae),
and is the case with the inventory units Belém-sul and Cametd-ouest, both ‘anthropo-
gene facies’ of the Pouteria association (¢f. 1.5.1.2).

INDIANS

The original inhabitants of Amazonia, the Amer-Indians, are likely to have exerted a
considerable influence upon the Amazonian forests. These people were, apparently,
far from insignificant in number in pre-Columbian times. They used to dwell, in
sizeable communities, along very many of the navigable rivers and rivulets (¢f. discus-
sions on ‘Terra Preta’ in 111.3.4). Indications of their influence are present for instance
in the area south of Santarém, where many Indian settlements are known to have
existed (¢f. Fig. 20). All the forest in this area was mapped, after aerial photograph
analysis, as ‘cipoalic forest east of Belterra® thus distinguishing it from the real (?)
primeval forest east of the area (HEINSDUK, 1957). The visual impression of the forest
parts on the Belterra estate itself is distinctly different from that of the forest at Curud-
una centre, although both are growing on identical soil namely Kaolinitic Yellow
Latosol, very heavy textured (KYL ¢y).

Pieces of charcoal in the soil might also indicate former Indian influence. In this con-
nection it should be mentioned that in all of three profile pits dug under Planalto 11
forest at the Curud-una centre (¢f. the numbers 112, 303 and 304 of Fig. 11) there
were found pieces of charcoal. These pieces mostly occurred at a depth of about 150
¢m, and were surrounded by baked clay. One may deduce that extensive burning of the
forest 100k place in former days. It is unlikely that lightning is the cause of this. It is
true that burning of tap roots after a tree is struck by lightning sometimes occurs, but
such fire seats would not spread over an extensive area (in contrast to the conditions on
the lower, sandy terrains, with Flanco 1 forest, intentionally started fires of artificial
clearings on this planalto stretch do not penetrate into adjacent forest parts). Human
interference is therefore likely. This must have taken place long ago, because the
Present day planalto forest has one of the highest mean gross timber volumes known
for Amazonia and has hitherto been considered as real primeval, Large-scale burning
by a former Indian population is therefore likely to have occurred on the planalto of
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Curud-una centre. It may be noted that a small patch of Terra Preta, which is certain
indicator of former Indian settling, is found at the riverside (point A of the cross sect-
ionin Fig. 11).

TaBoCAL

A peculiar example of human influence on the forest cover became apparent during
the survey of the Guamé-Imperatriz area. As reported in 1.5,1.2, a special forest type,
called tabocal, is found in the headwater region of the Gurupi, where it occupies broad
bands along the river and its tributaries (¢f. Fig. 23). The composition and the gross
timber volume of the forests north, west and south of the tabocal-covered area, as
well as of the patches of forest within this tabocal, are approximately uniform. South of
the Serra de Gurupi more palms are found than in the other parts with forest, but all of

Fig. 23 Vegetacdo nas cabeceiras do rie Gurupi,
De GLERUM and SMIT (1962a)

High forest
Mart alia

Shrubby creeper forest
with Guadua spp.
Tabocal

Rivulet
Tgarapé

Fig. 23 Vegetation in the headwater region of
the Gurupi river, From GLERUM and Swmrr
(1962a)
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it belongs to the inventory unit Acailindia. The soils of the tabocal-covered parts are
neither physically nor chemically different from those under forest cover (¢f. data of
SoMBROEK, 1963a). Apparently, the Guadua species of the tabocal die after two or three
years. During the pronounced dry season the dead stakes are very susceptable to burn-
ing. It was observed that, during that season if burning is initiated at one spot, the fire
sweeps very rapidly over enormous argas of tabocal, also consuming considerable
parts of adjoining, relatively poor and dry, forest. The Guadua species have an exten-
stve, fire resistent root stock, and the tabocal vegetation therefore can re-establish itself
fully after burning. The burned forest parts, however, do not regenerate as readily
under the existing climatic conditions. The result is a gradual enlargement of the area
covered with tabocal.

It is supposed that anthropogenic factors have stimulated, if not caused, the occur-
rence of tabocal vegetation in the region. The facts that have lead to this supposition
are: the geographic distribution of tabocal; the uniformity of the adjoining forested
parts; the equality of the soils both under tabocal and under forest; the behaviour of
the vegetation under influence of burning, and the reported existence of considerable
former, and locally present-day, settling of Indians along the headwaters of the Gurupi.

Indians have always used bamboo stakes, for arrows and other purposes. Probably
the Guadua species were already a constituent of the primeval vegetation, but their pre-
sent occurrence as the dominant species over a large area is believed to be due to the
burning practices of Indians. The tabocal therefore is a ‘fire-subclimax’,

I1V.1.2 Soils and Forest Characteristics

Nearly all forest inventory areas are located in the Planicie. It has already been shown
in 11.2,2 and 111.3.4 that the freely draining soils of the Planicie are similar to a large
degree, at the applied level of classification. Any differences in forest characteristics
within an area of uniform climatic conditions and non-existent or uniform anthropo-
gene influences, are therefore apt to show a correlation with lower category soil dif-
ferences. Among these are the moisture holding capacity, the total available amounts
of the various plant nutrients, and the penetration possibilities for roots. These quali-
ties depend on such factors as the soil texture, the compactness of the subsoil, and the
presence of plinthitic materials. The coinciding of differences in forest characteristics
with differences in these latter factors are discussed below. The exact causal factors of
each of the established coincidences remains often uncertain.

Among the differentiating forest characteristics, the gross timber volume and the
occurrence of individual tree species are considered in particular,

1V.1.2.1 Land-Units and Forest Inventory Units
As related in I.5.1.2, the geographical boundaries of FAO/SPVEA forest inventory
units were not solely established on the differentiating characteristics of the forests it-
self, but to a degree also on the topography and the soils, On the other hand, the geo-
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Table 11 Forest inventory units and land-units in the Guamd-Imperatriz area

Forest Number Meangross  Salienttree  Peculiari- Land- Main soils
inventory of trees  timber volume species ties unit (¢f.Table9)
unit perha perha
unidude de  nimerode voiume médio espécies peculiari-  unidade  solos principais
inventdrio drvores de madeira de drvores dades deterra  (c¢f. Tabela 9)
Sforestal por ha bruta por ha safientes
Santana 106 152.5 Acapt ( Voua- Locally Santana KYLn,
capoua ameri- anthropo- RP-KYL, cr
cana) genic in- (Mie do Rio)
fluences
influéneias
antropogé-
nicas em gi-
guns locais
Médio Guamd 108 161.2 Médio KYLwn
. Guami KYL,cma
RP-KYL, cr
(Ipixuna)
Candira 124 191.6 Pau amarelo Candir6  KYL-RPm
{ Euxylophora RP-KYL, cR
paraensis) (Ipixuna)
Pau roxo
(Peltogyne
lecointei)
Quaruba
( Vochysia
maxima)

graphical boundaries of land-units were established, in part, on the local pattern of
vegetation (¢f. definition of land-unit in IT1.4). Therefore, a comparison between inven-
tory unit and land-unit always gives a correspondence, For the Guamé-Imperatriz
area, the geographical boundaries of the inventory units coincide completely with
those of the land-units. A comparison between the forest data and the soil data of this
area is given, summarised, in Table 11.

The land-units under consideration are, for the most part, concerned with associa-
tions of two or three main soils, It can therefore be said that a degree of relationship
between the forest growth and the soils has been established for the Guamd-Impera-
triz area. This is true, even though the over-all differences going from North to South
may be ascribed largely to a difference in climate, as previously discussed. That for this
area no relationship whatsoever has been established between a certain identified soil
and one or more characteristics of the forest growing on it, is without doubt due to the
system of forest inventory. If the total structure of the vegetative cover had been studied
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Table 11 continued{Tabela 11 continuada

Forest Number Mean graoss  Salienttree  Peculiari- Land- Main soils
inventory of trees  timber volume species tics unit (¢f. Table 9)
unit perha per ha ‘
unidadede  niimerode  volume médio espécies peculiari-  unidade  solos principais
inventdrio drvores de madeira de drvores dades de terra {cf. Tabela 8}
forestal porha bruta per ha salientes

Alto Guami 94 121.1 Cedro Many Alto KYL, ¢
{ Cedrela ‘cipoalic® Guamd  RP-KYL,
odorata) parts RP-KYL, cr
Breu preto muitas par- (Paragominas)
(Protium tes cipod-
opacimn) licas

Ligagio 101 138.0 Angelim Pedra Locally Cunhanta KYLy,

{ Hymeno- ‘cipoalic’ RP-KYL;p
lobium parts RP-KYL, cr
excelsum} partes (Campinho)
::ﬁ";gf‘ﬁi Planalto KYLw
locais Gurupl- RP-KYL;
mirim ‘

Acaildndia 51 61.6 Cedro Locally Itinga KYLa
(Cedrela ‘cipoalic’ KYLua
odorata) parts KRLn
Jutai-agu partes ci-

(Hymenaea P odlicas em Imperatriz KRLy,
courbarily ~ olguns locais RM
Itauba *Tabocal’
( Mezilaurus  parts fre-
ftauba) quently

tabocals

Jrequentes

Tabela 11 Unidades de inventdrio florestal e unidades de terra na drea Guamd-Imperatriz

(a practical impossibility), and the data from individual, or parts of individual, inven-
tory sampling units had been compared with the soil in Joco, then certainly several
relationships could have been shown.

1V.1.2.2 Soils and Timber Volume
The gross timber volume of a forest will become of special interest once it is econo-
mically possible for the pulp and paper industry to utilise all or a great number of the
tree species from. the highly mixed tropical forest. When forested areas are being
considered for agricultural settlement, the standing total timber is also of importance;
it normally determines a good deal of the amount of organic matter that becomes in-
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corporated into the soil at the time of clearing. The timber volume may also be
handled as a guide for the productivity of a soil. For these reasons it is not only of
purely scientific, but also of practical value, to consider the relationship between soil
and gross timber volume, if any.

SoiL TEXTURE

Within the northern part of the Guamad-Imperatriz area, the soil with the highest
mean gross timber volume is the deeply friable, porous and well-rooted, rather heavy
textured soil which is classified as Kaolinitic Yellow Latosol, intergrade to Red Yellow
Podzolic soil (KYL-RPy). This is a main soil of the land-unit Candira, which coincides
with the forest inventory unit Candiri. The gross timber volume of the forest on this
soil is estimated to be 200 to 250 m3/ha, against 100 to 200 m3/ha for the other main soil
occurring in the area of the land unit: RP-KYL, cr (Ipixuna).

The variation of timber volume with the texture of soils otherwise approxima-
tely similar was studied fairly closely by Heinspizk (1957) in the western half of the
Tapajds-Xingi inventory area. The conditions of climate and anthropogenic influence
are approximately uniform in this area. The differences in soil texture are very out-
standing and consistent. The soils are namely either Kaolinitic Yellow Latosol, very
heavy textured (KYL ), or Kaolinitic Latosolic Sand (KLS). The former is the soil of
the planalto parts and the latter the soil of practically all the terrain below this level
(flanco parts). The boundaries of the forest inventory units in the area coincide with
the boundaries of the two mentioned soil units. On the planalto of this area, the occur-
rence of cipoal (a distorting factor in the comparison, see below) is limited. HEINSDDK
(1957) established that the inventory units on the very heavy textured soil have a dis-
tinctly higher mean gross timber volume than the unit on the light textured soil (Planalto
I unit with 227 m3/ha. and Planalto IT unit with 233 m3/ha against the Flanco I unit
with 132 m*/ha).

The very timber-rich Caxivana unit (271 m?ha) occurs, according to HEINSDUX
(1958a), on a ‘transition from a planalto to a plain’, the highest parts of which are
about 20 m above local river level. There are some parts with savannah or savannah-
forest coverage in the watershed region; these are most probably sandy {¢f. 1V.2.2).
The other parts, however, especially those at the eastern side, according to indications,
are all similar and rather heavy to heavy textured. Actual soil data have been gathered
from the northeastern part, where the terrains are practically flat and 5 to 10 m above
local river level. The soil in question is a heavy textured Kaolinitic Yellow Latosol
(KYLp).

In discussing all forest inventory units 1 to 15 together, HEiNsDUK (1960) mentions
as a general tendency, that heavier textured soils have a higher gross timber volume.
The basis for this conclusion are his own field observations concerning soil textures
(the units 1, 4, 7, 11 and 13 of Fig. 22 are believed to be located on *sandy to pure
sand soils’, and the units 6, 8, 9, 10 and 12 on ‘definitely heavy soils’).

The above data enable us to draw the tentative conclusion that for the Planicie a
relation exists between soil texture and gross timber volume. The rather heavy and
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Fota 21 O aspeto da floresta alta nos solos da Planicie, de fdcil penetracio das ralzes e relativamente
b3a armazenagem de umidade. Para o dossel sobem os troncos lisos de todas as espessuras e faltam

quase por comple{a o5 cipds (BR-14, km 130 m. ou m.)
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Phoso 21 The aspect of the high forest on the Planicie soils which have easy penetrability for roots and
comparatively good moisture storage. Slender boles of all sizes tower towards the canopy, and creepers

and climbers are practically absent { BR-14, km 130 ca.)
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heavy textured soils (35-70% << 2 micron in the B horizon) in particular, lend them-
selves to support forest with a high gross timber volume. A comparatively high moist-
ure holding capacity of these soils is probably a major reason (¢f. V.3.1.1).

SUBSOIL COMPACTNESS AND CIPOAL

That the areas with very heavy textured freely draining soils tend to have a less high
timber volume than areas with similar soils but of slightly less heavy texture, is related
to an often higher compactness of the subsoil of the Belterra clay soils and the occur-
rence of cipoal and ‘cipoalic forest’ (¢f. the descriptions in 1.5.1.2). Because of the re-
gularity in occurrence and the often large expanse of the vegetative types concerned,
the possibility that a normal regeneration phase of the adjoining high forest is involv-
ed, can be discarded. HEINSDUK (1957) supposes the cipoal to be a ‘para-climax’ vege-
tation.

The occurrence of these vegetation types was studied in some detail in the Guamad-
Imperatriz area. The completely flat central sections of planalto parts in the stretch
km 190-km 315 (unit Ligagéo; ¢f. Photo 22) are covered with cipoal or ‘cipoalic forest’.
The very gently sloping edges, above the escarpment proper, bear however a heavy
forest cover. This consists of big trees and an open undergrowth which is nearly devoid
of creepers and climbers. A similar difference in vegetative covers of the edges and the
central sections occurs on the southernmost planalto parts (stretch km 315-km 420,
forest inventory unit Agailindia) although the timber volume as a whole is much lower
there. The soil of both the edges and the central sections is the same, namely Kaolinitic
Yellow Latosol, very heavy textured (KYLyz). Many planalto stretches were studied,
and analytical data of several profiles compared. Phycical and chemical qualities of the
profiles are about identical for both sites. One detectable difference is however that the
central sections may have a conspicuously dark (dark grey to black), crusted, often
irregular and clodded, aquaphobe surface, with an intense activity of termites. The
pH-H,0 of this surface (field testing) is invariably slightly higher (about 6.0 instead of
4.0-5.0) than that of a non-crusted surface layer, as is common on the planalto edges.
Laboratory analysis of a few dark surface clods revealed a stronger predominance of
Catt in the adsorption complex than is common for the Planicie soils. Another small
difference between the profiles on the edges and those on the central sections of the
planalto is that, on the former, the A, subhorizon is often not quite as thin (3-5 cm
against 2 cm). The central sections have also a slightly more compact subsoil (B hori-
zon), which manifests itself in a friable to firm consistence in contrast with the friable
to very friable consistence of the subsoil at the edges, and a larger resistance to pene-
tration with a soil hammer.

‘Cipoalic forest’ is of genera! occurrence on the terrains with reworked Belterra clay
in the stretch km 150-km 195 of the Guamd-Imperatriz area. The soil of these terrains
is classified as Kaolinitic Yellow Latosol, Compact phase, very heavy textured (KYL,
Coa). It has characteristically a very thin A, subhorizon (0.5-3 c¢m), and is compact and
rather firm, particularly in the B horizon. The frequency of fallen trees on the terrains
seems to be larger than elsewhere.
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Foto 22 Floresta cipodlica numa parte central inteiramente plana de um trecho de planafto. A ambos os
lados desta estrada de floresta recentemente aberta, vé-se claramente a fregiiéncia de cipds que trepam ds
copas das drvores ( BR-14, km 295 m. ou m.) '

[ e e “

Photo 22 Cipoalic forest’ on a complerely flat central section of a stretch of planalto. On both sides of this
recently opened forest road, the frequency of climbers up 1o the tree crowns is clearly visible (BR-14,
km 295 ea.)

The cipoal on the planalto and on the terrains with re-worked Belterra clay in the
region between the rivers Xingl and Tapajos (¢f. Fig. 24) have been studied by HEINs-
DUk (1957). He observed that under the cipoal the soil surface is much darker than
under the high forest. The local farmers consider the cipoal parts preferable for shift-
ing cultivation. The author was unable to visit these areas with cipoal proper, but did
study the local changes in vegetative cover and soil qualities on the planalto at Curud-
una centre (c¢f. Fig. 11). One examined soil profile is located on the edge of planalto
{No. 112), where very timber-rich forest is found, with an open undergrowth. At 8km
distance from this edge, another profile (No. 303) was examined. The forest there is
slightly different in composition from that of the edge (¢f. GLERUM and SmiT, 1960)
and the timber volume is probably slightly lower. A third examined profile is located at
10 km from the mentioned edge (No. 304). This is an area where the timber volume is
distinctly lower and the composition of the forest quite different from that at the other
sites. Creepers and climbers are rather frequent. Many trees with stilt-roots occur,
for instance the Andiroba ( Carapa guianensis) which is often considered to be an igapd
tree. Also, several tall herbs commonly found in igapé parts are present, for instance
Guarumad ( Ischinosiphon aruma). The frequency of fallen trees is remarkable.
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The soil profile at the edge has a very loose appearance in its subsoil (B horizon). The
second profile is alrcady somewhat dense, and the most interior one is considerably
compact and resistant to penetration with a soil hammer. While the colour of the A,
subhorizons is the same (brown to dark brown) in all tree profiles, its thickness decreas-
¢s from 30 cm to 20 cm and to 10 cm respectively.

From the above described comparative observations it is tentatively concluded that
cipoal and ‘cipoalic forest’ grow on those very heavy textured soils that have a com-
pact subsoil, and a thin A; subhorizon, in comparison to soils of the immediately sur-
roundings. Owing to the compactness, the maximum depth of rooting is smaller. The
soil is therefore, as regards the requirements of the forest vegetation, a shallow one, on
which high trees cannot compete with the apparently vigorously growing creepers and
climbers. Probably both a lack of ground support for the trees (fallen trees, stilt-roots)
and a limited moisture supply during the dry season (¢f. V.3.1.1) are the causes of the
small competition force of the trees. The locally found intense termite activity, crustin-
ess, higher pH and dark colour of the superficial layer is believed to be a consequence
rather than a cause of the cipoal growth.

There are a few facts that support the above tentative conclusion as to the cause of the
cipoal and the ‘cipoalic forest” on the Belterra clay terrains. In the Guamad-Imperatriz
area, other types of creeper forest (in general much less vigorous than the Belterra clay
cipoal) and dense shrub vegetation are often associated with Ground Water Laterite
soil (GL) and Kaolinitic Yellow Latosol, Compact phase, rather heavy textured
{KYL, Crp). Both soils have shallow root penetration, because they have either an in-
termittently shallow ground water level or a compact subsoil. For the Araguaia Maho-
gany area, which is outside the Planicie, it has been established that the soils with
cipoal and ‘cipoalic forest’ are of varying natural fertility, but all of them are shallow:
shallowness of the bedrock or of the ground water level. The soils in this area which
have a coverage of closed-canopy-forest are also of varying fertility (it is, in fact, usu-
ally low), but are deep (¢/. Appendix 6). Apparently, the occurrence of cipoal or
‘cipoalic forest® as opposcd to closed-canopy-forest in this area is less determined by
the chemical than by the physical qualities of the soils. Considering the whole of
Amazonia, it may be a general rule that creeper forests prevail on soils with shallow
rooting, whether having low or high natural fertilicy.

It is evident that it is of much practical importance to study further the factors that
determine the occurrence of forest types with very low timber volume such as the
cipoal. A prerequisite for further study is a sound plant-ecological classification of the
various types of cipoal and *cipoalic forest’. Of special interest is the checking of the
tentative conclusion as to the cause of the Belterra clay cipoal, since silvicultural me-
thods are being tried out predominantly on planalto terrains (FAQ/SPVEA silvicul-
ture programme at Curud-una centre).

The foregoing discussions have concerned the timber volume on the Planicie soils
that are freely draining. Generally speaking, the timber volume of the forests on the
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Fig. 24 Cipoal na regicio ao Leste do baixo rio Xingii. De HEINSDIK (1957)
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Fig. 24 Creeper vegetation in the region east of the lower Xingii river. From Hemspok (1957)

imperfectly drained Planicie soils (Ground Water Laterite soil, Ground Water Pod-
zol) is considerably lower. Large stretches with these soils even have a coverage of
savannah-forest (with DBH of the trees supposedly all smaller than 0.25 m) or of
savannah. It is stipulated that the situation is different for the freely draining soils with
fossil plinthite, though they are genetically related to the Ground Water Laterite soils.
The soils in question, classified as Kaolinitic Yellow Latosol, Concretionary phase
(KYL, cr) or Red Yellow Podzolic soil, intergrading to Kaolinitic Yellow Latosol,
Concretionary phase {RP-KYL, ¢r), have on the average a not lower timber volume
than adjoining non-plinthitic freely draining soils, except in the rare cases when practic-

ally no earth is present between the concretions.

Considerable differences in gross timber volumg may occur on the various scils out-
side the Planicie part of Amazonia. This is already evident from qualitative observa-
tions in the Araguaia Mahogany area (¢f. GLERUM and SMiT (1962b) and Appendix 6).
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Measurements of mean gross timber volume were however not executed for those
L]
areas.

1V.1.2.3 Soils and Occurrence of Individual Tree Species

Several tree species are found only in a part of the hileia-covered area. In the intro-
duction to the present chapter it was stated that the study of the causes of established
differences in the occurrence of a certain tree species is a complex one. Some of the
differences are believed to be related to the non-edaphic factors climate and man (cf.
IV.1.1). To say that the others are related with soil differences is however an oversim-
plification. A typical controversial species is the Acapu ( Vouacapoua americana). This
tree, rendering much-used timber, is a conspicuous under-storey tree. It occurs usually
in colonies, of varying size. Averaged over larger areas the species can occupy as much
as 10%; of the total number of trees (¢f. HEINSDUK, 1957, 1960). On the south side of
the Amazon river the tree is found only east of the tributary Curud-una; it forms there
one of the distinguishing features between the Planalto I and Planalto 11 inventory
units. Its eastern boundary of occurrence is formed by the middle reaches of the rivers
Capim and Guam4, where the species forms one of the distinguishing features between
the inventory units Capim and Acard, and Candirli and Santana respectively. At the
North side of the Amazon river the tree is found, according to Ducke and BLack
(1954), only east of the large tributary Trombetas. The species is also found in Surinam
and there known as Bruinhart. ScuLz (1960) studied some soils in the Mapane region
of this country, where the tree is found in some sharply delimited stands and then
occupies 1/6-1/3 of the total canopy. Several analytical data of three profiles taken in
such stands were, when averaged, slightly different from those of profiles in adjacent
non-Bruinhart containing forest (the soil on both sites is red coloured, kaolinitic, and
predominantly medium textured). ScHuLZ deduced from these soil data that the uneven
occurrence of the species in the Mapane region is determined by soil factors. ’

For the Curud-una - Xingi region of Amazonia, HEiNsDUK (1957) noted that the
species is present in large numbers on the planalto, on the clayish parts of the slopes of
the planalto, and on clayey terrains near the rivers. Kaolinitic Yellow Latosol, heavy
or very heavy textured (KYLp, KYL ;4) are involved, which soils are also found west
of the Curud-una, on identical topographical units. HEINSDUK states also that ‘the
colonies of Acapu never appear on sandy soils’.

The author studied the growing site of the species in the area of the Santana unit of the
Guamé-Imperatriz area. Colonies of the tree were found to occur here, equally fre-
quently, on all the soils of the area, for instance on the very common Kaolinitic Yellow
Latosol, medium textured (KYL,,), the few patches of Kaolinitic Latosolic Sand
(KLS), the scattered Red Yellow Podzolic soil, intergrading to Kaolinitic Yellow
Latosol, Concretionary phase (RP-KYL, cr} whether with the common Mie do Rio
type of plinthite concretions or with the less frequent Ipixuna type.

The Amazon data therefore do not suggest a consistent coincidence with a certain
soil. There are no indications that the climatic conditions of the Planalto I area are dif-
ferent from those on the Planalto 11 area. The same is most probably true of the areas
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of the inventory units in the region of the eastern limit of occurrence of the species.
One likely explanation for the absence of Acapii west of the Curud-una and east and
south of the middle reaches of the Guamd and the Capim is that the species still has a
Jimited historical dispersion (SCHULZ states that Bruinhart grows very slowly and that
its heavy seeds need to be pressed into the ground to germinate). Some support for
this supposition is given by the fact that in the southern part of the area of the Santana
inventory unit, which is a boundary area for the species, the colonies of Acapu are
_infrequent, small, and consisting of small trees.

SOIL TEXTURE

Since soil textural differences are rather easily noticed by non-pedologists, the forest
inventorists paid attention to a possible coincidence of soil texture differences and dif-
ferences in occurrence of tree species. As to the Planicie (inventory units 1-15, ¢f. Fig.
22), HeinsDUK (1957, 1960) reports that tree species found more abundantly on light
textured soils are Axud (Sacoglottis guianensis), Angelim rajado (Pithecolobium race-
mosum), Faveira bolacha ( Vatairea cythrocarpa}, Jutai-mirim { Hymenaea parvifolia),
Irauba { Mezilaurus itauba) and Macucii ( Licania macrophylla). Species found regular-
ly on heavy textured soils, and not or only in very small numbers on sandy soils are
Ingd (Inga alba), Tauarl ( Curatari spp.), Castanheira { Bertholletia excelsa) and Ucwuba
( Virola cuspidata, Virola cebifera). .

It was not possible to check in the field if this is indeed a general rule, which also
applies to the Guama-Imperatriz area. A comparison in the office of inventory data
and soil data of this area did not give any clear indications.

One of the species that is easily noticed in the field by non-botanists, is the Angelim
pedra ( Hymenolobium excelsum). This is a conspicuous upper-storey tree, normally
occupying less than 0.5%, averaged over larger areas, of the total number of trees. In
the Guamd-Imperatriz area its occurrence is restricted to the area of inventory unit
Ligagdo. It was found that the tree is concentrated on the Kaolinitic Yellow Latosol,
very heavy textured (KYL ,3) of the very gently sloping edges of planalto. Elsewhere
the tree occurs practically only, and less frequently, on very heavy textured soils at a
lower level than the planalto. These are Red Yellow Podzolic soil, intergrade to Kao-
linitic Yellow Latosol, very heavy textured (RP-KYL,), and, locally, Kaolinitic
.Yellow Latosol, very heavy textured (KYLy3). The species is not found on the flat
centres of planalto (also with KYL,3), nor on terrains with reworked Belterra clay
north of km 195, which have Kaolinitic Yellow Latosol, Compact phase, very heavy
textured (KYL, cya). These are sites of cipoal or ‘cipoalic forest’ as already described.

The apparent concentration of the species on very heavy textured soils in those parts
where the forest is not ‘cipoalic’, nor where climatic conditions are adverse (the latter
in the area of inventory unit Agailindia), is more or less in agreement with observa-
tions in the Tocantins-Xingi region. HEINSDUK {1957) states that “Angelim pedra is...
found in patches on the planalto (not on planalto de Santarém) in the highest parts of
the forest. Found occasionally on the higher parts of the slopes, prefers clayey soil’.
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It should be borne in mind that an established predominance of a certain species on
sandy soil as against on clayey soil, does not necessarily mean that the species finds
better absolute growing conditions on the former. It may well be that the species is less
frequently found on clayey soil only because it falls short in competition force with
other species there. HEINSDUK (1960) even states ‘all observations confirmed the fact
that a tree species growing on sandy soil was, on an average, always smaller and gavea
much poorer impression than the same species growing on heavier soils’.

PLINTHITE CONCRETIONS

That the occurrence of a tree species may coincide with the presence of fossil hard
plinthite concretions of a certain type, became apparent during the combined forest
inventory - soil survey of the Guama-Imperatriz area. The valuable timber rendering
Pau amarelo { Euxylophora paraensis), which species only occurs in the Atlantic sector
of the hileia, above Maranhio (Ducke and BLACK, 1954), seems to have its maximum
frequence in the middle reaches of the river Capim. It is a low branching tree and
occupies maximally 1 9, averaged over larger areas, of the total number of trees in the
forest. Within the Guamd-Imperatriz area, the species was not measured in the areas of
the Santana, Médio Guamd and Aqailandia inventory units. The species occurs rela-
tively frequently in the Candirt unit (4.0 m3/ha timber volume), and sparsely in the
Alto Guamd unit (0.6 m?%ha). During the field work in the area of the Candiru unit,
it was observed that the tree is concentrated in the uppermost reaches of the rivulets.
In view of this, one small part was studied in detail. It is located within the area of the
Candird unit, but near the boundary with the Alto Guamd unit, namely at km 130.
A semi-detailed soil survey was executed, while the forest inventorists made a 109
survey of the Pau amarelo. The results are shown on Appendix 3 (only those Pau
amarelo trees were enumerated that are within 10 m distance of all latitudinal traverses
and the outer and innermost longitudinal traverses of each block, and within 5m
distance of the other longitudinal traverses). From this map it is apparent that
the species is concentrated on the slopes and the approximately flat edges of the upper
terrace, where plinthite concretions are frequent. The soil on these sites is classified as
Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol, Concretionary
phase {RP-KYL, cr). The concretions aie all of the Ipixuna type (cf. 1.4.5). A few trees
are found on Red Yellow Podzolic Soil, intergrade to Kaolinitic Yellow Latosol, very
heavy textured (RP-KYL ), which occurs locally alongside the concretionary parts.
Pau amarelo is absent, or practically absent, on the Kaolinitic Yellow Latosol, Com-
pact phase, very heavy textured (KYL, Cgp) that has developed on the reworked Bel-
terra clay of the central parts of the upper terrace, as well as on the Kaolinitic Yellow
Latosol, intergrade to Red Yellow Podzolic soil, rather heavy textured (KYL-RP,;)
of the second terrace (with the highest gross timber volume!), and on the soils of the
lowland stretches.

The coincidence is only true of one type of concretions. In the area of the Santana in-
ventory unit, many parts have RP-KYL, cr soil, but usually with concretions of the
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Maie do Rio type. Here no Paw amarelo trees were enumerated by the forest inventorists.
In fact, some Pau amarelo do occur in the southern part of this area, as wellasina
few parts of the area of the Médio Guamad unit, but the trees fell outside the inventory
sampling units. It was observed that in these places they are growing invariably on
RP-KYL, Cr soil with Ipixuna type concretions, not on RP-KYL, cr with Mie do
Rio type concretions. A few trees were found on RP-KYL ), soil.

Also the few Pau amarelo trees in the area of the Alto Guama inventory unit were
found to occur ¢ither on soils with Ipixuna type concretions, which in this area are
only very locally present at the surface, or on RP-KYLya. The situation is somewhat
different further southward in the Guamd-Imperatriz area, in the area of the Ligagdo
inventory unit. There the tree is found too, down to km 315, but in relatively small
numbers. South of km 260 the Ipixuna type concretions give way to the Ligacio type
concretions, which have the same relative position and age as the Ipixuna ones (cf.
1.4.5). The species occurs on the soils with either of these types. In the northernmost
part of the arca with this unit, namely at km 195, another small tract was studied in
semi-detail. The terrain is this tract consists essentially of 1) an upper terrace (planalto),
which can be divided into totally flat central sections, and very gently sloping edges.and
2) very sloping terrain, below the level of the planalto, usually with plinthite concre-
tions, of the Ipixuna type. The Pau amarelo of the surveyed block is found concentrat-
ed on the strongly sloping terrain, as well as on the gently sloping edges of planalto.
The flat central sections of planalto have a ‘cipoalic forest’ (see before), without the
species. The soil of the strongly sloping terrains is classified as Red Yellow Podzolic
soil, intergrade to Kaolinitic Yellow Latosol, Concretionary phase (RP-KYL, CRr-
Ipixuna). That of the edges of planalto is classified as Kaolinitic Yellow Latosol, very
heavy textured (KYL,s), which is also the soil of the central sections. Ipixuna type
concretions are not found at the surface of the planalto edges, yet Pau amarelo is pre-
sent. Also elsewhere in the area of the Ligagio unit, the species is not restricted to
the places with Ipixuna type c.q. Ligagio type concretions. The tree also occurs on the
very gently sloping concretionless terrains with KYLex or RP-KYLyy, profile, even
where these terrains are at a considerably lower level than the planalto,

It may be noted that Ligagio type concretions and gently cloping terrains with KYL ¢
occur also in the area of inventory unit Acailindia, which lacks Pau amarelo. In this
stretch however, the climate is believed to be too dry for this and several other species
(¢f. IV.L1).

