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PROPERTIES AND POTENTIALS 
OF SOILS IN THE AMAZON BASIN 

A. VAN WAMBEKESUMAIA RY This paper deals withAmazon basin. An 	 the multiple properties and potentials of theattempt is made to highlight the diversity of the soils in soils of theopment. Land evaluation, based on land qualities, is employed as 
the area, and their distinct poteatials for devel­means of suggesting optimtma 	 land uses.properties which condition land use. 

.Soils of the hot loiwland rainy humidare a 	 tropical climatesThese 	 sharecowm,on soil moisture reg'ime, and a 	 several common
factors have 	significant implica:ions for soil 

uniform soil temperature regime. Thesenmanagenteu.
 
wveathering to The diversity of soils in
which partict'mr soils have been 	 the Amazon hasin is highl' correlated sith. the degree ofsubjected. Weathering and leaching leatls toin the mineral fraction of the soil. The 	 a diminution of plant nutrientsgrowth, are nutrient-poor 

more highly weathered soils, while often having a physical structure favorableand drought 	 susceptible. Soils to plantexhibit differentialtany en'iromnltal variables amtd 	 degrees of veathering due to the interaction ofthe chemical compovition of the rocks from which the soils derive.
ofteni irongly' de.cribed .s a major Land qualities including anchorage for plantharrier to 	 roots areagricultural developmnent 	 site specific. Soft plinthite,in 2% of the soils. More important limits 	 ilthe Aniazon, is infact only found to heon plant root-svsteln development include 	 a problemsurface ero.sion, and the coincidence of calcitni deficiency and aluminttn 

the seasonal flooding of somne soils, 
Nutrient supplies 

toxicity iwhich prevemts deep root penetration.
mineral fractions of niost are very poor in 	 are small in tihe highlynutrients, tha soils have varying levels 

weathered soils of the region. Whilemtajority of the.ie soils' nutrients 	 and qualities of soil organic matter. The 
thecontents are concentrated in the 	 vastof nutrients thirough 	 vegetation and in the humus. As long asroots into plant tissues and from plant 	 the natural cyclethe intrinsic fertility of those soils 	

residues back into the soil is luninterrupted,can be preserved. Changes in 	 or is closely simulated,therestorationi t/irougi regroitth is nttch more 	
ecology, ]iowe'er, cali quackly deplete these soils, andproblematic than is often as.stmed.
 

is also The diversity
landscape specific. Topograpihy 	 of soils, iW'hile a functionfavors particudar vegetation and soil tvpes. 
of iweathering and 'tivironmentalpotentials (al 	 variables,occutr within (ii 	 The greatest diversity of soils andaverage of 80 	 land useutilization 	 lieters of altitude differential betsieen rivers and the plateaus they divide. Land

iwill be niost efficient if it is based on optimizing soil landscape and plant need cotplementarity.
fertilizers 	 Developmentto 	 alternativesimiprove soil conditions, and adapting 	 include intensification o/ agriculture throughland use the by 	 the use ofto environmentpatterns. More attention 	 crop adaptation arid extensiveshould be given 	 land useland resource's in the 	

to establishing permanent agricultural production sites, before the i,lusion of limitlessarea leads to the i'reversible destuctiun•Short-temli land use pattern.s ar 	
of soils and the creation of fertilityo/tei ignored. FertiL-atioi 	 deserts. Real costs ofis more promising than is often.,sv.tcmls, e.specially 	 suposed. Extens;ve productioncat those wi/hich appro.iintatepotential. Shifting 	 the steady statecultivation, pi'rential crops, nittrient cvcle conditions ill native rainforest. also haveftee plantations, forestry..fite 	 atd grazing all can a sigmiifi­eection and proper mlanagement, with 	 be used, if care is given toincre a 	

low risk of scil degradation. Tue dangerswith the mnagnitude 	 involvedof the changes introduced into the 	
with using low, fertility soilss 'syte". Crop adaptation also has a great deal to offer.t/e (frea. It is incorrc'l to Soil conservation andl ero.sion prevention are crucial variablesthink that all soils in the tropics are highl, crosioni resi.stant. in the development ofMoreover, the ideafl/pi's being c,'nplc'tely renewable 	 of soils in theresources is miisleading.
 

and .scientists work together to There is reason
maximize the efficient and 
fo, optii.imi in the development of the Amazon basin if plannersdevelopm nt only under the 

co/ni r'ative use of iraresources. Sufficient land is available to allowmiost optimal 	conditions. 
Research, trainin, teachingextension should be 	 facilities. and properstrengthened at all levels of the development 	 di.sseminatio niechanismns forprocess. 

he Amazonr basin is the found within its boundaries. Nevertheless, factorslargest ' ca drained by 	 which, together 
a river 

many contradictory and misleading ge- essential to gaining 
with origin, are 

system in the neralizations a better, albeitworld. It covers more have been made about the, 	 in­
than 450 million 	 complete understanding

hectares in Brazil alone, and extends 
in fact, extremely diverse environments ty of problems that 

of the complexi­
into which 	 must te faced inare to be found in the basin, planningGuyana, Bolivia, Colombia, Ecuador, 	 the use and development ofPert, and Venezuela. It 	 In an attempt to focusis covered by attention on certain key 	 this region.many types 	 of factors which 

versity 
vegetation and a di- condition utilization of soils, 	

In this discussion, em­of soils. Its 	 rivers 
the a first phasis is placedcut through and 	 on land evaluation:probably most important 	 auplands on old continental platforms, 	 statement decision-making processshould stress 	 which concen­drain immense, flat, frcquently-flooded 

the diversity or variability trates on "land qualities" [FAO,of soils in the Amazon. 	 1976)bottom-lands, 	 Some general-and dissect 	 the eastern izations will as a means of discriminating betweenhave to be made,flanks of the Andean mountain chain, 	 of course, distinc: environments in termsbut the terms which 	 of theirVirtually all types of rocks, 	 appear in the title: suitability foe plantwhich form properties, potentiats, and 	 and animal produc­the parent m,,terials for soils, can be size, in their plural 
soils, empha- tion. Land qualities are mainly definedform, the multiple in terms of the interaction of soils and 

Belgium, 	 Armand Van Wambeke,is presently professor of Soil Science Doctor in Agricultural Sciences fromin the College of Agriculture and Life Sciences the University of Ghent,formerly research officer at the Uu,'versity of Ghent, Belgium, 	 of Cornell University. He wasand was also involvedfor the Food 	and Agriculture Organization in soil survey and land resources appraisalof the United Nations in Colombia and other Latin American countries. 
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other environmental variables, especial-
ly as they influence anchorage for plant 
root systems, the ability to furnish nit-
trients to roots, and the potential for 
conserving these factors without a de­
terioration of the environment. Giveii 

