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DEFORESTNILON 1IN THE AMAZON DBALLN:
MAGNITUDE, DYNAMICS AND SOIL RESOURCE BFIFECTS [

g«w-’"‘“‘“

General JnLruductioQ

The Amazon Basin includes substantial areas of the
national territories of Brazil,.Colombia, Venezuela, Ecuador,
Bolivia, Peru, Surinam, Guyana, and French Guiana. About 20% of
the world's frsh water flows through the Basin. Important dcposits
of iron, aluminum, manjanese, tin, copper, gold, uranium, and
the world's largest timber rescrves are found within the wmorc
than 5,000 kmz of the Amazon drainage. It is also onc of the
least populated arcas on the planct, and is the last rcal
agricultural fronticr.

The countries of the Amazon have varying physical, econ-
omic, and agricultural resources. Thesce nations range from
semi-industrialized countries like Brazil and Colombia, to
those like wolivia whose cconomy is almost compleotely bascd on
agricultural and mincral exports. Several Amazon nations, like
Venczucla. Bouador and Pevu are oil exporters. The diversity of
these countries is 1otlected not only in theix various cconomic
bascs, but in their cextraordinarily complex cultural and
historical experiences. |

In spite of theiv differences, Lhe Amazon countrics
share two basic problems. Ficst, while chey have been cxperienc -
ing an increaso. an aggregate agricultural output, tﬁe product-

ion of busic feodstulls has failed to keep pace with demand,



and virtually all amazon countrics ave nhet food 1mporters

{(World BLank 1980). secwond, all Amazon nations have scvercoe
{

i

balomnoo of payment delicits., Statastics on these problcms are

presevtad an Tabla 1.

1 Arazon countiies have developed agencies and programs

‘ (sec Table 2)

to relreve those twoe pressures, which originate outsidce the
Basin iuvunll. Amazonian regional development has thus bcen
charg.« with o vartety &f goals: 1) to increase basic lood
production; 2) Lo cxpand exports; 3) to alleviate population
and poliiocdd prossure in non-Amazon regions of the countrices;
4) to improve accoiss to non-agricultural resources, such as
timber, winerals, hydropower, ctc; L) to promote cCconomlc
integration; 6) to secure national boundaries.

These progroms have not been as successful in resolving
the food production and international debt problems as cxpected,
for two types of reasons. First, as many researcherxs in the
region have noted, the policy goals and the means of their
implementation are oiten contradictory (Smith 1976, Klein-
penning 1977, sSchmink and wWood 1979, Bunkcr 1979, Schuurman
1979, Hebette and Acevedo-Marin 1977; 1979, Barbira-Scazzoc-
chio 1989). Seccond, the programs failed to address to ecological
economic, and poljticnl conditions in the region.

There are a varioely ol national pressures in the Amazon
nations that have couscd a diversity of actors to become involved
in the Amaéwn development process. These groups include trans-
national corporations, traditional landed elites, industrial

elites, land speculatoys, government, sponsored colonists,
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peasants and development agencies. The conflicting agendas
of these groups have produced a highly charged situation, with
bitter disagreements at the policy level, and violent conflict
at the {ronticr.

All the Amazon countries have structural economic problems
that are reflected in political tensions and inconsistent
development strategies. All have high rates of population
‘growth, inequitable distribution of resources and land, and
high unemployment in both rural and urban areas. These structural
difficultics arce retleeted in the ¢risis in food producﬁion
caused by a decline in the access of small scale producers to
land ( Souza~Mart1ns’1980, Schuurman 1979, Poﬁpormeycr 1979
d'Arc 1980, Tavares 1978). Small producers are squeezed by
changes in tenancy and other kinds of patron client relation-
ships, which requires them to farm land that they do own
more intensively, producing cnvironmental degradation, and
thus lower production. On the other hund, large estates are
shifting to incrceasingly mechanized or low labor production
of caush crops like sugar, soybeanus, cattle, coffee and cacao
for export, which is required by their nations balance of
payment deficits and debt service costs.

ALY of thesc‘q1uupg must operate in one of the most
agronomically introctable environments, where ayricultural
expansion is hampered by serious tochnical and ccological
difficultics. The aqricultural systems that replace forest

in the Amezon arc often unstable. Laad use instability
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reflected in epheweral, ox low productivity, and land

|
abandonment, thus has pulitidal, ecconomic and social causes.
The issues surrounding Amazonian deforestation therefore
involve not just the proverbial environmental versus developer
tradeoff® but guestions about whether the nature of the
development path itself is appropriate.

This paper reviews the magnitude of deforestation,
outlines the major features of Amazonian ccosystems so that
the environmental impact ©oi the dominant land uses can be
discussed. lactors affecting agricultural instabililty are

- . 4 Vs the
The popey Locases larjz\\, en the Braziliauw Avazeon ‘S”\fib:‘:“‘,s‘;mt

also analysed.
alys areo with which Hle ad .
Lawalliay,

Space does nol permit a treatment ol the larger biologyical
concerns associated with deforestation in the Amazon.
This paper is mainly agronomic in focus. Readers interested
in the conservation issuesg are referred to Goodland and
Irwin 1975%, Geoodland 1980, Pires and Prance 1976, Myers 1980,
Aycers and Best 1980, Salati et al. 1979, Schubart 1978, Gentry
and Lopes -Parodi 1980, Schubart and Salati 1981.

Magnitude of belorcestation

How much of the Amazon foregs have been replaced by
other uses? This question has had a variety of responses

ranging from 30% (Kerr cited by Cox 1978) 10% (Vega 1978)
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to less than 1% (Lupe and Brown in press) . The unveliabilivy
of much of the dsta base, definitional differences and the
historical period encompassed all contribute to the confusing
assertions about the rate and avea cleared. Until relatively
recently the inaccessibility of the area completed defied any-
thing other than speculation about the magnitude of delfores-
tation. The use of LANDSAT data has improved the situation
enormously. 1In a very interesting study, Tardin, ct al.
(197§) presented useful results about clearing estimates and
reality. In the Barra de Gargas reglion ol Mato Grosso, a
major Amazonian ranching arca, Tardin interviewed ranchers
about how much land they thought they had cléarcd, and
compared these with LANDSAT images.  The tendency of the
interviewees was (o overestimate by about 25%. Some were as
much as 68% off. LANDSAT data ave not without thur problems,
especially given the bhigh {rcequency of cloud cover in the
Amazon, but il is certalnly o vast Luprovement.