Combining these observations, it can be said that in the Guamd-Imperatriz area Pau
amarelo occurs predominantly on soil with Ipixuna type c.g. Ligagao type concretions
(RP-KYL, cr-Ipixuna; RP-KYL, cr-Ligagio) and, to a lesser extent, on very heavy
textured soil (KYLys and RP-KYLa) where this occurs on gently sloping terrain,
i.e. when the forest is not ‘cipoalic’. The optimal growing conditions for the species
are apparently found on the concretionary soils classified as RP-KYL, cr-Ipixuna
(respectively Ligagio), but the species can spread to the mentioned very heavy textured
soils, The latter are located always near the concretionary soils.
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Table 12 Comparison of chemical data of soils with and without Pau amarelo (Euxylophora paraensis)

Cation
No. ficld Classification (¢f. Table 9) Location Clay exch. capac, pH-H,OQ  Exchangeable metallic
desce. ciassificapde (¢f. Tabela 9} locagde argrle capacidade cations
dessr, de campo BR-14 de troca baser trocdvris
(%) - {m.ef100g) {m.e./100 g)
T Catt Mgt+
a b a b a b a b a b
SOL8 WITH PAU AMARELO{sofos com Pau amarelo
202 RP-KYL, cr (Ipixuna} km 109.6 54.3 599 13.07 2.91 4552 066 0.18* 211 C.18*
216 KYLah km 291.3 608 90.8 1320 388 50 52 3.08 033* 228 0.33%
216 RP-KYLch km 232.0 63.0 835 1126 3.31 42 45 (.4F 0.24% 072 0.24°
204 RP-KYLok km 172.0 26.7 559 1083 328 4.0 48 1.08 0.35* 075 0.35*
SOILS WITHOUT PAU AMARELO/solos fem Pau amarelo
238 RP-KYL, er {Mie do Rio) km 43.8 21.0 55.6 9.20 3.3l 4745 198 024* 084 0.24*
205 RP-KYL, cr (Paragominas) km 175.6 17.1 52.7 12.82 365 4.1 47 139 0.24* 100 0.24*
201 KYL-RPrk km 117.0 13.7 32,2 5.83 2.72 4.1 47 046 0.20* 0.36 0.20*
197 KYL-RPrk km 136.0 33.1 63.2 11.01 3.15 3939 0.33 0.20* 010 0.20*
210**  KYLyh km 247.0 74.6 38.5 14.B6 456 40 47 087 0.25* 0.9 0.25*
250+ KYL, coh km 178.8 60.3 84,5 99% 425 4.4 48 111 0.26* 0.8 026*
208** KYL, cok km 69.0 77.2 50.3 19.46 2.92 4.0 4.7 2.52 0.25* (.69 0.25*
194 KYL, cri km 63.0 14.9 353 4,16 2.94 4.3 5.0 0.27* 048" 0.27* 0.38*
242 RP-KYLsh km 256.6 13.2 481 608 242 41 46 0.31*0,16* 0.51% 0.16*
237 RP-KYLr& krn 205.8 146 429 551 215 43 45 0.21*0.29* 0.21*0.29*
213 KYLm km 12.7 6.7 198 4.20 [99 4.6 45 0.24*0.14* 0.24° 0.14*
231 KYLm km 38.0 179 239 490 214 4651 015°0.15* 0.15* ¢.15*
2045 KYLm km 201.0 7.3 19.8 540 233 4043 0.32°0.32* 0.32¢0.32¢

* § (Ca** + Mg*+) the half of jointly determinded bivalent cations
@ metade dos calions dival determinados em comjunl

** cover of cipoal or ‘cipoalic forest’/cobertira de cipoal ou floresta cipodlica

Any special soil qualities related with very heavy texture cannot be the conditioning
factors for the occurrence of the species because the RP-KYL, CR soil sometimes falls
into other texture classes. Special rooting possibilities are unlikely to be involved, be-
cause both the RP-KYL, cr-Ipixuna and the RP-KYL s have a rather firm and
compact subsoil, whilst the KYLyp is deeply friable and porous. Probably, the
species requires a high content of a certain (micro) nutrient, or a specific balance of
nutrients, Comparison of analytical data does not give a congruent difference between
Pau amarelo bearing and non-Pau amareln bearing soils (¢f. Table 12), It is, however,
quite possible that a more refined and ¢laborate chemical analysis, and/or mineralogi-
cal analysis, would reveal a correlation. The plinthite concretions themselves may pro-
vide the specific chemical qualities of the soils, or the fossil soft plinthite often associat-
ed. As discussed in 1.4.5, both are related to a land surface of Late Pliocene age, com-
posed of the upper strata of the Barreiras or Alter do Chido beds. The Belterra clay,
which forms the parent material of the non-concretionary very heavy textured soils,
was deposited right on top of this, in a time immediately following (Plio-Pleisto-
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Tabela 12 Comparagdo de dados quimicos de solos com e sem Pau amarelo (Euxylophora paraensis)

Exchangeable metallic Active Available PO O C N C/N P-total P-total
catiom acidity PO, wial wal 100N C
bases Iocdveis acidez aliva  aszimildvel
(m.e./100 g) (m.e./100g) {mg/}00g)
K+ Nat (104 P-Bray
a b & b s b a b s b . b a b a b " b a b

.25 0.08  0.11 0.04 1.20 0.24 L5 0.1 60 50 3.44 0.13 032003 108 43 1.87 166 17.5 384
$.22 0.08  0.08 0.04 0.29 0.33 0.9 0.1 60 50 3.60 0.50 0.3+ 007 106 7.1 .76 7.0 167 100
€21 010 0.0 0.03 1.74 0.66 1.9 0.1 60 40 299 050 0.26 0.05 I1L.5 10,0 230 80 200 80
0.17 0.07  0.07 0.07 155 0.4 3102 40 40 2.78 037 023 005 121 74 1.74 8.0 144 108
0.25 0.1t 0.08 0.08 0.53 1.59 3402 30 50 275017 025002 1.0 85 2.00 250 182 294
0.17 .10 0.06 0.03 ).10 0.73 3202 30 a0 3.63 0.29 0.25 004 149 73 200 200 138 276
0.11 0.06 0.05 0.03 0.89 0.49 2702 30 1.20 0.16  0.11 0.03 110 53 2.71 10.0 250 (88
0.10 0.06 0.050.02 2.16 1.54 1.4 0.2 30 30 245023 022006 1LI 48 1.36 3.0 12.3 103
0.26 .12  0.07 0.03 2.16 1.07 1.2 0.2 50 30 3.61 069 033 .08 109 B6 .52 3.8 158 44
0.12 013  0.08 0.06 095 1.03 2502 B0 60 259 063 030008 86 7% 276 7.5 308 55
033 041  0.10 005 2.37 0.62 25041 70 60 5.17 0.42 0.44 0.07 11.B 8.4 146 835 3.5 146
011 000 0.08008 072024 1.2 0.2 30 30 0.65 0.25 0.05 .03 108 B3 5.00 10.0 46.2 120
0.06 0.67 0.04 0.04 0.89 0.52 2201 30 30 1.37 .38 012004 114 95 250 7.5 219 79
0.08 6,08 003 0.03 093 0.3 1.7 0.1 30 30 1.39 .20 0.11 0,02 126 100 2,72 15.0 213 150
0.06 .07 0.0% 0.03 0.72 0.64 1.1 0.2 30 30 0388018 006002 147 90 500 150 34.0 167
0.08 0.07 0.04 0.03 1.08 0.53 .2 0.4 30 30 087022 009003 97 73 3132 100 34.4 136
0.0 008 003 0.02 051 0.5 1.7 0.1 20 20 123 0.19 0.08 0.03 154 63 250 67 163 105

A = topsoil (A, horizon, or A,, when the former is subdivided)
solo superficial (horizonte Ay, ou Ay, quanda o primeiro estd subdividides)

= subsail (B, horizon, or B,, when the former is subdivided)

subsolo (Aorizonie B, ou By, quando & primrire esid subdividido)

cene). A peculiarity in parent material, related with these geologic times, is probably
responsible for the uneven occurrence of the Pau amarelo in the Guamd-Imperatriz
area.

THE ECO-SITE OF MAHOGANY

Tt is to be expected that detailed studies outside the Planicie part of Amazonia, where
the soils vary considerably both chemically and physically, will result in the establish-
ment of more and more definite coincidences between soil and occurrence of individual
tree species than in the Planicie itself. DUCKE and BLACK (1954}, for instance, report
that on patches with ‘Terra Roxa-like’ soil, developed from diabasz, the forest cover
has a floristic composition distinctly different from that on adjacent soils, On this rela-
tively rich soil, more soft wooded tree species would be present.

The growingsite of onc tree species of the non-Planicie part of Amazonia, namely the
very valuable Mahogany ( Mogno: Swietenia macrophylia), was studied in some detail,
namely in the so-called Araguaia Mahogany area (¢f. Appendices 2 and 6). This area is
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located in the transition zone between the Amazon hileia and the savannahs of North-
Eastern Brazil. It has a tropical humid climate with a pronounced dry season (Aw in
Koppen's classification, ¢f. Fig. 2). In the western part of the area, the Pre-Cambrian
crystalline basement outcrops; east of this, strips of Palaeozoic and Mesozoic deposits
occur (Devonian, Carboniferous, Permean, Jurassic, Triassic), which befong to the
sedimentary basin of Maranhio (¢f. Appendix 8). Locally, Quaternary sediments are
present.

The following summarizes the field data of the combined forest inventory - soil survey
executed in this arca:

1. Mahogany is absent in the areas of the mapping units with savannah cover, being
L,qu and KLS, s. Also the mapping units L, ss and KLS, T, covered with low and high
shrub vegetation respectively, lack mahogany.
2. The species is very sparsely present in the area of mapping unit DL, s + AF, G, as
well in that of mapping unit L, CH.
3. Low, thin and stunted mahogany trees are found scattered in the area of the mapp-
ing unit with Hydromorphic Grey Podzolic soil, with high base saturation, Shallow
phase (HPys, S; Profile 46) which has a general vegetative cover of hydromorphic de-
ciduous shrub. )
4. Small quantities of mahogany are present in the area of mapping unit KLS, F, which
is under forest cover. Here, the tree is found in the transition strips between the dry-
land and the bottom lands, which usually have deep Ground Water Humus Podzol
(GP). It is also found on the narrow strips of lowland along the rivulets included in the
mapping unit and having Low Humic Gley soil (LHG). The tree does not occur regu-
larly on all sites with these soils, but only locally, The impression is that these localities
have relatively rich ground water, namely that coming from nearby calcareous de-
posits (cherts with lime-stone).

The mahogany trees found in the area of this mapping unit can become very big,
namely up to diameter class 15,
5. The floodplain and lowland soils of considerable extent are mapped under unit F.
Those along the river Araguaia proper, which are either Alluvial soil (A) or Low Hum-
ic Gley soil (LGH), have no mahogany in their vegetative cover, which is often a
creeper forest. Those along the tributaries, which are Low Humic Gley soil(LHG), have
mahogany only locally. As in the case of those mapped under KLS, F (see 4), the im-
pression is that these localities have relatively rich ground water, in this case coming
from nearby located cherts with lime-stones, and calcareous and gypsiferous silt and
clay-stones.
6. Mahogany is found in rather small quantities in the area of mapping unit RP;s.
Within this area, the tree is growing predominantly in the narrow strips of lowland
along the rivulets, with Ground Water Laterite soil, intergrade to Hydromorphic

") Diameter class 0 stands for 0—4 cm DBH (diameter at breast height), diameter class 1
stands for 5-14 cm DBH; diameter class 2 for 15-24 ¢m DBH, 3 for 25-34cm DBH, etc.
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Fig. 25 Tipos de floresta e solos na drea Araguaiana de Mogno; levantamento 1005, do Mogno num
bisco de 200 ha (para a legenda veja pdgina 205 e seq.)
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Fig. 25 Forest types and soils in the Araguaia Mahogany area; 100%, survey of mahogany in a 200 ha
block (for the legend see page 205 seq.)

Grey Podzolic soil, Micaceous phase (GL-HP, M; Profile 16). The tree is found also
where greenish-black, hard schists (epidote and biotite schists) outcrop or nearly out-
crop, whether on the strips of lowland or on the undulating to rolling upland. The size
of the mahogany trees in this arca can be very large, up to diameter class 15,

7. The bulk of the mahogany of the survey area is found in the area of mapping unit
H, Hydromorphic soils undifferentiated, where the land is extensively flat. The maho-
gany is not spread regularly over all the land concerned, but concentrated in large
patches where the tree is often the predominant constituent of the canopy: canteiros de
mogno. A detailed survey of a 200 ha block within this area was executed to determine
which of the various hydromorphic soils support mahogany (¢f. Fig. 25; for the maho-
gany inventory map of this block, ¢f. GLERUM and Smit, 1961; or SoMBROEK and
Samraio, 1962). The results of this survey are as follows:

A. Forest of small-sized mahogany. Low, rather open canopy, consisting almost ex-
clusively of low, thin (largely diameter classes 2, 3 and 4) and stunted mahogany trees;
high, fairly dense undergrowth, with many thin creepers or climbers; rather closed
field layer. This is found on Hydromorphic Grey Podzolic soil, with high base satura-
tion, Dark phase (HP g, b; Profile 45, see also Photo 23).
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Forto 23 O micro-relévo de canaletes e a zona herbicea e subarbustiva dos solos em gue ocorre fre-
giientemente 0 Mogno. Os terrenos relativos sdo extensamente planos e de drenagem imperfeita. O solp é
‘Hydromorphic Grey Podzolic’, com saturagdo de bases afta. A direita e ao centro no fundo hd dois
mognos pequenos. Além das palmeiras, estas espécies formam praiicamente as tnicas Que constiruem o
dossel (drea Araguaiana de Mogno, Bloco Piranha)

Photo 23 The micro relief of canaletes and the field layer of the soils an which mahogany is of frequent
occurrence. The terrains concerned are extensively flat and imperfectly drained. The soil is a Hydro-
morphic Grey Podzolic soil, with high base saruration. On the right and at centre-background are two
stunted mahogany itrees, Apart from palms, this species forms practically the only constituent aof the
canopy { Araguala Mahogany area, Bloco Piranha)

B. Forest of normal-sized mahogany. High, almost closed canopy, consisting for a
good part of medium-sized (diameter classes 4 to 7) mahogany trees, in a much more
open pattern than in the forest type A; high, only fairly dense undergrowth, with
rather few creepers or climbers; open field layer. This vegetation is found predominant-
ly on Hydromorphic Grey Podzolic soil, with high base saturation, Ortho (HPp, 0;
Profile 44 )!, but also on Ground Water Laterite soil, intergrade to Hydromorphic
Grey Podzolic soil, Clay-stone substratum phase (GL-HP, ¢; Profile 15). The latter
soil however is commonly found on the edges of the terrain with this forest type, or on
small, encircled patches with less mahogany (interrupted shading on the map; also
applying to a central patch within the area of forest type A).

1} A patch of this soil, at a corner of the surveyed block, has a coverage of dense shrub
forest without mahogany (D). It is supposed that former fires and/or very imperfect
drainage is the cause for this deviating vegetation type.
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C. <Cipoalic’ forest. High, rather open canopy, consisting of several tree species and
comparatively many palms, but rarely with mahogany; high, fairly dense undergrowth
with common and rather thick creepers or climbers, and a frequent occurrence of high
Sororoca ( Ranavalia guianensis); open field layer. This is found on Ground Water
Laterite soil, intergrade to Hydromorphic Grey Podzolic soil, Deep phase (GL-HP, p;
Profile 14), and also on Ground Water Laterite soil, intergrade to Hydromorphic
Grey Podzolic soil, Clay-stone substratum phase (GL-HP, ¢; Profile 15).

E. Cipoal (creeper forest). Little or no canopy, and without mahogany; dense under-
growth, largely consisting of thin creepers or climbers; open field layer. This vegeta-
tion type is found on poorly drained patches, with Low Humic Gley soil (LHG).

From these data it becomes evident that in the surveyed area, mahogany grows very
predominantly on terrains with an imperfect drainage, with well developed hydromor-
phic soils. The occurrence of mahogany is not general on these terrains, but concen-
trated on a few specific hydromorphic soils, on which the species occurs either scatter-
ed or in a dense pattern, remains either low, thin and stunted, or attains medium and in
some parts large diameters.

The tree occurs scattered in the strips of lowland, with GL-HP, M soil, of the area
where the Pre-Cambrian crystalline basement (seri¢ Araxd) outcrops. The tree occurs
in a dense pattern on extensively flat terrains with HPyp, 0 and HPpp, D soils. These
soils have developed from gypsiferous and calcareous silt and clay-stones ‘which be-
long most probably to the Motuca member of the Pastos Bons beds, of Jurassic-
Triassic age (Piauf beds of the Upper Carboniferous according to other geolo-
gists). Where the tree occurs outside these terrains it is usually where the ground water
is rich (high pH), or where rich rock (epidote and biotite schists) outcrops.

The frequented hydromorphic soils (Profile 16, and especially the profiles 44 and 45)
are all relatively rich. They have silicate clay minerals of the 2:1 lattice structure; the
base exchange capacity is relatively high (25-35 m.e./100 g clay, after correction for the
organic matter content); the base saturation is medium, and in the subsoil high; Catt+
is the predominant exchangeable cation, but also exchangeable Mgtt is present in
considerable quantities, especially in the GL-HP, m.

The HP», 0 and HPyp, D soils have a high pH in their deeper subsoil {(6-8). In this
subsoil, free anions, namely sulphates, carbonates, and/or chlorides are present. It is
quite possible that these anions, especially the sulphates, are the conditional factor for
the peculiar abundancy of mahogany on the soils. But the field and laboratory data on
mahogany and non-mahogany soils of the area are too few to allow definite conclusi-
ons.

The differences in size and density of the species, particularly of the mahogany on the
HPpp, 0 and HPyp, D soils respectively, warrants discussion. A likely explanation is
that on the HP43, D soil, with its rich subsoil near the surface, the conditions for rege-
neration are better, but full development of the trees is hampered by the very poor
physical qualities of the soil, which restrict root penetration. Support for this supposi-

207



tion is found in the scattered occurrence of small sized mahogany on the Hydromor-
phic Grey Podzolic soil, with high base saturation, Shallow phase (HPp»,). The
rich subsoil of this is also rather shallow, and it possesses extremely poor physical
qualities, resulting in a general cover of hydromorphic deciduous shrub. That the
scattered mahogany in the areas of mapping units RPyap and KLS, F can attain a
bigger size than on the HPpp, 0 is probably explained by taking into account that in
these areas the physical qualities of the soils concerned are generally better.

PaLms

The occurrence of palms in the Amazon forests seems to be, in general, more related
with the variations in climatic and soil conditions than that of many dicotylenous tree
species. AUBREVILLE {1958) obtained the impression that every region, and every
milieu of the hileia, has its characteristic large palms. Since most palm species are
comparatively easily noticed and identified, they may therefore be suitable indicator
plants for vegetation types and soil units. Quantitative data on occurrence of palms are
not available. The growing sites of several species of the uplands, particularly Tucumd,
Babaci, and Bacaba have however been examined to a degree.

The Tucumd ( Astrocaryum vulgare) seems to be concentrated on sandy, low uplands
where a shallow ground water level occurs. The palm is, for instance, characteristic of
the sandy Ground Water Laterite soils of the eastern part of Marajé-island, whether
under savannah or forest.

The commercially valuable? Babagi (Orbignia speciosa) is often a main constituent of
the palm forests in the transition zone between the hileia and the savannahs of North
Eastern Brazil. The southern most part of the Guamd-Imperatriz area contains an
extremity of this zona de cocais. The Babacii there was found to be concentrated, in a
dense pattern, on comparatively fertile soil. This is the Red Yellow Mediterran-
ean-like soil, (RM; ¢f. Appendix 1 and Profile 41) which has developed on silt-stones
and shales of the Cretaceous Codd beds. Also in the Araguaia Mahogany area
the Babagu is encountered. The palm occurs there, fairly frequently, on Red Yellow
Podzolic soil, with rather high base saturation (mapping unit RPap; ¢f. Appendix 2).
It is also frequent on the highest parts of the floodplain of the Araguaia river proper
{mapping unit F), which have Alluvial soil (A) consisting of very micaceous silty sands.
The palm has a scattered occurrence in the area of the association of Dark Red Lato-
sol, Shallow phase and Acid Brown Forest-like soil, Gravelly phase (DL, s + AF, G).
On Lithosol, Quartzite substratum phase (L, Qu) and Lithosol, Sand-stone substratum
phase (L, ss) the species only occurs locally. The species is absent in the areas of the
other mapping units, where the soils are well-drained but poor (Kaolinitic Latosolic
.Sand_, Forest phase; K LS, ¥), or imperfectly drained and relatively rich (Hydromorph-
ic soils, undifferentiated; H). The palm therefore is confined to the western part of the
survey area. It occurs on soils developed on the Pre-Cambrian crystalline basement

') Stands of Bubagi are ofien denser where under human influence, owing to repeated

burning of the vegetation between the palms, which themselves are fire-resistant, and to
some enrichment planting.
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(mica schists, quartzites) or on Devonian-Carboniferous deposits (shales, sand-stones,
silt-stones), as well as on young, moderately well-drained soils from recent sediments
(micaceous silty sands).

The above data suggest that the Babacu predominates on relatively fertile soils with
free or almost free drainage, which may vary in depth and structure. It is, however,
quite possible that in the area of maximal occurrence of the species, which is the north-
ern part of the State Maranhdo, the palm is less exacting as to soil conditions.

Contrary to the Babagu, the Bacaba palm { Oenocarpus bacaba) seems to grow predo-
minantly on well-drained, poor sandy soil, in particular on Kaolinitic Latosolic Sand.
In the Arapuaia Mahogany area at least, this palm is fully confined to the Kaolinitic
Latosolic Sand, Forest phase (KLS, F; ¢f. Appendix 2). In the axial part of Amazonia
also, this palm species is found particularly on the same type of soil. A palm species
not selective as regards soil conditions seems to be the fnajd (Maximifiana regia). In
the Araguaia Mahogany area the species is found on practically all encountered soils,
except those of the savannahs proper.

IV.2 The Uplands with Savannah or Savannah-Forest Cover

A number of places on the uplands have a coverage of savannah or savannah-forest,
instead of forest. These vegetation types are defined and described in 1.5.2, As possible
causes of the occurrence of the savannahs and savannah-forests the following should
be considered:

l. Local unfavourable climatic conditions, especially as regards relatively low total
annual rainfall and/or a relatively long and pronounced dry season.

2. Local marked influence of man, especially as regards repeated felling, repeated
burning, and animal husbandry.

3. Local unfavourable edaphic conditions. This applies especially to the effective soil
moisture reserve for the period of the year that the evapo-transpiration from a forest
coverage would exceed the precipitation (dry season or less rainy period).

Effective soil maoisture reserve can be insufficient for various reasons:

l. There may be a very low moisture storage capacity per unit of soil material. For this
reason very sandy soils, even when they can be deeply penetrated by roots, can be short
of a sufficient soil moisture reserve for forestgrowth.

2. The rooting space may be small, because of a small amount of soil material. On very
stony soils, and on very shallow soils upon impermeable bedrock, the total stored
moisture may be too small to carry a forest coverage through the dry period, even
when the storage capacity per unit of earth is high.

3. There may be intermittently imperfect drainage. A shallow ground water level during
the rainy season greatly restricts the depth of penetration of the roots. If on such a site
the ground water level drops considerably during the dry season, then the short roots
loose contact with it, and the moisture reserve in the rooted layer alone is too small to
sustain forest growth.
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Table 13 The savannaghs and savannah-forests of Amazonia, in their dependence upon edaphic and non-
edaphic factors

Land form Drainage condition Soil

constituigdo da terra condicdo de drenagem solo

Parts of Early Pleistocene terraces  excessively drained White Sand Regosol
{Giant Podzol)

partes de terracos do Pleistoceno drenagem excessiva Regosolo de Areia Branca
Inferior { Padzol Gigante)
Undulating or mountanous terrains  well-drained Lithosol
outside Planicie
terrenos ondulados ou momarhosos  boa drenagem Litesolo

Jora da Planicie

Pleistocene terraces well-drained Kaolinitic Yellow Latosol
Kaolinitic Latosolic Sand
terragos do Pleisioceno bda drenagem Latosolo Amarelp Caolinitico

Areia Latosdlica Caolinitica

Flat watershed parts of Pleistocene intermittently imper- Ground Water Laterite soil
or Early Holocene terraces; Cre- fectly drained

taceous or Early Tertiary penepla-

nation levels

partes planas, nos divisores de dgua, drenagemintermitente-  solo Laterita Hidromdrfica
de terracos do Pleistoceno ou do mente imperfeita

Holoceno Inferior; superficies pene-

planadas do Cretdcio ou Tercidrio

Inferior

Elongated patches, often along imperfectly drained Ground Water Podzol
rivers, of Late Pleistocene sandy

terraces

Saixas, muitas vezes ao longo dos drenagem imperfeita Pod:ol Hidromdrfico

rios, de terragos arenosos do Pleisto-
ceno Superior

idem imperfectly drained Ground Water Podzol
drenagem imperfeita Podzol Hidromorfico
Floodplains and lowlands, of poorly drained Low Humic Gley soil
Holocene age Hurmic Gley soil
Saline or Alkali soil
vidrzeas, de idade Holocena md drenagem sofo Glei Pouco Hiimico

sodo Glei Himien
solo Salino ou Alcalino
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Tubela I3 As savanas e floresta-savanas da Amazdnia, em sua dependéncia de fatores eddficos e ndo
edidficos

Vegetation type, in dependence upon the degree of human influences
tipo de vegetacio, em dependéncia do grau de influéncias antropogénicas

h 4

PATCHY
SAVANNAH-FOREST
CAMPINA-RANA

(edaphic/eddfico)
SAVANNAH
CAMPO
(edaphic/eddfico)
felling,
felling, felling, burning,
burning SECOND.  hyirhing grazing SAVANNAH
HIGH FOREST ey FOREST sire 5770 CAMPO
Mata alia derrubacdo, Capoeira derrubagio, ATPUSI0 deprubacip, (MON-edaphic/
fncendimento incendimento pastagio e~ M0 eddfico)
incendimento
EXTENSIVE , e
SAVANNAH-FOREST burning ) CAMPO
CAM P.INA',RANA incendimento (masked edaphic/
(edaphic/eddfico) eddfico encoberic)

PATCHY
SAVANNAH-FOREST
CAATINGA
AMAZUNICA
(edaphic/ediifico}

PATCHY SAVANNAH
CAMPINA
{edaphic/eddfico)

LOWLAND
SAVANNAH

CAMPO DE VARZEA
{edaphic/eddfico)
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4. Impermeable layers may occur in the subsoil (Ortstein; dense soft plinthite). These
layers restrict root development and thus the layer of effective soil moisture reserve.

Actually, the above soil conditions often occur together and are interdependent. For
instance, an impermeable subsoil layer can give a shallow, perched ground water level
during the rainy season. On the other hand, intermittent imperfect drainage results
often in a very sandy topsoil and a dense clayey, or cemented, subsoil. Other soil fac-
tors which might be considered as hampering forest growth are: a restricted ground
support, and a low natural fertility. In Amazonia, however, these can be ruled out as
causes of savannah or savannah-forest. As regards a restricted ground support there is
the example of the igapd. Although it has a very shallow rooting, nevertheless a high
forest coverage occurs. As regards a low natural fertility there is the fact that practical-
ly all forested Planicie soils have a very low base saturation. And even soils with an
extremely low cation exchange capacity, also in their topsoil, often have forest cover-
age (Kaolinitic Latosolic Sand, White Sand Regosol). The closed-nutrient cycle of the
tropical forest coverage, once established, does apparently not depend upon fertility of
the soil. oo

With the above considerations in mind, the origin of the various savannahs and sa-
vannah-forests of Amazonia will be discussed, as far as this is possible with the limited
amount of available data. Their origin is schematised, very tentatively, in Table I3.

I1V.2.1 Primarily Non-Edaphic Upland Savannahs

In this subchapter the upland savannahs within the hileia are discussed, which are
believed to have originated primarily by local adverse climatic conditions or human
influence. Many notes on the upland savannahs of eastern Amapd, of southeastern
Marajd, and of the northbank of the Lower Amazon river are compiled in the study of
SUTMBLLER ef al. (1963). The savannahs of the northern part of Rio Branco Territory
are not discussed because the area concerned falls outside the hileia.

1V.2.1.1 The Upland Savannahs of Eastern Amapd Territory

The upland savannahs (campos) of eastern Amapd Territory are located on flat or
gently undulating terrains which are between 5 and 50 m above local river level. Except
for narrow strips of bottom land, the soils of these savannahs are well-drained. They
are commonly of rather heavy texture, but very heavy textures and very light textures
respectively are also found. A number of them contain plinthite concretions. The soils
with relatively heavy texture have often compact subsoils. In their general characteris-
tics the soils are identical to forest supporting soils nearby, for instance those of Porto
Platdn, and elsewhere in the Planicie. They are classified as Kaolinitic Yellow Latosol,
of various texture (KYL), Kaolinitic Yellow Latosol, Compact phase of various tex-
ture (KYL, c), Kaolinitic Yellow Latosol, Concretionary phase (KYL, cr) and Red
Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol, Concretionary phase
(RP-KYL, cr) respectively. Detailed analytical data are given in Chapter V.
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For southeastern Amapa Territory, there is a greater amount of climatical data than
for many other parts of Amazonia. Weather recording stations are installed at Maca-
pa, Santana, Porto Platdn and Serra de Navio. The first three are located in the savan-
nah area. They each have on an average 3 months per year with each less than 50 mm,
and 5 months with less than 100 mm rainfall. Of Serra de Navio, well in the forested
part, only one year’s recordings are available. During that year, only one month had
less than 50 mm rainfall, and two months less than 100 mm each.

A distinct difference in climate is likely to exist between the savannah area and the
forested area. But the dry season of the savannah area is not more pronounced than
that of many other parts of eastern Amazonia which have a forest coverage (cf. the
Figs. 3 and 4, and Fig. 12). Adverse climatic conditions can therefore not be a main
cause of the savannahs. But even when the present day climate in the savannah area
would have been unfavourable for forest growth, a climatic origin of the savannahs
could not have been taken as proven. A distinct dry season may be the result rather
than a cause of savannah coverage. On extensive open terrains, the air becomes more
heated at day time, resulting in less rainfall from air with the same absolute humidity
as that carried to forested areas (dry season showers in Amazonia usually fall in the
afternoon). -

The Amapd savannahs reportedly already existed in 1600. Patches of Terra Preta,
sure indicators for former Indian settlements, are frequent. At present, the Amapd
savannahs are grazed fairly intensively, and burned repeatedly. The boundaries with
the forested part are often very well defined, for instance at Porto Platén. With every
new fire, and helped by shifting cultivation and grazing, the savannah area increases
slightly. This process was observed in the headwater region of Igarapé do Lago.

In summarizing these data, it is concluded that the upland savannahs of eastern
Amapd are due primarily to long-lasting human influence.

1V.2.1.2 The Upland Savannahs of South-Eastern Marajo Isiand

The upland savannahs of south-eastern Marajé are located on flat terrains, and on
small ridges {tesos) within the central lowlands, both 1 to 3 m above the level of flood-
ing or submergence. The soils of these terrains are often slightly imperfectly drained,
constituting sandy Ground Water Laterite soil (GL). The highest parts have Kaolinitic
Latosolic Sand (KLS). Only a few of the savannah terrains, for instance those west of
Mariahi at the medium course of the river Afud, have a thick surface layer of bleached
sand, which belongs to the so-called Ground Water Laterite soil, Low phase.

Portions of the described low uplands, with the same soils, have a forest coverage,
though of rather poor quality. An example is the surrounding of Soure, The dry season
is distinct in eastern Marajo, although the annual rainfall is high (Soure has a total
rainfall of 2900 mm, 3 months with less than 50 mm each, 4 months with less than 100
mm each). These climatical conditions apparently do not prevent forest growth and are
anyhow not inferior to those of many other parts of eastern Amazonia.

It is known that in pre-Columbian times, relatively many Indians were living on the
island. Their scttling sites were the above mentioned low uplands (patches of Terra
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Preta, cf. 111.3.4), At present, the savannahs are repeatedly burned and intensively
grazed. The boundaries with the forested parts of the same uplands are often sharp.
Locally, deforestation is purposely effected for converting the land into pasture.

It is concluded that the origin of the upland savannahs of south-eastern Marajd is
largely anthropogenic, both from former Indians’ and present farmers’ practices.
Edaphic conditions are marginal.

1V.2.1.3 The Upland Savannahs at the Northbank of the Lower Amazon River

The soils of the upland savannahs at the Northbank of the Lower Amazon river were
studied in a number of places. The narrow strip of savannah on high upland (about
60 m above river level) right alongside the Amazon river, from Prainha to Monte
Alegre, has well to excessively drained, very sandy soil. This soil is, however, very simi-
lar to that of the ‘flanco’ areas southeast of Santarém that are largely under forest
cover. Both are Kaolinitic Latosolic Sand (KLS). In the grass covered, approximately
flat centre of the Dome of Monte Alegre, the soils are shallow, while drainage condi-
tions are often imperfect. Ground Water Laterite soil, intergrading to Lithosol (cf.
Profile 17) is rather frequent. The savannahs at about 20 km N of Prainha {Desterro)
where the country is partially very broken, are for a part located on shallow and im-
perfectly drained soil, classified as Ground Water Laterite soil (¢f. Profile 2). Kaolinitic
Latosolic Sand (KLS) and Kaolinitic Yellow Latosol, medium textured (KYLy,) are
however also found.

The data of the only weather recording station located in the region (Obidos) point to
a relatively dry climate. On climatical maps (¢f. Fig. 2) ofien a connection is drawn
with the northern part of Rio Branco Territory which has a pronounced dry season
{Aw type of Képpen). DUCKE and BLACK (1954) report the occurrence of dry and low
forests in the region. In comparison with other parts of Amazonia, the relief is greatly
varied (Dome of Monte Alegre; table lands between Almeirim and Prainha). Already
BoulLLENE (1926) observed that the savannahs in the district between Almeirim and
Obidos are largely found at the western feet of the elevated parts. He supposed that,
with the prevailing eastern winds, a smaller amount of annual rainfall at the lay-side is.
besides conditions of soil, one of the determining factors for the savannahs.

All these savannahs are more or less regularly burned. Cattle grazing during the dry
season is of importance in many parts. The presence of many and large patches of Terra
Preta indicate a comparatively strong former Indian influence.

It is concluded that a combination of adverse climatic conditions and human influen-
ce is largely responsible for the occurrence of upland savannahs at the Northbank of
the Lower Amazon river. In several parts adverse soil conditions are a contributing
factor.

1) Directly around Santarém this soil is also covered with savannah,
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1V.2.2 Upland Savannahs and Savannah-Forests of Edaphic Origin
1V.2.2.1 Savannahs and Savannah-Forests of the Planicie

INTRODUCTION

The above discussed savannahs are all located in the north-eastern part of Amazonia,
A considerable percentage of the other upland savannahs, and of the savannah-forests,
are located in the Planicie (Fig. 12 - on which only the extensive savannahs and savan-
nah-forests are indicated —, ¢f. Fig. 17). They are all encircled by high forest. The relief
is normally flat. From the weather recording stations, although they are few, it can be
deduced that the climate is approximately uniform over large areas. It can therefore be
said that these savannahs and savannah-forests are not due to adverse climatic condi-
tions in locol.

In contrast to the majority of the savannah-forests (ecampina-ranus, caatingas amazoni-
cas) and the savannahs of small extent (campings), all studied savannahs of large ex-
tent {campos) show traces of burning, of varying frequency. It is however supposed, in
agreement with DUCKE and BLACK (1954}, that burning is not the cause of these savan-
nahs. High forest adjacent to them does not get burned unless felled, and then secon-
dary forest emerges. Only under long-lasting and pronounced human influence this
latter may degenerate into savannah. But the dwelling sites of the present population,
as well as those of the former Indians, are concentrated on the main river banks, while
the campos are found in watershed areas for a good part. Of course, some slow increase
in the area of a savannah, at the expense of the adjacent forest, may have taken place,
but their centres must have had an original vegetative cover that is liable to burning.
The present day vegetation of the campina-ranas, caatingas amazdnicas, and campi-
nas may be still the original one, but that of the campos certainly has changed consi-
derably, under influence of burning. The original vegetation of the campos terrains
was probably a kind of savannah-forest. At present, however, the sparse woody plants
are of fire-resistant species, with xerophytic leaves and thick bark { Curatella america-
na, and others). Because they easily regenerate after fire, tufted grasses are frequent.