APPARENT UNIFORMITY AND ACTUAL DIVERSITY 

AS REPRESENTED ON SMALL AND LARGE SCALE 

Scale I1: 50,000 

OF SOILS 
SOIL MAPS 

specific social 
land qualities 

and economic conditions. 
indicate whether a par- 1 0 2 

ticular area has the potential to produce 
sufficiently to provide a satisfactor 
standard of living for those people who 
choose, or have no other alternative 
than to select that location as a place 

Kilometers 

for permanent settlement, agricultural 
livestock production. 

or 

Properties common to soils 
in the Tropics 

The soils of the hot trop­
ics, including those of the /.:nazon basin, 
share some common properties which 
distinguish them from soils of other re- S 
gions. These differentiating characteristics 
will seem trivial to a number of readers........ 
For those who live and work in the 
Amazon they are a constant for the entire 
region and, because they do not change 
from one locale to another, have no 
significance in the decision-making pro­
cess. Individuals from other areas will 
find these same factors irrelevant to the 
management of soils in their own re-..... 
gion. Nevertheless, these factors can be 
crucial if their influence is ignored. Some 

land qualities, or their lack, can be the 
variables which lead to failures in the after Askew et al, 1970 
transfer or introduction of new tech­
nology from temperate cr other regions. 
Project designs, for example, which over­
look the cost of remedies for such unan­
ticipated inherent limitations in calculat- Scale 1:5P00,000 
ing the feasibility of producing a crop 
which has to compete on the world 
market, are bound to fail. A brief sum­
mary of these common denominators is -10 
therefore appropriate. 

The properties which 
are common to all well-drained soils of 
the lowland rainy humid tropics are re­
lated to characteristic seasonal cycles of 
available soil moisture content, and a 
common soil temperature regime. 

Soil Moisture 
after FAO, 1971In terms of moisture, 

there is, in these areas, always a high Fig. 1: - Smaller scale soil maps, while useful for macro-planning, conceal the actual diversity 
rate of evapotranspiration of water from of soils in the landscape. Larger scale maps, based on more intensive surveys, are necessary 
the soil, even if fields are not cropped for adecquatc settlement and farm planning. The intensity of surveying req.,ired depends on 
during a dry season. There are only a soil variability in the region as well Lis projected land uses. 

few places in the tropics where rainfall 
always exceeds evapotransljiration. In termittent and dry spells can kill seedlings of the tropics is that there are no ex­
areas with only seasonal iains, there is after a few days. For young plants, soils treme changes in soii temperatures from 
no rest period during which the soil can in the tropics, when not irrigated, are one month to another or throughout the 
store water for later use by a subsequent unreliable sources of moisture. The length year (USDA, 1975). Soils which do not 
crop. At the beginning of the growing of the rainy season varies from about warm up slowly cannot regulate plant 
season (near the end of the dry season), six up to twelve months in length in the growth and thus insure gradual increases 
plants have not yet developed a root Amazon basin, in water demand. It is also relevant to 
system sufficient for extracting water note that soils in these areas do not 
from a large volume of soil, nor can Soil Temperature freeze. From a soil management pers­
they count on an adequate water reservoir pective, this has several consequences. 
in the soil. Moi'eover, at the beginning The second common de- If soil structure in the plow-layer de­
ef the rainy season, rains are often in- nominator of soils in the lowland areas terioaivs, frost will not restore the frag­

/ VOL. 3 / N9 4 / JUL-AGO / 1978 / ifERIJEP1,, 234 



mentation of the soil mass which must 
be maintained at optimum levels to in-
sure pore space for Lil', water, and root 
fnetration. In those soils of the tropics
where structure and porosity are prima-
rily a function of the aroount of organic 
matter, conservation of hunius is a high
priority, 

Dominant properties 

There are other soil 
properties which are shared by most, but 
not all soils of the Amazon. These, 
however, are not unique or limited to 
the tropics. Their diversity rest-icts the 
validity of generalized statements, and 
in some instances can distort general con-
clusions drawn in attempts, on the macro 
level, to evaluate the agricultural poten-
tial of land areas. It is in these instances 
that soil classifications can aid in ac-
curately defininp the appropriateness of 
a particular technology transfer or de-
velopment project to a specific area. Re-
ferences to soil classificad'ion systems in-
lude FAO (1974), and USDA (1975). 

An important pait of 
the mineral (as conlrasted to the organic)
fraction of the most prevalent kinds of 
soils in the Amazon is a weathering
product of the rocks from which these 
materials derive. Weathering (decay by
biological, chemical, and physica! decom-
position) breaks down rocks into soil-
size fragments. In the Amazon basin, 
most soils are similar in nutrient status,
in that almost all soluble decomposition 
products have.been removed by the leach-
ing effect of percolating water uader free-
drainage conditions. The materials which 
tend to remain are predominaitly the 
unchanged unweatherable minerals and

twhat are called ow activity clays. These 
clays are characterized by their low mi-
neral adsorption capacity. They are mix-
tures of kaolinite, and iron and aluminum 
oxides, which, as a rule, can only retain 
very small amounts of essential nutrients 
such as calcium, magnesium, and potas-
sium. At the same time, they may have 
a strong affinity for phosphorus anti can 
reduce its availability to plants below 
critical levels. Thus, the most common 
products of weathering processes under 
hot humid tropical coditions, the low 
activity clays, do not provide an effective 
ready availabilitymedium for of plant nutrients.storage andthe temporary Un-

less nutrients are built into plant tissues,
which may reenter the surface soil as 
organic matter. they will be lost by leach-
ing, or as in the case of phosphorus,
fixed chemically in forms unavailable to 
plants. This creates completely different 
problems for soil management than are 
experienced in soils with other types of 
clay and less severe leaching. The region-
alization of soil management practices
is not the result of physico-chemical pro-
cesses and principles of plant nutrition 
being different in the tropics than else-
where, but rather reflects a significant
change in the parameters (climate, etc.) 
which condition their operation. 
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The processes of weath-
cring and soil development which have 
been described above are slow, and se-
veral intermediate phases between the 
incipient soil stage and the final inert 
end-products have been recognized in the 
Amazon basin. Soil scientists have given
them names such as Inceptisols, Alfi,;ols, 
Ultisols, and Oxisols (USDA, 1975).
During most of this evolutionary process,
leaching losses may be bal-,nced by the
continuing decomposition of weatherahle 
minera's, which can provide a sufficient 
base for the supply of nutrients to crops, 
and sustained agricultural production.
When these mineral reserves are exhaus,-
ed, however, at the end of the evolution-
ary sequence, the smallest decrcase in 
nutriei:ts becomes critical, 