An important definitional question is whether sccon-
dary forested arcas should be considered as forest or cleared
area. Browni (1979) indicated that about 8% of the Basin is
in secoilddty forests, presumably as a consequence of land
abandonment following agriculture or cattle, yet the defor-
estation evaluations by Tardin, et al. (1979b) do not treat
this question., Finally, LANDSAT imagery has only been in
use durifig the 1970's and in many of the southern reaches of
Amazonian forést; land clearing has been occuring for more

.

tHdn 20 yéars: Some Amazonian areas of Seuthern Goias and
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Mato Grosso were permanently converted from Eorcst‘dccudcs
ago. These kinds of qu%stions still remain to be publicly
resolved, and;MxercmxwmihkafortJm diversity of clearing
estimuates,
The best data available for clearing in the Amazon
are derived from LANDSAT photos, but only Brazil, at this time,
has made the results easily available. This information,
along with other estimates for the other Amazon countrics,
is presented in Table 3. It is emphasized that these are
"ball park" numbers. As Table 3 suggests, the annual
(clariﬁg rate in the Amazon at the c¢lose of the 1970's was
\over one million hectares per year. Publisﬁcd data from
Colombia (Alarcon, et al. 1980) and Brazil (Tardin, et al.
1979) indicate that at least 14 million ha. have been
cleaved just in these two countries. The detailed data
for the Brazilian Amazon is presented in Table 4, and shows
that between 1976-1976 one million ha./ycar were clearced
in the Brazilian Amazon alone. Tardin (1979b) has shown that
in aveas where olearving has been particularly pronounced,
almost one third of the forest arecas have been converted to

- importcant To revmeini.
other land uses, usually cattle ranching. It is emphasized

that not all Amazonian countries igéﬁzgéée Amazonian develop-
ment to the same degrea.  Peru, Brazil, Ecuador, and Colombia
have invested a pgreat dcml of political and financial cffort
toward Amazonian occupation. Venezuela at this time con-
centrates on more accessible areas of her terxritory
(Benacchio 1981), but qertainly has the capacity to convert

|
i
i



large areas quickly. Hawilton (1976) has shown that about
one~-third of Venezuela's forests were cleared for other land
uses in 25 years. Bolivia's recent political crises argue
against any major forays into the Amazon at this time.

Rates of deforestation are not linear, reflecting
credit policgics, subsidies,’ interest rates, colonization
projects, peasant situations in other parts of the country,
national and global investment patterns, and speculation.
The environmental effects of the conversion of tropical
forest o othex land uses can only be understood in light of
the Amazonian resource base, and the land uses that arc

implanted after lorests are cleared.

The Amazonian Resource Base

Amazonian resources have been reviewed in several
other volumes such as the RADAM volumes (1973-1978),
Goodland and Irwin (1975), Skillings and Tchéyan (1980), and
Hecht and Hores (198L). 1In this scction Amazonian soils and
forest resources are discussed in order ro evaluate the

effecrs of forest conversion.

A comprehensive analysis of Amazounian soil resources
was recently preparcd by Cochrane and sanchez (1981) and
this discussion re¢lics heavily on these authors' results.

Table 5 shows the dominant s0il types of the Amazon

Basin, of which /3% fall into the velatively infertile

Oxisol and Ultisol soil orders. Oxisols in general tend to
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be soils ol low fertilﬂty but wich favorable physical
properties. Amazonian?Oxisols can be described for the most
part as acid, P, K, Ca, and micronutrient deficient with
often toxic levels of Al. Ultisols have similar chemical
characteristics to Oxisols, but somewhat worse physical
propertics. Ultisols tend "'to be more vulnerable to erosions
due to a sharp textural change between the sandy surface
horizons and the clay Horizons that underlie them.

Entisols, young soils with minimal horizon develop-
ment, are the next most important soils, cencompassing about
15% of the area. Most Amazonian Entisols are aquents or
fluvents (alluvial soils), but some Entisols occur in the
premontane regions or in zones of active erosion. ILntisols
strongly reflect the parent material from which they are
formed., Many Amazonian alluvial soils receive annual addi-
tions of young Andean sediments, and these are among the
richer soils ol the Basin. Not all lntisols are fercile,
howevey. Alluvial soils that occur in tributary watcrsheds
draining cthe Guiana or Brazilian shicld areas, or Blackwater
regions develop on nurrient poor sediments. As a consequence,
these soils are not particularly productive. Montane Entisols
have good soil nutrient status, but their utility is limited
by relicef,

Alfisols account for about 4% of the Amazon soils.
These are mature scoils with good base supplying capacity.
They are the most fertile upland scils (except for occasional

pockets of Indian Black Earths) and are of great agronomic



importance where vhey occur. They arce associated with
basaltic extrusions in the southeastern part of the basin,
and in many of the prementane areas in western Amazonia.

The other soil orders, as one can see from the table,
account for only limited area and will not be discussed in
this review.

Cochrane and Sanchez (1981) tabulated the major soil
constraints in the Amazon and their results are presented in
Table 6. As is clear from:c%is data, P Heficiency is -of
overwhelming importance, due to its widespread occurrence
and correlation with productivity for pastures (Koster 1976,
Serrgb, ot al. 1979), annual crops (Valverde und Bandy 1981)
and trec crops (Alvim 1980). As more than 90% of Amazonian
soils are deficient in this element, P management becomes
critical for maintaining agricultural production.

According to the vable, well over half the Amazon
solly are low in K. ' K i a wounovalent cation, usually
stored in the vepevation in tropical ccosystems, that has
very hipgh rates of turnover and cycling (Golley, et al. 1970,
- Odum and Pigeon 1970, Herrvrera, et al. 1978). Low K toler-
ance is difficult to breed for in crop plants, and there is
a limited array of techuniques for compensating with low
levels of K other than fertilization. Cochrane and Sanchez
(1981) fecl that K deticlencies are among the major agro-
nomic constraints in the region.

About 87% of the soils in the Amazon have pHs lower

than 5.3 These soils frequently have tomic levels of
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aluminum saturaiion Lhﬁt can severely hamper crop production
if Al tolevant cuitivaﬂs ave not used. Al levels in soils
usually drop subscantially after forests are burned, however.
The large wnounts of bases released from the biomass when
forests are felled and burned effectively neutralizes much
of the Al, at lcast temporarily.

Amazon scills as a group arc also characterized by
very low effective cation exchange capaciticst:Tﬁis means
that the ability to heold nutrients once they are added to the
s0il is relatively low. The low/EFEC and high rainfall of
the Amazon incrceases the likelihood of leaching cations such
as K, Ca and ﬁu, and also inerceases the prbbubility of
nutrient imbalances.

The use of some Amazon soils 15 hindered by their
physical attrxibutes. About 23% of the Amazon soils are water-
logged for part of the year. Large arcas of the Amazon also
have pronounced dry sceuysons, resulting in soil wmoisture
deficits. Relicef and soil erodability mean that about 29Y%
of the Amazon Basin is limited for agriculture by ecrosion
hazards (Cochrane and Sanchez 1981). While laterite has
often;g&ﬁibxed the media, the-bulk-of-Amazonian laterite is

. \
fossil, and is treated agronomically in the same manner as \

gravel. Only about 4% of the basin has laterite configura- ,’
tions, and most of these are fossil (Cochrane and Sanchex
1981) .