Most of the campos terrains are not grazed by cattle, or very infrequently. Grazing is
absent in the campinas, campina-ranas and caatingas amazdnicas.

It is concluded that neither adverse climatic conditions, nor anthropogenic factors
are causes of the existence of the areas with vegetation types inferior to the surrounding
high forest. The present-day character of these vegetation types may be a modified one,
which is conditioned by fire. But the origin of both the savannahs and the savannah-
forests in the Planicie, except those discussed in IV.2.1, is to be found with adverse
edaphic factors, notably imperfect drainage, impermeable subsoil layers, and/or very
sandy and bleached topsoils. In the following, all known data about the extent, topo-

1) This does however not contradict the fact that the present-day micro and soil climate of
the savannah terrains may be distinctly different from that of adjacent forested terrains.
Very interesting data in this respect are recorded by SchuLz (1960) in the coastal region of
Surinam, for sites with rain-forest, savannah-forest, and large clearings respsctively.
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graphy and soils of the savannahs and savannah-forests of the Planicie that are of
edaphic origin are brought together. The main criteria for the classification of the soils
concerned are summarised first (for full description of the soils ¢f. 111.2):

A more or less sandy, non-bleached topsoil (A horizon) over a subsoil (B horizon) of
soft plinthite (i.e., dense, normally heavy textured material with many, coarse and pro-
minent mottles of red in a white or light grey matrix) is a Ground Water Laterite soil.

A sandy, bleached topsoil over a subsoil of soft plinthite constitutes the so-called
Ground Water Laterite soil, Low phase,

"A sandy, bleached topsoil over a subsoil containing an Ortstein (i.e. a more or less
indurated, homogenous dark brown layer) is a Ground Water ( Humus) Podzol.

A very deeply bleached sandy soil is usually called Whire Sand Regosol, although ac-
tually the very thick A horizon of a deep Ground Water Podzol, or of a deep Ground
Water Laterite soil, Low phase, may be involved.

FIELD OBSERVATIONS

The soils of the campinas of some extent in the Bragantina area, for instance the one
of Vigia, are mapped by FILHO et al. (1963) as ‘Regosol- Ground Water Podzol’,

Day (1959) gives data on the region the lower Gurupi river, which is part of the Cae-
té-Maracassumé area (¢f. Fig. 19 and Photo 24). In this region, savannahs and savan-
nah-forests are very frequent. The terrains concerned consist of relatively low upland,
largely submerged with rain water during a part of the year. Day found Ground Water
Laterite soil (the ‘Ortho’ type) and especially Ground Water Laterite soil, Low phase
to be the common soils.! Ground Water Podzol and White Sand Regosol were found
also, but mostly in small patches. They were seen for instance along the river Maracas-
sumé in the southern part of the survey area, where frequently they occur as a narrow
band along the river. It may be noted that the profile studies in this area normally went
to 120 cm depth only,

In the upper part of the Guamd-Imperatriz area there occurs a narrow terrace along
the rivulets and at 1-3 m above their level (Epi-Monastirian level). The original vege-
tation on this terrace is largely destroyed at present, but indications are that it was
savannah-forest. The soil is a Ground Water Humus Podzol (¢f. Profile 47).

The savannahs and savannah-forests east of the lower Tocantins are indicated on
Appendix 7. HEINsDUK (1958b), who describes the region concerned as ‘very slightly
undulating, 5 to 10 m above local river level’, reports that the patches with savannah or
savannah-forest directly alongside the Moju river have a white sandy soil surface. West
of the river Moju, and to a lesser extent east of it, large areas in the watershed regions
are covered with ‘grass and/or shrubs’ and have a white sandy soil surface. One such a
plain with grasses, some shrubs and palmlets, located 2 km east of Curugumbaba, was
studied by a pedologist. It proved to be submerged by rain water during a part of the
year, and to have a Ground Water Laterite soil, Low phase profile (SaMpaIo, field-
notes).

1) Apart from these, Grey Hydromorphic soil occurs on the terrains concerned (Day and
BeNNEMA, 1958).
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Foto 24 Savanas abertas de relva (campos) que ocorrem entre a floresta alta em pedagos de extensdo
varidvel, Esta savana é de origem eddfica. O sclo é de drenagem imperfeita, com uma camada superior de
arela alvejada e um subsolo denso e argiloso de mosqueados vermelhos prominentes numa matriz
branca. Solo Laterita Hidromdrfica, fase Baixa { drea Caeté-Maracassumé; 1° 40 8.,45°.52' 0. folografia
TH, Day}

Photo 24 Open grass savannah (campo), occurring in patches of varying extent between high forest.
This savannah is of edaphic origin, The soil is imperfectly drained, with a bicached sandy topsoil, and
a dense clayey subsoil with prominent red motties in a white matrix: Ground Warer Laterite soil, Low
phase {Caeté - Maracassumé area; I°.40'S., 45°.52° W. photo TH. Day)

All savannahs and savannah-forests between the lower Tocantins and the Bahia de
Pracui are mapped on Appendix 7. It can be seen that most of them are located in
watershed parts, while small patches may occur alongside the rivers. HEINSDIK
(1958a) notes that between the Tocantins and the Camaraipi the land is ‘flat, only
slightly above river level’, and partially submerged during a part of the year. Between
the Camaraipi and the Bahia de Pracui, the land is ‘slightly undulating, maximally 5 to
10 m above local river level’. The vegetation of the savannahs varies, according to
HEINSDUK, from nearly bare sand with here and there somne grass, to a mixture of grass,
shrub and patches of trees. The soil surface under both coverages is often white sandy.
The area around Anauerd river (2°30° §; 49°45" W)} was visited by Day (¢f. notes in
HEnsDUK, 1958a). He reports that in this area practically all savannahs and the sur-
rounding bands of savannah-forest have soils with a bleached, white sandy top. They
were moist in their upper part at the time of examination, and often wet or saturated
within 1 m depth. DAY called the soils preliminary *White Sands’. Although his profile
studies went to 1 m depth only, one of his field profile descriptions shows the presence
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of soft plinthitic material in the subsoil. The soil concerned is therefore believed to be a
Ground Water Laterite soil, Low phase, the same as was found on the other side of
the Tocantins (see above). This is the more probable because of the presence of imper-
fectly drained soils, preliminary classified as ‘Gray Latosols’, under nearby average to
poor forest. For a strip of shrub savannah, probably a campina, alongside the river
Tocantins itself (49°.35 W;2°.25" §), where the terrain is at a level of about 10 m above
the river, SaMPAIO (field notes) described a profile with more than 3 metres of bleached
white sand: a White Sand Regosol. More upstream, namely near Tucurui, the author
studied the soil of an interior large patch of shrubby savannah with palmlets, which
occurs on flat terrain {6 km from the river; extension unknown; possibly identical
with the ‘campina de Breu Branco’ of Ducke and BLack, 1954). The profile consisted

of white dry sand to 2 m depth, below which grey bands occurred in white wet sand.
Probably a deep Ground Water Podzol is concerned.

The broad strip of savannahs and savannah-forests on the watershed between the
Bahia de Pracui and the lower Xingl also have white sandy topsoils (HEINSDUK,
1958a).

In contrast to the situation in the regions discussed above, savannahs or savannah-
forests are sparse in the region between the lower Xingh and the lower Tapajos.
HEInspuK (1957) reports the occurrence of only a few small patches, on the lower parts
of the sandy ‘flanco’ terrains. The soil of these patches is ‘covered with pure white sand’.

In the western half of the region between the lower Tapajés and the lower Madeira,
comprising the areas of forest inventory units Canhumd and Maués, the forest inven-
tory maps show the occurrence of patches of savannah-forest on the flat watershed
terrains. These are 5-8 m above local low river water level in the northern half, 20 to
30 m above low river water level in the southern half of the area (HEINsDUK, 1958¢).
This author’s superficial description of the soils of these patches suggests that Ground
Water Laterite soil is involved. In the region directly south-west of the inventory area,
namely around Manicoré on the Madeira river, savannahs and savannah-forests are
more frequent. The former are mapped in Fig. 26. It can be seen that they are concen-
trated on watershed terrains. They partly form large irregular patches and partly
elongated stretches. No field data are available on their vegetative composition or their
soils. A number of the elongated savannah areas have however on AAF (1942) maps
the notes ‘old streambeds with patches of white sand’ or *white sand with scattered
trees’,

The very extensive open savannahs {campos), and the surrounding broad fringes of
savannah-forest, between the middle courses of the Madeira and the Purtis (Humaitd-
Ldbrea-Porto Velho triangle), were studied by BRAUN and Ramos (1959). They occur
on flat watershed areas with imperfect drainage. The soil profile descriptions of
BrAUN and RamMos show that all subsoils, often already from about 20 cm depth on-
wards, have strong, reddish mottling in a light grey or white matrix. There can be
little doubt that these subsoils, and the upper section of the underlying material which
is described as argilas mosqueadas da Formagao Barreiras, are soft plinthitic in charac-
ter. Ground Water Laterite soils, developed from relatively heavy textured parent ma-
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Fig. 26 Savanas naturais na regido do baixo vio Madeira. Dos mapas bdsicos da AAF { 1942)
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Fig. 26 Natural savannahs in the region of the lower Madeira. From AAF preliminary base maps
(1942)

terial, must be involved. That this is the case, is already suggested by BRAUN and
Ramos themselves in writing about *Jateritas hidromérficas’.

The numerous small savannahs (campinas) on the uplands between the Trombetas
and the Rio Negro have all, according to DuckE and BLACK (1954), a surface of black
humus and white sand. The author studied those near ltacoatiara (Photo 25) and es-
pecially those north of Manaus. They occur as irregular strips along the rivulets, at a
height of 1 to 5 m above them. At all studied sites the soil profile constitutes a Ground
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Water Podzol with a well defined Ortsiein. This Ortstein occurs sometimes at great
depth, giving the soil the appearance of a White Sand Regosol.

As to the extensive natural clearings south of Barcelos on the Rio Negro, no field
data exist. Their Jarge extent and their location on supposedly flat terrain suggest that
Ground Water Laterite soil predominates.

The soil of the elongated patches of savannah-forest, known as caatinga amazdnica,
of the upper Rio Negro has been studied by VIEIRA and FiLno (1961). Tt has a bleached
sandy top and an Ortstein. The mentioned authors suggest that former riverbeds are
involved, on the bottoms of which the Ortstein developed before the beds were filled
with white sand. They therefore classify the soils as Regosol. In the author’s opinion
however, real Ground Water Podzol is involved. SioL1 and KrLinge (1961) collected
‘Podzol’ profiles near Sdo Paulo de Olivenga, on the Solimdes near Peru. These pro-
files are presumably located on sites with a cover of caatinga amazdnica, and the Pod-
zol is probably a Ground Water Podzol.

Tiny patches of savannah-forest within normal high forest may occur on relatively
high upland in a freely draining position. On these sites, the soil consists often of bleach-
ed sand deeper than augering reached (3 m depth). They seem to be widely distributed
on the sandy parts of the Planicie, including the north-eastern section of it. Such pat-
ches were seen, for instance, in the Manaus-Itacoatiara area, at 10 km north of Oro-
ximina (¢f. Profile 48), and at Porto Platon in Amapd Territory (for the latter ¢f. DAY’s
description in PITT, 1961).

It may be mentioned in passing, that in the bleached A, horizon of the Ground Water
Laterite soil, Low phase, the formation of a secondary B horizon or even of an Ort-
stein, just above the soft plinthite, may take place. This phenomenon is reported by
Day (1959) for the Caeté-Maracassumé area. The author observed it on the low up-
lands of south-eastern Marajé island. In the latter area, there are indications that such
secondary profile development has taken place only after clearing of the natural vege-
tative cover (cf. Photo 14).

It is still noted that the edaphic characterisation of the campina by DUCKE and BLACK
(1954), as having a topsoil of white sand and black humus, does not hold good general-
ly. This is because of the above mentioned fact that campos, through the presence of
Ground Water Laterite soil, Low phase, may also have a bleached sandy top.

CONCLUSIONS

From the above observations it is evident that all savannahs and the majority of the
savannah-forests of the Planicie, outside the north-eastern belt, are found on terrains
of imperfect drainage, with hydromorphic soils. They are, for a part, Ground Water
Laterite soil, and then often the so-called Low phase of this soil, and for the other part
Ground Water (Humus) Podzol. Ground Water Laterite soil seems to be associated
predominantly with extensive savannahs and surrounding savannah-forests on water-
shed areas with flat relief (the campos; a part of the campina-ranas). Ground Water
Podzol, in contrast, seems to be predominantly associated with savannahs or savan-
nah-forests on strips of sandy, relatively low upland along the rivers and on sand-filled
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Foto 25 Savana de areia branca com coberia de fetos e palmeiras pequenas { campina), que ocorre em
Jaixas estreitas ao longo de arroios em drea que de resto ¢ florestada. Também esta savana € de origem
eddfica. Por baixo de uma camada de uma espessura de um metro de areia alvejada encontra-se um
subsolo duro de castanho escuro homogéneo (Ortstein): Podzol Hidromorfico. Neste lugar a areia alve-
Jada foi excavada para fins de constru¢cdo. O Ortstein constitui @ base da excavacdo (AM-1, km 10 m.
ou m. de Itacoatiora)

» —_— :
S I UV TEFNE A S R o'y

Phote 25 White sand savannai with a cover of ferns and palmlets (campina)}, occuring as narrow
strips along rivulets in otherwise forested area. This savannah is also of edaphic origin. Below a layer,
about one metre thick, of bleached sand, a homogeneous dark brown hardpan (Oristein) occurs: Ground
Water Podzol. The bleached sand at this spot is excavated for construction purposes. The Ortstein forms
the floor of the excavation (AM-I, 10 km ca. from Itacoatiara)

formerriverbeds(the campinas;a part of the campina-ranas; the caatingas amazdnicas).

Some patches of savannah-forest occur on relatively high, freely draining terrains,
where the soil is deeply white sandy. Such profiles are called White Sand Regosol, al-
though most of them actually seem to have been very deeply and intensively bleached
in situ, and *‘Giant Podzol' therefore might be a more adequate classification (cf.
111.3.4).

The caatinga amazdnica and the campina apparently occur on comparable types of
terrain and have identical soils. It is likely that the difference in composition of the
vegetative covers is due to a difference in climate. Caatinga amazdnica is reported only
for the northwestern part of Amazonia, with Af climate; campinas, on the other hand,
occur apparently throughout the other parts of Amazoma, which have Am climate
predominantly (¢f. Fig. 2).
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1V.2.2.2 Savannahs and Savannah-Forests outside the Planicie

Forest encircled savannahs or savannah-forests outside the area of the Planicie are
not uncommon. They are the following (¢f. 1.5.2):
1. the savannahs and savannah-forests on the Brazilian shield at about 7° S latitude.
They are found along the lower Araguaia, along the Xingi in the region of the conflu-
ence of the Rio Fresco, and along the Tapajés in the region of the junction of the Sao
Manuel and the Juruena (Campos de Cururi, Campos d¢ Mucajazal).
2. The savannahs and savannah-forests on the Guiana shield, between the rivers
Trombetas and Jari up to the frontier with the Guianas. To these belong the Campos
de Ariramba, the Campos gerais de Obidos, and the campos of the upper Paru.

Very little is knrown about the climatic conditions in the regions of these savannahs
and savannah-forests. Local variations in climate are not to be expected, since pro-
nounced differences in topography do not occur; the terrains concerned are at maxi-
mally 600 m altitude, and ore often practically flat.! It can therefore be said that the
existence of the savannahs and savannah-forests under discussion is not due to Jocal
adverse climatic conditions. It may, however, be that the general climate in the regions
involved has contributed to their extent. This may apply in particular to parts of the
Guiana shield where the rainfall is belicved to be comparatively unfavourable (cf.
Figs. 2, 3and 4).

That anthropogene factors acted as the prime cause is unlikely, because the regions
concerned are far from the navigable waterways, where the former Indian tribes were
concentrated (¢f. 111.3.4). Human influence may, however, have helped locally in esta-
blishing the present day composition and extent of the savannah-forests and particu-
larly of the savannahs concerned. S1oL1 and KLINGE (1961), for instance, refer to activity
of Indians in the area of the Campos de Cururd. As regards the savannahs of the upper
Paru river, the data of Dost (1962) are of interest. He describes the Sipaliwine savan-
nahs, which are the continuation, in the south-western point of Surinam, of the upper
Paru savannahs. Dost found artefacts of former Indian occupation, and noted that the
terrains are still frequently burned.

While little can be said with certainty concerning the climatic conditions and the
degree of anthropogene influence, the same is true for the edaphic conditions of the
majority of the savannahs and the savannah-forests outside the Planicie. Definite soil
data are only available for the forest encircled savannahs or savannah-forests along
the lower Araguaia, viz. the campo, the campo com arbusto, the arbuste and the
floresta com arbusto west of the 48°. 10" W. latitude, as described and mapped by
GLERUM and SMiT (1962b). As is shown on Appendices 2 and 6, they occur largely on
undulating to mountainous terrain, where the soils are Lithosols of one type or another,
viz. the mapping units Lithosol, Quartzite substratum phase (L, Qu), Lithosol, Sand-
stone substratum phase (L, ss) and Lithosol, Cherty substratum phase (L, CH). A part
of the savannah-forests is found on flat and imperfectly drained terrain, namely in the

1y Except for a part of the lJower Araguaia savannahs.
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area of mapping unit Hydromorphic Grey Podzolic soil, with high base saturation,
Shallow Phase (HPyp, 5).

The extent of the savannahs along the middle courses of the Xingf and Tapajos is un-
known, In part, even their existence is doubtful. Their geographic position suggests
they are located on an Early Tertiary peneplanation surface (¢f. 1.4.1). Their soils are
therefore apt to be largely Lithosols and imperfectly drained soils (Ground Water
Laterite soils, Ground Water Podzols), but this is little more than a guess. SioLI and
KLINGE (1961) collected ‘Podzol’ profiles from campo along the Cururd (a small river
somewhat north of the Sio Manuel). This campo forms probably part of the extensive
savannah area in this region. Descriptions of the profiles, of their position, and of the
degree to which they are representative, are however not given by the mentioned authors.

No field data exist as to the extensive savannahs on the Guiana shield. They are be-
lieved to be located for the main part on a peneplanation surface supposedly of Early
Tertiary age. KaTzeR (1903) described the region of the upper Trombetas-upper Paru
as flat plateau land with numerous lakes.! It seems likely that the main soils. on such
extensive, flat, and imperfectly drained terrains with a savannah coverage, are Ground
Water Laterite soils of one type or another. DosT (personal communication) studied
so0il profiles of the part of these savannah areas which is located in Surinam (Sipaliwi-
ne savannahs). The profiles are either Lithosolic, or show signs of imperfect drainage,
with strong, reddish mottling in the subsoil. Ground Water Laterite soil and intergrad-
ings of this soil to Lithosol are believed to be involved, Guepy (1958, related by HEy-
LIGERS, 1963) saw a small, isolated patch of savannah in the region of the upper Trom-
betas near Serra Irikoumé, which had a white sandy topsoil.

In summarising these few indications, it seems that the forest-encircled savannahs and
savannah-forests on the Brazilian and Guiana shields have predominantly Lithosol or
Hydromorphic soils as a substratum.

1V.3 The Lowlands with Forest Cover

The relationships between lowland forests and lowland soils are often distinct. Soil
conditions on the lowlands are determined directly by the character of flooding or
submergence. There are many variations in the chemical composition of the water, and
the quantity and quality of the mineral material in suspension (dgua preta, dgua branca,
dgua limpa, cf. 1.4.4). The frequency, length and depth of flooding vary from place to
place (igapd, vdrzea da chuva, -do rio, -do maré, -do mar, cf. 1.5.1.1). For the influence
of these variations on the composition of the forest coverage please refer to the short

Y Quote: ‘eine Hochebene die von zahireichen Seen und Lagunen bedeckt wird und so
wenig ausgesprochene Abdachungen besitzt dass zur Regenzeit Verbindungen zwischen den
nach Norden abfliessenden guvanischen und den nach Siiden abfliessenden brasilischen
Fliissen bestehen’ (Katzer 1903, p.2).

It is in the region of the upper Paru - upper Trombetas that the early maps of South
America show the presence of a huge lake or interior sea, as well as of the legendary El
Porado and the tribe of the Amazonas.

223



Foto 26 Um dos tipos de vegetacdo que ocorrem nas faixas estreitas de baixada permanentemenie mal
drenada, ao longo de arroios em dreas de terra firme (igapd }. Neste tipo predominam o Guarami (Ischino-
siphon aruma), a afta erva no fundo, e a Paxiuba (Iriartia exorrhiza), a palmeira com as raizes estiradas
& direita. O solo ¢ esponjoso e a sua camada superior turfosa: Solo Meio-Turfoso { BR-14, km 110 m.
oum.}

Photo 26 One of the types of vegetation that occur on the permanently poorly drained narrow strips of
lowland along rivilets in upland areas (igapo). In this type, Guarumd ({Ischinosiphon aruma), the rail
herb at the back, and Paxiuba (Iriartia exorrhiza), the palm with the stilt-roots on the right, are pre-
dominant. The soil is spongy, and has a peaty top: Half Bog soil (BR-14, km 110 ca.)

description of the lowland forests in 1.5.1.1, which is based largely on notes of DUCKE
and BLack (1954}, No forest inventories were executed in the lowlands, except for an
area in the lower Tocantins river (GLERUM, 1962; area 25 of Fig. 22). This inventory
had as a specific purpose to determine the quantity and the growing site of the
Ucuuba branca ( Virola surinamensis). The timber of this tree species is used in the ply-
wood industry, and the floating seeds are collected to serve as a raw material for the
local soap industry. The majority of the Ucuuba trees of the virzeas in the studied area
were found on the older islands in the river, between Baido and Curugumbaba. These
islands, which have Low Humic Gley soil, are flooded to a shallow depth with river
water (dgua branca) in the rainy season, and the action of tides causes a daily variation
in water level of 1 to 2 m (vdrzea do maré). Buritf palms ( Mauritia flexuesa) are in this
area an associate of the specics. Ucuuba is however also found inigapé stretches, where
the soil is often peaty (Bog soil or Half Bog soil). Dense stands of the species were seen
in the lowlands along the lower courses of the tributaries of the river Capim that are
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crossed by the BR14-highway. These lowlands are intermediate between vdrzea and
igapé (meio-igapé) and their soil was classified as Humic Gley soil, intergrade to
Ground Water Podzol.

In many of the lowland forests, palms constitute a prominent feature. 4¢af { Euterpe
oleracea), Buriti { Mauritia flexuosa), Ubugtt { Manicaria saccifera) and Paxiuba ( Iriar-
tia exorrhiza) are some of the palms that, alone or in varying combinations, give signi-
ficant appearances to lowland forests (¢f. Photo 26 and 27).

IV.4 The Lowlands with Savannah or Savannah-Forest Cover

SUTMBLLER et al. (1964} give many data as to the soils and the vegetation on the low-
lands with savannah or savannah-forest coverage in eastern Amazonia. Therefore only
a few aspects will be discussed here.

IV.4.1 The Lowland Savannahs of the Lower Amazon Region

Many discussions have been made as to the cause of the extensive natural floodplain
pastures {campos de vdrzea do rio) along the lower Amazon river between Parentins
and the mouth of the Xingi river (¢f. SioL1, 1956). Both upstream and downstream of
this stretch there is a forest coverage, although the soils in the whole stretch are similar
when classified to no great detail, namely Low Humic Gley soil or Humic Gley soil.
Ducke and BLACK (1954) suggest that the comparatively dry climate in the stretch
concerned, accounts for the savannah coverage. The author is, however, convinced
that its presence is determined only by an adverse length and depth of annual flooding;
thus by edaphic factors. The savannahs are ‘hydrological’ savannahs. Upstream of the
savannah stretch, the annual flooding is not long enough, and downstream the flood-
ing is not deep enough to impede forest growth. A strong argument for this point of
view is the fact that on the highest parts of the floodplain in the savannah streich (the
levees and point bars) the vegetation is savannah-forest or forest.

Next to the savannahsonlowlands proper in the Lower Amazon region, there are also
savannahs on terrains that are slightly above the normal high water level, namely in
the area between Oroximina and Faro {Terra Santa, campos on Early Holocene massa-
pé terrains, cf. 1.4.4.) Adverse soil conditions (Ground Water Laterite soil; ¢f. Profile
3) are the cause of these savannahs. Frequent burning, however, conditions their
present-day vegetative compaosition.

IV.4.2 The Lowland Savannahs of Eastern Marajd Island

There can be little doubt that the extensive natural grasslands on the lowland parts of
eastern Marajé (campos de vdrzea da chuva) are of edaphic origin. Patches of sandy
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Fote 27 Acaizal. Neste tipo de igapd a peca constituinte quase dnica de vegetagdo é a palmeira Agai
{Euterpe oleracea), gue cresce em grupos compacios. Uma camada de folhas palmeiras cobre o solo
émido e esponjoso, que & profundamente turfoso (Solo Turfosn)

Photo 27 Acaizal. In this type of igapd the nearly sole component of the vegetation is the palm Acal
(Euterpe oleracea), here growing in big clumps. A layer of dead palm leaves covers the wet, spongy soil,
which is peaty to a considerable depth { Bog soil }

low uplands (tesos) within the area of the lowlands have a forest coverage, when its
vegetative cover is not artificially altered.

These lowlands, of presumably Early Holocene age, are submerged with rain water
during several months of the year, in some parts up to 2 m in depth. The soils are
heavy textured and have a bad structure. In part, they have an adverse chemical com-
position, Nat and Mg+ being predominant on the exchange complex. The soils with a
predominance of Nat and Mgtt, which often are the most deeply submerged by rain
water (Solonetz, Coastal phase; ¢f. Profile 52; solonetzic Humic Gley soil, intergrade
to Ground Water Laterite soil, ¢f. Profile 18), lack even shrubs in their vegetative cover
{campo limpo). The soils with more regular ratios of the exchangeable cations and
shallow submergence (Ground Water Laterite soil, heavy textured phase, ¢f. Profile
11) have a coverage-of savannah in which shrubs have a scattered occurrence, and
Buritf palms ( Mauritia flexuosa) may be present in fairly high quantities.

A situation similar to that in eastern Marajo, prevails in at least a part of the natural
grasslands on the lowlands in eastern Amapa Territory.
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V Chemical and Physical Qualities of the Main Amazon Soils,
and their Agricultural Occupation

INTRODUCTION

The Federal Republic of Brazil, seen as a whole, still has vast areas of virgin land
available for its rapidly growing population. This population has hitherto been con-
centrated in some south-eastern States and in a broad strip along the Atlantic sea-
board. With the foundation of the new capital Brasilia, in the interior, and the con-
struction of highways radiating from this capital in all directions, conditions are being
created to permit the occupation of the interior virgin lands. At present, several sche-
mes for such occupation are being drafted by federal and regional development boards.
Particularly urgent is the procuring of new land for a part of the rural population of
the North-Eastern region, where periodically recurring severe droughts and floods are a
serious drawback for sound rural development. Among the outlet areas for the popu-
lation of this region, parts of Amazonia are being given much consideration. It is
therefore of immediate importance to evaluate the capabilities of the Amazon soils.

At many agricultural experiment stations in Brazil, trials were and still are being exe-
cuted on new agricultural methods, such as the application of chemical fertilizers,
animal, farm-yard, or green manures, and the planting of cover crops. The manner of
implementation however, and the economics of such methods are still largely unknown
for many of the Brazilian soils. In some areas, modern techniques are already being
largely applied by the farmers, for instance in many parts of Sio Paulo State. But
for a large part of the rural population, the stage of development as an agricultural
community is still relatively low. This many apply particularly to that section of the
Brazilian people which is predominantly of Indian descent, as is the case with the in-
habitants of Amazonia. This is because the Amer-Indians were, and still are, essentially
hunters, fishermen and foragers. In many parts of Brazil, chemical fertilizers are ex-
pensive, due, among other reasons, to the costs of transporting them over the vast dis-
tances. Animal manure is scarse owing to the grazing of cattle over wide, often unfenc~
ed areas.

For these reasons, the present-day agriculture of Brazil is found predominantly on
soils with high natural fertility (¢f. BARROS, DRUMOND, CAMARGO et al., 1958; LEMos,
BENNEMA, SANTOS et al., 1960). The shifting cultivation system is also, for that matter,.
essentially a utilization of temporarily high ‘natural’ fertility.

In view of the above, it is understandable that, in selecting new settlement areas, soils
with a high natural fertility are much more sought after by individual picneer farmers,.
than soils that have a potentially high fertility owing to good physical gualities.
For large-scale settlement schemes, however, the expanse, the homogenity and the
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Foto 28 Arroz de terra firme cultivado em solo de ‘plinthite’ fissil. Mais da metade do material
de solo & constituida de pedras de ‘plinthite’ fossil. Mesmo assim colheitas comumente sdo satisfa-
torias nestes solos, visto que o ‘plinthite’ sé excepcionalmente constitui um carapaco impenetravel e a
terrg prdpria provavelmente & um pouce maus rica que aguéle de solos compardveis sem *plinthite’
{ Fazenda Oriboca, perto de Belém)

‘5
PR S .a-.ut

Photo 28 Dryland rice growing on soil with fossﬂ plinthire. More than half of the soil material consists
of stones of fossil plinthite. Crops are nevertheless doing well on these soils, since the plinthite rarely
Jorms an impenetrable cap and the interjacent earth is probably slightly ncher than that of comparable
non-plinthitic soils ( Oriboca Estate, near Belém)

means of access to the area to be selected are of importance, while socio-political
factors are also involved.

In Amazonia, soils with relatively high natural fertility are found on parts of the low-
lands, and locally on the uplands outside the Planicie. Generally speaking, such soils
are therefore sparse, often small in area, of difficult accessability, or expensive to re-
claim. The terrains of the Planicie, on the other hand, constitute large tracts of predo-
minantly flat or gently undulating land which is largely in a freely draining position.
These tracts of land are near the main waterways and the existing roads. The forests on
these terrains have supposedly the greater gross timber volumes of Amazonia, and the
present-day Amazon agriculture is concentrated here. It is for these reasons that the
Planicie part of Amazonia, although the natural fertility of its soils is low, shows pro-
mise for large-scale settlement schemes. Special attention will therefore be devoted to
the chemical and physical qualities, the adequate soil management measures and the
agricultural capabilities of the Planicie soils with an unhindered external drainage.
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V.1 The Soils of the Lowlands

As described in 111.3.5, the soils of the terrains with Holocene deposits are rather di-
verse. The igapd soils (Bog soil, Half Bog soil a.0.} are more or less peaty, of spongy
consistency, and usually very acid. They occur in narrow stretches and are permanent-
ly poorly drained. These properties make the soils generally unsuitable for agriculture,
or for cattle herding. Silviculture adapted to these soil conditions may be the most
appropriate, cultivating a valuable oil bearing and/or timber producing tree, such as
the Ucuuba { Virola surinamensis). The same may be said of the bottom lands within
grass-covered uplands, although here, cattle herding may be a feasible proposition too.

The vdrzea soils {(Low Humic Gley soil, Humic Gley soil, a.0.) are generally non-
peaty, heavy textured soils. The natural fertility varies considerably. The cation ex-
change capacity is usually much higher than that of the surrounding upland soils, but
the base saturation is low, to very low, on many sites and considerable amounts of
aluminum are’ often present (cf. page 236). A portion of the vdrzea soils is saline and/or
has a very unfortunate predominance of Na* and Mgt in the subsoil, The structure
of the soils is often unfavourable; heavy textured, sticky and compact subsoils are
rather frequent.

After the second world war, because with some crops and with cattle herding favour-
able results were obtained on some varzea areas, Government agencies paid much
attention to promoting vdrzea agriculture and grazing (CAMARGO, 1950; Lima, 1956).
In this respect may be mentioned the growing of jute in the Lower Amazon region,
of rice and sugar cane in the region west of Belém, and of cocoa along the lower
Tocantins river. Also notable is the herding of cattle and buffalos in the Lower Amazon
region and in the eastern part of Marajé island. Erroneously, a popular impression has
grown that all of the vdrzeas are much more favourable for occupation than the
surrounding uplands. Actually, land capabilities vary much with the type of vdrzea.
The main criteria for its evaluation will have to be the chemical qualities of the soils,
(c.q. the richness of the flooding water), and the length and depth of flooding. Except
on narrow, relatively high stretches (vdrzeas altas, restingas) and for some especially
adapted crops such as jute, a large scale, all year cultivation on the vdrzeas of eastern
Amazonia is possible only after artificial drainage and reclamation. This requires con-
siderable investigation, organization and capital investment. Favourable conditions
for pasturing may be obtained more easily and in some parts already exist naturally
{cf. SUTMBLLER et al., 1964),

V.2 The Soils of the Uplands Outside the Planicie

The uplands outside the Planicie are the undulating terrains of outcropping crystal-
line basement and Paleczoic, Mesozoic or Early Tertiary deposits, as well as the pene-
planation areas of Cretaceous or Early Tertiary age. These terrains are largely located
far from the population centres. Their accessibility is difficult, due to the rough topo-
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zraphy, the occurrence of rapids in the rivers, and the presence of dangerous wild
Indians. These are reasons why hitherto little agricultural use has been made of the
Jand concerned. As discussed in 11.3.1, 111.3.2 and 111.3.3, the soils are, according to
indications, very diverse. They vary much in natural feriility, in texture, structure,
depth, stoniness and in drainage condition. Each individual soil is probably present
either rather scattered or in complexes, and the relief can be broken. Only a few parts,
which are of comparatively easy accessibility, are occupied. Examples are the Alenqu-
er-Monte Alegre area, Fordlindia on the lower Tapajds river, and some parts around
Rio Branco do Acre. These are all areas where soils occur with a comparatively high
natural fertility,

The principal criterion for land capability evaluations of the vast unoccupied expan-
ses must be that of high natural fertility of the soils. This is owing to the high cost of
transportation, which make it necessary to obtain maximum returns from the mini-
mum of effort.

V.3 The Freely Draining Kaolinitic Soils of the Planicie

The terrains of the Plio-Pleistocene Amazon planalto and of the Pleistocene terraces,
together called Planicie {cf. 1.4), are largely in a position of free drainage. Comparativ-
ely many and consistent data are available as to the soils on these freely draining ter-
rains, The soils concerned are:

Kaolinitic Yellow Latosol (,Ortho) KYL
Kaolinitic Yellow Latosol, Compact phase KYL,cC
Kaolinitic Yellow Latosol, Concretionary phase KYL, cr

Kaolinitic Yellow Latosol, intergrade to Dark Horizon Latosol KYL-DHL
Kaolinitic Yellow Latosol, intergrade to Red Yellow Podzolic

soil KYL-RP
Kaolinitic Red Latosol KRL
Kaolinitic Latosolic Sand KLS
Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Lato-

sol RP-KYL
Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Lato-

sol, Concretionary phase RP-KYL, cr

(For texture classes ¢f. Table 9).