While a predominance
of loy activity clays is neither unique 
to nor universally found in the hot rainy
tropics it is sufficiently widespread to 
comm:,nd attention as one of the main 
charcteristics of extensive upland areas 
in tie region. Although these soils present
fertility problems, where those factors 
can be overoon-, , they offer definite ad-
vantages for agricultural production. Low 
activity clays create good physical con-
ditions for aeration and root penetration.
If enough clay is present (for example, 
more than 30%). aggregates in such 
soils will seldom slake. and crusts which 
mechanically impede the germination of 
seeds will rarely form. Rainfall accept-
ance, even under heavy storms, is better 
than in soils with other c'ay mineralogies. 
In general, they drain quickly, and az-e 
easy to work and plow. Thus, less en-
ergy is needed to prepare a suitable seed-
bed. On the other hand. the water stor-
age potential ini low activity clay do-
minated soils is not always favorable: 
or the average, only 1 cm of water per
I dm depth can be held in a form avail-
able to plant roots. This condition in-
creases the drought susceptibility of crops 
grown in these soils. 

To summarize introduc-
tory statements about the properties ot 
most upland soil:, in the Amazon. two 
qualities sould be mentioned: low nu-
trient supplying power and drought sus-
ceptibility. 

Land qualities 
Anchorage 

Soils should offer ade-
quate space, air, and moisture for plant 
roots to develop. The majority of the 
soils in the Amazon are deep enough 
to provide adequate rooting volume for 
most plants. It would not be necessary 
to raise this point, were it not for the 
persi.,.tent recurrence of erroneous state-
ments in the agricultural, ecological, and 
geological literature, usually published
outside the tropics by writers unfamiliar 
with the zone, about the danger ef tro-
pical soils indurating irreversi',y into 
hard rock after a few years of cultivation, 
Friable, soft, fertile topsoils supposedly 
harden into ironstone after forests are 

cleared and surface layers are exposed 
to direct sunlight. Such a hard iron crust 
would completely block root penetration. 

A September 1977 pub­
lication (Science Policy Research Divi­
sion of the U. S. Library of Congress),
speaking specifically of Brazil, for ex­
ample, states that "agricultural research 
has not yet found the answer to a prob­
lem characteristic of all tropical lands: 
when jungle areas are cleared, the land 
turns into cement after only a fcw years' 
exposure to the sun". This contrafactual 
statement is no doubt derived from ear­
lier publications. 

McNeil (1964), de­
scribed "laterization" as a process which 
converts vast areas of the earth's soil 
into deposits of bauxite and iron oxide 
ores. She concluded that agiicultural in­
tervention in these areas by man would 
accelerate the formation of hard laterites 
and lateritic soils. Because of the lack, 
at that time, of adequate 'soil surveys, v 
proper understanding of prerequisite con­
ditions, and the process of formation of 
such soils, as well as a tremendous con­
fusion in the use ot the terms "laterite" 
and "lateritic", her conclusions about 
the origin and extent of soft soil mate­
rials which may harden into ironstone in 
the tropics were incorrect. Today's in­
creased knowledge about the geography
of soils in the Amazon indicates that 
the present-day formation of soft soil 
materials which hax " the potential to 
harden into ironstone (called plinthite in 
the modern literature), is restricted to 
soils with impeded drainiage, where the 
water table fluctuates at a shallow depth
during certain periods of the year. These 
soils occupy specific locations in the land­
scape and present distinct morphological
characteristics which can be recognized
by competent soil scientists. Sombroek 
(1966) emphasized these points in re­
latin to the Amazon. Later surveys con­
firmed his view. The induration of soft 
plinthite into ironstone in large areas was 
essentially the result of a loweritg of
 
the water table, usually due to normal,
 
slow, geologic erosion processes during

which rivers dissected old geomorphic

surfaces. Most ironstone crusts and gravel

layers were formed thousands, if not mil­
lions of year. ago, and today are con­
sidered fossil relicts by most geologists
 
and geomorphol-gists. Indurated iron­
stone crusts should not, then, be con­sidered as the inescapable final stage of 
the only evolutioiiary pathway which all 
soils tinder hot tropical climates will 
reach at the end of their weathtring
cycle. They should rather be regarded 
as special cases resulting from specific
environmental conditons, as already not­
ed. The total area of soils which con­
tains soft plinthite at shallow depth is 
relatively small (approximately 2%),
and certainly is not commensurate with 
the importance given to it in that lite­
rature which stresses the peculiarity and 
curiosity of the induration phenomenon
without consideration of its actual geo­
graphic extent. 
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A majority of th , soils 
in the Amazon region are, ilherefore, 
suitabic for the development of adequate
root systems. There may be some prob­
lems ir. given iocations which are not 
related to induration or the occurrence 
of rock close to tilesurface- for exam-
pie, bottomlands may be flooded seasonal 
ly, and surface drainage may cause erL 
sion between individual plants which ar 
finally undermined and lose anchorage
in the soil. These sites are readily re-
cognized in tilefield, and can casily be 
a-ided with proper survey inputs to 
planing efforts. In upland soils, root 
growth of annual platts such as corn 
may be restricted due to a lack of cal-
citn ;i tie stsoil: such cases. ho. 
ever, arc never so severe that the plant,,' 
anchorage in the soil is weakened rIe-
chanicallv. Instead, a low Ca content in 
the subsoil, and tie co-varying. tendency
to higzh aluminum content and a conse-
quent root-toxicity, affects the watLr up-
take of plants by restricting the volume
of soil into which the roots can reach 

Nutrient Supply 

When Amazon soils are 
placed, conceptually, in the evolutionary 
sequence of \weathering stages already
described, it appears that a major:'v have 
nearly reached the end of the process,
being relatively acid, dominated by low 
activity clays, and having minerals of 
low solubility in subsoil lavers. Some 
of th,.' important exceptions tomore 
this include minor occutrrences of soils 
recently deeloped on mineralovicallv 
rich basic rocks and re:ent river allt-
vium. Land utiilization ntterns it, the 
Amazon uplands will, therefore. general-
ly have to be adapted to the prevailing 
conditions of low inherent fertilitv which 
'Ire common to the ara n re 
have better tnderstanding of the prob-
lems involved, and possible solttins, it 
will be useful to consider the major sour-
ces of plant nutrients supplied by soil 
components to plant oats.
componentsdecoptoeplantly 

Soil scientists make a 
sharp conceptual distinc!;on between the 
mineral and the organic components of 
soil. As has already been noted, in most 
Amazon conditions the mineral fraction 
has been exhausted of its reserves of 

and K to plants. Moreover, colloidal 
clays formed in these soils do not huve 
sufficient sorption capacity to prevent 
these elements from being leached out 
of the soil profile. As a result, the ma-
jority of the available nutrient stock is 
concentrated in the first 10 to 15 cen-
timeters of the topsoil (organic fraction 
or humus), which builds up by the ad-
dition of plant residues. The balance or 
remainder of the environment's total nu-
trient pool is contained in the vege-
tation. 