Many of the coﬁscraints in Table 6 occur simul-

taneously. Only about 6% of the Amazon Basin shows no major



1l

fertility constraints fox agriculture (Cochrane and Sanchez
1931).

Management of the soil resources in the Amazon is
exceptionally difficult, in spite of the well-known bumper
crops that occur the first years after clearing. Continuous
agriculture without inputs ‘or a fallow cycle has led to
serious productivity declines for all types and scales of
agriculture in the Amazon. These yield declines are exacer-
bated not only by soil fertility changes, but also by pest
invasion, and poor cultivar adaptation,

Scoil dynamics are critical in the success or failure
of various kinds of agriculture in the basin, but the biotic
interactions between forest and soil, as well as the diver-
sity of forest types can strougly influence the viability of

the agricultural systems that follow forest.

Forest Resources

Amarzon forests are among the most ecologically com-
plex and least understood vepetation Lormations on the
plancet. Amazonia encompasses the largest reserve of tropi-
cal moist as well as seasonal forest (UNESCO 1978). The
number of plant species contained in the Amazon is thought
to lie between 250,000 and once million (Lovejoy and Schubart
1980) . The extraordinary richness of Amazon forests has
maskecd the low fertility of the soils on which they generally
occur. The combination of biological exuberance and

impoverished soils has made the development and occupation



of these rvegion: Lraught with Jdifficulties.
AU che bowdest level, Amazonian forests are gene-

rally classificd into floodplain (varzea) and upland (terra

firma) ferests. However, Amazonian vegetation is far more
compies than just these as Table  indicates. Vegetation and

forest surveys have been carried out in the Amazon by FAO
(Feod and Agricultural Organization of the UN), IBDF .
ONFEA [ Sfitian AMacionald de Spalimcryon o 'e't;f'izm
. . - " \ o
(Braxilian Institute for Forestry Development), and RADAM
nst. Qeografice de Agushu ('cda_.g:;.:
(Radar Imagery of the Amazon), but detailed information on
Programan de ‘Z‘X"w’
Amazonian forest dynamics remains spotty. Figure 1 gives some
idea of the vaviability in terms of volume of marketable wood
of several arcas in the Amazon. This kind of information
helps illustrate the fact that while 85% of the Amazon is
covered by high biomass species rich forests (Prance 1978),
these are more usefully perceived as mosaics of relatively
analogous structure rather than a species diverse, but
essentially wnilovw lormation. Pest potential alter conver-
sion, resilicnce, and conscervation value are also highly
variable. The distribution of forest types in the Amazon
is correlatced with a complex of climatic edaphic and phyto
historical factors, the interrelationships of which are by
no means clear.
Changes in biomass, species composition and to an
extent morpholepy often correlate with climate. Cochrane and
Sanchez (1981) bave used the presence of a pronounced dry

season to differentiate the moist forest of western Amazonia

from the semi-deciduous forests of the eastern Basin.
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Heinsdjick (1960), Glerum and Smith (1Y62) and Sombrock (1966)
all report changes in species composition and biomass with
climate.

Ldaphic fLactors can also alfect the variety of forest
types. The classic example is the association of "Campina"
(a scrub vegetation) with sandy, extremely impoverished
tropical podzols (Klinge 1967, Anderson, et al. 1975). 1In
less extreme situations, the relationship between soils and
vegetation is unclear due to the lack of precise data on soil
propervies and plant distribution (Sombroek 1966). Of
interest to agriculture is the recognition by local shifting
cultivators of indicator specics Lor Alfisols and Indian
Black Earthﬂsoils (Sombroek 1966, Moran 1977).

The existence of high biomass, ecologically complex
forests on depauperate soils is primarily a function of
nutrient cycling. Amazonian forest cycling pathways are
reviewed elsewhere (Herrera 1978, Stark and Jordan 1979,
Klinge 1973) but consist of structural, physiological and
symbiont associations that recirculate and sequester
nutrients in biomass and litter. Table é shows the relative
amounts of nutrients stored in several different tropical
forest systems. As is clear, most of the Ca, Mg and K are

held in the livinyg plants,

01l Dynamics After Conversion

When forest lands are converted to other uses, the

nutrients held in the biomass are largely shifted into soil
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nuttient stocape, crup and weed tissucs, or are lost through
leaching, erosion aad ekports ot the products away from the
site. Since high bxom&ss forest systems (as much as 500
tons/ha. ) are replaced $y agruccosyslens with biomass
usually less than 20 noﬁs/ha. one of the major questions in
conversion concerns ithe fate ol the nutrients when forests
are cur and burned. First, as Silva (1979) has indicated,
only about 20% of the forest is elflectively burned, and even
this value is variable. Leaves, small trunks and branches
aften
combust, but the larger tree boles are gathered together
and burned again (coivara) or simply left to rot. This mcans
that it is possible to have a delayed release of nutricnts
as decomposition proueeds! and suggests that in many cases
the soil nutrient increases (and later declines) may not
necessarily be dramatic. In general, after cutting and
soil levels of organic carbon and nitrogen and pos-

burning,

sibly sylpher drop as a consequence of volatization. Soil
! .

pH inareaseu/dum to the addition of large amounts of Ca, K,
Mg, and lesser amounts of P released from the forest with
burning. The liming effect of the base rich ash serves to
reduce much of the aluminum saturation common in Amazonian
soils. P levels initially increase as a result of soil
heating, ash additions, and with large pH increases, from
"Cixed" P oin aluminum and iron sesquioxides. These changes
reverse themselves with time. The rates and magnitude of
change are affected by numerous factors including initial

forest composition, clearing techniques, and land use



following conversion.

Tropical species, like those in the temperate zone,
accumulate chemical elements differentially, both in the
secondary and climax communities. Silva (1979) analyzed the
ash from several known species in the Atlantic Rainforests
of Bahia, and found a rangé in composition from .18 to 4.27
for Ca, .17 to 21.03 for Mg, 38.37 to 345.5 ppm for K and
from .44 to 13.39 for P in the 25 species he examined.
Differences in nutrient contents for Amazonian pasture wceds
have also been documented by Heche (1979). Kang (1977) has
studied the inllucnce of forest specices on soil propertics
after ¢learing in Nigeria, but the ceffect of forest composi-
tion on soils after burning in the Amazon remains a fasci-

nating research question.