The chemical characteristics of these soils are similar to a large extent. The soils have
in common a total or nearly total absence, even in the deeper subsoil, of primary mine-
rals that are easily weatherable, which would function as a nutrient reserve. The cation
exchange capacities are small, and the base saturation percentage is practically always
low. The clay fraction is strongly kaolinitic; the Ki valugs are normally between 1.8 and
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2.0, only sometimes as low as 1.5 or as high as 2.3; the Kr values are normally
between 1.5 and 1.8, only sometimes as low as 1.4 or as high as 2.0.
Together, the soils will be called freely draining kaolinitic Planicie soils.

V.3.1 Chemical and Physical Qualities of the Freely Draining Kaolinitic
Planicie Soils

In the following, the chemical and physical qualities will be discussed of the freely
draining kaolinitic Planicie soils, under their natural vegetative cover or varying
degree of human influence. It is largely a compiling of all relevant field and laboratory
data available at present, as to enable a tentative assessment to be made of the agricul-
tural potential of the soils and their adequate management, and to provide a basis for
later, detailed research. For this purpose, extreme and mean values are given for each
soil component, and the correlation with other components is shown, partly in graphs.

The causal factors for these correlations are not discussed. Such a discussion would
not well fit in the context of the present chapter. The available data are, moreover,
often too elementary for that purpose.

V.3.1.1 The Soils under Primeval Forest Cover
CHEMICAL QUALITIES
For study of the chemical qualities of the freely draining kaolinitic Planicie soils un-
der primeval forest cover, IQA analytical data of 35 relevant profiles are available.
Half of them are of the Guamd-Imperatriz area. The others are from places scattered
over the Planicie in ¢astern Amazonia.

Organic Matter. Analysis shows that the easily available plant nutrients are highly
concentrated in a thin superficial layer of the soil which contains the bulk of the organ-
ic matter.

For all horizons of the profiles there is a tendency for the percentage of organic
matter to increase at a higher percentage of clay,

This is illustrated in the Figs. 27, 28, and 29 (the data for Figs. 27 and 28 were obtain-
ed mainly by graphical interpolation from the analytical data of the horizons involved).

The increase of percentage of Carbon with increase in percentage of clay is greatest in
the upper part of the profile. At 10 cm depth, for instance (Fig. 27), the increase com-
prises roughly 0.16%, Carbon per 10%, clay. The variations, at equal percentages of
clay are, however, fairly large. This is because (1) the graphical interpolation of the
data does not give an accurate picture of the actual situation in the soil, (2) the sampl-
ing of the upper, sometimes very thin horizon was often carried out inaccurately, (3)
no mixed sampling, to compensate for the horizontal variations in organic matter, was
made and {4) the dispersion of the clay fraction on analysis may not have been com-
plete, due to the comparatively high organic matter content. Apart from these, the
variation is also caused by differences in organic matter content which are due directly
to the composition of the forest coverage (¢f. cipoal, IV.1.2).
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Fig. 27 Relagdo entre a
percentagem de Carbone ¢
a percentagem de argila a
10 em de profundidade,
em perfis de solos caolini-
ticos da Planicie de drena-
gem livre

Fig. 27 Relation between
percentage of Carbon and
percentage of clayat 10em
depth, in profiles of free Iy
draining kaolinitic Plani-
cie soils

Fig. 28 Relacdo entre a
percentagem de Carbono e
a percentagem de argila a
100 cm de profundidade,
em perfis de solos caolini-
ticos da Planicie de drena-
gem livre

Fig. 28 Relation between
percentage of Carbon and
percentage of clay at 100
em depth, in profiles of
freely draining kaolinitic
Planicie soils

Fig. 29 Relacdo entre a
percentagem de Carbono e
apercentagem de argilano
horizonte By de perfis de
soles caoliniticos da Pla-
nicie de drenagem livre

Fig. 29 Relation between
percentage of Carbon and
percentage of clay in the
By horizon, of profiles o
Sfreely draining kaolinitic
Planicie soils



Fig. 30 Relacdo entre a percentagem de Carbono e o valor T para perfis de solos caoliniticos da Planicie
de drenagem livre
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Probably more reliable, and anyway more clear is the trend at some depth in the pro-
file, for instance at 100 cm (Fig. 28). The increase of percentage of Carbon with in-
crease in percentage of clay is here much slower, namely roughly 0.035% Carbon per
107 clay. The small increase is due, in part, to the fact that in sandy soils the percen-
tage of organic matter decreases more gradually with increasing depth than in clayey
soils. The former have generally deeper profiles, which shows up in the depth of the
horizon of maximal clay content, i.e. the B, horizon. More interesting therefore, in
some respect, is the situation for the B, horizons of the profiles (Fig. 29), where the in-
crease is roughly 0.06 %, Carbon per 109 clay.
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Table 14 Cation exchange complex of freely draining kaolinitic Planicie soils, under primeval forest cover (18
profiles; Guamd Imperatriz area)® or under anthropogenic savannah (6 profiles; Amapd Territory}

T
Hori- Potential cation Exchangeable metallic cations, in % of T
zon exchange capacity bases trocdveis, em % de T
hori- capicidade total
Zonte de troca Catt Mg+t Kt Nat
m.e./100 g)

FOREST PROFILES/perfis de mata

Ay (3.9-14.8) 8.6(3.0-23.0» 80(3.0-17.2) 1.6(0.9-2.6)! 0.710.4-1.9¢
AA, (2.2-6.9) 6.8(3.5-16.8)** 6.83(3.5-16.8)** 24(1.2-6.3) 1.0(0.5-3.0)
B (1.4-4.6) 9.2(5.0-20.0)** 9.2(5.0-20.0)** 2.9(1.0-6.2) 1.6{0.5-5.5).
Cons (1.4-3.6) 11.1(6.7-19.5)**  11.1(6.7-19.5)** 3.1(1.9-4.5) 1.5(0.8-2.3)
SAVANNAH PROFILES/perfis de campo
A, (2.2-5.7) 6.7(4.5-10.8)**  6.7(4.5-10.8)** 1.4(0.3-4.3) 0.8(0.3-1.0)
A-Ay (2.1-3.5) 7.1(4.5-9.7)** 7.1(4.5-9.7**  0.9(0.3-1.0) 0.6(0.2-1.0)
B {2.1-2.9) 8.1(5.2-10.9)** 8.1(5.2-10.9)** 1.5(0.3-3.5) 0.9(0.4-2.2)
1) Data within brackets: range of values * Kaolinitic Red Latosol praofiles not included

dados entre os parénteses: variagoes dos valores Perfis de Latosolo Vermelho Caolinltico ndo incluidos

Data before brackets: main values
dados em frente dos parénteses: médios dos valores

In Fig. 30 the potential cation exchange capacity at pH 7 (value T) is compared with
the organic matter content, using the relevant data of all horizons of the thirty-five pro-
files. The trend is very clear; the increase of T is about 3.9 m.e. per 1 % Carbon. The T
value shows also a positive correlation with the percentage of clay. In the topsoil, with
its concentration of the organic matter, the T values is always considerably higher
when the soil is heavier. For the B, horizon, the increase of T with the increase of per-
centage of clay is only moderately high, as shown in Fig. 31. In horizons with practi-
cally no organic matter (C horizons), T is always very low, even when the percentage
of clay is high. This means that practically all the existing cation exchange capacity is
due to the organic matter in the soil. The chemical activity of the clay-sized mineral
particles themselves is very low (an estimate of the latter may be obtained by the com-
bination of the Figs. 29, 30, and 31; the potential cation exchange capacity per 100 g
pure, i.e. organic matter-free, clay-sized mineral material, is between 1.8 and 4.0 m.e.
approximately). It is apparent that with regard to chemical qualities, the main advan-
tage of the clayey over the sandy soils is their ability to create a better milieu for preser-
vation of the comparatively very active organic matter.

The C/N values, which are often an indicator of the type of organic matter, are very
regular in the profiles. In the A; horizon they are highest. The average value in this
horizon is about 10.5 in the relatively heavy textured profiles. The relatively light
textured profiles have an average ratio of 13.5 in their A, horizons. In the subsurface
and subsoil horizons there is no difference in average C/N value between the relatively
heavy textured and the relatively light textured profiles. At 50 cm depth, the C/N value
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Tabela 14 Complexo de troca cationica de selos caoliniticos do Planicie de drenagem livre, sob cobertura florestal
primitiva( 18 perfis; drea Guamd-Imperatriz)® ou savana antropogénica (6 perfis; Territério do Amapd)

—

S (AD*+ H* (A" +H* S+(ADY S
Hori- Sum of met. Active pH-dep. Patential Act. cation Sum of met.
zon cations acidity activity acidity exch. cap. cations
hori- (% of T) (%of T) (%ofT) (% of T) (%of T} (%of S+ (AD)?)
zonfe soma das acidez acidez acidez cap, de soma das
bases ariva pH-depend. potencial {roca ativa bases

(YodeT) (deT) (VdeT) {(%deT) (%deT) (MdeS+(A)*)

FOREST PROFILES/perfis de mata

A, 19 (9-43)* 15 (2-24 66 (50-73) 81(57-91)!  34(27-50) 56 (28-95)
Ay-A, 17(10-37) 23(11-37) 60 (46-76) 83 (63-90) 40 (24-54) 432117
B 23{14-39) 23 (6-59) 54 (23-76) 77(61-86) 46 (28-13) 50 (24-87)
Cre* 27(18-56) 13(3-39) 60 (39-74) 73 (44-82) 40(28-TD 68 (45-95)
SAVANNAH PROFILES/perfis de campo
A, 16 (10-24) 21(9-27 60 (41-69) 81 (67-90) 37 (3145 43 (29-69)
A-A, 16 (10-21) 25(21-30) 59 (55-63) 84 (79-950) 41(38-44) 37(24-51)
—_— B 19 (16-25) 18(10--35) 63 (49-68) 81(75-84) 37(32-51) 52331-11)

** HCat+ + Mg**) The half of jointly determined bivalent cations
A metade dos cations bivalentes determinados em conjunto
*** Data of 10 profiles only
Dados de 10 perfis somente

averages 9.0, at 100cm depth 8.0and at 200cm depth 6.5. Variations from these averages
are up to 4.0 unit.! For the deeper layers, the value of the ratio as an indicator of the
type of organic matter may however be limited, because of the possibility that N-in-
mineral-form constitutes there a more than negligible part of the total determined N
(see below).

Exchangeable cations and acidities. With the exception of the Kaolinitic Red Latosol
profiles, the sum of the exchangeable cations (value S) comprises only a small part of
the T value. The base saturation percentage (value V) is always below 409, In the top-
soil (A, horizons), the variation of V is between 5%, and 40 %, with an average of 159,
In the subsurface soil {A; or A, horizons) the variation is between 59 and 359, with
an average of 149, In the subsoil (B horizons) the variation of V is between 109 and
409;, with an average of 23%,. The deeper subsoil (C horizons), insofar it was sampled,
shows a variation between 159 and 509;, with an average of 29 %,.

In agreement with the low base saturation, the soils show an ‘extremely” or ‘very
strongly” acid reaction (terminology of SoiL SURVEY ManNuaL, 1950). The pH-H,0
slightly increases with increasing depth. The variation of this value in the topsoil (A,
horizons) is from 3.7 to 4.7, in the subsurface soil (A; or A, horizons) from 3.8 to 5.2,

1y KLinGE (1962) gives higher values for Amazon forest soils. In two Braunlehm profiles
under high forest, the ratios are as high as 20. Other methods of sample storage and
analysis may account for this difference.
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in the subsoil (B horizons) from 4.0 to 5.4, and in the deeper subsoil (C horizons),
insofar sampled, from 5.0 to 5.5.

The pH-KCl is generafly less than one unit below the pH-H,O, namely onthe average
0.6 in the upper part of the profiles, and on the average 0.8 in their lower part.

The cation exchange complex was analysed in detail for the relevant profiles of the
Guamd-Imperatriz area. The data are given in Table 14. Because it is suggested by
CoLEMAN ef al. (1959), among others, that base saturation percentages calculated on
the active cation exchange capacity are of more valug for the study of the chemical
qualities of the soil, in relation to the plant growth, than those calculated on the po-
tential cation exchange capacity, the former percentages are also given.

In the A, horizons, the percentage of Ca** is usually slightly higher than that of
Mg+, Topsoils in which Mgt* slightly predominates over Ca** are however also
found. Whether the same applies for the other horizons of the profiles is not certain,
because there the bivalent cations were determined collectively. The absolute amount
of K+ in the topsoil rarely exceeds 0.15 m.e./100 g of soil.

It can be seen that the exchangeable® (Al)*, or the active acidity (¢f. 1IL.1), is not re-
markably high, especially not so in the topsoil and in the deeper subsoil. The absoluie
amounts of (A)* are between 0.1 and 2.2 m.e./100 g of soil, with an average value of
0.7 m.e./100 g. Mention may be made of the aluminum content of a number of pro-
files from the centre of the Planicie, which were analysed by the Royal Tropical Insti-
tute of Amsterdam, Holland. In eight profiles, the ‘easily available® (Al)* (extraction
with Na-acetate/acetic acid of pH = 4.8 in a paste with a soil: solution ratio of 1: 2.5,
shaking time 30 minutes; MORGAN-VENEMA extract) turned out to be nearly al-
ways less than 100 mg/l in the A, horizons, and on the average about 60 mg/l in the
B horizons.

That (AD* values of the freely draining kaolinitic Planicie soils are not remarkably
high, appears also when they are compared with the data of a number of other Ama-
zon soils. For example, acid hydromorphic soils (those without, or with only little,
annual enrichment by material suspensed in water, as there are Ground Water Laterite
soils, a part of the Low Humic Gley and the Humic Gley soils) have often 759 (Al)*
in their B,y horizons. This is associated with comparatively large pH-H,O - pH-KCl
differences (average of 17 profiles; ¢f. Appendix 9). The ‘easily available’ (AD* is
150-200 mg/l, in the same horizon of such soils (average of 7 profiles).

Nitrogen and Phosphorus, The IQA analysis data as to nitrogen concern only the
total N (N-in-organic-complexes + N-in-mineral-form) in the soil. The percentage of
total N decreases gradually with increasing depth, in correlation with the decrease of
the percentage of organic matter, Apart from this, the percentage of total N is general-
ly lower with lower percentages of clay in the soil.

KLINGE (1962) gives a few data on mineral N in Amazon forest soils, admitting that

t) Seen in their entirety, the profiles of this area seem to have a slightly higher base
saturation in their upper horizons than those of the centre proper of the Planicie.
7 With the analysis method used, if soluble (Al)* is present, it is included in the data.
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the values may be incorrect because of possible reactions during the storage of the
samples. In two Braunlehm profiles under forest coverage, the mineral N decreases
from about 5 mg per 100 g of soil in the topsoil, to about 3 mg per 100 g of soil in the
subsoil. The litter layer contains about 8 mg per 100 g. The percentage of mineral N
compared to total N increases however with increasing depth, namely from about 3%
to 89%;. With regard to the form of the mineral N, KLINGE gives values for the ratio
N-NH,* : N-NO;~ that are between 8 and 25, with 40 in the litter layer.

For eight forest profiles of freely draining kaolinitic soils of the Planicie, the ‘easily
available’ N was determined, by the Royal Tropical Institute of Amsterdam, Holland,
in the MORGAN-VENEMA extract (sce before). In the topsoil (0-20 cm; A, horizons),
the variation of NH, is from 1 to 14 mg/l (average 7) and that of NOy from 3 to 30 mg/1
(average 15). In the subsurface soil (20-60 cm; A; horizons), the variation of NH, is
from 1 to 12 mg/l (average 3.5) and that of NO, from “traces’ to 11 mg/l. In the subsoil
{60-100 cm; B horizons), the variation of NH, is from ‘traces’ to 12, and that of NO,
from ‘traces’ to 18 mg/l. It can be seen that there is a great variation. This is only asso-
ciated with textural differences to a minor extent. Apart from seasonal fluctuations in
the amounts of NH,+ and NO;~ in the soil, nitrification and denitrification processes
are likely to have occurred in the samples before they were analysed. Such processes
probably have changed, in an uneven manner, the contents of easily available NH*
and NO;~ as it was in the soils in their natural position.

It is noted that, in the Forest Inventory areas in the Planicie (¢f. 1V.1), normally be-
tween 15 and 309, of the enumerated trees belong to the Leguminosae order (the
highest percentages are found in the region between the lower Xingi and the lower
Tapajés; ¢f. GLERUM, 1960). No data are however available as to the effective root
nodulation of these trees,

No data exist on the relative importance of nitrogen fixation, i.¢. the conversion of
atmospheric N into a combined form and its incorporation into the forest soil. This is
so, whether non-symbiotic bacteria ( Clostridium, Beijerinckia} are concerned, or bac-
teria that are in symbiosis, via root nodules, with Legumes.

The 1QA data on Phosphorus are more interesting. For the thirty-five forest profiles
mentioned before, the available P was determined according to the TRUOG-method or
the Bray-method, or both (Truog on 25 profiles, often only their upper horizons;
Bray on 18 profiles of the Guamd-Imperatriz area). In the Figs. 32 and 33 the data on
available P are compared with the depth in the profile. It can be seen that only in the
topsoil (0-10 ¢m) the amounts of available P are appreciable, though the variation is
rather large. Below the topsoil, the amounts of available P decrease rapidly, especially
when considering the Bray calues, to very low, and approximately constant, values,
namely about 0.6 mg P,O; per 100 g of soil (Truog) and about 0.15 mg P,O; per 100 g
of soil (Bray). No clear correlation emerges between the amounts of available P and
the soil texture.

For the eighteen profiles of the Guamd-Imperatriz area, there are also data on fotal
P. Contrary to the situation with the available P, the values for total P are fairly con-
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stant throughout each individual profile, including the topsoil. It is only in the very
heavy textured profiles that a difference may occur in total P between topsoil and sub-
$oil, and this is not more than 20 mg P,0O; per 100 g of soil. The total P increases with
heavier texture of the soil. For instance, in the medium textured profiles, the amount
is about 30 mg P,O; per 100 g of soil, and in the very heavy textured profiles about
55 mg P,0; per 100 g of soil.}

A comparison of the data for total P with those for available P gives a picture of the
degree to which the P that actually occurs in the soil is fixed. The Bray values are used
for the calculation of the ratio P,O;-total: P,O;-available, for eighteen of the profiles.
The ratio generally increases with increasing depth in the profile. In Fig. 34, the ratios
of all horizons are compared with the content of organic matter, taking the texture of
the horizon concerned into account. It can be seen that the ratio, or the degree of fixa-
tion of the soil phosphorus, increases sharply when the percentage of Carbon drops to
below approximately 0.5. The fixation, as determined in this way, is greater when the
texture is heavier, but the percentage of Carbon the same. For the relatively light

1} In cight forest profiles, for the most part of medium to rather heavy texture, the amount

of P extracted with 257 HCI was approximately 10 mg/100 gol’sml(analysm of Rayal
Tropical Institute, Amsterdam, Holland).
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textured profiles the ratio does not exceed 300, while for the relatively heavy textured
profiles it can be as high as 600.

Because of their comparatively low percentages of sesquioxides, it may be expected
that the phosphorus fixation capacity of the kaolinitic latosolic soils of the Amazon
Planicie is smaller than that of other latosolic soils, for instance those of Sao Paulo
State (¢f. LEMOS, BENNEMA, SANTOS et al., 1960). This can however not be fully verified,
since the latter are largely under cultivation, because of which the amount of available
P has changed. It is, however, true that the latosolic soils of Sio Paulo have often
higher values for total P. Relevant data are available on a Dark Red Latosol, under
primeval forest cover, in a part of Amazonia outside the Planicie (¢f. Profile 35). As
can be seen in Fig. 34, the Dark Red Latosol, which contains about 409 clay, has a
more unfavourable ratio P,0;-total: P;O;-available than thekaolinitic latosolic profiles.

PHYSICAL QUALITIES

Seen in their entirety, the freely draining kaolinitic Planicie soils under forest cover
have a ‘good” structure, which applies also to those sections of the profiles that are low
in organic matter. This structure is usually weakly coherent porous massive, or sub-
angular blocky to granular, of varying strength. The good structure of latosolic soils in
general is thought, by many, to be due to the nature of the clay fraction, on the one
hand, and to a large activity of thesoil fauna, in particular termites, on the other. The
author believes that in the Planicie soils concerned, with their smaill amounts of ses-
quioxides, the soil fauna certainly is of great importance in bringing about, and main-
taining, the structure as it is under the primeval forest coverage. The activity of ter-
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Foro 29 Cigarras. As construgbes das larvas de uma cigarra (Cicadidae fin.) & superficie do solo flores-
tal, As erisdlidas no sew uftimo estado, escavam no sole pocos de um metro ou mals de profundidade,
cobrindo-os com material de solo revestido de 2 dm de altura m. ou m. O capuz de certo modo constitui
micromandlito virade para cima do perfi! do solo

Photo 29 Cigarras. The constructions of the larvas of a cicade at the surface of the forest soil. The
larva digs shafts of ene metre depth and more and closes this with a hood of coated soif material of about
twa dm height. The hood forms a kind of upturned micro-monolith of the soil profile

mites and associated fungi, that of ants {(notably the parasol ants), of larvas of beetles
and crickets, of forest crabs, and also that of rodents, is very apparent everywhere in
the forest soils (¢f. Photos 29 and 30). Their effect on porosity and homogenisation of
the soil profile must be enormous. No quantitative data are available regarding this
effect. It is, however, noted that in the relatively heavy textured profiles, termites
{Cupins: Isoptera order) and Iarvas of a certain cicade (Cigarras: Cicadidae family)
predominate, while in relatively light textured profiles the activity of parasol ants
(Sauvas: Atta spp.) and rodents (e.g. the Tatié: Dasypoda sp.) is most striking, Earth
worms seem to be completely absent.

Permeability, The discussion is limited to the freely draining soils, thus those with
good external drainage. There are differences in the internal drainage of these soils.
The light and very light textured ones (KLS) may have a somewhat excessive internal
drainage, due to rapid percolation of the rain water. For several of the soils, namely the
KYL, ¢, the RP-KYL, and the RP-KYL, CR, the subsoil (B horizons) has apparently
a somewhat slow permeability for water, resulting in only a moderately good internal
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Foto 30 Os montoes de terra deitado por uma coldnia de saivas (Ata spp.). Estas formigas manejam
horras de fungos em liteira armazenada em cavidades no subsolo. A atividade das sattvas e dernais fauna
de solo, é um fator imporiante na homogenizacao do perfil do solo sob floresta

Photo 30 The heaps of earth thrown out by a colony of porasol ants (saiivas, Atta spp.). These ants
maintain fungus gardens on litter which is stored in excavated chambers in the subsoil. The activity of the
ants, together with that of other soil fauna is an important factor in the homogenisation of the forest soil
profile

drainage. There are no measurements available of the permeability of the various hori-
zons of the soils under discussion.

Moisture equivalents and moisture tension curves. Of great importance is the amount
of moisture that can be s.tored in the soil to be used by the plants during the dry season,
since this season is fairly well defined in most parts of the Planicie (¢f. 1.2). It is rather
common to find, on forested terrain, at the end of the dry season, seemingly very dry
subsoils, even when the profiles are relatively heavy textured.

The capacity of soils to retain moisture in available form depends upon the structure
and porosity of the soil, the percentage and type of clay-sized particles, and upon the
amount of organic matter. The moisture equivalent (M.E., given in grams of moisture
per 100 g of soil), which gives an indication of the amount of moisture that can be
stored in the freely draining soil, was determined for the disturbed samples of thirty-
five forest profiles. In Fig. 35 the M.E. data of the B, horizons are compared with the
clay content. The trend is very clear. The increase of M.E. with the increase in percen-
tage of clay is not directly proportional for the whole clay-range, but for general dis-
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cussion it can be said that the increase amounts to 3.6 g/100 g per 109 clay. The M.E.
is generally low in comparison with that of less weathered soils, as for instance the
Low Humic Gley soil of the Amazon floodplains. The data are still low when compared
with those of other latosolic soils rather than the kaclinitic ones of the Planicie.
For latosolic-B horizons of Sdo Paulo State, it is reported that in the medium range of
textures the M.E. value is approximately half of the clay percentage, or 5 g/100 g in-
crease per 109 clay (¢f. LEmos, BENNEMA, SANTOS e al., 1960, p. 71).

The M.E. data for the topsoils of the thirty-five profiles are only slightly above the
M.E.-% clay curve of the B, horizons. In Fig. 36 the situation for the A, horizons is
given. A calculation, for samples with approximately the same clay content, reveals
that 1%, Carbon accounts for about 1.7 g/100 g of the M.E. The part of the M.E. due
to the presence of organic matter is therefore small in comparison to the part due to
the mineral material, i.c. the clay fraction.

M.E. data alone do not give much insight in the availability of soil moisture for the
plants, especially since the data are for disturbed samples. The availability is actually
determined by the difference between the so-called field capacity (F.C.) and the wilting
point percentage (W.P.) respectively. The former is the maximum amount of moisture
that can be stored in the freely draining soil, the latter the amount of moisture held by
the soil particles with a force larger than the maximally possible suction by the plant
roots (“hygroscopic water’). This maximum suction is generally taken to be about 15
atmospheres.

A method much in use for detailed study of soil moisture availability is the determi-
nation of a so-called moisture tension or pF-curve of a natural soil sample (pF being
the common logarithm of the soil moisture tension in ems water column). The Insti-
tute for Land and Water Management Research (I.C.W.) of Wageningen, Holland,
kindly determined such curves on a dozen Amazon samples. The ones of subsoils
(B horizons) of the soils under discussion are reproduced in Fig. 37. The moisture freed
between pF 2.0 and pF 4.2, marking the F.C. and the W_.P. respectively, is taken as the
amount of available moisture (also called ‘capillary water’)!. This moisture may be
taken to be stored in the smaller pores (‘effective’ pore diameter 20-0.2 micron). The
lower part of the curve, below pF 2.0, concerns the water contained only at full satura-
tion of the soil (‘gravitational water), stored in the larger pores (‘effective’ pore dia-
meter > 20 micron).

Only a few determinations are involved, and the samples not all remained quite na-
tural during transport. The curves of samples 231-3, 219-3 and 303-3 suggest never-
theless that the Amazon kaolinitic Latosols have the following moisture characteristics:
1. A considerable part of the soil moisture is not available for plant growth because it
is too strongly held by the soil particles. When the percentage of clay is high, the fixed
moisture is up to 35 vol. ;.

1} Sometimes the M.E., which is at about pF 2.5, is taken as the lower limit, instead of the
F.C. of pF 2.0. If this would be adopted for the Amazon soils, then the afore mentioned
M.E. data should be converted, via apparent bulk density, to vol. %. It may be recalled
that these M.E. data concern disturbed samples, not natural ones.
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2. There is 2 high percentage of larger pores (25 vol. % ca.) which will be filled with
air when the soil is in freely draining condition, and therefore do not contribute to the
effective soil moisture storage.

Fig. 37 Curvas de tensdo de umidade de amostras de alguns solos caolinfticos da Planicie de drenagem
livre e de alguns outros solos amazénicos, Por obséquio do Instituta 1.C.W. de Wageningen, Holanda
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Fig. 37 Moisture tension curves from samples of @ number of freely kaolinitic Planicie soils, and of some
other Amazon soils. By courtesy of the Institute for Land and Water Management Research (1.C.W.) of
Wageningen, Holland

No.  Classification Location Depth Clay C Yol. Available
sample (¢f. Tab.9) org. weight! moisture
amostra classificacdo localizagdo profundi-  argila dgua

dade disponivel

cem) (Oi<2p) () (glem? (vol. %)
231-3 KYLn BR-14, km 58 100 24 0.22 1.34 108
219-3 KYLva BR-14,km 324 80 80 ca. 045¢a. 1.09 9.3
303-3 KYLw Curui-una, km 14 80 86 0.50ca. 1.24 10.5
213-3 RP-KYL,» BR-14,km258 100 40 ca. 0.30¢ca. 1.56 9.0 co.
279-3 DL,s Araguaia (Rio Corda} 50 40 0.64 1.54 20.2

F

) Volume weight = weight of 1 cm® natural sample in completely dry coadition (approximately equal
to apparent bulk density)
peso de 1 cm* de amosira natural em cana’i;ao totalmente seca (aproximadamente
igual & massa especifica aparenie)

Table 15/Tabela 15 Description of the samples of Fig. 37/ Descrigdo das amostras da Fig. 37
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3. The amount of soil moisture available for plant growth (the part between pF 2.0
and pF 4.2) is small. In the samples under discussion it is only about 10 vol. %;. A fully
rooted subsoil of 1 metre thickness would have an effective soil moisture reserve which is
equivalent to 100 mm rainfall. PEERLKAMP and BoekEeL (1960) give available moisture
data ranging from 13.5 to 33 vol. 94, for a number of Dutch soils of variable clay and
humus content. Only for very sandy, humus-poor soils they give values that are the
same or smaller than the Amazon ones.

4. Differences in texture have less effect on the amount of available moisture than
might be expected considering the very distinctly higher M.E. values at higher percen-
tages of clay, and keeping in mind that also the relatively heavy textured soils have the
‘good’ structure inherent to Latosols. The two very heavy textured subsoils (219-3,
303-3) even, do not have a greater amount of available moisture whatso-ever than the
medium textured subsoil (213-3). Both former subsoils are actually relatively compact
(they are both from central sections of planalto stretches, ¢f. 1V.1.2) although this
compactness is not so outstanding as to classify the soil as KYL, Compact phase. A
really compact subsoil would have comparatively high volume weight and a steeper
pF-curve, as borne out by the subsoil of the Red Yellow Podzolic soil, intergrade to
Kaolinitic Yellow Latosol (sample 213-3).

Heavy and rather heavy textured subsoils that are definitely non-compact are likely to
have some more moisture availabie than non-compact medium textured subsoils as is
sample 231-3, and non-compact light or very light textured subsoils likewise less avail-
able moisture. Preliminary field observations namely, suggest that for non-compact
subsoils there is an increase in porosity with increase in clay content. This will apply
also to the quantity of smaller pores, which largely determine the soil moisture availa-
bility. The ficld observations are being confirmed by the data on the B horizons of
Table 16. Though the porosity data of this table have limited value, because they do
not concern natural samplesl, the trend of increasing porosity with increase in clay con-
tent scems clear enough (the B, horizons of the profiles 216 and 112/42A may still be
compared with the A, horizon of profile 226, since they have about the same percen-
tage of Carbon).

The influence of the porosity on the soil moisture availability is still illustrated by the
pF-curve of sample 279-3, which is of a Dark Red Latosol. This sample has nearly
twice the amount of available moisture as those of the kaolinitic Latosols. According
to field observations, this Dark Red Latosol profile is strikingly porous.? Its pF-curve
bears this out, and the difference in porosity is apparently largely because of a higher
amount of the smaller pores.

The non-compact subsoils of the kaolinitic Latosols never show as high a porosity as
that of the discussed Dark Red Latosol. It seems therefore safe to assume that the
available moisture of the former maximally varies between 5 vol. %; (for the very light

1) Apparent bulk density and real bulk density were determined on only a limited number
of samples, to which the ones of Fig. 37 do not belong.

1) That the volume weight of the sample is nevertheless high, is probably due to its much
higher content of iron oxides.
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Table 16 ‘Natural' porosity of freely draining kaolinitic Planicie soils with non-compact subseil, all
under primeval forest cover. *Nuatural’ porosity is 100 X (I - apparent bulk densityfreal bulk density}.
Determinations on disturbed samples

No.field  Classifi- Location Depth Org. Clay Bulk density *Natural’

descr, cation localizagdo profun- Carb. argila massaespecifiia  porosity
nimero (cf. Table9) didade apparent real porosidade
descr.  classificacdo aparente  real ‘natural’
de campo (cf. Tabela9) {em) (20 (a<2p) (gfem® (giem®) (3

A, horizon| korizonte A,

169 KLS Curud-una,km 3 0-20 0,73 5 1.55 2.59 40.2
226 KRLy BR-14, km 429 0-20 0.69 7 1.49 2.63 43.3
206 KYLx BR-14, km 201 0-15 1.23 7 1.36 2.63 48.3
201 KYL-RPm» BR-14,km 117 -5 1.20 14 1.30 2.57 494
221 KYLas BR-14,km 341 0-5 1.34 19 1.30 2.61 51.2
216 KYLy,* BR-14,km 291 -2 3.60 70 1.08 2.49 56.6

112/42A. KYLw* Curua-una,kmé 040 3.16 81 0.96 245 60.8

B, horizon [ horizonte B,

169 KLS Curud-una, km 3 300-400 0.08 15 1.46 2.65 44.9
226 KRLy, BR-14,km 429 70-120 0.20 15 1.61 2.66 39.1
206 KYLm BR-14, km 201 130-210 0.19 20 1.49 2.66 44.0
201 KYL-RP;x BR-14,km 117 65-220 0.14 32 1.43 2.66 46.2
221 - KYLa BR-14, km 341 70-140 0.28 64 1.26 2.70 533
216 KYLw* BR-14,km291 30-80 0.50 91 1.11 2.67 58.4

112/42A° KYLw"* Curud-una, kmé 100-140%* (.60 82 1.06 262 59.5

* edge of planalto/borda de planalto **B, horizonthorizonte B,

Tabela 16 Porosidade ‘natural’ de solos caclinitices da Planicie de drenagem livre, com subsole nio
compacto, todos cobertos de floresta primitiva. Porosidade ‘natural’ é 100 x (I — massa especifica aparen-
te]massa especifica real ). Determinacdo em amostiras destorroadas

textured kaolinitic subsoils) and 15 vol. 9 (for the very heavy, if not the heavy and
rather heavy textured kaolinitic subsoils). It should be noted that, for the light textured
ones, the fineness of the sand fraction may be of more importance for the soil moisture
availability than the percentage of clay (¢f. PEERLKAMP and BoekeL, 1960).