The importance of the 
organic fraction in the surface layer of 
strongly weathered soils cannot be over-
emphasized. It increases the sorption ca-

ADAPTATION OF LANW UTILIZATION TYPES TO SOIL LANDSCAPES 
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pacity of the soil and retains c,,'ions for 
uptake by roots. The supply of n;trogcen 
fron natural sources is largely dependent 
on it. The content of the nutrient re-
serve .. ored in the soil organic mattel 
may to some extent relate to the type,
of rocks which form the stbstratui' 
for example, on basic geologic formatiits 
sutch as basals, more Ca. Mg,. aitd P 
will usually be found in the humus than 
is the case in landscapes which have ie-
veloped on more acid granite rocks. The 
poorer the mineral fraction, the higher 
lhe organic matter content must be to 
support plant growth. 

Se 

Soil organic miatter,

whatever its nutrient content, is extreme-
ly fragile in the hot rainy tropics. !t will difficult, e,;pecially under ecologic coin­

minerals which could provide Ca, Mg, organic matter content and nitrogen cy-

persist at certain concentrations only as 
long as the ecology remains essentially
cotIstant. Erosion removes it fro.n thewhntsh
 
topsoil. It decomposes rapidly when the 
soil tem-er.iture rises, and only rebuilds 
slowly wh,.n soil temperatures drop. Ma-
nagement practices such as clearing, plow-
nn. shading, mulching. and following,
therefore, have a great effect on the 

cles in the soils. Clearing the land by
burning, for example, involves significant
losses of nitrogen from the nutrient pool 
to the atmosphere by combustion, al-
though at present this is the only prac-
tical method of land p;eparation for both 
primary forests and regrowths. 

In established farming 
systerns, where the humus content of 
soils does not change riuch, the annual 
additiors of plant residues and nitrogen,
and their losses due to decomposition, 
leaching, and plant uptake are in ba-
lance. Put in a general way, in the case 
of nitrogen, which is one of the most 
critical factors limiting crop production, 
in a given year the soil can only provide 

It oniit'intatl condilionts ;irenarginal. 

as inuh to le plants ',a.; re­been 
cei\Cd annually. This results in extremely 
low yields, which only rarely provide
economic returns beyond subsistence. 
Sustained intensive cultivation of annual 
crops in aci.l soils of the Amazon. with­
out fertilization, will rarely he possible.
Many development projects have been 
falsely encotiragcd, based on first year
yields obtained after clearing the forest, 
where crops draw on the rapid, though
short-lived. Iclease of nutrients fron de­
composing organic matter or the ashes 
produced by burning. After a few crops,
howe\er, yields drop to equilihritim le­
e. Once the nutrient reserve has been
 
l. Oc h uretrsrehsbedepleted. restoration becomes extremely 

ditionS sshich favor savannah regrowth. 

Soil landscapes 

and diversity 

The all-too-common
 
cotception of the A azon basin isin 
essentially flat area is misleading. Al­
though the difference in elevation be­
tween river beds and adjacent plateatis
seldom exceeds 80 meters, it is precisely
within this range of variation that the 
greatest diversity of land qualities is 
found. While alluvial valley floors are 
essentially flat, most land surfaces and 
terraces have been dissected by the dense 
river system. Landscapes often consist 
of a repetitive sequence of convex shoul­
ders, short steep slopes, and concave low­
er transitions to swampy alluvial flats. 
The most frequent soil taxa associated 
with these landforms are, respectively: 
Oxisols, Inceptisols, and Ultisols, and the 
Aqtiepts. The Oxisols and Ultisols which 
are characteristic of the uplands tire 
highly weathered and leached, and while 
their physical makeup is favorable for 
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agriculturC, their nutrient status is quite
marginal. The Inceptisols, Ultisols, and 
occasional Alfisols arewhich found on 
slopcs are usually less weathered and
offer greater agricultural potential in 
terms of intrinsic fertility, availability of 
nutrients, and mineral reserves, if the 
gradients are not too steep. The Aquepts,
which are wet soils found in bottomlands,
have variable agricultural potentials de-
pending on the materials which the ri-
vers have deposited on the alluvial flats.
The divides between major rivers may
be level plateaus or smoothly rolling hills,
On these, the Oxisols are most common. 
The smaller water catchnient areas, how-
ever, are strongly undulating. And while 
the Inceptisols and Ultisols which are
characteristic theie offer a better poten-
tial for crops with high nutrient require-
ments, a great deal of care is necessary
to avoid erosion because of the topogra-
phy of the terrain, 

Tle foregoing descrip-
tion of soil landscape variability and the 
accompanying list soil isof taxa not
merely an academic exercise. It is in- tremely interesting field for soil fertilitytended to reflect the practical importance
of soil survey data for development plan-
nnig and the proper use of soil resources,
And the examples given are only a few 
of the many sequences which exist. In 
a specific ins taioe, a given landscape
with its characteristic soil has specific
qualities which only match the needs of 
a limited number of crops. Farmland 
should therefore be divided into parcei,
where pastures, forests, and annual and 
perenial crops. find optimum conditionsfor growth. thereby maximizing the et-
ficiency of agricultural projects. As else-
where, this cannot be achieved through
grid or checkerboard patterns of land
allocation, because however 2fficient tht 
might seem for land tenure and other 
administrative purposes, it bearmay lit-
tIle or no relationship to the Optimum
utilization of soil resources in farming 
systems established on marginal land. 

The Amazon basin,
which for development purposes is spar-
sely inhabited and has not yet suffered
from over-parcelization of land into small 
individual plots, offers excellent opporttities for the careful natching .flan 

utilizaltion types to the natural ,listriution of soils in the landscape ft also 
allows planners the freedom to start de-
velopment on the best soils, which is 
usually not possible in other areas, ",here
demographic pressure forces them to set-

tie people on less promising lands. 