Clearing Techniques

Land clcaring methods in the Amazon involve manual
techniques (men, chainsaws and axes) and various mechanical
means including bulldozers, Lree crushers, and D8 tractors
with 24,000 kg. chains slung between them. In manual
clearing a rancher acquires a labor force of several hundred
men through a labor contractor (locally known as '"Gatos'--
cats) who usually obtainsthe workers from the destitute of
the numerous boom towns in the region that are the tempo-
rary homes of the landless in the step wise migration to the
larger cities (Hebette and Acevedo-Marin 1977, Pompermeyer

1979, Souza-Martins 1980). Mechanical clearing hes gained
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prominence on hoghly c@pitalixud vanches because of the
problems in conLrulang large nuebers of men, diseasc out-
breaks, and getting rid of the labor force once the work is
donu.

The effects of land clearing methods on soil proper-
ties bas been studied by Seubert, ct al. (1977) and by
Toledo and Morales (1979) and is presented in Figure i.

These aucthors have shown that in spite of the greater cffi-
ciency of mechanical clearing (50 men/ha./day vs. 1.5 ha/hr.)
it has clearly delaterious cffects on s0il properties.

The rapid declines in productivity associlated with mechanical
cleaving is duc to the maldistribution of the ash, soil
compaction and topsoil displacement. Mechanical clearing is
also about three times as expensive as manual élcaring
(Toledo and Serrao 1981).

Different land uses vary in their effects on soil
nutricent dynamics, and are discussed in the next scction.

Land Uses in the Amazon and their
Environmental kEffccts

Forestxry

Forestry is the main export revenue earner in the
Amazon Basin, but while important to the regilonal Amazonian
economies, other, more accessible sites in the Amazon
countries still dominate the wood markets. For example, the
Brazilian Amazon only produces abouf 107% of Brazil's indus-
trial timber (Mulvo 1976) of which most is still largely

derived from the Awmavonian floodplain forests wherc
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extraction is far casier. The output of the varezea forests
is derived from a 200 m strip along the waterways that

i : 3 . .
generata abhout 5 to 10 m” per hectare, mostly of Virola and

Carapa. In spite ol the vast wood volume on the terra firma,

Mutoo (1978) estimates about 150 million cubic meters of
wood are burned ecach year with clearing.

Other major forestry activities in the Amazon are
associated with particular high value species (especially

mahogany, Swietenia macrophylla) or selected one time extrac-

tion arcas such as the Tucurui dam. In the Brazilian Amazon,
where the mahogany industry has been studied in some detail,
information is available on the rate of cxplbitution. The
main mahogany arca occurs in the Araguaia region of Para and
Mato Grosso. Godfrey (1979) sites an unpublished IBDF
inventory that found a mahogany frequency there of about
1.2 trees/ha. at an average wood volume of 5 m3/ha. out of
g standing volume composed of all species of about 595 m3.
The mahogany forests are quite diverse, and in spite of 312
species ol which 118 have commercial value, only Swictenia
is usually extracted. Although some fairly resinous specics
such as Manilkara are used for local construction, most of
the remaining timber is cut and burned as a prelude to
pasture formation.

The 1IBGE (Brazilian Institute for Geography and
Statvistics) indicated in 1977 that some 200,000 m3 of
wahogany were lepally extracted in the Conceicao de

1

Avapuaia ceplon (1huk 1978), although a brisk illegal trade



in chis weod alse cxists. Given a saleable cublic meterage
of 3 " per tree, close to 67,000 trees were legally cut that
year. With an average oﬁ 1.2 trees per ha., some 55,830 ha.
were alfected in 1977 aldne (Godl{rey 1979). The clearing
and forest extraction in the Araguaia region are quite
aggressive, and Godfrey (1979) indicates that the mahogany
forests of the eastern Amazon will be logged out by the

mid 1980's.

Selective logging is the major technique for timber
extraction in the Amazon, except for projects like the
Tucurui dam. This monnex of extraction, though certainly
less deleterious than total clearing, is not‘without its
environmental impacts on soil properties. Sanchez (1979)
has indicated that the bulk of Amazonian erosion is due to
civil engineering, i.e., roads, construction, etc. Studies
on erosion elsewhere in the humid tropilcs suggest that
erosion does increase with logging (BEwel and Condi 1978,

Liew 1974) . Falling trees compact the soil and heavy
machinery disrupts the soll surfacce. Some areas arc
completely denuded for a time. All these contribute to an
increase in sheet erosion. J'/n7y¢  L
Selective logging in the humid tropical forrests

v

affects about one-third of the trees in a selectively logged
forest (Suparto, ot al. 1978). This 1s due to the close
integration of canopies and the lianas that often bind

several trees Logether,
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Logping iu usually proliminary to other Land uses,
and in the Amazon uplands selcctive extraction is usually
follcwed by pasturce. Habitat fov {orest regenevation is con-
sequently lost. While many authorvs (Fox 1976, Palwer 1977)
suggest that mahogany forests were capable of sustained yield
and enrichment, wholesale conversion of these valuuable
forests to pastuce have made mahogany a one time extraction.

The replacement of high value, potentially sustained
yield forests by lower value, often ephemeral land uses is
not unique to the mahogany forests. Valuable rubber forests
in Acre, and Brazil nut forests ncar Santarem and Maraba have
also been converted to grasslands.

The only attempt at commercial plantation forestry
is Daniel Ludwig's Jari. More than 100,000 ha. of Pinus

carribea and Cmelina arborea was planted largely in monocul-

ture. Although the ecological disaster predicted (and pro-
bably hoped for) by many biologists did not materialize, the
experiment should not generate unbridled optimism (Fearnside
and Rankin 1980). 1t is likely that the pest outbreaks did
not occur because of the high diversity within the plantations
due to weed invasion, and the use of forest corridors

between plantatiuh quadrats, as well as assiduous monitoring
of the plancation by its very expensive staff (Fearnside and
Rankin 1980). While proving that ic is possible to grow com-
mercial forestry plantations in the Amazon if one is willing
to invest 667 million dollars (Fortune 1981), Jari has yet

to demonstrate its economic visability and is currently for
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Forestry, in spite of its importance as a revenue
earncy and labor absorber, is only the first phase in a lar-

LY CUNVArsSion proLess,

Agriculture

The conversion of forest for agriculture occurs in
tandem with spontancous ox planned colonization. Prior to
the 1960's, most of the Amazonian population lived along the
varzeas (where the wost fertile soils are located) or in the
environs of the major Amazon citics. With the opening of
the highways, people wmigrated to the upland arcas in scarch
of work and land. They primarily cultivate with slash and
burn techniques, planting rice, manioc, corn and various
beans. The fate of these migrants has been a research area
of interest, since most of them have not become permanent
settlers in the arcas they initially colonized (Hebette and
Marin Acevedo 1979, Smith 1976, Moran 1977, Fearnside 1978,
Souza-Martins 1980, Schuurman 1979, Pompérmeycr 1979). The
instability of small scale agriculture is often explained
‘as a consequence of yield declines due to soil nutrient
changes (Sanchez 1979, Maxwell 1980). The ecological dynamic
of annual crop production, as will be shown, is certainly an
important factor in the unstable agriculture of the colonists
since it increases their vulnerability to larger economic
forces at the frontier. Stable small scale cultivators have,

however, existed on the terra firma for decades, in areas



like the Arvaguain and Western HMaranh%o (lanni 1977y . ‘the
subsequent instability in these dreas, since the 1970's,
reflects the land economics of the region at least as much
as soil fervilicy.