The soil moisture availability situation for the topsoils may be different from that of
the subsoils because of the concentration of the organic matter there. The influence of
the humus on the soil moisture availability is described by several authors. That at
higher levels of humus there is generally more moisture available is apparently not so
much because of the presence of organic matter as such, Baver (1956), for instance,
shows that the simple adding of organic matter (peat) to soil material, though sharply
raising the maximum moisture holding capacity of the mixture, only little raises the
for plants available moisture, since most of the water is drained below the pF the of
M.E. and also the W.P. percentage somewhat increases. The influence of the organic
matter should be largely indirectly, via its positive influence on the structure, i.c. the
porosity. For the Latosols, with their inherent good structure, this influence cannot be
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very large. From Table 16 an impression may be gained on the extent of this influence
for the Amazon kaolinitic Latosols, under their natural forest cover. There is mostly
a fair difference in ‘natural’ porosity of A, horizons and B, horizons respectively with
about the same clay content, but different percentages of Carbon. The topsoils under
discussion therefore, are liable to have somewhat more moisture available than sub-
soils of comparable clay content. Secondly, for topsoils there is likely to be a more
distinct increase in the amount of available moisture at an increase in the clay content
than in subsoils, owing to a larger increase of the percentage of organic matter with in-
crease of the percentage of clay (see before). There were no pF curves determined on
topsoils and therefore, exact data about their volume percentages of available moist-
ure are lacking. By combining however the relevant data on the part of the M.E. which
is accounted for by the presence of grganic matter, on maximum percentage of Carbon
in topsoils, and on the apparent bulk densities, it is estimated that the addition of avail-
able moisture in topsoils, in comparison with subsoils, varics maximally between 1 vol.
% (when very light textures are involved) and 5 vol. % (when heavy and very heavy
textures are involved). The range in available moisture of topsoils therefore may be
maximally between 6 and 20 vol. %. 4

By way of summary, it may be said that the kaolinitic freely draining Planicie soils
under forest cover have, as a whole, only small amounts of available moisture per vo-
lume unit. The advantage of the clayey above the sandy soils with regard to moisture
availability is fairly distinct only for topsoils. For subsoils the difference is smaller,
and even non-existent when the clayey ones are compact. -

The phreatic level is very deep in practically all freely draining Planicie soils. There-
fore the ground water does normally not constitute a source of moisture for the plants
during the dry season. Only on the youngest Pleistocene terraces (3—4 mt) it may be of
some value for the vegetative cover. For the upper part of the Guamd-Imperatriz area,
for instance, there are indications that the gross timber volume of the primeval forest
on such terraces is slightly higher than on adjoining, higher terraces with soils of the
same texture.

Penetration of roots. The bulk of the roots, and especially the rootlets, of the forest
vegetation, is found very near to the soil surface. A number of the rootlets are even
above the soil, particularly in light textured soils, namely in the litter layer. They collect
the nutrients from the decaying litter, and also rainwater. But the deeper roots are also
very important, not only in providing ground support for the trees. The available
moisture in the soil can only be utilised to the full if the root system is dense and deep.
With the low natural fertility of the soils under discussion, a deep rooting system is al-
so of importance for collecting whatever nutrients are still present in the deeper subsoil.

No quantitative data are available on the rooting systems of the components of the
primeval forest, on the various freely draining kaolinitic Planicie soils. During the rg-
connaissance soil surveys reported in this thesis it was, however, noticed that on several
of these soils the penetration of roots is hampered to a degree. This applies particularly
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to the RP-KYL, the RP-KYL, cr and the KYL, c. The mentioned soils have B hori-
zons of a comparatively large compactness and considerable resistance to penetration
with a soil hammer, These B horizons have a firm or rather firm consistence and the
colour transition from the A horizon is often clear,

In profile pits and on recently cut road embankments, the hampering of the root
development in these subsoil was easily noticed. Also, fallen trees provided for in-
dications; although the root systems of the various tree species can be very different,
the lump of earth thrown out with the roots rarely contained more than one or two dm
of such a contrasting B horizon. Notably on the RP-KYL, cr of the northern part of
the Guamd-Imperatriz area, on the RP-KYL,3 around km 270 of this area and on the
KYL, cyp of the km 140-km 190 section the rooting is relatively shallow. For the
KYL, cyp moreover, the frequency of fallen trees was observed to be comparatively
large. For the rooting situation in the very heavy textured soils in general (Belterra clay
soils), reference should be made to the discussion on the cause of the cipoal and the
‘cipoalic’ forest (1V.1.2).

The soil KYL-RP;; of the section around km 110 of the Guamai-Imperatriz area, in
contrast, is deeply rooted. This soil has also a clear colour change from the A to the
B horizon, but the latter is friable and has very little compactness.

- A deep rooting is a consistent feature of the medium and light textured soils, such
as the KYLy, and the KLS. In the latter it may comprise several metres.,

V.3.1.2 The Soils under Influence of Man

THE SOIL.S UNDER THE SHIFTING CULTIVATION SYSTEM

For Amazonia, no data are available as to the amounts of nutrients accumulated in
the primeval forest cover. It is presumed that these amounts are larger than the nutrient
storage in the forest soil itself (¢/. also NYE and GREENLAND, 1960), if timber volumes
are not exceptionally low. It is well known that immediately after felling and burning
of the forest, the fertility of the soil increases considerably. This is, because a part of
the nutrients accumulated in the vegetation and litter are stored suddenly, via the ash,
in the upper soil layer in an easily available form. The temporary high nutrient content
of the topsoil and the increased rate of mineralisation of the humus cause a vigourous
growth of the first crops (¢f. Photo 31). However, during the rainy seasons that follow
after the burning, the rains, falling on the unprotected surface, cause surface wash
(‘“fertility erosion’) and leaching of the soluble salts, that were freed from the ash and
the mineralising humus, to deeper soil horizons. Surface wash and leaching, the irre-
trievable loss of nutrients by crop removal, and the gradual decrease of soil organic
matter content, are causes of a fairly rapid decline in fertility of the soil once it is cul-
tivated. Only the planting of fast-growing and deeply rooting perennials may keep
such a decline in check. Normally however, cultivated plots are abandoned, also be-
cause of the proliferating of weeds, after two or three years, and a new roga is started
elsewhere. The abandoned plot gradually becomes fully covered with weeds and fast
growing, sunloving saplings. This is followed by bush, and ultimately secondary forest:
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capoeira when young, capoeirde when old, This fallow, besides smothering of the
weeds, is thought to be able to replenish the body of stable soil humus. It also regains
gradually, by its deep rooting, the nutrients leached to the deeper subsoil and accumu-
lates them again in the vegetative cover. Eventually, the equilibrium of the primeval
forest and forest soil will be nearly reached {according to LAUDELOUT, 1962, the replen-
ishment of the soil organic matter is ensured within a few years, whilst a full re-accu-
mulation of the nutrients in the vegetative cover requires much more time). After a
varying number of years, the secondary forest is felled and burned anew, and a new
cropping cycle starts.

Not enough data is available on freely draining kaolinitic Planicie soils under shifting
cultivation to ascertain general trends in the changes in soil qualities that may take
place under the successive cultivation cycles. An establishment of such trends, and a
comparison with the situation under primeval forest cover, may be possible once the
data of the reconnaissance soil survey of the Bragantina area (FILHO ef af., 1963) are
fully known. Reference may also be made to several publications on the effects of

Foto 31 O sistema de agricultura itinerante.
Exemplo da cultura do primeire ane numa rocada
dentro da floresta primitiva. Entre os troncos de
drvores meio-gueimados espathados pela super-
ficie do solo, planiam-se arroz e milho. No
Jundo vé-se uma faixa de mandioca. Perto da casa
se faz uma queimada

Phoro 3! The shifting cultivation system. An
example of the first year crops on a plot of
agriculture (rogada) within the primeval fores:.
Between the half-burned tree stems lying sirewn
on the soil surface, rice and maize is planted.
In the background a patch of cassava con be seen.
Some burning is taking place near the dwelling
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shifting cultivation elsewhere in the tropics, in particular those concerning West and
Central Africa, which regions have, for a part, soils comparable with thase of the
Amazon Planlicie (¢f. IL.2.3). In particular the previously mentioned, comprehensive
studies of NYE and GREeNLAND (1960) and LAUDELOUT (19627?) contain many data on
the effects of cropping periods, and of fallow of secondary forest or grassland, on
the qualities freely draining, usually highly weathered soils of tropical Africa.

If the fallow periods are allowed to last long enough, then the long-range decline in
agricultural potential of the soils is apparently very limited. With relatively short fall-
ow periods however, definite degeneration of the land is unavoidable. Re-burning is
done too soon to secure full recovery of the land under the fallow, which now reaches
only the bush stage. In every new cropping period therefore, lower yields are obtained.

The latter is apparently the case on parts of the Bragantina area, and on the uplands
along the lower Tocantins (Cametd), which are both regions where shifting cultivation
has been practised for more than fourty years. BIARD and WAGENAAR (1960), for in-
stance, mention that in the Bragantina area much capoeira of six to ten years old is
being used at present, although people are aware that much better results would be
obtained if felling were delayed until the capoeira is twenty years old. A plot of an eight
years old capoeira, in an area where the virgin forest was felled about fourty years ago,
would yield only half the crop value of a virgin forest plot.

Although in Amazonia, as a whole, land is still abundant, there is an actual shortage
of land around the established rural population centres, such as those of the Bragan-
tina area. This results in a local overcropping of the land under the shifting cultivation
system in its present day form,

There seems to be no clearly defined preference for shifting cultivation on one of the
various soils discussed. Very light textured ones, however, are avoided, partly because
they easily erode.

The majority of the present-day Amazon shifting cultivation is found on light and
medium textured soils (KLS; KYLy). Concretionary soils (KYL, cr and RP-KYL,
CR) are also used. The stoniness of the latter is apparently not a major disadvantage.
That the relatively heavy textured soils are little used, is largely because they are nor-
mally found farthest from the land and water transport routes. For the very heavy
textured soils (KYL »5; KYL, Cyp), a difficult supply of drinking water, and a slightly
less easy tillage, may constitute additional factors accounting for their sparse occu-
pation, Wherever such Belterra clay soils are, however, in agricultural use, for instance
south of Santarém, the yields are comparatively very satisfactory.

THE SOILS UNDER ANTHROPOGENIC SAVANNAH

To which changes in soil qualities a repeated burning of the vegetation may lead ulti-
mately, may be ascertained by studying the freely draining kaolinitic Planicie soils
under savannah. As has been discussed in 1V.2.1, the savannahs on such soils are con-
sidered to be anthropogenic. They occur in Amapd Territory, in parts of the Lower
Amazon region, and locally on the eastern part of Marajé island.
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Analytical data are available on nine profiles of freely draining kaolinitic Planicie
soils under savannah, largely from Amapi Territory! (¢f. Figs. 27 to 36).

The percentages of Carbon in the topsoils are, on the average, about 0.5% Lower than
those of forest topsoils (¢f. Fig. 27). At 100 cm depth, and in the B, horizons respec-
tively, the difference with the forest profiles seems to be less, if it exists at all (¢f. Figs.
28 and 29). The ratios between T values and the percentages of Carbon, considering
all horizons, are equal or only slightly below those of forest profiles (¢f. Fig. 30). The
above implies that, when compared with the ratios of forest topsoils and forest sub-
soils, the ratios of T: 9 clay are probably lower in the topsoils of the savannah profiles.
but the same, or only slightly lower, in the savannah subsoils (¢f. Fig. 31).

The C/N value of the savannah topsoils (A, horizons}is, on the average, 13.0, both for
the relatively light and for the relatively heavy textured ones. At 50 cm depth the aver-
age value is 12.0 and at 100 cm depth 10.0. The C/N values of the savannah profiles are
therefore 2 to 3 units higher than those of forest profiles®.

The exchangeable metallic cations comprise a small part of the T value. The base
saturation is approximately the same as that in forest profiles.

The savannah profiles are usually slightly less acid than the forest profiles, possibly
owing to the repeated burning. The pH-H,O value in the topsoil (A, horizons) of the
nine profiles varies between 4.7 and 6.3. In the subsurface soil (A; or A; horizons) the
variation is between 4.8 and 5.9, and in the subsoil (B horizons) it is between 5.2 and
6.2. The difference between pH-H,0 and pH-KCl is slightly larger than in the forest
profiles. Both in the upper and the lower part of the savannah profiles it averages 1.0.
The variation is however comparatively large.

For six of the nine profiles, the cation exchange complex was analysed in detail (¢/.
Table 14). The relative proportions of the exchangeable metallic cations are approxi-
mately equal to those of the forest profiles, except for K+ which is clearly lower. The
absolute amounts of K rarely exceed 0.06 m.e.f/100 g.

The data for active acidity and pH-dependent acidity (Table 14) do not suggest any
consistent difference on the acidity situation with that of the forest profiles.

The few data on available P (mainly Bray method), suggest that there is not such a
great difference between the availability in the topsoil and that in the subsoil as in the
forest profiles; the amount of available P is comparatively low also in the topsoil {cf.
Fig. 33). This is probably related with the previously mentioned difference in the distri-
bution of the organic matter. The values for total P are comparable to those of forest
profiles. The ratios P,0,-total: P,O,-Bray do not exceed 150, even in the subsoil with
its low level of organic matter content {cf. Fig. 34). The few data suggest that the degree
of fixation of the soil phosphorus may be somewhat less than in forest profiles (the
non-plinthitic savannah samples, indicated in Fig. 34, have all less than 50° clay, the
two plinthitic ones both more than 50% clay).

1) The data of profiles AP, and AP,, described in the study of Carnero (1955) on the
Amapi savannahs, might also be used for comparison.

) KLINGE (1962) gives much higher values for C/N ratios of Braurlehm or Pod:oliger
Braunlehm under savannah, namely up to 90. See also the note at page 235.
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The structure of the savannah profiles is, generally speaking, comparable to that of
the forest profiles. However, the surface is sealed owing to rain splash. In the light
textured profiles gully erosion may be severe, as can be observed at Santarém and
Monte Alegre towns. The very heavy textured ones, on the other hand, may be sub-
ject to considerable sheet erosion. With the exception of the very light textured ones,
all savannah soils under discussion have a comparatively large compactness, especially
in the topsoil, Pores are sparse and fine, and the consistency is often slightly firm, to
firm. There is also a somewhat larger textural difference between topsoil and subsoil,
when compared with forest profiles of the same over-all texture. The larger textural
difference and the compactness is likely to be related to the fact that, possibly termites
excepted, the activity of the soil fauna is less than in forest profiles.

No pF-curves for samples of savannah profiles were determined, so that no definite
data can be given for the amounts of available moisture. In view of the soil compact-
ness and the lower level of the organic matter content in the topsoil the amounts may
be expected to be lower than in forest profiles of comparable texture. In this respect it
is, however, noteworthy that the data for moisture equivalent of savannah subsoil
(B, horizons)are thesame or slightly higher,and those of savannah topsoil (A horizons)
the same or only slightly lower, than those of forest subsoil and forest topsoil respec-
tively (¢f. the Figs. 35 and 36).

By way of summary it can be said that the qualities of the freely draining kaolinitic
Planicie soils under long-lasting anthropogenic savannah are still fairly well comparab-
le to those of forest soils of the same character. The main differences are a somewhat
lower organic matter content of the topseil - and consequently a somewhat lower
potential cation exchange capacity (T) and lower amounts of exchangeable cations
and anions -, a larger soil compactness, and presumably a lower quantity of available
moisture. Slight differences are found in the C/N ratios, the values for pH-H,0, and
the degrees of phosphorous fixation. But the picture changes, of course, much to the
disadvantage of the savannah soils if one takes into account the nutrients accumulated
in the respective vegetative covers.

THE SOILS INFLUENCED BY PRE-COLUMBIAN INDIAN OCCUPATION

Throughout the Planicie of Amazonia patches of so-called Terra Preta soil can be
found. InI11.3.4 it has been described that these patches are a kind of ‘kitchen-midden’,
which have acquired their specific fertility from dung, household garbage, and the
refuses of hunting and fishing. The Terra Preta (TP) soil of the Planicie is kaolinitic in
character and usually freely draining. It gives therefore an excellent opportunity for
study of the permanent changes in the qualitics of freely draining kaolinitic Planicie
soils which may take place, under the prevailing warm and wet climate, as the resuit of
soil improvement activities of man over a long period of time.}

Although, understandably, there is a great variation in the chemical and physical

1) Their study is also of importance because of an allegedly smaller susceptibility of
rubber trees, planted on patches of TP, for the notorious fungus Dothidella wlei,

252



qualities of the TP profiles, related with stronger or weaker and shorter or longer
lasting Indian influence, some specific trends can be clearly discerned.

Analytical data of five profiles of TP are available. The profiles are all from patches
now cultivated but not settled on. Two of the profiles are of the common relatively
light textured variant of the soil, having 12 to 2094 “silt + clay’; the otherthreeare of
the infrequently found very heavy textured variant, having more than 809} ‘silt +
clay’. (The silt and clay fractions are taken together, because of the probability that,
with the relatively high organic matier content, a good part of the determined “silt’ is
actually non-dispersed clay).

The blackish toplayer, containing pieces of ceramics, is normally less than 50 cm
thick, sometimes as thick as 100 cm. In the very heavy textured variant, the percentage
of Carbon is 4 to 59 in the upper 20 cm of this blackish layer, and 1 to 29/ in the
part below. In the relatively light textured vartant, the percentage of Carbon is 1 to
2% in the upper 20 cm of the blackish layer, and 0.5%; in the lower part. Thus, des-
pite the very humic appearance, the present organic matter content of the blackish
layer is only moderately high. It is roughly two times the average values for non-enrich-
ed freely draining kaolinitic Planicie soils of comparable clay content (¢/. Fig. 27). The
blackness of the colour is probably due to a complex formation of organic matter and
Catt, which may form a coating on the soil particles. In the yellowish subsoil of the
TP, the percentage of Carbon is nearly identical to that of the B, horizons of non-en-
riched soils (¢f. Fig. 29). It is about 0.6 % in the very textured variant, and 0.3%, in the
relatively light textured variant.

The C/N values are slightly higher than those of non-enriched profiles. This is true
for the whole of each profile, but especially for the lower part of the blackish layer,
where it is, on the average, 18. In the upper part of the blackish layer the value is, on
the average, 14, and in the yellowish subscil 13,

The potential cation exchange capacity (T value) is relatively high, even when comp-
ared with the higher organic matter content. Fig. 38 shows that the points for the TP
are all above the line of the average ratio T; % Carbon of non-enriched forest profiles
(¢f. Fig. 30). It is emphasized that, when there is any decrease of the §i0,/AlL, 0, ratio
(Ki value) with increasing depth at all, it comprises maximaily 0.08 unit. All horizons
of all five profiles have Ki data between 1.71 and 1.95, except for one subsoil sample
which showed Ki = 2.2. In comparison to this, values slightly over 2.0 less rare in the
non-¢nriched kaolinitic Planicie soils. It can therefore be taken as certain that the -
higher T values of the TP are not due to a presence of small amounts of silicate clay
minerals considerably more active than kaolinite. It might be concluded that the che-
mical activity of the organic matter of the TP is much higher than that of the non-
enriched profiles. There are, however, fairly great differences in T value, namely up to
10 m.¢., where percentages of Carbon and percentages of clay are identical. It is inter-
esting to note that the T values show a fairly good correspondence with the amounts of
phosphate in the TP. The latter are strikingly high, though with a large variation. In
figure 39, the *surplus value’ of T (i.e. the amount above that of the T-%,Carbon line of
non-enriched forest profiles) is compared with the *surplus value’ of P,O,-total (i.e.
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the amount of P,O,-total of the TP, less the small amount of P,O;-total which is pre-
sent in non-enriched profiles of comparable clay content; the latter is 0.02% for the
relatively light textured variant, and 0.05% for the very heavy textured variant; cf.
V.1.1). Tt can be seen that, below 0,309, the ‘surplus value’ of T increases about pro-
portionally with the *surplus value’ of P,O,-total.! In this section, one per cent ‘surplus
value' of P,0,-total corresponds with four m.e. ‘surplus value’ of T. Above 0.30%;
‘surplus value’ of P,O-total, the increase of T is apparently more gradual. It may be
wondered how the high amounts of phosphates favourably influence the potential
cation exchange capacity. For the topsoils, it scems likely that the phosphorus enlarges
the activity of the organic matter, by having entered in a complex formation with it.

For the subsoils, however, which are poor in humus, such a complex forming alone
seems no sufficient reason for their higher T values, Reference may be made to the
publication of CATE (1960). He studied in detail two freely draining kaolinitic Planicie
soils from the Curui-una centre, being a KLS and a KYL 5 respectively. He observed
that the potential cation exchange capacity increased considerably after equilibration
of the soil samples concerned with 0.01 N H;PO,, for 25 hours. Except for the topsoil
of the KLS, the increase was more than 100 %, this also being true for the deeper sub-
soil with its low organic matter content.

The exchangeable metallic cations comprise a comparatively large part of the T value.
The base saturation V is between 30 and 857,. In the blackish layer the average per-
centage is 65%, and in the subsoil 50%;. The relative proportions of the exchangeable
metallic cations are strikingly different from those of non-enriched soils. For 5 of the 6
profiles (in one of the relatively light textured profiles no detailed analysis of the me-
tallic cations was executed), the Ca*+ varies between 20 and 779 of the T value, and
the average is 559. In the blackish layer, the percentage is often higher than in the
subsoil; the absolute amounts of Ca+* in the former layer can be as high as 25 m.e.f
100 g. For Mg*+, the variation is between 4 and 169/ of the T value, with an average
of 8%, The percentage of Mg+t is normally less than one-fifth of the percentage of
Ca++, The K+ and Na* together always comprise less than 2%, of the T value. Their
relative proportions and their absolute amounts are fully comparable with those in
non-enriched soils. It can be concluded that the enrichment with metallic cations con-
cerned very predominantly Ca*+, to a small degree Mg*+, but no K+ and Nat+.

Understandably, the TP soil is less acid than its non-enriched relatives. The pH-H,0
varies between 4.7 and 6.4, In the blackish layer the average value is 5.8 and in the
subsoil 5.3. In both the blackish layer and the subsoil the difference between pH-H,0
and pH-KCL is about 0.9. The active acidity, or the (Al)*, is small, when it exists at
all. In the three profiles of the very heavy textured variant, (Al)* comprises less than
3% of the T value in the blackish layer and less than 15% in the subsoil. In these
three profiles the pH-dependent acidity, or the H*, is about 25 of the T vatue in the
blackish layer, and about 40%, in the subsoil.

'} The determination of P,0,-total for the wo relatively light textured profiles is less
reliable than the determination for the very heavy textured profiles. The latler were
analysed a few years later, when the method for determination of P,0,-total was improved-
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As already mentioned, the amounts of phosphorus are comparatively very high in the
TP soil. Tn the very heavy textured variant, the amount of available P (Bray method)
varies between 6.5 and 66.0 mg P,O./100 g of soil (average 40} in the blackish layer,
and between 3.8 and 635.1 mg/100 g of soil (average 35) in the subsoil. In the relatively
light textured variant, the amount of available P {Truog method) varies between 3.2
and 98.8 mg P,O4/100 g of soil {average 40) in the blackish layer, and between 6.7 and
31.2 mg/100 g of soil (average 20) in the subsoil,

The amounts of total P are between 120 and 1.350 mg P,0, /100 g of soil (average
950} in the blackish layer of the very heavy textured variant, and between 80 and 300
mg P,O;/100 g of soil (average 150) in its subsoil. In the relatively light textured vari-
ant!l, the values for P,O;-total are between 60 and 370 mg/100 g of soil {average 150)
in the blackish layer, and between 70 and 140 mg/100 g (average 100) in the subsoil.

To assess the degree to which the phosphorus is fixed in the TP soil, the P,O-total :
P,0;-Bray ratios were calculated for the three profiles of the very heavy textured
variant. The values are below 25 in all horizons, even in the subsoil where the percen-
tage of Carbon may be lower than 0,59, Hence the values for the TP soil do not agree
with the curves for non-enriched kaolinitic soils (cf. Fig. 34). It seems that the total
amount of phosphorus of the TP soil is considerably greater than the fixing power of
the humus-poor soil material.

The relatively high C/N values imply that the nitrogen may be in short supply. It is
noted that KLINGE (1960), who determined Carbon and Nitrogen data for two TP pro-
files, gives values for mineral N (in percentage of the total N) that are comparabie to
those of non-enriched forest profiles. The ratios N-NH,*:N-NQ,~ are however lower,
especially in the TP topsoil, due to higher values for N-NO,~. -

The moisture equivalent data for the three very heavy textured profiles vary from 36
to 41 g/100 g and from 34 to 37 g/100 g, for topsoils and subsoils respectively. In the
relatively light textured profiles, the range is from 8 to 12 g/100 g and from 7 to 9 g/
100 g respectively, These values are comparable to those of topsoils and subsoils of
non-enriched forest profiles (¢f. the Figs. 35 and 36). The amount of available moisture
in the TP is likely to be slightly larger than that of non-enriched forest soils. As regards
other physical qualities, the TP seems comparable with its non-gnriched relatives.

THE SOILS UNDER MANURING AND FERTILIZING

Chemical fertilizers and animal and green manures are applied locally to the freely
draining kaolinitic Planicie soils, namely on the limited acreage with permanent
agriculture. The latter involves the growing of vegetables and fruits on plots near the
towns, of pepper mainly by Japanese small farmers, and of rubber on recently
established smallholdings and a few commercial estates (Pirelli, Goodyear). A system-
atic collection of data concerning the responses to, and the economy of, the applications
of fertilizers and manures is badly lacking.

Fundamental experiments on the effects of fertilizers or manures with annual or

1) C/. note page 254,
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perennial crops, on the various soils, and with different rotation systems, were com-
pletely lacking until a few years ago. However, alter the establishment, in 1939, of the
Instituto Agrondmicoe do Norte (IAN) at Belém, with several Experimental Substations
throughout Amazonia, research in this respect has gradually been taken up. The data
obtained so far are still piecemeal and little conclusive. Future fully fledged research
will certainly provide for more definite data on the best systems for fertilizing and
manuring.

The IAN trials on freely draining kaolinitic Planicie soils concern mainly those on the
terra firme arca of the TAN terrains on the outskirts of Belém. The scils concerned are
relatively light textured {KYLpn) predominantly, while a small part is concretionary.
Much of the area was cleared of its primeval forest cover many years ago, The follow-
ing data are partly summarised from expositions at the Primeira Reunido de Agronomia
do Norte do Pais, Belém 1962 (the full descriptions of these trials are being
published in the Boletins Técnicos of the Institute).

Beans (Feijdo: Phaseolus vulgaris), were fertilized with powdered lime one month
before planting. Statistics did not reveal any significant differences in yields of the con-
trol plots and those with 2, 4, 6 or 8 ton/ha of lime. The application of N, P and K
(100 kg/ha of chili saltpetre, 500 kg/ha of super phosphate, 200 kg/ha of potassium
chloride), in various combinations, did not show any significant increase in yield.

Corn ( Milho: Zea mais), planted on plots just cleared from forest, was treated with
2 ton/ha of lime. The liming resulted in a highly significant increase in yield. On the
other hand, the application of N, P and K (300 kg/ha of chili saltpetre, 400 kg/ha of
super phosphate, 100 kg/ha of potassium chloride), in various combinations, did not
result in any significantly higher yields. The same crop was planted on a plot that
already had been cultivated for three years, now being added 15 ton of animal manure,
1 ton of lime, 300 kg of chili saltpetre, 400 kg of super phosphate and 100 kg of potas-
sium chloride per ha. The yield compared very favourably with the low yields of corn
normally obtained on such exhausted plots, but the cost of the fertilizing was almost as
high as the gross revenue.

Oil palm ( Dendé) is not indigenous, and not commercially cultivated as yet in Ama-
zonia. At IAN however, various plots have been planted with the palm ( Elgeis
guineensis, Elaeis melanococca, and the various varieties and hybrides of these). From
the manner of the growth of the plants it has been concluded by technicians of Uni-
lever Cie and of IRHO!, among others, that the palm adapts itself well to Amazon
conditions. Dura x Dura crossings, for instance, have given fairly high yields, al-
though foliar analysis, at the Royal Tropical Institute in Amsterdam, Holland, showed
a deficiency of K+ and probably also of Catt. Fertilizer trials on these plots are at
present in execution.

Y} Institute de Recherches pour les Huiles et Oléagineux, Ivory Coast.
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Though the planting of rubber { Borracha: Hevea brasifiensis and crossings) in Ama-
zonia has been greatly stimulated, there is no exact data on which to base fertilizing
schemes for this perennial. On IAN terrains the fertilizing takes place according to the
formula N : P : K = 8 : 12 : 10. At Pirelli Estate near Belém, where the soils are
largely concretionary (KYL, cr) the formula applied is 10 : 10 : 10; at Goodyear
Estate, which is located 100 km east of Belém and has sandy soils (KYLy; KLS), the
fertilizer applicationisona 8 : 16 : 9 basis (HUFFNAGEL, 1964).

Pepper (Pimenta do reino: Piper nigrum) was introduced in Amazonia in the thirties,
by Japanese colonists, In recent years, this crop has rapidly expanded, notably at
Tomé-Ag, and in the surroundings of Belém. Fertilizing is essential for this intensive
crop; without it only 1 kg yield per plant may be obtained, while with liberal applica-
tion of fertilizers 8 kg can be reached. At Tomé-Agt colony, where the soils are rather
heavy textured mainly (KYL,), the avarage yield of full grown plants is 4 kg when
both inorganic fertilizers and manures are applied. Manuring in the colony comprises
the mulching with grass fodder (Capim-da-colénia: Panicum nimidium) as well as the
application of refuses of oil rendering palm fruits. No use is made of legumes, because
of associated dangers such as contamination of the soil with nematodes (by Indigofera
pascuorum) and strangling of the pepper plants (by Pueraria phaseoloides). Day (1961)
estimates yields of 2 to 3 kg per full grown pepper plant, on relatively light textured
soils near Belém (KYL;, or KLS), with an application of 0.5 kg of mixed chemical
fertilizer per plant per year.

For silviculture, the application of fertilizers is being tried too. PITT (1961) reports on
the effect of phosphate addition on the artificial regeneration of several tree species.
The application of *half a dessert spoon’ of rock phosphate or super phosphate did
not show any effect on plots at Curud-una centre. The plots had just been cleared from
their primeval forest cover, and were located either on the planalto with its very heavy
textured soil (KYLy3), or on the lower terrains with their light textured soils (KLS).
The application of the same amount of these phosphates was, however, essential for
the growth of tree seedlings on plots in the upland savannah area of Amapd territory,
with heavy textured soil (KYLp).

As regards pasturing the following can be said. Data as to the mineral imbalances in
Amazon cattle and the nutrient content of the soils on which they graze, are given in
the combined veterinary - pedological study of SUTMOLLER et al. (1964). The study
reveals that the soils of the upland savannahsin Amapa territory, in the Lower Ama-
zon region and on eastern Marajo island are deficient in several micro nutrients (Co-
balt, Manganese§, as well as in phosphate and potassium. The soils concerned mainly
are freely draining kaolinitic Planicie soils (cf. 1V.2.1). As to the improvement of pas-
tures on kaolinitic Planicie soils, trials may be mentioned on feso terrains! at the

1y The soils concerned are not quite freely draining (¢f. Day and Santos, 1958).
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artificial insemination station of Sio Salvador, near Sourg (NIEUWENHUIS, 1960).
Introduced Pangola grass( Digitaria decubens), Elephant grass{ Pennisetum purpureum),
Mucund (Stizolobium deeringianum) and tropical Kudzu { Pueraria phaseoloides) were
growing well on these terrains, and responded favourably to the addition of chemieal
fertilizers.

Aninteresting example of mixed farming on freely draining kaolinitic Planicie soils is
practised locally in the Bragantina area. Tobacco is planted in this area on plots used
previously as temporary pens for cattle which graze on nearby lowlands (¢f. SOAREs,
1956).

Reference may be made to the favourable results of additions of chemical fertilizers
on the growth of sugarcane and other crops on the taboleiro uplands near Campos, in
Rio de Janeiro State. These uplands have soils that are much comparable to the
Amazon soils under discussion.

V.3.1.3 The Soils with Horizons of Fossil Plinthite

The freely draining kaolinitic Planicie soils with horizons of fossil plinthite, hard or
soft, are KYL, ¢r, and RP-KYL, CRr. Seen as a whole, their chemical and physical
qualities are comparable with these of non-plinthitic freely draining kaolinitic soils.

It is especially noteworthy that plinthitic soil horizons do not have a higher degree of
fixation of the soil phosphorus present (¢f. Fig. 33). Analysed plinthitic topsoils under
forest cover have a base saturation which varies from 34 to 209, and is therefore
slightly above the average value for non-plinthitic topsoils. For plinthitic subsurface
and subsoil horizons, no consistent difference in this respect appears. Plinthitic top-
soils seem to have a comparatively high percentage of organic matter (¢f. Fig. 27),
plinthitic subsoils however have a relatively low percentage (c/f. the Figs. 28 and 29).
The potential cation exchange capacity (T value) of these subsoils is nevertheless not
consistently different from what may be expected at a given percentage of clay (¢f.
Fig. 31). In other words, plinthitic horizons with low percentages of organic matter
have T values which are slightly higher than the average for non-plinthitic horizons
with similar percentages of organic matter. This seems to indicate that, although Ki
data is approximately the same as that of the other Planicie soils, the clay fraction of
the plinthitic horizons is slightly less chemically inactive. In this respect it may be
mentioned that on a large rubber estate near Belém, the stripping of the non-plinthitic
surface layer (which contains most of the organic matter!) from the plinthitic soils has
been found to be advantageous for the growth of rubber saplings.

Owing to their compactness, horizons of fossil soft plinthite, such as the B horizon of
the RP-KYL, CR, are not favourable for rooting. Horizons of fossil hard plinthite
however, such as the A horizon of the RP-KYL, cr and the A and B horizons of the
KYL, cr, normally are excellent rooting media. Such horizons consist very predomi-
nantly of concretions in friable earth (¢f. Photo 28); exceptionally the segregates of
sesquioxides form slag-like, impenetrable masses.

Reference may be made to the remarks in Chapter IV on the natural vegetative cover
of the freely draining plinthitic Planicie soils. The timber wealth is certainly not lower
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than on non-plinthitic freely draining kaolinitic Planicie soils, and at least one valuable
tree species predominates on one of the plinthitic soils.

v.3.2 Agricultural Land Capability Evaluation for the Freely Draining Kao-
linitic Planicie Soils, and their Adequate Management

V.3.2.} Agricultural Land Capability Evaluation

The main conclusion from the foregoing discussion is that the natural fertility is low
in all freely draining kaolinitic Planicie soils (except the Terra Preta). In such a situa-
tion, the differences which occur in soil qualities such as organic matter storage, availa-
ble moisture reserve, and root penetrability, become very important. Agricultural land
capability evaluation in the Planicie will have to be based largely upon the differences
in the latter qualities. Such external factors as the topography and drainage pattern of
the land, its accessability, and the degree of geographical coherence of the individual
soils, play a part. Apart from this however, and the soil preferences of individual crops,
it may be stated that the most favourable conditions for crop production are to be
found on those relatively heavy textured forest soils that have non-compact and friable
subsoils.