Development alternatives 


Soil scientists have ex-
plored several alternative means to de-
velopment in the Amazon. The first, in-
tensification, involves modifying soil con-
ditions with amendnents which increase 
the productivity of land per unit area,
and the second entails adapting farming
systems to the existing environment. The 
latter can be achieved by modifying crop 

requirements to soil conditions (crop
adaptation), or by utilizing largcr areas,
clearing new land, and shifting from one 
parcel to another as needed (extensive
land-use). These alternatives are all po-
tentially applicable, and should be con-
sidered as possible components of stra-
tegies for rural development of the re-
gion. 

Intensification 

In the Amazon region,
the intensification of agricultural pro-
duction through modifications of soil po-
tentials will inevitably imply the use of 
chemical fertilizers. Significant advances 
in their use have been made during
recent decades. From a purely technical 
viewpoint, there is no doubt that with 
adequate fertilization, high yields can be
obtained from almost all welldrained soils 
of the region. As a rule, chemical fertil-
ity is easier to maintain or correct than are physical soil conditions. In this res-
pect, the Amazon basin offers an ex-

research, with minimum problems of poor
structure, lack of aeration, or mechanical 
impedance to root penetration which are
found in soils of many other areas. Colt 
of fertilization, ho%evcr, is a significant
limitation, 

Decision-making reg;ard-
Ing improving soils is not simply a mat-
ter of determining one's ability to pay
the initial costs of fertilization and other 
technological inputs. Soil management 
through the application of fertilizers in-volves a continuing commitment of both 
financial and natural resources. If lands 
are to be integrated into either national 
or international market economici. pro-
duction costs have to be kept below the 
levels set by normal price-determining
forces. But for such a program to be
viable, the farming systems established 
on a given soil will have to produce
sufficient harvests cscr the long run to 
offset both original investments and con-
tinuing inputs while supporting the people
who work and live on tMe land, and
remain competitive with other producers
operating on more favorable soils. Itisreilized that other factors (for exam-
ple. providing locations for settlement -)fotherwise under- or unemployed urban 
populations, reaching a degree of naional 
self-sufficiCn,.y in the production of sta-
pies as a buffe- against fluctuations in 
World market-prices of cash-crops, rc-
ducing imports and improving balance-of-
trade deficits, etc.) may mandateing farm-on marginal land. and that in this 
case a continuing program of subsidies 
and/or tariffs will have to be provided,
Many variables may influencz develop-
ment planning beyond strictly monetary
cost/benefit or input/output ratios; this 
paper, however, limits the discussion to 
the technical and economic a',pects of 
the problem. 

Low activity clay soils 
in the Amazon are seldom competitive
in the production of commodities which 

phate fertilizers) to percolate into the 
subsoil and correct the ;nbalance. 

Ariraltural develop­
ment programs whic'. are based on dras­
tic modiflications cf soil environments 
in order to make them suitable for in­
tensive production of annual crops with 
high yields per unit area on a permanent
basis are still in the experimental stage. 
The prognosis for success in such efforts 
is dependent on the proximity. availa­
bility, price, and technology needed for
the application of soil amendments, as 
they interact to determine costs. Upthe present totime, it has generally been 
hard to convince governments and pri­
vate enterprise to make the rather sub­
stantial initial inveotments necessary to 
convert the acid, highly weinthered soils 
in remote areas of the Amazon into 
permanent agricultural lands through pro­
grams involving the massive incorpora­
tion of fertilizers. Several reasons forthis reluctance to change development
policies are usually given: the abundance 
of land available and its consequently
low purchase price are cited, as well 
as the short-term benefit that can be
derived from agricultural operations
which have little concern with the con­
servation, let alone the permanent im­
provement of the land. As long as open­
ing new fields is thought to be cheaper
than maintaining or creating fertile soils,
effr:ts to establish continuous cropping 

can be grown elsewhere, if one usl
strict market criteria. The maintenam 
of adequate fertility levels in acid, leacl 
ed, strongly weathered soils is relative]
cxpensive, even though soil fertility r,
search has increased the efficiency (
applied fertilizers by careful attention I 
composition, rate of release of nutrien 
to plants, timing of applications, an 
the placement of the fertilizers in relatio 
to plant root-systems. Whatever level 
efficicn-y is ztained, overall results sect 
to indicate inferior benefits compared t
 
profits ol tained in soils producing th 
same crops in other regions. 

The efficiency of nitrc 
gin fertilizers is, at present, quite lo%% 
At intensive levels of application on th 
average only 30 to 50% is utilized; th
 
rest is lost. mainly by leaching. Phospho
 
rus deficiencies can overcome 'a
be by
rious methods: banding (the placemen
of concentrat, o phosphorus in small a 
mounts co,e to plant roots), heavbroadcast i,)plications throughout the Sol 
which qur.ich the soils' fixation capacit]
and maxirize residual effects, and block 
ing potential adsorption/fixation site! 

1ithcheaper chemicals have all proveC
effective. Comeinatiua,: of these techni. 
ques may greatly imprc ye cost/benefil
iatios. Acid leaIched sois usually have 
a high aluminum contel,! ;II tile soil so­
lotion, which must be io%,oered by liming.
If toxic aluminun concentrations occur 
in the tipper p,.t of the sibsoil, the lime
has to be incorporated mechanically. un­
les there i!. sufficient rainfall to allow 
solulle calcum ions (such Is those re­leased by sulh'tes contained in superphos­
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Soil conservation 

Two important aspects 
of soil conservation have already been 
stressed: the concentration of soil fer-
tility in the surface layers and the special 
care needed to protect it, and the strong-
ly dissected landscapes. Tropical rains 
are extremely intense and potentially des-
tructive (K)wal and Kassam, 1977). This 
is particularly the case in areas where 
the length of the dry season impedes
forest growth and the establishment of 
a protective cover of foliage which breaks 
the intensity of the rainfall on the
ground. These factors combine to render 
Amazon basin soils very vulnerable to 
degradation, once the land is cleared and 
thle soils are exposed to the direct im-
pact of rainfaji. Notwithstanding the re-
puted resistance of soils in the tropics 
to erosion, soil conservation :,, in fact, 
a major problem in the area. 

There are many well-
known rules concerning the prevention
of erosion in soils. These involve slope
gradients, le-gth and shape of declivities 
and oth,; iactors which must be con-
sidered in land management. At present. 
a more than adequate amount of land 
is available in the Amazon if it is pro-
perly managed. As soil surveys have al-
ready or can provide adequate data, the
main task in themantsrainforest area is ,gnDuring 
avoid clean weeded utilizations of landwhich has excessive erosion potential. In 
savannah areas, more efforts should also 
be made to protect existing cropland and 
grassland from erosion. If these ae 
are not attended to, the initial costs of 
development will be re-incurred repeat-
edlyon vey lttl ewreurnthisthe invareas edlyin rea wihwith veryaalittlearetrn soils, as well as shared characteristics.and environmental costs. 