Figure 2 shows the s0il nutrient dynamics associated
with continuous vice cultivation in Yurimaguas, Peru. When
forests are converted to agriculture there is an initial
vutvient Llush that provides Lhe necessary fertilicy cle-
ments for good rice yields. The first harvests produced
about 1.2 tons per year, declining to about half that valuc
by the fourth harvest. Subsequent yields at Yurimguas were
negligible (Scubeyt, et al, 1977y .

The soil properties after conversion to annual rice
cropping did not plumet to levels below those of forest at
Yurimguas, although other data from aricultural plots in
Manaus did show a drastic decline (Brinkman and Nasciamento
1973) . Even so, various $oil fertility difficultics Lor
annual crop culvivation increase with time, as Table 8
indicates. Cleacly the firsge year is the only relatively
problem free year from the point of view of soil properties.
Soil nutrient declines are not the only factor that hampers
productivity for rice, however. Many small farmers cice
weeds (and the labor involved tn reducing them) as the major
constraint to coriinuous product Lon (Teudler 1981, Swith
1976, Fearnside 1978, Valverde and Landy 1981) . 1n spite of
production obstaclen, credit uvaiLu@ility and titling ave

favored if the quatt Seale cultivator plants to rice,
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however, and it is certainly the most lwportant peasant cash
crop in the Amazon.

Given the difficulties, some authors have pointed out
that wore complex multicrop systems involving maniocce, rice,
corn, beans and tree crops may be more ecologically and
cconoumically tenable in the-Amazoun than ricercultivation,
given the current eryatic availability of inputs, equipment
‘storage facilitics, and markcting difficulties (Nelson 1975,
Moran 1977, Bunker 1979, Smith 1978, Fearnside 1978,
Schuurian 1979) .

The yield declines, either as a consequence of soil
fertility changes or weed invasiorn, the lack of inputs, the
tenuous marketing systems and titling problems place small
farmers at a distinct disadvantage in negotiating with banks
and government entities for credit. Many small farmers
cannot oxit in the high state ol indebtedness that creditc
systems ullimately exuct, as Lhelr land, implements, and
markcting all depend on their harvests (Schuurman 1979,
Smith 1976, Bunker J3978). The weald barpgaining position,
coupled with the title insecurity characteristic of most of
the Amazon {(Santos 1979) place these farmers at the mercy
of land grabbers (grileiros), higher capitalized small
farmers, and ranchers, with the result, as a prominent
Brazilian agronowist put it; that they must get big (an
option not open to many) oxr get out. The migration and land

turnover patterns in Amazonia reflect this process of continual

disenfranchisement (Hebette and Acevedo Marin 1980, Schuurman
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1979, Tendler Lyul, &Smith 197¢, Pompermeyer 1979, Aragon
1978) .

The pressure For land acquisition in the Amazon comes
from several quarters. Increcased mechanization and the
decline of a variety of tenancy relationships in other agri-
cultural zones, the closing of older frontier arcas, as
well as demographic increase, has served to create a huge
landless population, who migrate to the Amazon to scek their
fortunes. These become the squatters on government and
unoccupied (though often owned) lands, and the labor force
for large scale clearing.

At the same time, the incrcased importance of land
in corporate portfolios, coupled with attractive credit
lines for Amazonian investment, low capital gains taxes, and
minimal control and monitoring of land acquisition have
created a speculative search for land unparalleled in recent
Amazonian historvy (Mabar 1979, Mucllerxr L1980, Powpermeyer
1979, Schuurman L979) .

High potential profits (up to 100%/year according
to Mahar 1979) produce an environment that favors the legal
or illegal concentration of land into latifundia. While agro-
nomic research vriented to enhancing small scale production
systems is of major werit, the speculative nature of the
Amazonian land cconowmies, plus Lnfrastructurc, input and
transport difficulvies at this tiwme {avors larger holdings
to the detrviment »f colonists. In Latin America (Parsons 1976)

) and particulariy in Brazil (Furtado 1963) cattle have



histerically plaved a majur role in occupying contested

land and continue to do so today. Various fiscal incentives
and credit lines, ease of implantation, the possibility of
discovering othcer valuable resources (gold, tourmalines,
diamonds) and the speculative gains have fueled the transfor-
mation of agricultural land and forest into pasturc.

. Conversion of Apviculture
Lo Pasture

When a cropping phase precedes pasture, several path-
ways for the transformation of the land use are possible.
One important way, widely employed by the less capitalized
ranchaers is the "troca pela forma™ or trade for pasture
formation. Land is lent to the small cultivator to clear and
cultivate for one year in exchange for which the farmer
shares his crop and agrees to plant pasture. After the
cropping cycle, he may relocate to another parcel on the
ranch, or move away. ‘The rancher then introduces his cattle.
Another technique is simple appropriation. This may be done
through lepal or semi-legal means (contested titles or
surveys) or by running the farmer off the land through vio-
lence or threat of viclence (Souza-Martins 1980, Almeida
1980, Pompermeyer 1979). In lands that have been spontan-
cously setgled by smoll Larmers, who ave then followed into
the region by widdle «ized, mostly non-corporate ranches,
this technique is not uncommon (Souza-Martins 1980, Almeida

1980) . Land, ol coursce, can also lLe bought.

.



Pasture

Pasture is the ultimate destiny of much of the land
initially used fuv forestry or cleared for agriculture.
Toledn and Serrac (1981) estimate that about 6 million ha.
of the Amazon forest have been converted to pasture, and of

. bellev ey

this about 1 million ha. are degraded. This author feelrs
that these fngres underestimate both the area cleared and
the magnitude of degradation. Alarcon, et al. (1980) indi-
cate over 3 million ha., have been converted to pasture in
the Colombian Amazon. This information coupled with the
Brazilian data in Table 4 arpues for an area in pasturc of
at least 10 million hectares, particularly if we consider that
much of the Boliviau, Peruvian and Ecuadorian Amazon are
aiggwﬁﬂwégﬁching (Gazzo 1981, Pereira and Salinas 1981).
Tardin (1979a) analyzing ranches in the Barra de Gargas
de la Tmﬁgg)nron af Mato Grosso, penerally considered the
most successful upland cattle region in the Brazilian
Amazon, used LANDSAT imagery and ground truth testing to
evaluate the level of pasture decline and weed invasion. He
found that about half the pastures in the area he examined
were degraded. The poor quality of pasture and extensive
weed invasion in Pavapgominas Para, another major cattle
development area, suggest a level of degradation exceeding
50%.