The Kaolinitic Yellow Latosol (,Ortho), and Kaolinitic Yellow Latosol, intergrade to
Red Yellow Podzolic soil which are of rather heavy, or heavy texture (KYL,5 and
KYLa; KYL-RP,3 and KYL-RPy) meet these requirements best. On these soils the
highest gross timber volumes of the primeval forest are found (cf. 1V.1.2).

Where the above soils are used for shifting cultivation they often have a smaller po-
tential because of the tendency of the smail farmers to gradually reduce the length of
the fallow period.

The soils under savannah coverage have definitely less agricultural potential than
those under primeval forest, because of the near absence of a nutrient reserve in the
vegetation, less organic matter in the topsoil, and some degradation in the soil struc-
ture which affects unfavourably the available soil moisture and the root penetration.

The soils with horizons of fossil plinthite have about the same potential, when hand
culture methods are applied, as non-plinthitic soils of the same degree of anthropic in-
fluence. Only when machinery is to be used do they obviously become much less
suitable, because of their stoniness.

V.3.2.2 Soil Management
The preceding examination of the chemical and physica! qualities of the freely drain-
ing kaolinitic Planicie soils, under forest or under human influence, enable an assess-
ment to be made as 1o the best ways for management of these soils after clearing of the
primeval forest cover, as well as for their recuperation after adverse human influence.

MAINTENANCE OF SOIL ORGANIC MATTER
It is evident that the organic matter in the soils is of paramount importance. It i3
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practically the sole bearer of the available plant nutrients, determines the nutrient
storage capacity {T value) to large extent, is the main source of nitrogen, and makes the
phosphorus of the scil easily available, The soil organic matter also has a favourable
effect on the soil moisture availability.

In forest soils, the soil organic matter is concentrated in a thin superficial layer. The-
refore, at the commencement of agricultural activities on these soils, great care has to
be taken to leave intact, as much as possible, the original superficial layer. Any effort
to improve the fertility of the forest soils, and to recuperate the soils under savannah
and those under long-lasting shifting cultivation with short fallow periods, will have to
take the maintenance, and if possible the enlargement, of the soil organic matter has a
basis.

Theoretically, it would be possible to attain gradually a level of soil organic matter

which is comparable to that of the Terra Preta soil. It has been shown before that
already under the natural cover the percentage of organic matter is higher, both in top-
soil and in subsoil, with increasing percentage of clay. In the relatively light textured
forest soiis, the layer in which the organic matter is concentrated is often up to 40 cm
thick. A relatively large mass of soil is involved in storing this organic matter. In the
heavy textured soils however, a very thin superficial layer, often only 2 to § cm, suffices
to store a good part of the naturally present organic matter. In the latter soils it will not
be very difficult to maintain, under permanent cultivation, the natural organic matter
level. This will be possible by arranging that the organic matter becomes about equally
distributed in the total tilth layer, through increasing the sub-surface section with the
same amount of organic matter which is lost in the thin superficial layer. Even an abso-
lute enlargement of the organic matter level in such soils seems feasible, namely by
securing an organic matter level in the total tilth layer which is as high as in the super-
ficial section of forest profiles. In fact, some of the heavy and very textured profiles
under forest, notably those with very high timber volumes, have remarkably thick
A, horizons. An example of this is shown by the profile at the planalto edge of Curud-
una centre (112 of Fig. 11). This profile, having 809/ clay, contains about 3% Carbon
down to 40 cm depth, resulting in a T value of 15 m.e. per 100 g of soil throughout this
layer!
" Whether an increase in the organic matter level in the relatively heavy textured soils
can be realised under non-intensive agriculture, and whether it will be economically
justifiable, is questionable. It is, however, evident that the heavier the texture of the
soil, the better its ability to maintain the level of organic matter in the newly occup-
ied forest soil and 1o restore it after degeneration of the soil under adverse human
influence.

There are several methods of ensuring maintenance, and possibly increase of the level
of soil organic matter, such as the planting of cover crops and the application of ani-
mal and green manures and compost. Application of some specific green manures
scems to be the most effective and economical. There are however hardly any compa-
Fative trials available to confirm this belicf.
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EXPLOITING OF SOIL MOISTURE RESERVE

It has been mentioned that a large part of Amazonia has a climate with a dry season,
in which the rainfall is too small and too irregular to provide for unhibited plant
growth. The soil moisture has to be exploited in such periods. The total effective soil
moisture reserve depends upon the amount of available moisture per unit of soil, as
well as upon the intensity and depth of rooting. It seems hardly feasible to obtain an
enlargement of effective soil moisture reserve by mechanical improvement of porosity
and soil penetrability. In topsoils these qualities are normally quite favourable, and
breaking of compact subsoil layers will not be economically justified for most crops.
Because of the influence of the soil organic matter on soil moisture availability and on
root penetrability however, via its influence on the activity of the soil fauna, the main-
tenance or increase of the organic matter level is an important management measure
also for the effective soil moisture reserve.

Strange as it might seem for a region with a ‘wet’ climate, some irrigation, during a
short period of the year, may well be an economic proposition for a number of drought-
sensitive crops. In this case, owing to the supplementary character, irrigation with
flexible equipment such as sprinklers, seems advisable, '

TILLAGE AND EROSION CONTROL

Normally, the topsoils are friable and easily penetrable, and the dangers of large-
scale erosion are very small. Exceptions to this are the very heavy textured and the
very light textured soils. The former may be subject to surface sealing and sheet ero-
sion, and on the latter gully erosion can be severe. On these soils, tillage and erosion
control measvres require special attention.

FERTILIZING

Immediately after felling and burning of the forest cover, an addition of chemical
fertilizers seems superfluous, owing to the temporary enrichment of the soil by ash
from the vegetation, and the rapid rate of mineralisation of the soil humus. Afterwards
however, the removal of nutrients from the soil system by crop production or cattle
rearing has to be recompensed by new additions, if the nutrient status of the forest soil
is to be fully maintained. Such additions, together with measures taken to maintain or
increase the organic matter content, will also be required for recuperation of ex-
hausted soils and when general soil improvement is envisaged.

With the foregoing soil data, and the few data of fertilizing trials, it is possible to
assess tentatively to what degree applications of chemical fertilizers are necessary
and what their effects will be:

The application of large amounts of /ime is probably not advantageous, at least not in
so far as it is intended to lessen the acidity. It is true that the soils are generally very
strongly to extremely acid, but the active acidities, or the exchangeable aluminum
percentages, are nevertheless only moderately high. A slight increase of the pH (about
one unit, to approximately pH-H,0 = 5.5) is probably sufficient to eliminate the un-
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favourable effect of this aluminum on the availability of other nutrients, Owing to the
fact that the potential cation exchange capacities are generally low, such an increase
may be effected with moderately small doses of lime (as a rough estimate, 1.510 2 tons/
ha for a tilth layer of 20 cm, not counting possible leaching). A further raising of the
pH is likely to again decrease the availability of several nutrients. This may apply
particularly to micro nutrients, of which the total amounts seem to be already natural-
ly low both in forest and savannah soils. The often very gradual effect of liming on
crop production has to be kept in mind, when the first year's results of the fertilizing
are evaluated.

The available amount of nitrogen in the soils is unlikely to be deficient for some time
after the clearing of the forest, because of the relatively high rate of mineralisation of
the organic matter. On long cultivated plots and on savannah areas however, an addi-
tion of N-fertilizers may have considerable effect. It will be necessary to apply nitrogen
when green manuring is executed with soil covers other than N-fixating legumes.

It has been shown before that the content of total phosphorus is low. The fixation of
this element is somewhat larger in clayey soils than in sandy soils, but it is, as a whole,
probably less strong than in Latosols other than the main Amazon ones. An enlarge-
ment, if necessary, of the content of available phosphorus in the soil, can therefore
probably be obtained with only moderate amounts of phosphates, particularly in the
sandy soils. This is also true, because the exchangeable aluminum is only moderately
high and easily eliminated with some liming. Because of the relation between the avail-
ability of phosphorus and the percentage of organic matter, an enlargement of the
apparently toolow amount of available phosphorus in the savannah soils implies thatan
enlargement of the organic matter content must be effected at the same time. Without
a considerable quantity of organic matter, it wilt be very difficult to obtain a satisfac-
tory level of available phosphorus (1 mg P,O5-Truog per 100 g of s0il??). It is most
probably uneconomical to apply such liberal doses of phosphates that the amount of
total phosphorus in the soil becomes greater than the fixing power of the humus-poor
soil material, as is apparently the case in the Terra Preta subsoil {(more than 100 mg
P,O;-total per 100 g of soil). Such large additions, however, may have an enlargement
of the potential cation exchange capacity as an interesting side effect.

Fertilizing with potassium seems to be generally useful, at least when perennials are
involved. SUTMBLLER ef al. (1964) found that potassium deficiences in Amazon cattle
may occur if the amount of exchangeable potassium in the soils concerned is below
0.20 m.c. per 100 g of soil. Reference is made to the evidence from foliar analysis
executed for Amazon oil palms. Experiments with the crop on comparable soils in
West Africa have shown that for this perennial the level of exchangeable potassium
should be at least 0.15 m.e. per 100 g of soil, in the upper 30 to 40 cm of the profile
(IHRO-OLLAGNIER, personal communication). Another minimum value estimation is
1.5t02%; of the T value. If this is generally true for conditions in the Amazon, then not
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only are the exhausted savannah soils deficient in potassium for the growth of oil palm,
but also the forest soils (the storage in the vegetation not taken into account): even the
Terra Preta soil is at, or below, the minimum necessary level.

The nutritional imbalances in cattle, grazing on the savannah soils, suggest that
fertilizing with several meso and micro nutrients will be eflective, On non-exhausted
soils also, when supporting perennials or sustained cultivation of annuals, deficiencies
of meso and micro nutrients are a possibility if no compensation is made with chemical
fertilizers or compost.

It is stressed that any fertilizing recommendation, made with the aid of the present-
day knowledge of soil - plant relationships in Amazonia, is at best a rough estimate.
There are also the different requirements of individual crops. The method of soil tillage
and the system of fertilizer application can have a tremendous influence upon the
effect, if any, of added materials. Also, a shortage of one element, even when a micro
nutrient, may cause an apparent lack of response to a fertilizer application which is
totally misleading. With the generally weak buffering of the soils, especially of the
sandy ones, it is easy, on the other hand, to unwittingly add an excess of one nutrient,
thereby diminishing the availability of other nutrients.

V.3.2.3 Systems of Crop Production

At present, the crop production on the freely draining kaolinitic Planicie soils is
carried out very predominantly by native small farmers, with hand culture methods,
and the application of the shifting cultivation system. It has been concluded in V.3.1.2,
that this system, as it is practised nowadays in Amazonia, reduces gradually the agri-
cultural potential of the land. In view of the low standard of living of the rural popu-
lace, and the envisaged immigration from other parts of Brazil, the expanding of crop
production on the Planicie soils is & necessity. This must be done both by improve-
ment of the crop production in the present-day agricultural areas such as the Bragan-
tina area, and by creating of agricultural settlements in primeval forest areas. Stimulat-
ing of the establishment of commercial agricultural estates, belonging to specialised
companies, might be an effective way to achieve higher production and they may be 0
educative value for the rural population on their peripheries. Government agricultura
policies however will aim mainly at improving and enlarging the means of existence ©
the native small farmers. For this, the shifting cultivation system can not be discarded
as ‘obsolete’. In general the system secures a living, though on a low level, from tropical
soils with a low natural fertility, in areas where land is superfluous. The choice and
succession of crops after clearing of the fallow is often the ingeneous result of century-
long experience by the native population in tropical areas where animal manures,
chemical fertilizers and insecticides were not available in the past, nor are they today
an economic proposition. Proposals to introduce *modern’ agricultural practices for
peasant farming have to take full account, not only of the economy of the agn'cuhura|
products themsclves, but also of the socio-economic level of the rural pepulace.
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Under the prevailing conditions, the improvement and expanding of peasant farming
on the freely draining kaolinitic Planicie soils of Amazonia has to take the shifting
cultivation as a basis. There seem to be several ways in which the system, as practised
nowadays, may be improved, and gradually transformed in to a system of settled agri-
culture.

One of the first and easiest measures would be to allot more land to original settlers,
to strictly control the area of forest felled each year, and to allow only the felling of
sufficiently old (15 to 20 years) fallow, Secondly, a stimulating of the growth of the
fallow may be feasible, as has been tried for instance at Yangambi station in Congo,
with the corridor system.

A main gap in Amazon agriculture is believed to be the practical absence of peren-
nials such as rubber, cocoa and cil palm. Such crops are a firm step to settled agricul-
ture. They will provide for considerable and stable cash without requiring much tech-
nical skill, form a good protection against degeneration of the land, and are likely
to react the most favourably to applications of manures and chemical fertilizers. To
give an encouragement to the planting of such perennials, on a percentage of the plots
allotted for ordinary shifting cultivation, seems to be an inherent part of a sound agri-
cultural policy. In fact, this has been propagated in recent years, for the agricultural
colonies established by the Insiituto Nacional de Imigragdo e Colonizagio (INIC) in
general and for rubber in particular, via the joint project £TA4 *54 of US. AL.D,,
SPVEA and other institutions. However, the strict precautions that have to be taken
against the leaf blight Dothidella ulei are one of the hindrances to expansion of rubber
planting. Both technically and economically it seems quite possible to promote the es-
tablishment of small groves of oil palms along similar lines as is being done for rubber.
Smallholding of this perennial seems promising even in those parts of the Planicie
where climatic conditions may not be optimal for the crop. Apart from this, one or
more of the many indigenous oil rendering palm species may prove to be a valuable
perennial crop.

Also the prospects for increased growing, by smallfarmers, of specials such as pepper
look favourable. Such new crops constitute, in fact, a more intensive use of the land.
The use of fertilizers, green manures and cover crops will be justified by higher and
more stable profits, and also annual crops may gradually be grown continuously.

It is possible that an adapted system of mixed farming will prove to be a stable base
for rural settlement. Besides the profits of livestock husbandry itself, the grass or
legume ley may improve soil conditions and the manure of the penned cattle may be
fully used for the enlargement of crop production on the same farm. In this case, much
attention has 1o be given to the quality of the grass ley. The application of adequate
chemical fertilizers, and the introducing of new and highly productive grasses and
Palatable legumes, on artificial pastures, scem to be promising.

Another possibility for improvement of the standard of living of the rural population
in Amazonia is the combination of crop production with a modern exploitation of the
forests. Several forest production reserves on Planicie areas are proposed or already
established (cf. Fig. 22}, in accordance with recommendations made after the FAO-
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SPVEA forest inventories. The creation of agricultural settlements on the peripheries
of such reserves would be a safeguard against uncontrolled cutting and felling, and
secure a labour force for the exploitation of the reserve itself; at the same time, it
would provide extra cash for the agricultural community.

It is without doubt that the agricultural research, as started by the Instituto Agrons-
mico do Norte, must be enlarged and deepened. It should comprise studies on crop
rotation and intercropping schemes, grass leys, types of green manures and cover crops;
trials on the application of chemical fertilizers, animal manure, compost and the waste
from industrial production; trials on cultivation practices such as planting time and
spacing; the introduction and testing of new crops, and the selecting of the best varie-
ties of local crops; the assessment of the absolute production capacity of the various
soils and the economy of soil management measures. The experiences in these respects
in other tropical areas with similar physical conditions, of which particularly West
Africa and Congo (Yangambi) must be mentioned, may be utilized to a large extent.

Rural extension work, to a greater degree than being done by the Fomento Agricola,
will have to teach the new methods which have proved valuable, and to produce and
distribute seeds and other planting material. This may prove to be one of the bottle-
necks for the expansion of the Amazon agriculture, because of the preference of the
present-day rural population for extractive activities on the natural vegetative cover,
and the aversion of trainees from spending a considerable time in the interior. In this
respect, the establishment of subsidised pioneer and demonstration farms should be
highly beneficial.

In fact, most measures in the technical agricultural field for improving Amazonian
peasant farming are well understood by Amazon agronomists. Other services however,
are equally indispensable. These are the sufficient and regular release of working funds
for agricultural research and rural extension work; cheap agricultural credit; promo-
tion of processing industries on the spot; price policies for cheap provision of fertiliz-
ers, insecticides and implements; easing of import and export regulations and the res-
triction of federal, state and municipal taxes on the agricultural products; the promo-
tion of agricultural cooperatives, of transportation, education and other measures in
the social field. Tt is often rather the lack of these services, or their unbalanced or short-
term implementation, which is delaying the emergence of a prosperous agricultural
community in Amazonia.
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Summary

The present study actually deals with the soils of the Brazilian part of the Amazon
region. The boundaries accepted for this region are the transitions from the belt of
equatorial forest to the savannahs of North-Eastern and Central Brazil and those of
Rio Branco-British Guiana. The eastern half of the region is discussed in particular,

PEDOGENETIC FACTORS

Climate. Only a small, north western section of Brazilian Amazonia has a climate
without any dry season (type Afin Képpen’s classification; Fig. 2). The greater part of
the region has a few months per year with little or no rainfall (type Am).

Geology. Brazilian Amazonia consists of a low, sedimentary area, the Amazon valley
proper, and parts of the crystalline shields of Central Brazil and the Guianas (Fig. 5).
The crystalline shields are of Pre-Cambrian age and mainly consists of granites, gneis-
ses and mica schists. The sedimentary part consists of several basins, namely the basin
of Acre, of the Amazon proper, of Marajo, and that of Maranhdo (Fig. 5 and Appen-
dix 8). The sedimentary part of Amazonia has at its surface only narrow bands of
Paleozoic-Mesozoic deposits, of very varying character; the greater part consists of
Tertiary unconsolidated sediments which are kaolinitic clays and quartz sands. The
Pleistocene sediments, which are similar in character to the Tertiary ones, are thin,
and their extent has been reported to be limited. Holocene deposits comprise a small
area, much less than was estimated by early explorers of Amazonia.

Geomorphology. In the watershed regions to the north and south of the Amazon river
system the following geomorphological units can be distinguished (Figs. 8, 9 and 17):
1. Undulating terrains with outcropping crystalline basement.

2. Undulating terrains with outcropping Paleozoic, Mesozoic or Early Tertiary de-
posits.

3. Two peneplanation surfaces inside the area designated as crystalline on the geologi-
cal maps. These surfaces occur at 400-600 and 250400 m altitude and are assumed to
be of Cretaceous and Early Tertiary are respectively. Little can be said with certainty
about these surfaces.

The broad axial part of Amazonia consists of’;

4. Flat plateau land, known as Amazon planalto, and of Plio-Pleistocene age.

5. Upland terrains at a lower level, fashioned to terraces at various levels, and of .
Pleistocene age. (The units (4) and (5) are designated together as Planicie).

6. Lowlands, of Holocene age.
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The height of the Amazon planalio is usually 150-200 m in the eastern part of the
valley and somewhat less in the western part. A characteristic of this planalte is that it
has at its surface a ten to twenty metres thick layer of uniform, very heavy sedimentary
clay. It is supposed that this so-called Belterra clay had its origin in the erosion of up-
lifted kaolinitic deposits of the Andes area. The clay must have settled very gradually
and evenly on the flat bottom of a huge shallow inland sea. A large part of Amazonia
was covered by this sea during an age of the Latest Tertiary or Earliest Pleistocene
when the general sea level was high (Calabrian; ¢f. Table 1).

The upland terrains in the axial part of Amazonia that were fashioned during the
Pleistocene period have a great expanse. A 500 km long section of the upper part of the
recently constructed Belém-Brasilia highway, allowed for a detailed study of the local
geomorphologic constitution (Appendices 4 and 5). Various terraces occur in this
stretch. Some of them are coastal-marine, the others fluviatile, All terrace levels must
have been formed during times when the existing sea level was higher than at present
and therefore they are of interglacial age. For part of the stretch, a comparison of the
terrace levels with world wide interglacial sea levels enables the terraces to be tenta-
tively dated in detail (Tables 1 and 2).

It is likely that in other parts of the Amazon valley proper the terrace levels are aiso
of interglacial age.

The very locally occurring, so-called massapé terrains, and parts of eastern Marajo
island are presumably of Early Holocene age. The younger Holocene terrains are com-
monly divided into vdrzeas and igapds. In this publication, vdrzea is defined as low-
land that is intermittently waterlogged, and the igapd as lowland that is permanently
walterlogged. The vdrzeas, which have the largest extent, are subdivided according to
the character of the variation of the water level and to the composition of the water.

Levels of fossil plinthite. Along the afore mentioned upper part of the Belém-Brasilia
highway detailed observations were made on the occurrence of levels of fossil plinthite
(Appendices 4 and 5). Several types of fossil plinthite can be discerned in this area, and
each of them has a specific position and area of occurrence. In the stretch traversed by
the highway, the main part of the fossil plinthite was formed /n situ. It must have origi-
nated during at least two ages of the Late Tertiary with flat land surfaces of imperfect
drainage. An age of the Pleistocene produced plinthite of limited expanse,

It is likely that the fossil plinthite in other parts of eastern Amazonia was formed also
largely during the Tertiary and the Pleistocene.

Vegetation. Is is concluded from the geomorphologic constitution of the Planicie part
of Amazonia and the character of its sediments that both during the Tertiary and the
Pleistocene there were several ages with relatively dry climates (interpluvials). During
these ages there was no forest coverage over large parts of Amazonia.

The present-day vegetative cover is subdivided into several forest types, on the one
hand, and several savannahs and savannah-forests, on the other (Fig. 12).
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THE MAIN AMAZON LATOSOL

The concepts on ‘latosol’, “laterite” and ‘plinthite’ have had already an evolution. The
national Brazilian Soils Commission has recently given a detailed definition of the
Latosol, in an elaboration of the U.S.A. concept. Attention is given to the separation
of Latosols from other red and yellow soils of the tropics and subtropics. In particular,
the characteristics of the diagnostic horizon of Latosols, the latosolic-B horizon, are
contrasted (Table 5) with those of the textural-B horizon, which is diagnostic for Red
Yellow Podzolic soils and others.

Many different terms have been applied to the various Latosols found throughout the
world. In Brazil, a subdivision of the Latosols is being worked out which takes as its
principal criterion the composition of the clay fraction in relative amounts of silicate
clay minerals (kaolinite), iron clay minerals (goethite, hematite), and aluminum clay
minerals (gibbsite}). These amounts are assessed mainly on the molecular ratios Si0,:
ALQO;:Fe, 0.

It is shown that the well-drained soils of the Planicie part of Amazonia have predo-
minantly a latosolic-B horizon as this is defined by the Brazilian Soils Commission.
The molecular ratios Si0,:Al,O,:Fe, 0, point to a strong predominance of kaolinite in
their clay fraction, which is confirmed by several X-ray curves of representative pro-
files (Tables 7 and 8, and Fig. 14a-e). The soils therefore belong to the subgroup of the
kaolinitic Latosols and are named Kaolinitic Yellow Latosol. For the sandy relatives
of the soils, with less than 159 clay in their B horizon, the name used is Kaolinitic
Latosolic Sand.

The described Amazon soils are comparable with several of the soils in tropical Afri-
<a, which are grouped according to other classification systems than used in this publi-
cation.

AMAZON SOILS WITH PLINTHITE

The soils that contain plinthite in one form or another are discussed separately. In
agreement with the VIIth Approximation, ‘plinthite” here replaces the old word ‘late-
rite’, and a subdivision is made into hard plinthite (laterite concretions and slabs) and
soft plinthite (Buchanan’s laterite or mottled clay).

Soils with recent plinthite, At present plinthite in Amazonia mainly develops on flat
land surfaces with intermittently imperfect drainage. Soft plinthite is formed at some
depth in the soil profile on these sites, viz. in the zone of fluctuation of the phreatic
level, which is fully in agreement with the classical findings of MarsuT (1932).

In some cases this zone occurs at such a depth that the solum of the soil profile is not
affected (¢f. Profile description 1). Usually, however, the zone is nearer to the surface
and clay-sized mineral particles and sesquioxides are carried from the superficial layer
downward. An imperfectly drained soil develops with a leached A horizon and a B ho-
rizon of soft plinthite, i.e. the Ground Water Laterite soil. There is a great variability
in characteristics of this soil unit (¢f, Profiles 2 to 18, and Appendix 9), which is govern-
ed by several factors. The ultimate stage of Ground Water Laterite soil development
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appears to be represented by the profile which has a bleached and light textured, thick
A horizon over a heavy textured, dense and slowly permeable, thick B horizon of soft
plinthite, whilst at the transition zone of the two horizons some plinthite material
occurs that has already hardened (the Ground Water Laterite soil, Low phase).

Soils with fossil plimthite. In Amazonia it is common to encounter layers of soft or
hard plinthite on well-drained sites where the phreatic level occurs at a depth of many
metres. In view of the described present-day formation of plinthite, and in agreement
with most of the recent literature on the subject, such plinthite is considered to be
fossil.

Layers of fossil hard plinthite underlain by fossil soft plinthite are likely to have
formed in situ. The combined layers constitute the relics of a Ground Water Laterite
soil which developed on a former land surface with imperfect drainage. After condi-
tions of imperfect drainage ceased to exist, the profile was geologically eroded to the
point at which all the light textured and loose A horizon, and possibly part of the
plinthitic B horizon, was stripped off. Whilst the lower part of the plinthitic B horizon
has remained soft, the upper still present part has become hard plinthite.

Separate layers of fossil hard plinthite are normally of colluvial-alluvial origin. There
are several supplementary characteristics that may help to establish whether plinthite
is recent or fossil, and whether formed in situ or of colluvial-alluvial origin.

If the fossil plinthite is found below the solum, it is not diagnostic for classification of
the sail. If, however, the fossil plinthite forms part of the solum, then the classification
of the soil depends upon the degree of weathering of the parent material, i.e, in this
case the plinthite. In Amazonia the final weathering product consists, with few excep-
tions, of a mixture of hard concretionary elements and loose friable earth of which the
clay fraction is kaolinitic in character.

Where there is shallow weathering of the plinthite layer the soil is classified as Red
Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol, Concretionary phase.
When the weathering is deep, and in any case when the fossil plinthite is of colluvial-
alluvial origin, the soil is classified as Kaolinitic Yellow Latosol, Concretionary phase
{(c/. Profiles 19 to 23, and Appendix 9).

A general scheme for the different soils to be distinguished with the formation, trunc-
ation, and burying of Amazon plinthite is given in Fig. 15.

THE SOIL UNITS DISTINGUISHED, AND THEIR GEOGRAPHIC OCCURRENCE

All discerned Amazon soil units (¢f. summary in Table 9) are described systematical-
ly, by giving a general concept, the range in characteristic, and a representative profile
with its analytical data.

The soil maps of two of the areas of which a reconnaissance soil survey was executed
(Appendices | and 2), give a picture of the geographic occurrence of the various soils.
The Guamd-Imperatriz area may be taken as representative of the Planicie part of
Amazonia with its unconsolidated sediments of kaolinitic clays and quartz sands. The
Araguaia Mahogany area may be taken as representative of the non-Planicie part of

2n



Amazonia, with its wide variation in geologic age and petrographic constitution. Fig.
17 is a sketch of a provisional soil map for the whole of Brazilian Amazonia.

The undulating terrains with outcropping crystalline basement probably have Red
Yellow Latosol as the predominant soil. The presence of Red Yellow Podzolic soil and
of Lithosols is established.

The undulating terrains with outcropping Paleozoic, Mesozoic or Early Tertiary
deposits have a large variety of soils. Lithosols appear to be common.

Very little soil data is available on the peneplanation surfaces on the crystalline base-
ment.

Most of the soil data of Amazonia relate to the Planicie and the Holocene terrains.
The soils of the Belterra clay covered Amazon planaito have an uniform profile devel-
opment over large distances, By far the most common soil is Kaolinitic Yellow Latosol
(,Ortho), very heavy textured. Parts of the planalto in the south-western part of
Amazonia have imperfect drainage, with Ground Water Laterite soil or Kaolinitic
Yellow Latosol, intergrade to Ground Water Laterite soil.

The Pleistocene terraces in the eastern part of Amazonia have Kaolinitic Yellow
Latosol (,Ortho), of medium, rather heavy, or heavy texture and Kaolinitic Latosolic
Sand as the principal soils. Several aspects of profile development of these soils are
related to the texture of the parent material. The terrace level also appears to have
some influence (¢f. Table 10). Other well-drained soils are Kaolinitic Yellow Latosof,
Compact phase; Kaolinitic Yellow Latosol, intergrade to Red Yellow Podzolic soil;
and Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol; soils which
are subdivided according to their texture. In addition, there are the plinthitic soils
Kaolinitic Yellow Latosol, Concretionary phase and Red Yellow Pedzolic soil, inter-
grade to Kaolinitic Yellow Latoso!, Concretionary phase.

Imperfectly drained soils are Ground Water Laterite soils and Ground Water (Hu-
mus) Podzol.

There are many small patches with a peculiar dark and fertile soil which is called
Terra Preta. This is a ‘man-made’ soil, developed on the dwelling sites of the pre-Co-
lumbian Indian tribes.

Judging from the data of MARBUT and MaNIFOLD (1926) and other informations, the
soils of the Pleistocene terraces in the western part of Amazonia are largely comparable
with those of eastern Amazonia.

On the vdrzeas, Low Humic Gley and Humic Gley soils predominate, and on the iga-
pos, Bogs and Half Bogs. Also Ground Water Laterite soils are found on these low-
lands. In the coastal area Saline and Alkali soils occur.

For description of hitherto unknown forested areas at which the detailed geographic
pattern of the various soils can be shown, the introduction of the concept ‘land-unit’
is suggested. This denotes a tract of country within which the geologic, topographicand

hydrographic elements, the climate, pattern of vegetation and pattern of soils are
approximately uniform.
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THE SOILS AND THEIR VEGETATIVE COVER

The available data on the vegetative cover are of limited value for the assessment of
the relationships between soils and vegetation, because methods of ecological re-
search proper could not be employed. A discussion is nevertheless desirable in view of
the near absence of published data on soil-plant relationships in Amazonia.

Among the characteristics of the upland forests, the mean gross timber volume and
the occurrence of individual tree species are discussed in particular, because it is on
these that the FAQ/SPVEA forest inventories provide for data.

The influence of non-edaphic factors on differences in forest growth. The highest timber
volumes of the Planicie may be found in areas where the total annual rainfall is not
excessively high and a short dry season occurs. A number of differences established in
the occurrence of individual tree species are likely to be determined by differences in
climate as well.

Anthropogenic influences may have affected forests, even seemingly primeval ones,
over large areas. An example is the selective cutting of certain very valuable tree
species. A peculiar type of forest, which consists largely of short-lived Guadua species
(tabocal) and is found in an area along the Belém-Brasilia highway, is very likely due
1o the burning practises of Indians.

Edaphically determined defferences in forest growth. Nearly all forest inventory areas
are located in the Planicie, the soils of which are very similar, at the classification level
employed. Established differences in forest characteristics within an area of uniform
climatic conditions and non-existent or uniformt anthropogenic influences, are there-
fore apt to show a correlation with lower category soil differences. Among these are
the moisture holding capacity, the total available amounts of the various plant nutrients,
and the penetration possibilities for roots. These qualities depend on such factors as
the soil texture, the compactness of the subsoil and the presence of plinthitic materials,
The coincidence of differences in forest characteristics with differences in these latter
factors are discussed. It is often uncertain what exactly are the causal factors of the
coincidences established.

A relationship exists between soil texture and gross timber volume, The rather heavy
or heavy textured soils in particular support forest with high timber volume. Very
heavy textured freely draining Planicie soils, the soils derived from Belterra clay,
have in several parts forest of a low timber volume, because it consists fully, or for
a considerable part, of creepers and climbers: cipoal and ‘cipoalic’ forest. These forest
types can be found on the completely flat central sections of planalto parts, as well
as on the oldest Pleistocene terraces where these are covered with reworked Belterra
clay. Cipoal and *cipoalic® forest prevail on Belterra clay soils with a compact sub-
soil and a thin A, horizon compared with the soils of the immediate surroundings.

With the aid of a number of examples the problem is discussed of any relationship
between soils and individual tree species that have an established variation in occur-
rence. Acapi ( Vouacapoua americana), forinstance, is restricted to parts of the region
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and there found in colonies. These colonies are however found on a variety of soils.
One of the species found concentrated on very heavy textured soils is the Angelim
pedra ( Hymenolobium excelsumj. The occurrence of Pau amarelo { Euxylophora para-
ensis) was studied in the Guamd-Imperatriz area. In this area the species apparently has
its optimal growing conditions on soil with concretions of fossil plinthite of a specific
level and age.

A special study was made on the occurrence of the mahogany ( Swietenia macrophyl-
Ia) in a part of the south-eastern transition zone of the belt of tropical forest, the Ara-
guaia Mahopany area. In this area, the species mainly grows on terrains with imperfect
drainage and well developed hydromorphic soils that chemically are relatively rich
(Fig. 25 and Appendix 6).

The occurrence of palms in the Amazon forests seems to be more often related to the
variations in the conditions of climate and soil than is the case with the occurrence
of dicotylenous tree species.

Non-edaphic savannahs. Some upland savannahs within the forest belt mainly origin-
ated as a result of adverse non-edaphic conditions, usually with a predominance of
anthropogenic factors. These savannahs are located in the north eastern part of Ama-
zonia {upland savannahs in Amapd Territory, on south-eastern Marajé island and on
the north bank of the Lower Amazon river).

Savannahs and savannah-forests of edaphic origin. The other savannahs, and the sa-
vannah-forests, of the Planicie are of edaphic origin. All the savannahs concerned and
most of the savannah-forests are found on terrains with imperfect drainage. These
terraims either have a Ground Water Laterite soil {(often the Low phase), or a Ground
Water {Humus) Podzol. Extensive savannahs and surrounding savannah-forests, on
watershed areas with flat relief (the campos, and part of the campina-ranas), have pre-
dominantly a Ground Water Laterite soil. Patchy savannahs and savannah-forests, on
narrow strips of low sandy upland along rivers and on sand-filled former river beds
(the campinas, the caatingas amazdénicas, part of the campina-ranas), have predomi-
nantly the Ground Water Podzol as substratum. Some patches of savannah-forest
(part of the campina-ranas) occur on relatively high, freely draining terrains, with
White Sand Regosol.

Little data is available on the savannahs and savannah-forests of the non-Planicie part
of Amazonia. They are probably of edaphic origin, with Lithosols and Hydromorphic
soils as predominant substrata.

The growing conditions of the various discussed savannahs and savannah-forests are
summarised in Table 13.

»

Soils and vegetation of the lowlands. As regards the lowlands, differences between

their forests are often considerable and they can often be correlated with the character

of ﬂoodipg or submergence. The lowland savannahs and savannah-forests of eastern
Amazonia are considered to have originated edaphically.
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THE SOILS AND THEIR USE

An evaluation of the main Amazon soils from the viewpoint of their agricultural
occupation is of immediate importance. Parts of Amazonia are namely being con-
sidered as outlet areas for the large rural population of the North Eastern region of
Brazil with its periodically recurring severe droughts and floods.