Soil conservation is more 
than prevention of erosion. Since no na-
tion has unlimited capital, its long-term 
interests demand that, after land is clear-
ed and worked, it be conserved at no 
less than its original value, whether in 
terms of the number of people it support-

This has particularly been the case in 
the Amazon, which, along with some 
other tropical areas, has remained es-
sentially unpopulated and undeveloped, 

Land potentials cannot 
be expressed in absolute figures. With 
complex entities such as soils, they de-
petid on comparisons with other soils, 
measured in terms of parameters which 
vary according to projected purposes, and 
social and economic variables, 

Planning in the Amazon 
basin has been somewhat distorted by
the assumption that soil is always a 
co'npletely renewahle resot,,ce and that
because the total amount of land avail-
able is so huge. land qualities can, in 
large part, be ignored. Erosion. le,,ching
of nutrients, and fast decomposition ra-
tes are among the many factors which 
cause the degradation of soils. In too 
many cases, the damage which can result 
frorl mismanagement cannot be repaired,
either because of the extraordinarily long 
recovery time which these soils require
if they are ever to regain their previous
fertility, or because of the excessive cost 
involved in the purchase, transportation
and incorporation of the soil amendments 
necessary to reverse the degradation pro-
cess. At any rate, in al cases, people are 
involved, and hman resources are st-li 
ed. 

the lastt decade. 
'oniderablethe accumufl~ knowledgelatio nl of about 

the soilcuils e Amazon, eeaou 
theog soil s nthAazon eFpecia!ly
through surveys and agricultural experi-
ments which have been conductedthroughout the area. As has been noted,these hae indicated the diversity of 

Perhaps the foremost is the predomi-

nance of soils with low inherent fertility,
Recent experimental results indicattc that 
fertility barriers are not technically in-surmountable. Up tc the present, how- system,tavalablever th inormak ha eiherrelationever, the infortuatiic Iavailable has either of soil survey coand other researchfetv ytm faccess to and cor­

ed prior to ed piortonheentquestions,being opened, eingopeeditsits inherent utilized in development project planning
fertility level, development costs, or some Serious communication gaps exist be-
other measure. tween academic disciplines involved in
servation often does not take place. All development planning, as well, 

been narrowly site-specific, or else too 
ilort term to be considered reliable, and,

in any event, has not been properly 

too often, torests on marginal soils have 
been cleared, the land has been cropped
for several years, and th,'1l converted into 
pastures which degenerate into extremely 
poor savannahs. Soil capability scales 
(see, for example, Minist6rio Di s Minas 
e Energia, 1975), which give relative 
measures of suitability could be used in 
the planning and limitation of forest-
clearing operations to the more &ppro-
priate soils. 

Soils, as a i.atural re-
source for agricultural developt,'ent, are 
most often considered in terms of their 
limitations, rather than their potentials. 

While generalizations 
are dangerous, given the diversity of soils 
in the Amazon, some prevailing charac-
teristics should be stressed. It can be 
said that, at present, these soils yield
inferior financial returns when used for 
the production of annual food crops
which can be grown elsewhere. It will 
probably be a long title, if ever, before 
they will be able to compete commercial-
ly on world markets with soils of otherregions in the production of these com-
modities, unless prices of products rise 
drastically in relation to inputs. There­
fore, beyond subsistence production,
short-and intermediate-range planning
must concentrate on growing cash crops
of ihose plants indigenous to the hot 
tropics, on maximizing profits from ex-

tensive animal production, on well-ma­
naged tree plantations and forestry, and 
on the development of crop varieties 
which are selected and adapted to pre­
dominantly acid soil environments. 

Precisely because there 
is so much land available in the Amazon 
hasin, and because of its diversity, cne 
may be optimistic about the potential
of the region if planning *Jffortstake into 
account tile information available and 
do everything possible to promote un­
dertakings with the highest potential for 
success. The logical place where perma­
nent agricultural development of the re­
gion will start wi!; be around mining and 
Other resourc extl ction sites i the 
Amazon itself, i, area. with optimin 
soil conditions, thus providing a market 
tor produce without the need fol ex­
tensive transportation systems. These 
programs could provide valuable lessons 
fer tihe nture. Further reearch, of cour­
se, is needed. Lolg-tecrna experiments,
which cover several decades, are neces­
ary in order to gain a better understand­
inu of soil rehabilitation processes and 
aid in the proper management of land 
1n the area. A great need remains for 
cxperinmental data which will allow plan­
ners to predict what transformations soils 

te, twenty and more 
years of utilization. Real settlement and 
rural development musta a ogtrmpoes be understood 

There is no point, inw a eThhefiey sn o o it m ize 

these few pages, in trying to summarize 
o~igo' w ro Lagrch, or eiahlisliny a corn­
prchensive list of priorities for research 
aod development planning. Soil science! 
has a significant contriutio to make in 

regard. As has been noicd, infor­ination already available could be made 
more accessible. Efforts to strcngthen all 

phases of the information and technology
dissemination process are needed. More 
publications, better library systems, ef­fective 

rati, n il su a orthrreser 
diata.l ana increased support for inter­
disciplinary approaches to development
ing level, including onl the decision-mak­arc all essential. Soil scientists 
could accelerate the process by devel­
oping, or where available fully utilizing
equated or correlated soi; classifications, 

nomenclatures, and terminologies. This 
would facilitate the tra,, fer of techno­
logy within and between regions, as well 
as maximizing the potential for retaining
the lessons of past experience. In the 
end, teaching institutions, together with 
national and international research insti­
tutes, will all have an important role to 
play in the development of the Amazon 
basin. The latent potential of ihe area, 
1oth in terms of benefits to ic,z regionitself and to the world, demands noth­
ing less. 
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PROPIEDADES Y POTENCIAL DE LOS SUELOS 
EN LA CUENCA AMAZONICA 