Only a few grass specics are used in the Amazon for

pasture formation. In the Brazilian Amazon, Panicum maximum,

colonial guinea grass, is planted to about 85% of the area
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(Serrao and Simio-Nete 1975, Toledo and Serrao 1981).

Brachiaria decumbens was also initially widely planted, but

the attacks of spittle bug, Deois incompleta, has limited the

use of this grass. In the Paragominas area, over one-third

of the pastures planted to Brachiaria were destroyed by

insect attack (Hecht 1981) . Brachiaria humidicola, or

Kikuyu da Amazonia, with its resistance to spittle bug and
tolerance to low nutrient soil is gaining ascendance.

In the western Amazon, two species of Axonopus, A. micay

and A. scopariu; are the most important forage grasses. A
grass of interest duce to:its high productivity on poor soils

is Andropopon puyanus (Toledo and Scrrao 1981 | Most of the
PO A

rescarch on ranching has occured in areas planted to Panicum,
so a brief discussion of the major characteristics of this
important forage is in order.

Panjicum maximum is probably the most widely planted

forage prass in Brazil (Martins 1903) . The cultivation and
the management of this is particularly well developed in
southern Brasil, wheve it is the foundation of the beef
fattening industvy (I'ardi and Caldas 1968, Santiago 1970,
da Silva-Dias 1968). Based on the success of this Panicum
based cattle production, and the relative success of the
CONDEPE, (Commission for the Development of Cattle Raising)

projects in soulhexn Mato Grosso and Goias, the Panicum

production system was transferred in toto to the Amazon from

the southern and central Brasilian ranching areas.
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The source areasfor Panicum in Africa are the savanna
regions associated with volcanic and high base saturated
soills, in areas that are further than 12 degrees south.

These two factors, relatively high nutrient requirements,

and adaptation to variable day length, are essential to
understanding the poor performance of guinea grass in the
Amazon. The grass is rélatively nutrient demanding for P and
N. In the impoverished soils of the Amazon, except for the
few years right after clearing, the grass becomes stressed
and cannot compete well with better adapted woody and weedy
species. N, P, and K deficiencies have all been documented
for guineca grass in the Amazon (Koster, et'al. 1976) .

Coloniao (the Brazilian name for the grass) has low
seed viabllicy (about 27% according to Agroceres [1978] a
major seed supplier) under the best conditions. Two factors
in the Amazon Basin reduce seed viability even further.
First, Panicum in optimal situations penerally seeds twice a
year, but in the Amazon continuous seeding occurs. This
results in low quantities of sced at any given time, and
lower germination since seed may fall during periods when the
climate may not be favorable. The high humidity in the
region also favors powdery mildew attack (Serr2o and Simio-
Neto 1975) that [urther reduces seed production and success.
(Vincente-Chandlexr, et al. 1974) and productivity declines in
the Amazon on experimental plots corroborate this trend

(Simdo-Neto, et al. 1973). Without’ continuous vigorous
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establishment ol new plants, the yiceld reductions arc quite
predictable, and are certainly compounded by the soil
nutrient declines that also occur, particularly for phosphorou:

The bunch grass morphology of Panicum resulis in rela-
tively laxge areas of open ground between individual plants
when pastures are grazed. -This can produce erosion betwecn
plants, and soil compaction due to rainfall and trampling.
Increased compaction further reduces the capacity of
coloniao seedlings to establish themselves. The open area
between the grass can also be colonized by weeds that, for
a variety of reasons (Hecht 1979), can outcompete grasses,
Another featurce of the bunch grasses in the Amazon is their
relatively shallow rooting depths. This may reflect
increasing Al levels in the soil subsurface. The roots
rarely reach below 30 cm. which limits plant ability to
capture nutrients below this depth, and subjects the plants
to dessication during che dry scasons,

While there are serious problems associated with
colonido, it is still considercd to be one of the best
facttening grasses by local ranchers. Seeds are readily
available from several suppliers, and the establishment of
the pasture is relatively simple: forests are cut, burned,
and at the beginning of the rainy season the panicum is
usually aerially sceded,

The effect of P. maximum pastures on soil properties
has been examined by Falesi (1976), Fearnside (1978),

Serrao, et al. (1979) based on Falesi's work, Toledo and



Morales (1979), and Hecht (1981).

Studies of the effects of conversion have focused on
the Paragominas, the Southern Para Araguaia regions, and
the municipios of Caceres and Barra de Garcas in Mato Grosso.
These are the arecas where conversion has proceeded for the
longest time and where investment has been most pronounced.
The data on the effects of couversion is presented in
Figures o through 8. It is important to look atthese data with
the sampling methodologies in mind: Falesi's and Serrao,
et al.'s data is bascd on once composite sample of five sub-
samples, hence we have no idea of the variability within
those samples. Hecht's data gre based on 20 randbm samples
per age class of pasture. A more complete statistical analy-
sis of this data is presented elsewhere (Hecht 1981), but
the salient features of the effects of conversion are easily
seen in the figures. As Silva (1979) and as the deviations
from the mean indicate, there is great variability in the
nutrient contents of the ash added to soil, so pronounced

distortions can occur when the sample size is small.

pH

When forests are felled and burned an increase in the
soil pH occurs as barses beld in the biomass are transferred
to soil storage (Nyc¢ and Greenland 1960, Sanchez 1976),
regardless of the land use implementcd. This liming effect
is documented for annual crops and is presented for compari-

son in Figure 4. The pasture data indicate substantial
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increases in pH tor three of the four sites sampled, and 1in
the first vears alter haning, high variability in the
remaining site, reflecting the variacion in the distribution
and nutrient contents of the ash. In the larger data sect,
the range in the pi’s included some samples that are compar-
able to the other Paragominas sites, but the overall mcan
increase was about half a pH unit (similar to Seubert, et
al.'s data) while the other sites registered increases of 2
pH units.

one of the interesting aspects of the pH data is that
the "liming" effect is maintained. Sanchez (1981) and Toledo
and Serrao (1981) believe that the high cyclihg capacity ol
the grazs is responsible for the persistence of the pH

(1972)

improvement. While Teitzed.and Bruce .. have shown that Panicum
is a reasonably effective cycler of Ca, Mg, and K, there is
an additional explanation that should also be considered.
When f{orests arc cut and burned for pusture, a great deal of
slash remaing on the ground. Since about 80% of the cco-
system Ca is stored in rthe boles and large branches of treces,
their gradual decay could supply this element at a rate that

could maintain the pH. This hypothesis does not, of course,

exclude the possibility of nutrient cycling by the grasses.