With regard to the soils of the lowlands it is emphasized that land capabilities vary
much with the type of vdrzea. The main criteria for their evaluation must be the
quemical qualities of the soils and the depth and length of the flooding. The necessary
artificial drainage and reclamation would require considerable investigation, organi-
sation and capital investment,

The soils of the uplands outside the Planicie are very diverse. The natural fertility of
the soils is certainly a principal criterion for land capability evaluation in these distant
and inaccessible areas.

Qualities of the freely draining kaolinitic soils of the Planicie. The terrains of the
Planicie constitute large tracts of predominantly flat to gently undulating land which
is largely freely draining. These terrains are near the main water-ways and the existing
roads. Their forests have the higher timber volumes, and the present-day Amazon
agriculture is concentrated here. For these reasons the Planicie part of Amazonia,
despite the low natural chemical fertility of its soils, has a potential for large-scale
settlement schemes. Special attention is therefore given to the chemical and physical
qualities, the agricultural capabilities and the adequate management measures of
Planicie soils with good external drainage, i.e. the freely draining kaolinitic Planicie
soils,

Qualities of the soils under their natural vegetative cover. For the assessment of the
chemical qualities of the freely draining kaolinitic Planicie soils under their natural
forest cover, analytical data of 35 relevant profiles are available. These are arranged
and studied on their relationship (¢f. Figs. 27 to 34). It is apparent that with regard to
chemical qualities the main advantage of the clayey over the sandy soils is their capa-
city to create a better milieu for preservation of the comparatively very active organic
matter. )

In their physical qualities the soils can differ distinctly from each other. The moisture
holding capacity of the soils is of importance in view of the fact that a Jarge part of
Amazonia has a short dry season. From moisture equivalents, some moisture tension
curves, and other analytical data (¢f. Figs. 3510 37 and Table 16), it is deduced that the
soils under forest cover have, as a whole, only small amounts of available moisture
per volume unit. Clayey soils have a fairly distinct advantage over sandy soils, with
regard to moisture availability, only as regards the topsoil.

Qualities of the soils under human influence. The chemical and physical qualities of the
Planicie soils change in several ways, when these soils come under influence of man.

For the soils under shifting cultivation, only qualitative observations are evaluated.
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For those under ancient anthropogenic savannah, however, a number of quantitative
data are available. When the difference in the amount of nutrients stored in the re-
spective vegetative covers is not counted, it can be said that the qualities of these
savannah soils are still fairly comparable to those of forest soils. The main differences
are a somewhat lower organic matter content of the topsoil, and consequently z
somewhat lower potential cation exchange capacity and smaller amounts of exchange-
able cations and anions, greater soil compactness and presumably less available soil
moisture. Slight differences are found in the C/N ratios, the values for pH-H,0, and
the degree of phosphorous fixation.

The permanently beneficial effect of human influence is illustrated by the chemical
qualities of the Terra Preta (cf. Figs. 38 and 39). The potential cation exchange capa-
city of this soil is relatively high, also when the organic matter content is low. However,
this high cation exchange capacity corresponds with a high amount of phosphates in
the Terra Preta. This amount often seems considerable higher than the fixing power of
the humus-poor soil material.

The effects of chemical fertilizers and of animal and green manures can be assessed
only tentatively, because of the limited number of experimental plots and sites with
permanent agriculture.

The most suitable soils. 1t is evident that Jand capability evaluations for the Planicie
should be principally based on such differences in soil qualities as organic matter
storage, soil moisture reserve and root penctrability. For large-scale settlements,
external factors should be considered, such as the topography and drainage pattern
of the land, its accessibility, and the degree of geographic coherence of the various soils.
Apart from this, however, and the soil preferences of individual crops, the most favou-
rable conditions for crop production are to be found on relatively heavy textured forest
soils that have non-compact and friable subsoils. The Kaolinitic Yellow Latosol
(,Ortho) and Kaolinitic Yellow Latosol, intergrade to Red Yellow Podzolic soil which
are of heavy or rather heavy texture meet these requirements best.

Soil management. The examination of the chemical and physical qualities of the
freely draining kaolinitic Planicie soils under forest cover or under human influence,
enable an assessment to be made as to the best methods of managing these soils after
the primeval forest cover has been cleared, and of recuperating them after adverse
humaninfluence. The maintenance and, where possible, enlargement of the soil organic
matter content is of paramount importance. At the actual state of research, fertilizing
recommendations can only be tentative.

Shifting cultivation must constitute the basis for improvement and expansion of
peasant farming on the Planicie soils. The present system of shifting cultivation in
Amazonia can be gradually improved in several ways. The introduction of perennials,
especially oil palms, seems desirable. The combination of crop production with
modern management of the forests is a feasibility,
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Sumrio

Os solos da parte brasileira de regiio amazonica constituem a matéria do presente
estudo.

Como fronteiras daquela regiio sio tomadas as transigdes do cinturdo da floresta
equatorial para as savanas do Nordeste ¢ do Brasil Central e para as do territério do
Rio Branco e da Guiana inglésa. Em particular ¢ discutida a metade da parte Leste
da regidio.

FATORES PEDOGENETICOS

Clima. Apenas ume pequena parte da Amazdnia brasileira apresenta um clima sem
qualquer estagio séca {tipo A/ na classificagiio de K&ppen, Fig. 2). Na maior parte da
regido hd pouca ou nenhuma precipitacio durante alguns meses do ano (tipo Aw).

Geologia. A Amazodnia brasileira consiste de uma drea baixa e sedimentar sendo o
vale amazdnico propriamente dito, e partes dos contrafortes cristalinos do Brasil Cen-
tral e das Guianas (Fig. 5). Essas formagdes cristalinas remontam ao periodo Pré-cam-
briano e sio constituidas principalmente de granitos, gneisses e micaxistos. Na parte
sedimentar encontram-se quatro bacias, nominalmente a do Acre, a bacia amazdnica
propriamente, a da ilha de Marajd e a do Maranhio (Fig. 6 ¢ Apéndice 8). Na super-
ficie apresentam-se apenas faixas relativamente estreitas de depdsitos Paleozdicos-
Mesozédicos de carateristica muito varidvel; a maior parte da drea sedimentar consti-
tui-se de sedimentos Tercidrios nio consolidados, que se compdem de argilas caoli-
niticas € areia de quartzo. Os sedimentos Pleistocenos, cuja composigio se assemelha
aos Tercidrios, sio pouco espessos € a sua extensio, conforme aos dados de literatura,
¢ limitada. Tembém os sedimentos Holocenos apenas compreendem uma drea limi-
tada, muito inferior & estimativa dos primeiros exploradores da Amazonia.

Geomorfologia. Nas regides dos divisores de dgua ao lado Norte e Sul do sistema
fluvial do Amazonas, pode-se distinguir as seguintes unidades geomorfoldgicas (Fig.
8,9¢17).

1. terrenos ondulados de embasamento cristalino aflorante.

2. terrenos ondulados com depésitos aflorantes do Paleozbico, Mesozéico ou Ter-
ciirio Inferior.

3. dois niveis de peneplanagio dentro da drea que nos mapas geoldgicos fica indicada
como cristalina. Estes niveis ocorrem a 400-600 m ¢ a 250-400 m de altura respeti-
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vamente e é provivel que sejam da idade Cretdcea e do Tercidrio Inferior. Destes niveis
hd, porém, poucos dados certos.

A larga parte axial da Amazonia consiste de:
4, terras planas em platd Plio-pleistoceno, chamado o planalto amazonico,
5, terras firmes mais baixas, modeladas em terracos a niveis diferentes, de idade
Pleistocena (As unidades 4. ¢ 5. conjuntamente sio indicadas como Planicie).
6. baixadas, de idade Holocena.

Na parte Leste do vale, o planalto tem em geral 150 a 200 m. de altura; na parte
Qeste ¢ um pouco mais baixo. Uma carateristica do planalto € que ¢le apresenta na
sua superficie uma camada, de dez a vinte metros de espessura, composta de uma
argila sedimentar homégena de textura muito pesada. Esta argila, chamada argila de
Belterra, hd de ter sua origem em depositos caoliniticos nos Andes, que — apds serem
elevados - foram expostos a erosio forte. A argila ter-se-d depositado de maneira uni-
forme ¢ gradativa na base plana de um amplo mar interior de pouca profundidade.
Uma grande parte da Amazdnia deve ter sido coberta por esse mar durante certo
periodo do Tercidrio Superior ou do Pleistoceno Inferior, quando o nivel geral do mar
era elevado (Calabriano).

Os terrenos modelados durante o Pleistoceno, na parte axial da Amazdnia, cobrem
uma superficie grande. O tragado de 500 kildmetros de comprimento da parte
superior da recém-construida rodovia entre Belém e Brasilia ofereceu a possibilidade
de estudar em detalhes a geomorfologia local (Apéndices 4 ¢ 5). Neste trecho
apresentam-se vdrios terragos. Alguns deles sio costeiros, os demais fluviais. Todos
devem ter sido formados em tempos em que o nivel de mar era mais elevado que atual-
mente, e portanto devem ser de idade interglacial. Comparando os niveis dos terragos
com os niveis glaciais do mar, até mesmo resulta possivel determinar provisoriamente
em detalhes as idades dos terragos numa parte da drea em aprégo (Tabelas 1 ¢ 2).

E’ provdvel que todos os terragos nas demais partes do vale amazdnica propria-
mente dito, também sejam de idade interglacial.

Os chamados terrenos de massapé, de ocorréncia muito local, e partes da Marajé
oriental remontam provivelmente do Holoceno Inferior. Os terrenos Holocenos mais
recentes sio comumente subdivididos em vdrzeas e igapds. Neste estudo a vdrzea €
definida como baixada intermitentemente inundada, ¢ o igapé como baixada perma-
nentemente inundada.

As virzeas, que constituem a maior parte das baixadas, sio subdivididas de acordo
com o cardter das flutuagdes do nivel de dgua e sua composigio.

Niveis do “plinthite féssil. Ao longo da referida parte superior da rodovia Belém-
Brasilia foi feito um estudo detathado da ocorréncia de niveis de ‘plinthite’ f6ssil
(Apéndices 4 ¢ 5). O “plinthite’ féssil duro nesta drea pode dividir-se em virios tipos
e cada um déles tem sua posigio e drea de ocorréncia especificas. Deduziu-se que a
maior parte do ‘plinthite” fossil foi formada in siru. Deve ter tido sua origem durante
pelo menos duas épocas do Tercidrio Superior, quando nesta drea havia superficics

284



planas de drenagem imperfeita. Durante alguma época Pleistocena também deve ter
sido formado ‘plinthite’, seja em quantidade limitada.

E’ provavel que também nas demais partes da Amazdnia o *plinthite’ fossil mormente
fosse formado durante o Terctdrio ¢ o Pleistoceno.

Vegetagdo. Da composicio geomorfoldgica da Planicie amazdnica e do cardter dos
sedimentos presentes é deduzido que assim durante o Tercidrio como durante o
Pleistoceno havia vdrias épocas com climas relativamente sécos (interpluviais), duran-
te as quais grandes partes da Amazdnia nio tinham cobertura florestal.

A cobertura vegetal atual é subdividida em virios tipos florestais por um lado ¢
virias savanas e florestas-savanas por outro lado (Fig. 12).

O LATOSOLO AMAZONICO MAIS IMPORTANTE

Os conceitos ‘latosol’, *laterite’ € ‘plinthite’ jd tém tido uma evolugdo histdrica. A Co-
missdo de Solos do C.N.E.P.A. hd pouco deu uma elaboragio extensa do conceito
‘latoso!l’ na base usada nos Estados Unidos. Nela se prestou atenglio para a maneira
de distinguir os Latosolos de outro solos vermelhos e amarelos dos trépicos e subtré-
picos. Nomcadamente as carateristicas do B-latosdlico e do B-textural, que sio os
horizontes carateristicos de Latosolos, respetivamente de solos Podzélicos Vermelho-
Amarclo ¢ outros, sio contrastadas.

Os virios Latosolos no mundo tém recebido as mais variadas denominagdes, Hoje
estd sendo desenvolvido no Brasil um sistema de subdivisio dos Latosolos, usando-se
como principal critério a composigio da fragio de argila, a saber a mitua relagio
entre as quantidades minerais-de-argila de silicato (caolinita), minerais-de-argila de
ferro {goetita, hematita) e minerais-de-argila de aluminio (hidrargilita). Esses minerais
sio avaliados por meio das razdes moleculares Si0,: Al O, :Fe,O;.

Fica demostrado que a maior parte dos solos bem drenados da Planicie amazénica
tém um B-latosélico conforme & definicio da Comissio de Solos. Hd néles uma pre-
domindncia muito forte de caolinita em sua fracio argilosa, o que fica comfirmado
por alguns Roentgengramas de amostras representativas de solo (Fig. 14a-e e as
Tabelas 7 ¢ 8). Esses solos pertencem portanto ao grupo dos Latosolos caoliniticos,
¢ néste estudo sio denominados Latosolo Amarelo Caolinitico. Os solos arenosos
compardveis com eles, ou seja os que no seu horizonte B contém menos de 159 de
argila, sio denominados Areia Latosdlica Caolinitica.

Os solos amazdnicos acima descritos sio iguais a vdrios solos da Africa tropical,
agrupados segundo outros sistemas de classificagdo que o usado neste estudo.

SOLOS AMAZONICOS COM ‘PLINTHITE

Os solos que contém *plinthite’ em qualquer forma sio discutidos separadamente.
Conforme a Seventh Approximation, o ‘plinthite’ substitui a palavra antiga laterita.
O *plinthite’ fica subdividido em ‘plinthite’ duro {cascalho ¢ pedras de laterita) ¢
‘plinthite’ macio (laterita de Buchanan: argila mosqueada).
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Solus de *plinthite” recente. A formagio atual de ‘plinthite’ na Amazdnia ocorre quase
exclusivamente nos terrenos planos de drenagem intermitentemente imperfeita. Em
tais lugares é formado o ‘plinthite’ macio a pouca profundidade, a saber na zona na
qual oscila o nivel fredtico, perfeitamente de acdrdo com as achadas cldssicas de
MARBUT (1932). Em alguns casos a zona em aprégo ocorre a tal profundidade que
ndo pode afetar o solum do perfil (Perfil [). Usualmente, porém, a zona acha-se tio
préxima A superficic que lixiviam as particulas minerais mais finas e os sesquidxidos
da zona superficial. Forma-se entio um perfil de drenagem imperfeita com um
horizonte A eluviado ¢ um horizonte B que se compde de *plinthite’ macio: o perfil
Laterita Hidromérfica. Hd grande variabilidade nas carateristicas desta unidade
de solo (Perfis 2-18 e Tabela 9), regulada por vérios fatores. Como condigio final
da evolugdo Laterita Hidromérfica pode considerar-se o perfil que se compde de
um horizonte A espesso, alvejado e arenoso ¢ um horizonte B espesso, argiloso e
pouco permedvel de ‘plinthite” macio, com — na zona de transi¢cio — algum material de
*plinthite’ jd endurecido (neste estudo denominado solo Laterita Hidromérfica, fase
Baixa).

Solos com *plinthite’ fissil. Muitas vezes ocorrem na Amazonia zonas de ‘plinthite’
duro ou macio em lugares bem drenados onde o nivel fredtico apenas se encontra a
muitos metros de profundidade. Tendo em vista a formagiio recente de ‘plinthite’ como
descrita acima, &ste é considerado como féssil, 0 que € de acordo com a maior parte
da literatura mais recente sobre €ste assunto.

As zonas de *plinthite’ duro féssil, que sobrepoem uma de *plinthite® macio [dssil
usualmente tém sido formadas in siru. As zonas constituem conjuntamente o relicdrio
de um perfil Laterita Hidromodrfica, que se desenvolven numa superficie anterior,
de drenagem imperfeita. Este perfil, apds superados os impedimentos de drenagem,
terd sofrido uma erosio de tal magnitude, que desapareceu todo o horizonte A
arenoso € sdlto, ¢ talvez parte do B argiloso de ‘plinthite’. Enquanto a parte mais
profunda do B de *plinthite’ ainda presente permaneceu macia, a parte superior vinha
transformando-se em *plinthite’ duro.

Camadas individuais de *plinthite’ duro féssil sio normalmente de origem aluvial-
coluvial. Hd vdrias carateristicas suplementares tteis para esclarecer si o ‘plinthite’ é
recente ou fossil, e si foi formado in situ ou é de origem aluvial-coluvial.

Quando o *plinthite’ fossil apenas se encontra por baixo do solum, nio importa para
a classificagio do solo. Quando o *plinthite’ (dssil constitui uma parte do solum, a
Classiflcacio désse solo depende do grau de meteorizagiodo *plinthite’, que em tal caso
constitui a rocha-mie. Na Amazdnia o material meteorizado final consiste quasé
sempre de uma mistura de elementos concreciondrios duros ¢ terra fridvel, cuja fra-
¢do de argila tem cardter caolinitico.

Onde a meteorizaglo da zona de *plinthite’ apenas tem pouca profundidade, o 010
é class:ﬁcado'corno solo Podzélico Vermelho-Amarelo, ‘intergrade’ para Latosolo
Amarelo Caolmi‘lico, fase Concreciondria. Quandoa meteorizagio da zona é prof unda,
o solo ¢ denominado Latosolo Amarclo Caolinitico, fase Concreciondria. A Gltima
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denominagiio é sempre aplicdvel quando o “plinthite’ féssil é de origem aluvial-colu-
vial (Perfis 19-23 e Apéndice 9).

Na Figura {5 ¢ dada uma esquema geral para os diferentes solos que se podem
distinguir na formagiio, respetivamente a truncagio e cobrimentagio de ‘plimhite’ na
Amazdnia.

AS UNIDADES DE S0LO DISTINGUIDAS E SUA OCORRENCIA GEOGRAFICA

As diferentes unidades de solo da Amazdnia conhecidas (veja résumo da Tabela 9)
sdo descritas sistemiticamente, dando o conceito geral, as possiveis variacdes nas
carateristicas ¢ um perfil representativo com seus dados analiticos.

Os mapas de solo de duas das dreas de levantamento expedito (Apéndices 1 e 2)
dio uma idéia da ocorréncia espacial das diferentes unidades de solo. A primeira
drea de levantamento expedito, a drea Guami-Imperatriz, pode ser tomada como um
exemplo da Planicie, com seus sedimentos nio consclidados, compostos de argilas
caoliniticas ¢ areias de quartzo. A drea Araguaiana de Mogno € exemplo da parte da
Amazédnia fora da Planicie, com sua ampla varia¢io em idade geoldgica e constituigio
petrogrifica. A Fig. 17 € um esbogo de um mapa de solos para toda a Amazénia.

Nos terrenos ondulados com embasamento cristalino aflorante, ocorre como solo
provavelmente mais importante, o Latosolo Vermelho-Amarelo. Ocorrem também
solos Podzdlicos Vermelho-Amarelo e Litosolos.

Ha grande variedade de solos nos terrenos ondulados de depdsitos aflorantes do
Palcozdico, Mesozdico ou do Tercidrio Inferior. Provavelmente os Litosolos sio os
que ocorrem com maior freqiiéncia.

Contamos com muito poucos dados sobre os solos dos niveis de peneplanagio na
drea do embasamento cristalino,

A maior parte dos conhecimentos pedoldgicos sobre a Amazoinia sio concernentes
A Planicie e &s baixadas Holocenas. Os solos do planalto amazénico coberto de
argila de Belterra apresentam um desenvolvimento de perfil uniforme sobre grandes
distancias. Predomina o Latosolo Amarelo Caolinitico (,Orto) de textura muito pesa-
da. Algumas partes do planalto na zona sudoeste de Amazbnia apresentam uma dre-
nagem imperfeita, de forma que )i o solo é de Laterita Hidromérfica ou Latosolo
Amarelo Caolinitico, ‘intergrade” para solo Laterita Hidromérfica.

Os solos principais dos terragos Pleistocenos da parte leste da Amazdnia sio Lato-
solo Amarelo Caolinitico {.Orto) de textura média, meio pesada ou pesada, e seu
equivalente de textura leve ou muito leve, a Arcia Latosolica Caolinitica. Virias ten-
déncias no desenvolvimento do perfil desses solos demostram uma relagio com a
textura dos sedimentos. Também o nivel de terrago faz um papel, o que possibilita
uma avaliagio da influéncia do fator tempo na formagio de solo (Tabela 10}. Outros
solos bem drenados sio o Latosolo Amarelo Caolinitico, ‘intergrade’ para solo
Podzélico Vermclho-Amarelo; Latosolo Amarelo Caotinitico, fase Compacta e solo
Podzélice Vermelho-Amarclo, “intergrade’ para Latosolo Amarelo Caolinitico; solos
ésses que sio subdivididos de acdrdo com a textura do h.orizontc B. Em -adii;i_o hd
0s salos com *plinthite’ [6ssil: 0 Latosolo Amarelo Caolinitico, fase Concreciondria¢ o
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solo Podzélico Vermelho-Amarelo, ‘intergrade’ para Latosolo Amarelo Caolinitico,
fase Concreciondria.

Os principais solos imperfeitamente drenados sio os solos Laterita Hidrombrfica e
os Podzols Hidromoérficos.

Nos terragos pleistocenos de Amazdnia oriental ocorrem ocasionalmente solos que
siio marcadamente escuros e férteis, denominados Terra Preta. 830 solos antropogéni-
cos, desenvolvidos nos provoados das tribos de Indios pré-colombianos. Conside-
rando os dados de MARBUT and MANIFOLD e outros sdbre esta area, os solos dos terragos
Pleistocenos na parte oeste da Amazdnia devem ser por grande parte iguais aos do
leste da Amazénia.

Nas vdrzeas predominam os solos Glet Pouco Hidmico ¢ os solos Glei Hiimico, e nos
igapds, solos turfosos. Também ocorrem solos Laterita Hidromérfica. Na zona
costeira ocorrem solos salinos e alcalinos.

Para descrever dreas florestais até hoje desconhecidas, prestando-se atengio para o
padrio detalhado dos diferentes solos, € introduzido o conceito de ‘unidade de terra’,
Como tal é considerada uma area dentro da qual as condigdes geoldgicas, topogrd-
ficas e hidrogrdficas, o clima, o padrio da vegetagio e o padrio dos solos sdo iguais.

RELAGGOES ENTRE 08 SOLOS E A VEGETAGAO

Para determinar as relagdes entre os solos e a vegetagio da Amazdnia, os dados
disponiveis apenas tém valor limitado, visto que ainda nio puderam ser feitas nalguma
escala pesquisas de cardter puramente ecolégico. Todavia, por faltarem quase inteira-
mente dados publicados sobre a relagio solo e vegetacio na Amazdnia, € aconsel-
hdvel uma discussdo do assunto,

Entre as carateristicas da floresta, nomeadamente sio discutidos o volume bruto de
madeira e a ocorréncia de espécies individuais de drvores, pois € sGbre estes elementos
que existem dados, devidos a uma série de inventdrios florestais.

A influéncia de fatores ndo-edificos nas diferencas na vegetagdo florestal. Os mais
elevados volumes de madeira da Planicie podem ser encontrados nas dreas onde a
precipitagio anual nio é muito elevada e ondc hd estagio séca de curta duragio.

E provivel que parte das diferencas na ocorréncia de espécies individuais de drvores
também sejam devidas a diferengas climatolégicas.

E possivel que dreas extensas de florestas aparentemente primitivas podem ser
afetadas por fatores antropogénicos. Um exemplo é o corte seletivo de certas madei-
ras muito valiosas. Um tipo peculiar de floresta constituida em grande parte de es-
pécies Guadua de curto ciclo de vida (tabocal) e que ocorte em certo trecho da rodovia
Belém-Brasilia, com grande probabilidade pode ser atribuido a praticas de incendi-
mento de parte dos [ndios.

Diferencas de origem edifica na vegetagdo florestal. Quase todas as dreas de inven-
tdrio ﬂm:cstal acham-se focalizadas na Planicie, onde os solos de drenagem livre, no
nivel aplicado de clussificaglo, apresentam um alto grau de semelhanga. Assim, dife-
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rengas estabelecidas nas carateristicas de floresta, que ocorrem em areas de condigdes
climatoldgicas uniformes e de falta ou ocorréncia uniforme de influéncias antropo-
génicas, hdo de ser estudadas na sua correlagio eventual com as diferencas encontradas
nas carateristicas de solos de categoria mais baixa, como a capacidade de retengio de
dgua, a soma total dos vdrios nutrientes disponiveis para as plantas, e as possibi-
lidades de penetragio de raizes. Estas qualidades dependem de fatores tais como a
textura do solo, a compacidade do subsolo e a presenca de matéria de *plinthite’.
Resulta que diferencas em carateristicas florestais freqilentemente coincidem com
diferengas néstes fatores. Em geral & dificil, porém, estabelecer quais sio os fatdres
motivadores destas coincidéncias.

Existe uma relagio entre textura do solo e volume bruto de madeira. Em particular
os solos de textura pesada e meio-pesada freqlientemente suportam florestas com alto
volume de madeira. Os solos de textura muito pesada da Planicie, porém, ou seja os
solos desenvolvidos na argila de Belterra, em vdrios trechos estio cobertos com flores-
tas de baixo volume de madeira, por consistir inteiramente ou por parte considerdvel
de cipés (cipoal ou floresta cipodlica). Estes tipos de floresta ocorrem no centro com-
pletamente plano dos terrenos de planalto, bem como nos terragos Pleistocenos mais
antigos nas partes onde éstes ¢stio cobertos com argila de Belterra remodelada.
Deduziu-se que o cipoal e a floresta cipoadlica prevalescem nos solos de argila de Bel-
terra que, comparados com os solos nas imediagdes, apresentam um subsolo compacto
¢ um horizonte A, delgado. Parece que também em outras partes da Amazdnia as
florestas ricas em cipds prevalescem em solos de pouca penetracdo de raizes, bem os de
uma baixa como os de uma alta fertilidade natural,

Com alguns exemplos & descutida a relagio possivel entre solos e espécies individuais
de drvores de distribuicio desigual. O Acapl { Voucapoua americana), por exemplo,
apenas ocorre em algumas partes da regiio, onde é encontrado em grupos. Estes
grupos, porém, ficam em solos variados. A Angelim pedra ( Hymenolobium excelsum)
¢ uma das espécies encontrada mormente em solos de textura muito pesada. A espécie
Pau amarelo ( Euxylophora paraensis) na drea Guamd-Imperatriz, onde foi estudada
sua ocorréncia, encontra as suas melhores condicdes de crescimento em solos de
concregdes de “plinthite’ {ossil de determinado nivel e idade.

Uma investigagio especial foi feita dos lugares de crescimento de Mogno ( Swictenia
macrophylla),em parte da zona de transi¢do sudeste do cinturio do floresta equatorial.
Resulta que nesta drea a espécie cresce quase exclusivamente em terrenos de drena-
gem imperfeita com solos hidromoérficos bem desenvolvidos, especialmente os que qui-
micamente sio ricos {Fig. 25 ¢ Apéndice 6).

A ocorréncia de espécies de palmeiras nas florestas amazdnicas parece que mais se
acha relacionada com as variagoes nas condigdes de clima e solo do que é o caso na
ocorréncia de espécies de drvores dicotilas,

As savanas ndo-eddficas. Algumas savanas de terra firme dentro do cinturio de
floresta principalmente foram causadas por fatores adversos nio-edificos, usualmente
com uma predominincia de influéncias antropogénicas. Essas savanas acham-se
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Jocalizadas na parte nordeste da Amazdnia; o territério do Amapa, a parte sudeste
da itha de Marajd e a parte ao lado norte do Baixo Amazonas,

Savanas e florestas-savanas de origem eddfica, As outras savanas da Planicie e as
florestas-savanas sio de origem eddfica. Essas savanas e florestas-savanas acham-se
em terrenos de drenagem imperfeita. Os solos désses sdo ou solo Laterita Hidromér-
fica — muitas vezes a chamada fase Baixa déle — ou Podzol Hidromdrfico, Exten-
sas savanas e as florestas-savanas que as circundam, encontradas nos terrenos planos
nos divisores de dgua (os campos; parte das campina-ranas), encontram-se principal-
mente em solos Laterita Hidromérfica. As savanas ¢ florestas-savanas de pouca
extensio, que ocorrem em faixas estreitas de terreno baixo e arenoso ao longo de rios
ou sobre antigos leitos de rios enchidos de areia (as campinas; as caatingas amazdni-
cas; parte das campina-ranas), ocorrem sobretudo em Podzols Hidromédrficos.
Alguns lugares de floresta-savana (parte das campina-ranas) acham-se em terrenos
relativamente altos de drenagem livre, com Regosolo de Areia Branca.

H4 poucos dados disponiveis sobre as savanas e as florestas-savanas fora da Planicie.
E providvel que sejam de origem edifica e ficam mormente em Litosolos ¢ solos hi-
dromérficos. ,

Na tabela 13 aparece um esquema das condi¢des de crescimento das diferentes
savanas e florestas-savanas discutidas.

Solos e vegetacdo nas baixadas. As mutuas diferengas entre as florestas das baixadas
sio muitas vezes claras, e é possivel relaciona-las com o cariter da inundagio. As
savanas ¢ florestas-savanas que ocorrem nas baixadas do este da Amazdnia sio de
origem eddfica.

A POTENCIALIDADE DOS PRINCIPAIS SOLOS AMAZONICOS PARA FINS AGRICOLAS

Uma avaliagio dos principais solos amazonicos para fins agricolas € de importancia
imediata. Isto é porque partes da Amazonia sio consideradas como podendo ser
usados de escoadouros para a densa populagio rural do Nordeste, regido esta perio-
dicamente sujeita a sécas ou inundagdes calamitosas.

Com respeito as baixadas hd de salientar que scu valor agricola depende muito do
tipo de vdrzea. Os critérios dominantes para sua avaliagio terio de ser as qualidades
quimicas de seus solos ¢ o cardter da inunda¢do. Os melhoramentos hidrdulicos da
terra requereriam investigagdo, organiza¢io e investimento de capital numa escala
vultosa.

Os solos de terra firme fora da Planicie sio muito diversos. A fertilidade quimica
natural do solo & certamente um critério essencial para avaliar as potencialidades da
terra naquelas dreas remotas e de dificil acesso.

Qualidades dos solos caoliniticos da Planicie de drenagem livre, A Planicie compoe-se
mormente de terrenos planos ou levemente ondulados de drenagem livre. Estes terre-
nos acham-se nas proximidades dos principais cursos de dgua e das poucas rodovias
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existentes na regido. As florestas naquelas dreas tém um volume de madeira relativa-
mente alto ¢ as dreas agricolas amazdnicas atuais ficam concentradas nestes terrenos.
Assim a Planicie amazdnica, embora a fertilidade guimica natural do solo seja baixa,
representa uma possibilidade para a colonizagiio agricola em grande escala. Portanto
convém prestar atengdo especial para as qualidades quimicas ¢ fisicas daquéles solos
da Planicie que tenham boa drenagem externa, os chamados solos caoliniticos da
Planicie de drenagem livre.

Qualidades dos solos sob sua vegetagdo natural. Para discutir as qualidades quimi-
cas dos solos caoliniticos da Planicie de drenagem livre sob sua vegetagio florestal
natural, contamos com dados analiticos de 35 perfis. Estes dados sdo agrupados e es-
tudados em suas mituas relagdes (Figs 27-34) E' evidente que a capacidade de criar
um meio mais adequado 4 preservagio da matéria orginica relativamente muito ativa
¢ a principal vantagem dos solos argilosos sobre as solos arenosos quanto as qualida-
des quimicas. As diferengas entre os diversos solos residem por parte consideravel nas
suas qualidades fisicas. Importa a capacidade de retengio de dgua dos solos, visto
que grande parte da Amazdnia tem uma estagio séca de alguma importincia. De
equivalentes de umidade, algumas curvas de tensio de umidade e outros dados anali-
ticos (Figs. 35-37 ¢ Tabela 16) deduz-se que os solos sob sua vegetagio florestal, visto
no conjunto, apenas tem pequenas quantidades de dgua aproveitdvel por unidade de
volume. Apenas na zona em que se acha quantidade consideravel de matéria orginica,
os solos argilosos - no que diz respeito 4 quantidade de 2gua disponivel - tém vanta-
gem evidente sobre os solos arenosos.

Qualidades dos solos sob influéncia humana. Quando ossolos caoliniticos da Planicie de
drenagem livre chegam sob influéncia humana, vio modificando-se suas qualidades
quimicas ¢ fisicas. Para os solos usados para agricultura itinerante apenas hd observa-
¢Oes qualitativas, Para os solos das savanas antropogeénicas existentes ha muito tempo,
contamos,porém.ﬁcom um nimero de dados quantitativos. Nio considerando a diferen-
¢a na quantidade de nutrientes armazenados nas vegetagoes respetivas, podemos dizer
que, no que diz respeito as qualidades quimicas e fisicas, os solos das savanas em
apré¢o ainda se assemelham bastante aos solos sob floresta. As principais diferengas
si0 as seguintes: uma quantidade algo menor de matéria orginica da camada superior
do solo, maior densidade de solo de topo e possivelmente menor quantidade de
dgua disponivel. Pequenas diferengas foram registradas nas razoes C/N, nos valores
para o pH-H,O e no grau de fixagio de fosforo.

Os efeitos benéficos que a influéncia humana pode ocasionar, sio ilustrados pelas
propriedades quimicas da Terra Preta (Figs. 38 ¢ 39). A capacidade total de troca dos
cations déste solo ¢ relativamente elevada, mesmo onde ¢ teor da matéria orginica
seja baixo. A alta capacidade de troca dos cations na Terra Preta, porém, vai acom-
panhada de grandes quantidades de fosfatos, as que parecem muitas vezes ser consi-
deravelmente maiores que o poder de fixagdo do solo pobre em humus.

Os efeitos de adubos quimicos, estrume ¢ adubos verdes, apenas podem ser aproxima-
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dos em parte, por ser limitado até hoje o nimero de quadros de ensaio ¢ terras de
agricultura permanente.

Os solos mais adequados. A estimativa do potenticial agricola dos solos da Planicie
de drenagem livre ha de basear-se principalmente nas diferencas das qualidades
dos solos tais como o teor de matéria orginica, a capacidade de reten¢io de agua e
a penetrabilidade por raizes. Para projetos de colonizacio agricola em grande
escala é natural que também desempenham um papel fatores externos, como a topo-
grafia e o padrio de drenagem da terra, sua acessibilidade e o grau de coeréncia geo-
grafica dos vdrios solos. Nio considerando, porém, éstes fatores e as exigéncias das
culturas individuais, pode-se afirmar que as condigdes mais favordveis para a agricul-
tura se encontram nos solos florestais de textura relativamente pesada, de subsolo
nio-compacto. O Latosolo Amarelo Caolinitico (,Orto) de textura pesada e meio
pesada e o Latosolo Amarelo Caolinitico, ‘intergrade’ para solo Podzolico Vermelho-
Amarelo si0 os que melhor se prestam para aquela finalidade.