A. VAN WAMBEKE 
?ESUMEN El presente trabajo describe lasen /a cuenca anazdnica. Se intenta destacar la diversidad de los suelos 

mzfltiples propiedades y el potencial de los suelos 
arrollados. La evaltaci6n de tierras, basdndosc 

en el drea, y sits diferentes potencialbs para ser des­en sit calidad, se utiliza como medio parasugerir sistemas 6ptimos de wilizacidn.Los suelos de los climas pluvialesdiversas de las tierras bajas tropicales, lienenpropiedades que condicionan la utilizaci6n de la tierra. Ellas son: en comniiuin rtgihnen cornnin deregimen uni/orme de tetnperatura de sueio. Estos jactore huonedad del suelc y untienen implicaciones importantes en el mnanejo de los suelos.La diversidad de los s.elos enel grado de mneteorizaci6n al cual han estado sometidos. La 
la cuenca anaz6nica estd altamente relacionada conmeteorizacitn y lavado intensotes de las plantas en causa una reduccidn de los nutrien­la /racci6n mineral del suelo. Los suelos rods meteorizados, atinque frecuentemente tienen ttna estructurafisica que favorece el crecimiento de las plantas, carecen de nutrientes 3' sort susceptiblesdi/erentes grados de meteorizaci6n debido a a la sequia. Los suelos nuestranla interacci6n de mnuchas variables ambientales 3 a la coinposicidn qtdimica de lasrocas origin ales.
 

especi/icas de cada sitio. La plintita blanda, 
Las 

que 
cualidades de la tierra, inclvendo el anclaje de las
con frecuencia se raices de las plantas, sondescribe equivocadamente cornodesarrollo agricola en el Amazonas, de hecho constituye un problema en 

tn gran obstdculo para els6loimportantes al de.sarrollo del sistema radical de las plantas, tales 
el 2% dc los suelos. Hay litnitaciones modscomno la inundaci6n estacionalde suiperficie y la coincidencia de de algunos suelos, la erosindeiciencia de calcio y toxic;dad de altminio, lo ctal impide la penetraci6n prolunda de lasraicos.
 

El suministro de tutrientes
la regi6n. Aunque las fracciones minerales de la mayoria de 
es escaso en los suelos altantente moteorizados de

de la iateria orgdnica presenta niveles 
los snelos con-'ienen muy pocos nutrientes, el contenido y calidadvariab;es. La mayoren la vegetaci6n yen el ihutts. M!ientras 
parte del contenido de nutrientes de esos suelos estd concentradoel ciclo natural de nutrientes, ay desde los residuos vegetales de 

trav;s de las raices hacia los tejidos de las plantasntevo hacia el stuelo, no se interrunipa, se puede conservarsuelos. Cambios ecol6gicos, sin la fertilidad intrinseca de esosembargo, ptteden agolar rdpidamnentesecutndario es niucho inr problemudtica de !o 
esos suelos, y la restauracidnpor mnedio del crecimnientoqte frecuentemente se stpone (V:ase Herrera y otros, Ot este mismo ntztnero).Aunque la diversidad de los snelosbles anibientales, tam bin es especifica de la topogra/ia, la cual Iavorece tipos de vegetaci6n y de suelos especificos. La mayor
diversidad de los suelos y del uso 


es una funci6n de la ineteorizaci6n y de varia­
poteticial de la tierra puede ocurrir dentro dettdinal, entre los rios y las tin promnedio de 80 metros de diferencia alti­nesetas quie ellos dividen. La utilhza:idn de la tierra serd tnds eliciente si Fe basa en la optimi­zaci6n de las relaciones ente topografia de los suelos y las necesidades de las plantas.Las alternativas de desarrolloel tso de Iertilizantes para mejorar las incluyen la intensificacidn de la agricultura medianrecondiciones del snelo y la adaptaci6n della adaptaci6n uso de la tierra al ambiente por tncdio detic los cultivos y de patrones e.rtensivos del uso de la tierra. Se le deberia dar rnds importancia al estable­ciniento de sitios i;e producci6n agricola permanentes, antes de que la ilusi6n de que haydrea leve recttrsos ilintitados de tierra ena la destrucci6n irreversible de los suelos y el a la creacidn de desiertos de lertilidad.Con Irect,ncia se ignoran lostierra a corto plazo. La lertilizacitn es 

verdaderos costos de los patrones de tttilizaci6n de larods promeiedora de lo que a menudo sesivos, ospecialente aquellos que stpone. Los sistemas de produccidn exten­se aproximan a las condiciones de e.tado en equilibrio del ciclo de nutrientes enpittvial nattral, tienen lanibin un el bosque
cultura y 

potencial significativo. Agricultura itinerante, cultivos perennes, plantacidnpastoreo, son todos sistemas utilizables, si se de tirboles, silvi­toma cuidado en la elecci6n del sitiopoco riesgo de d etioro del sttelo. Los peligros de y el nanejo aprcpiado, conttilizar suelos de baja fertilidad atonentan conintroducidos en el sistemna. La adaptaci6n de cultivos taibidn tiene mnucho que ofrecer. 
la inagnitttd de los cambios 

La conservaci6n de los suelos y la prevencidn deo'n el desarrollo del drea. No es correcto p'nsar que todos los suelos en 
/a erosi6n son variables cruciales
 

,nds, la idea de que 
los tr6picos tienen gran resistencia a la erosi6n. Es
los stnelos en los tr6picos son recursos cotnpletamtente renovables es err6nea.Hay motivos para ser optinistasd los planilicadores y los cienti/icos trabalan conjuntamente en ctanto al desarrollo de la cuenca anazdnicapara atinmentar al indximo el usoecursos. Hay suliciente tierra disponible eficiente y conservador de suspara permitir el desarrolio, pero s6lo bajo las condiciones inds apropiadas.

necanisnos apropiados de 
La investigacidn, el adiestramiento, las instalaciones para la ensefianza, asidiseininacicn de como loslos tcnicas de uso de la lierra, deben ser reforzados a todos los niveles delproceso de desarrollo. 
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PROPRIEDADES E POTENCIAL DOS SOLOS 
NA BACIA AMAZONICA 

A. VAN WAMIBEKI1 

IRESUiAlO 0 pre.lt'te trafalho de.wcreve os mtti/plas propriedades v o pvtencial dos solos da 
Bacia AIma inica. rocttra desracar a di tersidade dos solos da tirea, e sut s di re'fttte. pOi'ft cialidades pfra ser'.'f desenvolvi­
das. At1 at'aliatot'ao-,e ff0Il stde qtia/jiit/s J ii mffto t .t (ff15 d ttiliza0ao.- atilizada/talidadedcm?:v pCuta r r %istci'as iffi 

Os solos dos climas pltviati da.% Icrras ai. atrics ffC Itt i il i C0111 diversas 
pronid'dc.i ft lt t i fa ta . t'Ct''iItt! tlt il idadtt t/lt .folo Cv rtur egill m ifor;ile cofticioai a tt'a t tetrra lht t dl/' in1t/ do 