Ca_and Mg
Closely associated with the increase in pH are the
additions of Ca and Mg in the soil. The augmented values are

most pronounced in the years immediately after clearing (as
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is the variability in this element) with the initial shift
from biomass to soil storage when forests are burned. Since
rainforests store close to a ton of Ca and Mg per hectare,
and the ash additions add about 100 kg./ha. (Seubert, et al.
1977) the increases and the capacity to maintain them are not
particularly surprising.

The increases in Ca and Mg (and the concommitant pH
amelioration) have been used to assert that conversion of
forest to pasture actually improves soil properties. It
bears pointing out that the values of Ca and Mg for all
Qices are less than the soil values for these elements under
unfertilized rice studied for four years inlcontinuous
cropping (Seubert, et al. 1977), for which no such claims
are made. Further, even with the increases after burning,
bole decay and cycling by the grasses, Ca and Mg levels
oscillate around values that placce them in the lower range
of Cua and Mp contents of all Amazonian soils according to an
analysis of fertility parametcers by Cochrane and Sanchez
(1981). The larper data set, as well as the Mato Grosso
Oxisol and the Paragominas Ultisol show relatively modest

absolute increases.

Porassium
K, as mentioned, is a monovalent cation stored
largely in the vegetation that cycles relatively quickly and

is considered quite vulnerable to leaching. Amounts of K in

the vegetation are cowparable to those of Ca. When forests



are cul and burned, K levels increase in soils, but the

values are erratic throughout the pasture sequence reflecting
periodic burning, levels of weed invasion, and other manage-
ment . b values after conversion for both Paragominas sites
are roughly similar, and correspond to the values of the
Yurimaguas, Peru Utisol examinced by Seubert, et al. (1977).
The higher Mato Grasso value may reflect higher initial soil
K levels, as well as species composition. The Mato Grosso
Forest near Suia Missu (the sample site) is relatively rich
in palmws (RADAM 1975), which Silva's (1979) and de las Salas'
(1979) data show register high in K. The use of burnt @F{E"\w/‘ e
leaves as a salt substitute 1s well-known and documented S,
for many Indian groups in the Amazon. The palm Inaja |

( ) is an important forest component

and pasture weed in the Barra de Gargas area of Mato Grosso
1Y

and could contribute to the maintenancz of these high values.

Phosphorous

Phosphorous is the most crucial clement for pasturc
production in the Amazon (Koster, et al. 1976, Serfﬁo, et al,
1979, Toledo and Serrao 1981), and 10 ppm is usually con-
sidered the minimum value for sustained production of pas-
tures. After conversion, the P values increase dramatically,
but by the fifch year they hover at about 5 ppm, and steadily
decline thereafter.

The decline in P has been identified as the major

reason for pasture instability in the Amazon (Serrao, et al,
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1979) . The high demand of Panicum for this element, coupled
with losses due to c¢rosion aud animal export, and the compe-
tition the grass cxperiences from low P adapted weeds leads
to Jdrastic drops in pasture productivity, which often
results in pasture abandonment. Serxrao, et al. (1279) and
Koster, et al. (1976) have.shown Panicum's excellent response
to P fertilization, but the high transport and application
costa, coupled with the erratic availability of P fertiliczers
in much of the Amazon make widespread pasture fertilization
rather uneconomic at this time.
Nitxopen N
T t ‘m'. laie e

S0il nitrogen is a dynemict between N accumulating
functions like N fixation, atmospheric additions, and orxrganic
matter decay, and N decreasing processes such as volatization,
denitrification, leaching, erosion and plant uptake. Many
of these processes are mediated by the biota, and as the
rates of loss and addition are also influenced by environ-
mental Ffactors (pH, temperature, s0il moisture) this is an
element that can vary strongly from site to site. The
Pavagominas Ultisol shows an initial slight increase after
clearing amd a2 subseyuent equilibration suggesting that the
differences between forest and pasture N storage is insignifi-
cant. In the clay loam Oxisol, soil N increased after conver-
sion. Since thase pastures wevre planted te the legume

Pueraria phaseoloid

PO S

it may be that the doubling in soil N

reflects [ fixation by this aggressive plant. The heavy clay
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Oxiseol from Pavapominas and the Oxisol from Mato Grosso both
show N declines, although the Paragominas clay is decidedly
more erratic. The high N values at the year 13 in Paragominas
Oxisol may reflect N fixation by native weedy legumes and
other N fixiug organisms. The Mato Grosso site shows a
declineg in N of H0% after conversion.

No N fertilizer is uscd on Amazonian pastures, and
the introduction of legumes with forages is not widely
practiced (Serrgb and Neto 1975). Management factors that
may have affected the variability in the sites include
burning (volatization and possible crosion losses), over-
grazing, use of weed invasion as a temporary fallow (N
possibly increasing) and the use of legumés (N increasing).
Since the rangeland management for most of the sites is
unknown, the N dynamics of Amazonian pastures remains a

promising research area.

OQrganic Carbon

The percentage of organic carbon in Amazonian soils
is quite variable, ranging in total storage from .92{£6 over
P AR - .
124”kg/m2 (Zinke 1976)?l C;rbon levels in pastures are
affected by burning, grazing pressure, length of dry season,
soil moisture regime, soil texture, species composition, and
decomposition rates: in short, anything that influences
organic productivity or decomposition. Not surprisingly,

carbon levels are erratic over the cime sequence, between

sites, and within sites.



Soil carbon levels often drop with burning, but can
increase if there is addition of fine charcoal, as probably
occured in the clay loam Oxisol. C levels can increase after
burning as a consequence of slash decomposition and the high
productivity of Panicun pastures before P becomes seriously
deficient. Heavy weed invasion can also increase soil C
values. 7The high cacbon values in the clay loam Oxisol at
year 11 and in the clayecy Oxisol at ycars 11 and 13 reflect
heavy weed infestation. Increases in soil organic matter
by seccondary vegetation to levels amost equal to those of
virgin forest have been documented by Turenne (1977) and
Zinke, et al. (1978) for reinvaded tropical agricultural sites.
The Mato Grosso Oxisol and Paragominas Ultisol both show
declines in soil carbon after clearing. The Mato Grosso site
shows an initial decline that oscillates around a value that
is less than 50% of the forest levels. The Suia Missu site
(Mato Crosse) is in a zone that interdigitates with several
transitional forest types and includes large areas of Cerrado
(savanna) vegetavion. Forests in this part of the Amazon are
of lower biomass and productivity (RADAM 1976) than the
Paragominas sites, as are the grasslands (Koster, et al. 1976).
The climatic information (Falesi 1976) shows less soil
moisture deficit, so chat(ﬁomposition can proceed without
inhibition. The combinacion of low productivity and high
decomposition vates probably act to produce the low C values

observed.
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Other Factors

While the soil changes after conversion are neither
as catastrophic nor as beneficial as much of the literature
suggests, there are other soil and vegetational effects that
also influence pasture productivity. TFigure ___ shows the