Manejo da terra. O exame das qualidades quimicas e fisicas dos solos sob floresta
primitiva ou sujeitos 4 influéncia humana, dd indica¢des para os meios mais adequa-
dos para manter a potencialidade dos solos apds ser derrubada a floresta primitiva,
bem como para seu melhoramento apds uma interferéncia humana adversa. A con-
servagio e — na medida do possivel — 0 aumento do teor da matéria orginica dos solos
& de suma importincia. Considerando o estado atual das investigagdes, apenas pode-
rdo ser aproximativas as recomendagdes relativas A fertilizagdo.

Sera preciso tomar o sistema itinerante como ponto de partida para o fomento da
agricultura. Aos poucos podera ser melhorada em muitos respeitos a aplicagiio que
éste sistema tem hoje na Amazdnia. Parece recomendavel uma ampliagdo da area
com perenes arboreos, particularmente do dendé. Podera ter vantagens a combinagio
da agricultura com uma moderna explotagio das florestas.
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Samenvatting

Het onderwerp van deze studie is de bodemgesteldheid van het Braziliaanse deel van
het Amazonegebied,

De overgangszone van de gordel tropisch bos naar de savannen van Noord-oost en
Centraal Brazili€ en die van Rio Branco-Brits Guiana zijn als grenzen voor het gebied
aangenomen. In het bijzonder wordt aandacht geschonken aan de oostelijke helft van
het gebied.

BODEMVORMENDE FACTOREN

Klimaat. Een klein gedeelte van Braziliaans Amazonié heeft een klimaat geheel zon-
der droge tijd (Af type in de classificatie van Koppen; Fig. 2); in het grootste deel van
het gebied valt gedurende een paar maanden van het jaar weinig of geen regen (Am
type).

Geologie. Braziliaans Amazonié bestaat uit een laag sedimentair gebied, d.i. de
eigenlijke Amazonevallei, en gedeelten van de kristallijne schilden van Centraal Bra-
zilié en de Guianas (Fig. 5). De kristallijne schilden dateren van het Pre-Cambrium
en zijn voornamelijk uit granieten, gneizen en glimmerschisten samengesteld. In het
sedimentaire gedeelte worden een viertal geologische bekkens aangetroffen: het Acre-
bekken, het eigenlijke Amazone-bekken, het Marajé- en het Maranhdo-bekken (Fig. 6
en Appendix 8). Slechts relatief smalle banen met Paleozoische-Mesozoische afzet-
tingen van zeer verschillend karakter komen aan de oppervlakte; het grootste gedeelte
van het sedimentaire gebied wordt ingenomen door Tertiaire onverharde sedimenten
die bestaan uit kaolinietkleien en kwartszanden. De Pleistocene sedimenten, die een
soortgelijke samenstelling als de Tertiaire hebben, zijn dun en de oppervlakte ervan is,
volgens de literatuurgegevens, beperkt. Ook de Holocene afzettingen beslaan slechts
een geringe oppervlakte, veel minder dan de eerste onderzoekers van Amazonig heb-
ben vermoed.

Geomorfologie. In de waterscheidingsgebieden aan de noord- en de zuidzijde van het
Amazone-rivierensystcem kan men de volgende geomorfologische eenheden onder-
scheiden (Fig. 8,9 en {7):

1. heuvelachtige terreinen met onbedekt kristallijn grondgebergte.

2. heuvelachtige terreinen met onbedekte Paleozoische, Mesozoische of Vroeg-
Tertiaire afzettingen,
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3. Twee schiervlakte-niveaus binnen het gebied dat als kristalliin op de geologische
kaarten staat aangegeven. Deze niveaus komen voor op respectievelijk 400-600 m en
250-400 m hoogte en zijn waarschijnlijk van Krijt- en Vroeg-Tertiaire ouderdom.
Er bestaan echter weinig zekere gegevens over de betrokken niveaus.
Het brede asgedeelte van Amazoni€ bestaat uit:
4, Plio-Pleistoceen vlak plateauland, aangeduid als Amazoonse planalto
5. Niet -overstroombare lagere terreinen, gemodelleerd tot terrassen van verschillend
niveau, en van Pleistocene ouderdom.
Deze twee eenheden tezamen worden aangeduid als Planicie.
6. Holoceen, overstroombaar laagland.

In het oostelijk deel van de vallei is de planalto meestal 150-200 m hoog, in het weste-
lijke gedeelte iets lager. Kenmerkend voor de planalto is de aanwezigheid van een tien
tot twintig meter dikke oppervlaktelaag bestaande uit homogene, zeer zware, sedimen-
taire klei. Deze zogenaamde Belterraklei moet afkomstig zijn van kaolinitische afzet-
tingen in het Andesgebied die na opheffing eertijds sterk aan erosic onderhevig waren.
De klei moet zeer gelijkmatig en geleidelijk zijn bezonken op de vlakke bodem van een
uitgestrekte ondiepe binnenzee, Een groot gedeelte van Amazonié moet door zulk een
zee bedekt zijn geweest gedurende een deel van het Laatste Tertiair of het Vroegste
Pleistoceen, toen de algemene zeestand hoog was (Calabrium).

De terreinen die gemodelleerd werden gedurende het Pleistoceen beslaan in het as-
gedeelte van Amazonié een grote opperviakte. Het 500 km lange tracé van het boven-
ste gedeelte der onlangs opengelegde Belém-Brasilia weg bood gelegenheid een uit-
voerige studie van de plaatselijke geomorfologie te maken (Appendices 4 en 5). In
dit gebied blijken verscheidene terrassen voor te komen. Enkele ervan zijn kustterras-
sen, de andere rivierterrassen. Alle moeten in perioden met een hogere zeestand dan
de huidige zijn gevormd en daarom van interglaciale ouderdom zijn, Door de terras-
hoogten te vergelijken met interglaciale wereldzeestanden blijkt z¢lfs voor de terrassen
in een gedeelte van het bestudeerde gebied een voorlopige gedetailleerde ouderdoms-
bepaling mogeljjk te zijn {Tabellen 1 en 2).

Waarschijnlijk zijn ook de terrassen in de andere delen van de eigenlijke Amazone-
vallei alle van interglaciale ouderdom.

De zeer plaatselijk voorkomende zogenaamde massapé-terreinen en gedeelten van
oostelijk Marajd zijn vermoedeljj)k van Vroeg-Holocene ouderdom. De jongere
Holocene terreinen worden vaak onderverdeeld in vdrzeas en igapos. In deze publi-
catie wordt laagland dat bij tussenpozen onder water staat als vdrzea beschouwd en
laagland dat voortdurend onder water staat als igapd. De vdrzeas, die het grootste
deel van het laagland uitmaken, worden onderverdeeld naar het karakter van de
schommeling der waterstand en de samenstelling van het water.

Niveaus van fossiele plinthiet. Langs het eerdergenoemde bovendeel van de Belém-
Brasilia weg werden uitvoerige waarnemingen omtrent het voorkomen van fossiele

plinthietniveaus gedaan (Appendices 4 en 5). De fossiele harde plinthiet in dit gebied
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blijkt in verscheidene typen te kunnen worden ingedeeld, en elk van deze typen heeft
een eigen positic en gebied van voorkomen. Het grootste gedeelte van de fossiele
plinthict is blijkbaar ter plaatse gevormd. Het moet ontstaan zijn gedurende tenmin-
ste twee perioden van het Laat-Tertiair, toen in dit gebied vlakke en onvolledig ge-
draineerde landoppervlakten aanwezig waren. Gedurende een deel van het Pleisto-
ceen moet ook plinthietvorming, zij het in geringe mate, hebben plaatsgehad.

Waarschijnlijk is ook de fossicle plinthiet in de andere delen van Amazonié voor een
belangrijk gedeette gedurende het Tertiair en het Pleistoceen ontstaan.

Vegetatie. Uit de geomorfologische opbouw van het Planiciegedeelte van Amazonié
en het karakter van de aanwezige sedimenten, wordt opgemaakt dat er zowel tijdens
het Tertiair als tijdens het Pleistoceen verscheidene tijden geweest moeten zijn met
een relatief droog klimaat (interpluvialen), gedurende welke grote gedeelten van
Amazonié geen bosbedekking hadden.

Het huidige plantendek wordt onderverdeeld in verschillende bostypen encrzijds ¢n
diverse savannen en savannebossen anderzijds (Fig. 12).

DE BELANGRIKSTE AMAZOONSE LATOSOL

De begrippen ‘latosol’, ‘lateriet’ en “plinthiet’ hebben reeds een historische ontwik-
keling doorgemaakt. De nationale Braziliaanse Bodem Commissie heeft onlangs het
begrip latosol, op basis van d¢ in de Verenigde Staten gebruikte opvatting, uitvoerig
beschreven. Daarbij is aandacht besteed aan de wijze waarop Latosolen van andere
rode en gele gronden in de tropen en subtropen onderscheiden kunnen worden. Met
name de kenmerken van de latosol-B en van de textuur-B {(de karakteriserende hori-
zonten van Latosolen respectievelijk Red Yellow Podzolics en andere gronden) worden
gedetailleerd tegenover elkaar gesteld {Tabel 5). .

De diverse Latosolen in de wereld zijn met vele namen benoemd. Op het ogenblik
wordt in Brazilié een systecem van onderverdeling van de Latosolen ontwikkeld, waar-
bij de samenstelling van de kleifractie - de onderlinge verhouding van de hoeveelheden
silikaatkleimineralen (kaoliniet), ijzerkleimineralen (goethiet, hematiet) en aluminium-
kleimineralen (gibbsiet) —als de belangrijkste maatstaf wordt gehanteerd. Deze verhou-
dingen worden geschat met behulp van de moleculairverhoudingen 8iO,: ALO;: Fe,0,.

Het merendeel van de goed gedraineerde gronden van het Planiciedeel van Amazonié
blijkt een latosol-B te bezitten zoals die door de Braziliaanse Bodem Commissie gede-
finieerd is, De moleculairverhoudingen duiden op een zeer groot percentage kaoliniet
in de kleifractie, hetgeen bevestigd wordt door enkele Rontgen-diffractielijnen van
karakteristieke grondmonsters (Fig. 14a—, en de Tabellen 7 en 8). De gronden beho-
ren daarom tot de groep van de kaolinitische Latosolen en worden verder als Kaolinitic
Yellow Latosol aangeduid. Voor de hiermee te vergelijken zandige gronden, namelijk
die welke in hun B-horizont minder dan 159 lutum bevatten, wordt de naam Kaolini-
tic Latosolic Sand gebruikt.

De bovenbeschreven Amazoonse gronden komen overeen met verscheidene van de
gronden in tropisch Afrika, die gerangschikt zijn volgens andere classificatiestelsels
dan in deze publicatie gebruikt zijn.
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AMAZOONSE PLINTHIETGRONDEN

De gronden die plinthiet in enigerlei vorm bevatten worden afzonderlijk besproken.
Plinthiet vervangt hier, in overeenstemming met de Seventh Approximation, het oude
woord lateriet. Plinthiet wordt onderverdeeld in harde plinthiet (laterietgruis en
-stenen) en zachte plinthiet (Buchanan’s lateriet; ‘mottled clay’).

Gronden met recente plinthiet. De huidige vorming van plinthiet in Amazonié vindt
bijna uitsluitend plaats op vlakke terreinen met een bij tussenpozen onvolledige drai- |
nage. Op zulke plaatsen ontstaat op een geringe diepte zachte plinthiet, namelijk in
de grondlaag waarover de grondwaterstand schommelt, een waarneming die volledig
in overeenstemming is met de klassieke bevindingen van MARBUT (1932). In een enkel
geval ligt de betrokken grondlaag te diep om nog van invloed te zijn op het solum van
het bodemproficl (Profiel 1). Meestal echter bevindt de laag zich zo dicht bij de opper-
vlakte, dat de fijnste minerale deeltjes en de sesquioxiden van de bovenlaag uitspoelen.
Er ontwikkelt zich dan een onvolledig gedraineerd profiel met een uitgeloogde A-hori-
zont, en een B-horizont die bestaat uit zachte plinthiet: het Ground Water Laterite
profiel. Er is een grote variatie in de kenmerken van deze bodemeenheid (Profielen
2t/m 18 en Appendix 9), waaraan verscheidene factoren ten grondslag liggen. Als eind-
toestand in de Ground Water Laterite-ontwikkeling kan men het profiel beschouwen
dat bestaat uit een gebleekte en zandige, dikke A-horizont en een kleiige en slecht-
doorlatende, dikke B-horizont van zachte plinthiet, met in de overgangslaag enig reeds
verhard plinthictmateriaal (in deze publikatie aangeduid als Ground Water Laterite
soil, Low phase).

Gronden met fossiele plinthiet. Dikwijls komen in Amazonié op goed gedraineerde
plaatsen, waar de grondwaterstand pas op vele meters diep te vinden is, lagen van
harde of zachte plinthiet voor. Zulke plinthiet wordt, gezien de beschreven recente
plinthietvorming, als fossiel beschouwd, hetgeen in overeenstemming is met een groot
deel van de jongere literatuur over dit onderwerp.

Lagen van fossiele harde plinthiet, rustend op ¢en laag fossicle zachte plinthiet, zijn
doorgaans ter plaatse ontstaan. De lagen vormen tezamen het overblijfsel van een
Ground Water Laterite profiel, ontstaan op een vroegere landoppervlakie met onvol-
ledige drainage. Het betreffende profiel moet, nadat de drainagebelemmeringen weg-
vielen, zodanig aan ¢rosie onderhevig zijn geweest, dat de gehele zandige en losse
A-horizont en wellicht een gedeelte van de kleiige plinthiet-B verwijderd werden. Ter-
wijl het diepste deel van de nog aanwezig gebleven plinthiet-B zacht is gebleven, is het
bovenste deel ervan tot harde plinthiet veranderd.

Afzonderlijke lagen fossiele harde plithiet zijn gewoonlijk van alluviale-colluviale
oorsprong. Er zijn verscheidene aanvullende kenmerken die behulpzaam zijn bij het
vaststellen of plinthiet recent dan wel fossiel is en ter plaatse is gevormd of van allu-
viale-colluviale oorsprong is.

Wanneer de fossile plinthiet zich slechts beneden het solum bevindt, is het niet van
belang voor de classificatie van de grond. Wanneer de fossiele plinthiet deel uitmaakt
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van het solum, wordt de classificatie van de grond bepaald door de verweringsgraad
van de plinthiet, die in dit geval het moedermateriaal vormt. In Amazonié bestaat het
uviteindelijke verweringsprodukt bijna altijd uit een mengsel van harde concreties en
losse kruimelige aarde waarvan de kleifractie een kaolinitisch karakter heeft.

Wanneer de verwering van de plinthietlaag slechts ondiep is, wordt de betreffende
grond geclassificeerd als Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow
Latosol, Concretionary phase. Wanneer de laag diep verweerd is, wordt de grond
Kaolinitic Yellow Latosol, Concretionary phase genoemd. De laatste benaming is
steeds van toepassing wanneer de fossiele plinthiet van alluviale-colluviale oorsprong is
(Proficlen 19 t/m 23 en Appendix 9).

Fig. 15 geeft een overzicht van de verschillende gronden die bij de vorming, respectie-
velijk de onthoofding en de bedekking van plinthiet in Amazonié onderscheiden kun-
nen worden.

ONDERSCHEIDEN BODEMEENHEDEN EN HUN GEOGRAFISCH YOORKOMEN

Alle bekende Amazoconse bodemcenheden (zie samenvatting in Tabel 9) worden
systematisch beschreven door middel van een algemeen concept, de mogelijke variatie
in kenmerken en een representatief profiel met bijbehorende laboratoriumgegevens.

De bodemkundige overzichtkaarten van twee karteringsgebieden (Appendices 1 en 2)
geveneen indruk van het ruimtelijke voorkomen van de verschillende bodemeenheden.
Het eerste karteringsgebied, de Guamd-Imperatriz area, kan men als voorbeeld be-
schouwen voor het Planiciedeel van Amazonié, met zijn onverharde sedimenten be-
staande uit kaolinietkleien en kwartszanden. De Araguaia Mahogany area is een voor-
beeld voor het niet-Planiciedeel van Amazoni&, met zijn grote verscheidenheid in geo-
logische ouderdom en gesteenten. Een voorlopige bodemkaart voor gehee]l Brazi-
liaans Amazonig geeft Fig. 17.

In de heuvelachtige terreinen met onbedekte knstallun grondgebergte worden als
waarschijnlijk belangrijkste gronden Red Yellow Latosols aangetroffen. Red Yellow
Podzolic soils en Lithosols komen echter ook voor.

Een grote verscheidenheid van gronden komt voor in de heuvelachtige terreinen met
onbedekte Paleozoische, Mesozoische of Vroeg-Tertiaire afzettingen. Lithosols zijn
waarschijnlijk het veelvuldigst.

Omtrent de gronden van de schiervlakte-niveaus in het gebied van het knstalll_;ne
grondgebergte zijn zeer weinig gegevens beschikbaar.

Het grootste deel van de bodemkundige kennis omtrent Amazonié heeft betrekking
op de Planicie en op de Holocene laaglanden. De gronden van de met Belterraklei be-
dekte Amazoonse planalto vertonen over grote afstand een gelijke profielontwikke-
ling. Verreweg het meest komt zeer zware Kaolinitic Yellow Latosol (,Ortho) voor.
Bepaalde stukken planalto in het zuidwestelijk deel van Amazonié hebben een onvolle-
dige drainage, zodat de grond daar Ground Water Laterite soil of Kaolinitic Yellow
Latosol, intergrade to Ground Water Laterite soil is.

De voornaamste gronden van de Pleistocene terrassen in het oostelijk deel van Ama-
zonié zijn matig lichte, matig zware of zware Kaolinitic Yellow Latosol {,Ortho) en
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het lichte of zeer lichte equivalent hicrvan de Kaolinitic Latosolic Sand. Verscheidene
aspecten van de profielontwikkeling van deze gronden vertonen een verband met de
textuur van het moedermateriaal, Qok de terrashoogte speelt blijkbaar een rol, waar-
door een schatting van de invloed van de factor tijd bij de bodemvorming mogelijk is
(Tabel 10). Andere goed gedraineerde gronden zijn Kaolinitic Yellow Latosol, inter-
grade to Red Yellow Podzolic soil; Kaolinitic Yellow Latosol, Compact phase en
Red Yellow Podzolic soil, intergrade to Kaolinitic Yellow Latosol; alle onderver-
deeld naar de zwaarte van de B-horizont. Dan zijn er de plinthietgronden Kaolinitic
Yellow Latosol, Concretionary phase en Red Yellow Podzolic soil, intergrade to
Kaolinitic Yellow Latosol, Concretionary phase.

Ground Water Laterite soils en Ground Water (Humus) Podzols zijn de belangrijkste
onvolledig gedraineerde gronden.

Op de Pleistocene terrassen van oostelijk Amazonié worden plaatselijk gronden aan-
getroffen die opvallend donker en vruchtbaar zijn en bekend staan als Terra Preta.
Dit zijn ‘man-made’ soils, ontwikkeld op de vé6r-Columbiaanse woonplaatsen van
Indianenstammen.

De gronden van de Picistocene terrassen in het westelijk deel van Amazonié zijn,
afgaande o0.a. op de gegevens van MARBUT and MANIFOLD over dit gebied, grotendecls
gelijk aan die van oostelijk Amazonié.

In de vdrzeas zijn Low Humic Gley en Humic Gley soils het meest verbreid, en in de
igap6s Bog en Half Bog soils. Ground Water Laterite soils komen ook voor. In het
kustgebied liggen zoute en alkali-gronden.

Voor beschrijving van tot nu toe onbekende bosgebieden, waarbij het gedetailleerde
geografische patroon van de verschillende gronden aandacht kan krijgen, wordt het
begrip land-unit ingevoerd. Als zodanig wordt opgevat een gebied waarbinnen de
geologische, topografische en hydrografische omstandigheden, het klimaat, het pa-
troon van de vegetatie en het patroon van de gronden gelijk zijn.

SAMENHANGEN TUSSEN BODEM EN PLANTENDEK

Voor bepaling van de samenhangen tussen bodemgesteldheid en plantengroei in
Amazoni€ zijn de beschikbare vegetaticgegevens slechts van beperkte waarde, aan-
gezien onderzoekingen van zuiver ecologische aard nog niet op enige schaal uitge-
voerd konden worden. Wegens het nagenoeg ontbreken van gepubliceerde gegevens
over Amazoonse bodem-plant verhoudingen, is een bespreking niettemin wenselijk,

Van de bostyperende elementen worden in het bijzonder het bruto houtvolume en het
voorkomen van afzonderlijke boomsoorten besproken, aangezien juist hierover gege-
vens beschikbaar zijn via een reeks bosinventarisaties.

De in_vloed van wiet-edafische factoren op verschillen in bosgroei. De hoogste hout-
v?lumma van qe Planicie mag men daar verwachten waar de totale jaarlijkse regenval
niet al te hoog is en een kort droog seizoen voorkomt. Een gedeelte van de verschillen

in voorkomen van afzonderlijke boomsoorten is naar alle waarschijnlijkheid ook door
klimaatsverschillen bepaald.
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Antropogene factoren kunnen grote gebieden met ogenschijnlijk corspronkelijk
bos beinvioed hebben. Een voorbecld daarvan is het selectieve kappen van bepaalde
zeer waardevolle houtsoorten. Een eigenaardig bostype, dat voornamelipk uit koit-
Ievende Guadua-soorten bestaat (tabocal; bamboe) en langs een gedeclie van de Belém-
Brasilia weg voorkomt, is 2eer waarschijnlijk veroorzaakt door indiaanse brand-
gewoonten,

Edafisch bepaalde verschillen in bosgroei. Bijna alle bosinventarisatiegebieden liggen
in de Planicie, waarvan de vrij drainerende gronden op het toegepast classificatie-
niveau in grote mate gelijk zijn. Vastgestelde verschillen in boskenmerken, voorkomend
binnen een gebied met gelijke klimaatsomstandigheden en ontbreken of gelijkmatig
voorkomen van antropogene invloeden, moeten daarom bekeken worden op hun
eventuecel verband met verschillen in grondeigenschappen van een lagere orde, zoals
het vochthoudend vermogen, de totaal beschikbare hoeveelheid van de verschillende
plantenvoedingsstoffen en de bewortelingsmogelijkheden. Deze eigenschappen wor-
den bepaald door factoren zoals de zwaarte van de grond, de dichtheid van de onder-
grond en de aanwezigheid van plinthietmateriaal. Verschillen in boskenmerken blijken
dikwijls samen te vallen met verschillen in deze factoren. Welke factoren precies deze
waargenomen co-incidenties verooizaken, is echter meestal niet vast te stellen,

Er bestaat een samenhang tussen zwaarte van de grond en bruto houtvolume. In het
bijzonder de zware en matig zware gronden kunnen bos met een hoog houtvolume
dragen. Zeer zware Planiciegronden echter — de gronden ontwikkeld op de Belterra-
klei - zijn op verscheidene plaatsen bedekt met bos van een laag houtvolume, doordat
het geheel of voor een belangrijk gedeelte uit lianen bestaat (cipoal of cipoalic forest).
Deze bostypen komen voor op het volledig vlakke centrum van planalto-terreinen en
op de oudste Pleistocene terrassen voorzover die bedekt zijn met opnicuw afgezette
Belterraklei. Cipoal en cipoalic forest lijken op die Belterrakleigronden te groeien die,
in vergelijking met gronden van de nabije omgeving, een dichte ondergrond en een
dunne A,-horizont bezitten. Ook elders in Amazonié lijken lianenrijke bossen voor-
namelijk voor t¢ komen op ondiep doorwortelde gronden, zowel die met een lage als
die met een hoge natuurlijke vruchtbaarheid.

Aan de hand van enkele voorbeelden wordt het verband nagegaan dat kan bestaan
tussen bodemgesteldheid en afzonderlijke boomsoorten met een ongelijkmatige ver-
spreiding. De Acapu { Vouacapoua americana) bijvoorbeeld wordt alleen gevonden in
sommige gedeelten van het gebied, waar de soort dan groepsgewijze groeit. Deze
groepen komen echter voor op een aantal verschillende gronden. De Angelim pedra
{ Hymenolobium excelsum) is een van de soorten die voornamelijk op zeer zware
gronden wordt aangetroffen. De soort Pau amarelo ( Euxylophora paraensis) heeft in
het Guam3-Imperatriz gebied, waar het voorkomen onderzocht werd, zijn gunstigste
groeivoorwaarden op gronden met fossiele plinthietconcreties van bepaalde hoogte en
ouderdom. Een afzonderlijk onderzoek werd ingesteld naar de groeiplaatsen van
Mahonie ( Swietenia macrophyila) die in een gedeelte van de zuidoostelijke overgangs-
zone van de gordel tropisch bos voorkomt. Het blijkt dat in dit gebied de soort bijna
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uitsluitend groeit op terreinen met een onvolledige drainage en sterk ontwikkeld hydro-
morfe gronden, en wel speciaal die, welke in chemisch opzicht relatief rijk zijn (Fig.
25e¢n Appendix 6).

Het voorkomen van palmsoorten in de Amazonebossen lijkt vaak meer verband te
houden met verschillen in klimatologische en bodemgesteldheid dan het voorkomen
van dicotyle boomsoorten.

Niet-edafische savannen. Enkele savannen binnen het bosgebied zijn ontstaan voor-
namelijk door ongunstige niet-edafische factoren, waarbij antropogene invloeden
meestal hebben overheerst. Deze savannen liggen in het noordoostelijke deel van
Amazonié: Amapd-territotium, het zuidoostelijke deel van het eiland Marajo, en de
noordzijde van de beneden-Amazone.

In oorsprong eduafische savannen en savannebossen. De andere savannen van de Plani-
cie en de savannebossen zijn edafisch van corsprong. Deze savannen en de meeste
van de savanncbossen komen voor op terreinen met een onvolledige drainage. Het
bodemtype van zulke terreinen is ofwel een Ground Water Laterite soil — en dan vaak
de zogenaamde Low phase hiervan — ofwel een Ground Water (Humus) Podzol.
Uitgestrekte savannen ¢n savannebossen die deze omringen, aangetroffen op viakke
waterscheidingsterreinen {de campos; een gedeelte van de campina-ranas), komen
voornamelijk op Ground Water Laterite soils voor. Pleksgewijze voorkomende
savannen en savannebossen, op smalle banen laag en zandig terrein langs rivieren
of op verzande rivierbeddingen (de campinas; de caatingas amazonicas; een gedeelte
van de campina-ranas), staan voornamelijk op Ground Water Podzols. Sommige
plekjes savannebos (een deel van de campina-ranas) komen voor op relatief hoge, vrij
drainerende terreinen met White Sand Regosols.

Over de savannen en savannebossen buiten het Planiciegebied bestaan slechts weinig
gegevens, Waarschijnlijk zijn zij edafisch van oorsprong en staan ze voornamelijk
op Lithosolen en hydromorfe gronden.

Tabel 13 geeft een schema van de groetomstandigheden der verschillende besproken
savannen en savanncbossen.

Bodem en plantendek van de overstroombare laaglanden. De onderlinge verschillen
tussen laaglandbossen zijn vaak zeer duidelijk en zij kunnen veelal gemakkelijk in ver-
band gebracht worden met het karakter der overstroming. De savannen en savanne-
bossen die op de laaglanden van oostelijk Amazonié voorkomen zijn van edafische
oorspiong,

GESCHIKTHEID VAN: DE BELANGRIJKSTE AMAZOONSE GRONDEN VOOR LANDBOUW-
DOELEINDEN

Een waardebepaling van de belangrijkste Amazoonse gronden met betrekking tot hun
ingebruikname voor landbouw is van onmiddellijk belang. Aan gedeelten van Ama-
zonié wordt namelijk gedacht als vitwijkgebieden voor de dichte landelijke bevolking
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van het Noordoosten van Brazilié, waar periodiek calamiteuze droogten en over-
stromingen optreden.

Wat de Iaaglandgronden betreft dient benadrukt te worden dat hun gebruikswaarde
sterk afhangt van het type vdrzea. De chemische eigenschappen van de gronden en het
karakter van de oversiroming zullen bij de bodemgeschiktheidsbepaling de belang-
rijkste criteria moeten zijn. De noodzakelijke inpoldering zou vee! onderzoek, organi-
satie en kapitaalsinvestering vereisen.

De gronden van het hogere land buiten de Planicie zijn zeer verschillend. In deze af-
gelegen en moeilijk toegankelijke gebieden is de natunrlijke chemische vruchtbaarheid
van de grond ongetwijfeld het belangrijkse criterium voor de bodemgeschiktheids-
bepaling.

De vrij drainerende kaolinitische Planicie-gronden. De Planicie bestaat grotendeels
uit vliakke of zwak golvende terreinen met een vrije drainage. Deze terreinen liggen
dicht bij de belangrijkste waterlopen en de enkele bestaande wegen. Het hierop groei-
ende bos heeft een relatief hoog houtvolume en het huidige Amazoonse landbouw-
areaal is op deze terreinen geconcentreerd. Daarom biedt het Planicie-deel van Ama-
zonig, hoewel de natuurlijke chemische vruchtbaarheid van de gronden laag is, voor-
vitzichten voor landbouwontwikkelingsprojecten van grote omvang. Het is dan ook
gewenst bijzondere aandacht te besteden aan de chemische en fysische eigenschappen
van die Planicie-gronden welke een goede externe drainage bezitten, oftewel: de vrij
drainerende kaolinitische Planicie-gronden.

De gronden onder hun natuurlijke begroeiing. Voor het benaderen van de chemische
eigenschappen van de vrij drainerende kaolinitische Planicie-gronden onder hun na-
tuurlijke bosgroei staan laboratoriumgegevens van 35 profielen ter beschikking. Deze
worden gerangschikt en op hun samenhang bekeken (Fig. 27 t/m 34). Het blijkt duide-
lijk dat het vermogen om ecn beter milieu te scheppen voor de instandhouding van de
relatief zeer actieve organische stof het belangrijkste voordeel van de kleiige boven de
zandige gronden is. De diverse vrij drainerende Planicie-gronden verschillen ook
dikwijls in hun fysische eigenschappen. Het vochthcudend vermogen van de gron-
den is van belang met het oog op het feit dat een groot deel van Amazonié een droog
seizoen van enige betekenis heeft. Uit vochtequivalenten, enkele vochtspanningscurven
en andere laboratoriumgegevens (Fig. 35 t/m 37 en Tabel 16) wordt afgeleid dat de
gronden onder bosbedekking in hun geheel gezien slechts kleine hoeveelheden op-
neembaar vocht per volume-eenheid bezitten. Slechis voor de laag waarin een bedui-
dende hoeveelheid organische stof aanwezig is, zijn de kleiige gronden wat de hoeveel-
heid beschikbaar vocht betreft duidelijk in het voordeel boven de zandige gronden,

De gronden onder menselijke imvloed. Wanneer de vrij drainerende kaolinitische Pla-
nicie-gronden onder menselijke invloed komen, ondergaan de chemische en fysische
eigenschappen verschillende wijzigingen. Omtrent de gronden die in gebruik zijn voor
shifting cultivation bestaan slechts kwalitatieve waarnemingen. Over de gronden van
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de langbestaande antropogene savannen zijn echter een aantal kwantitatieve gegevens
beschikbaar. Indien menhet verschilin de hoeveelheid voedingsstoffen die in de planten-
groei is opgeslagen buiten beschouwing laat, kan gesteld worden dat qua chemische
en fysische eigenschappen de betrokken savannegronden nog tamelijk dicht bij de bos-
gronden liggen. Als voornaamste verschillen kunnen genoemd worden een iets kleinere
hoeveelheid organische stof in de bovengrond, een grotere dichtheid van de bovengrond
en vermoedelijk een kleinere hoeveelheid beschikbaar bodemvocht. Geringe verschil-
len treden op met betrekking tot de C/N verhouding, de pH-H,O waarde en de fosfor-
fixatie.

Dat menselijke invloed ook een duurzame gunstige uitwerking op de grond kan heb-
ben, wordt geillustreerd door de chemische eigenschappen van de Terra Preta (Fig.
38 en 39). Het kationenuitwisselingsvermogen van deze grond is relatief hoog, ook
dan wanneer het organische stofgehalte slechts gering is. Wel gaat het hoge kationen-
uitwisselingsvermogen gepaard met grote hoeveeclheden fosfaten in de Terra Preta; het
fosfaatgehalte is dikwijls aanzienlijk groter dan het fixatievermogen van de humusarme
grond.

Het effect van kunstmest, stalmest en groenbemesters kan slechts enigermate bena-
derd worden omdat het aantal proefveldjes en plaatsen met blijvende landbouw tot nu
toe beperkt is.

De meest geschikte gronden. De bepaling van de bodemkundige gebruikswaarde van
de vrij drainerende Planicie-gronden voor landbouwdoeleinden dient voornamelijk te
steunen op de verschillen in grondeigenschappen als de organische stofhuishouding,
het vochthoudend vermogen en de doorwortelbaarheid. Bij landbouwontwikkelings-
projecten van grote omvang spelen uiteraard externe factoren zoals de topografie en
het drainagepatroon van het land, de bereikbaarheid en de mate van geografische
samenhang van de verschillende gronden ook een rol. Doch afgezien van deze factoren
en de eisen van afzonderlifke gewassen, kan gesteld worden dat de gunstigste mogelijk-
heden voor landbouw te vinden zijn op de relatief zware bosgronden met een niet-
verdichte ondergrond. De zware en matig zware Kaolinitic Yellow Latosol {,Ortho)
en Kaolinitic Yellow Latosol, intergrade to Red Yellow Podzolic soil zijn in dit op-
zicht het meest geschikt.

Wijze van grondgebruik. Het onderzoek naar de chemische en fysische eigenschappen
van de gronden onder oerbos of onder menselijke invloed, geeft aanwijzingen voor de
manieren waarop de gronden het best op peil gehouden kunnen worden na verwijde-
ring van het oerbos en kunnen worden verbeterd na schadelijke menselijke beinvloe-
ding. Het instandhouden en zo mogelijk verhogen van het organische stofgehalte van
de grond is hierbij van overwegend belang. Bemestingsadviezen kunnen bij de huidige
stand van het onderzoek slechts globaal zijn.

Voor de verbetering en uitbreiding van de bevolkingslandbouw zal het shifting culti-
vation systeem als vitgangspunt genomen moeten worden. De wijze waarop dit sys-
tcem in Amazonié wordt toegepast, kan op verscheidene manieren geleidelijk ver-
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beterd worden. Een vergroting van het arcaal met boomgewassen, in het bijzonder
oliepalm, lijkt wenselijk. Combinatie van de landbouw met een moderne bosexploi-
tatie biedt gunstige vooruitzichten.
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