0111tr11 olo. [a te.' fl sol .i.
S/i' I'.it/lt Jio L l ta m fell itpofltts implictaUif-iS nif nan t.t w 
A diversidadc 1/U) .solos ilt 'lBacia A.tlfliiica e.t i allanffI ff relacionada conf o 

il/a) I/f L ri l't-i 1o t u I trill ). U,. teidos. A i'trizaC c o lav ,, intn /l t Ii t retqC'tio dos nutrientesllt i is iun itI/lo 
MI rf Itt t l ainda tiand. tlt ti.i'rt'lr1f' isica qt,la , a t'C f i/cifl do solo. 0% Softo matis mct'.oriad ., .c t /t itet tifi 

,a 0.¢eoCItCiS01'01l0 caartt til de tilltrienItes v wt-lo eca. Os.\ ,,olov diferentes 

tme~i.qtodevido (i inltk'raq&Cl de Inlia:w varidveis (lintaill ttl C ' colllpwsi 'J lilnica das%rochas originlais.
 

hI'A ,cIct .AUAcepMtii s mlo~lman gqratis 

qualidats da 
'tild/ higar. A Itt, fti' descrita eq ttiv itcadal cI tin1 oi/it icl o para n de:;e'fvolvi-

A is terra, if t1/ildo t it ai da,%rize. da planta.0, .- o especificas tie 
"plitttit" t . rI I'll toll 1tandi 

icoia it, iiazfI tfIs. .titti idi i1i im;Yt Ito a1' A th l .10Ci itt ft protlema ettstoitt e 2 . so . li itatti'cs mait.v orltantles to 
tt t platttas, tta iroio de ac~t i/ltiff cll~t o sitcnw adical/as coa a itittlllda'iio ,'tacional do alqttin siolm. a stper'icic 

t'ip;cidtttcict dc e0Cit) c to.litd e i a/htlititio, o qtti e impede ptic tra-t o lritttttda i.% taiCs. 
0 forecim(It1toe ntlrie te s osWIala cittl met orizados ii re,'igio. 

diit jt( 111dfi i. ( s mineais da nltioria do. .soloscontill mito pouco. ntristies. o contetdo a qualidade da ffatrtia 
tlpri).ftIlftt rti contIto tit .olm Clstace na tt'gehtilo CW tic ff1ta it vticveis. A inaior parle do ntrinits desses Coll tralda 


f1, tift t ntty aito o cict. , nat.ral d nttri atravcs das rai t'tis s tecidos das platies c m re.lidi as
ttfes paa delt 'getai. 
tlovalmlte parai s t , ntfo initlft ,a, ptd ,SC Cot ervtid' Ia ertlidadc itlscca desses olo.%.Cft daltjsf co!/gical/ , 
(ill el it 'f C ft /lt hc/ti rt tlidmt'/ C c. "s s solos. c i toi(f0.1', ftC I' i- e nfuito prohhtfntCravaI res/Oai'fto mas 

ti'a ti/t (l'1'ja 1l1101erafl/ t, tt/itt't'ctt/tttt/t i/ lit1/OpS t. fi'tlto c
oJlros, tlef tl'ala). 

Ait/da ptailo at divesidade dosts'os i; unt funi) d1, mateorizao "it,c varieiis 
aiAhics tatiht:/ ,' ,c itica da' tt'tt,/litfia, ff, tipos 1avorecede solo/rit, epcIificos. A iiordiversidade dosquo, vcgetafio 

./lo%t,' i,, i Ilo ,i/ ic . Otst' profi, - dentro de tn iamttdia de etros de di ere-t i e altitude cttt re s tios ais
11, tIir1,f SO c 
ttfi.t qitt ch ,tl:'o . A' t :t 11iIll/, tt'ta sei mtaiv eI/ieIf Ac.A baeia ta It/tto das rSi la-feii s 'ia '10/ da .ic optill et/ tre a topogtasol v ,in nccc ,,idhadc%fh,;% p/anita;. 

A's al'crtativa.%de dcecIa veimtintnto icluec/ a inteiiica-t o da agriclti'tta, fediante 
i it II dcfttili:anto/S 01 mclti' ,,fa itsi , /c iis .olo c a cf li aerra a par meifoda adaptadoadapta',-o d o ei ao siente, 
dol c"1titv, v (t padt,-,,.i .tniv , do it, da ia. Oever-se-ia dar nais impot tIcia ao e.ltafelecimeno de ocais de pro­;licid!a pctimai~ttlite,, (Itic iluw,-o iat,,- attic, a tie, que recttr.os ilimitados de terra na direa h'eve 'i destruttilo irrever.%iivel 

Freqttelleme verdadeiros cstos..t,I),') (I crial.o flctstt' di, Ac I/eItilidade. sec igtorat cs dospad'icsC e ttiliza d afiterra t a :(Yto ptw-o. A friia, , mats promcte-dora do q,ie normana~ente se sttpov. Os %iilentasde prodtt-io exrtensi Is, 

t 1.5 .a (fIqstie t ciclo no, i/(/1 Attlttl f f Itt,tin . coidictietle Itctrienfesr:est'do rat't- eqt'iiibrio do pltCvial 
lid. t¢ lt pcialitinerant, 'es Ctnwm pll faicrif,iric/lltlra cltivos perenes, planta dc t'rvors,ailvicalttra pas­l:,rcio Io todl ,.% ,IftInla% utiliz(*veis. .%c .%c ttoa cuidado tna elei 'Ct do It,,gar v no maneio apropriado,coin pottwo ri.ct; de dete­

,i' If)tio dolct ,olo peli d tl tilizar olos da haixa frtilidade atmeitttatn c m a gna.itude (stltis . nottttisL'.tclila. A| adaptaqw-o d ,o ctltivos tanibt~n terin ittito qtte oferecer. 

A consevat;iao dos solos a prevcnflo da trositsito varidteis crtciais' o desett­
votlinento l tc/rca. ,/i'-"lt; coreto petCcar que tIodo s solos nos Ntrpicos tern grand re.istcia ' ais, a idtia0.1 ,rosio. Ainda 
de2 qt4 ,v sol. nu. tr(picos milVO compJUtaL-GO i/T L3cur1./ /1978 [E: [6Fa./M inotivos Para ser otimi.va (,'n r lt,iC,-o ao desenvolvint'nto da Bacia Atniaz,'nica 
w as planificadmtes v os cntivat% trabalham coi/ n tanell te para attilenitarat inmi.into o aso eficienite c conservador do, seus 

recttr.'OsY. 11ii teria .maficivinte disponivel para perniftir o de.%envolvimento mas somente sob as condij-6es ntais apropriadlas. 
A pes.ti.sa, o treinamntto, as intala i6es para o ensino, assint C01110as Inecaltismos 

anrwoiados tic di.%.semina -ilu daas ittcnicas de tivo da terra, devem ser refor -ados a todos as niveis do processo tie desenvol-
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