Levisrila e do Serles v
increase in soil bulk densities that double with increasing
pasture age. High soil bulk density results in reduced
infiltration (documented by Schubart 1976); that can affect
the rate of shect erosion. Erosion rates under young pas-
tures have been sﬁudied by Macgregor (1980) in the Caqueta
region of Colombia, where it was found that pascufes have
low erosion losses. The study did not include the grazing
animal, ox the influence of periodic soil exposurce after
burning, so the results must be extrapolated with caution,

Amazonian pastures are rapidly invaded with weeds,
and thesze also act to reduce pasture productivity by com-
peting with forapge grasses for nutrients and water. Although
many weed species are in fact browsed by animals (Hecht 1979)
weed control is expensive, and absorbs about 20% of a
ranch's. operating costs. Ranches that do not receive fiscal
incentives are squeczed between the declining productivities,
escalating weed and infrastructure repair costs. Not sur-

prisingly, when rauches pass the five-year mark, they are
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frequently sold or repossessed. By 1978, about 85% of the
ranches in Paragominas had failed, according to the director
of rhe Para cattlemen's cooperative, Dr. Claudio Dias.

The productivity declines that follow the first years
after conversion, coupled with the enormous speculative gains
in land value in the Amazon (Mahar 1979), result in a situa-
tion that further exacerbates the instability of existing
pastures while favoring the expansion of this land use.
Speculative ranchers employ two basic strategies to maximize
their veturns over the short run: steer fattening operations
and overgrazing.

b s fe e wda_.

FaLLLnlﬂb operations involve buying young stock and
fattening them and selling when the prices are good. Fat
. steers are relatively liquid assets, and can be sold or
withheld in response to market conditions. Fattening animals
require little more than a few cowboys and can be handled
in large paddocks. This reduces labor and infrastructure
costs (fences, hondling corrals) substantially in comparison
with the labor demands, high quality and smaller pas-
tures, and high costs associated with managing cow-calf
operations. Steers are robust, and can tolerate weedy pas-

breeding
tures better than cows with calves, without the risk of
damaging expensive brood stock and excessive calf mortality.
This tolerance also meang that pastures do not need to be
cleaned as often, further reducing labor requirements. Credit
for fattening operations is relatively easy to obtain, because

the banker can expect to see his money returned within three
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years . UWhen infiaticn rates are high (in Brazil they have
been well over 409 since 1977), short-term notes are favored
by financial establishments. Brood cow operations involve
the initial purchase of fairly expensive animals (heifers
and bulls) with g delayed return on the investment ol at
least five years (Serete 1972). In an attempt to break the
fattening cycle, CONDEPE and SUDAM (Superintendency for the
Amazon) developoed prelferential credit lines at low, subsi-
dized interest vates Lo promote cow-calf production systems,
but the credit, extension and fiscalization requirements are
such that only the lavrper, well-capitalized corporatec cnti-
tiecs can afford to take advantage of them,

Given the high productivities of the first years,
ranchers try to maximize their returns as quickly as possible,
and they do this simply by overstocking. Pastures often
experience stocking rates four times . ‘ - the "opti-
mal’ vate of .75 to 1.0 aniwmal units per hectare. Over-
grazing exacerbates the fertility decline (Toledo and Secrrao
1981) and favors weed invasion, but with this practice the
landowner is still likely to get a reasonable return on
his initial animal and clearing investment. Since land
values increasce by about 100% per year in the active develop-
ment areas, the rancher can pocket a tidy profit'on the land
itsell, and bepgin a4 new cycle c¢lsewhere, While clearly not
all ranchens are as predatory as the situation just described,
the speculavive pature of Amazoniaa land economics makes

.

this pautern a common one., As a consequence, the turnover
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in land titles in the cattle and development areas of the
Amazon has increased Jdramatically in the last 15 ycars (Santos
1980, Poampaermoeyer 1279, Hebette and Acevedo Marin 1979).

Lond valunes increase both Lor pasture as well as virgin
forest. Mahar {(19479) points out that investors in Amazonian
rural proporty consider rt as o store of value rathexr than a
factoyr in production. In the state of Para, for examplce,
on farms of wmove Lhan 1,000 ha. only about 26% of thce land
is cultivated. These establishments account for 84% of the
lanpd in private domain, but include only 8.4% of the farms.
The areca in uwse on Larms of greater than 10,000 ha. drops to
only T4% (INCRA 197§).

Small agriculturalists, on the other hand, cultivate an
average of 66% of their claim, and this value can range up
to 97%. The small scale farmer's aquisition of land, legally
or through scquatting, is for its use value, since the amount
of lond he owns and his labor expenditure rarely add up to
grand speculative gains. lle must have an annual rate of return
on his production Lhat is suflicient to support himsclf and
hsi family.

In spite of the low rates of use, large groups have
consistently captured land releasced from government tenure
scld to the private scctor. These lands, known as tcrras
where both large and small owners have claims on land, either
by title or simple occupation, the process of land aquisition
has been accompagniaed by bitterx conkention (Souza-Martins 1980,
da Silva-Rodriguaez and da Silva 1977), In the state of Para,

well over 5300 titles were contesked in the main colonizing
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cand ranching arcas of Paragominas, Altamira, Maraba, and
Conceicao de Arayuaia, and involved well over a million
hectares, Because small farmers can neither afford the time
or lawyers, thoey often lose these conflicts. As a conscqucence,
there is a tendency toward land concentration. In the Paragomina:s
arca of the Belem-Brasilia highway, the Gini coefficients -

x

increas2d from .60 to .77 between 1960 and 1970 (Santos 1980)

indicabing an increasingly regrossive land tenure situation,

Conclusion
This paper has shown that a variety of ecological factors
but particularly solils arce linked to agricultural instability

in the Amazon Bagsin., Nonetheless, to view them as the only

causes of the ephemeral character of agricultural production

~

in the region would be to ignore the catalysing effect of the
economic structure of the region, and the social dynamic it
creatoes.

Lo By ane\ o sracegale

Altheough swmall farmers could cultivate in a manner to
reduce the envivenmental impoact of agriculture (and possibly
thelv own economic vulnerability), most titling and agricultural
credit is linked to rice production. Rice yleld declines are
almost inevitable, gliven current production technologies in
the Amavzon. These small holders with few assets are usually
highly loveraged cither to offlicial organs, or informal
money lendoervs (Dunker 1979, Funnell 1979). Given decreasing
yiclds, the small colonist must olten relinguish his land to

richey, wmodiws cizoad farmers, grileiros, or ranchers when

loans fall due, titles are contested, or power clashes occur.



Land holdings are concentrated duc to consolidation of
small holdings ianto larger onces. This sets into motion

a social dynamic involving the expulsion of small farmers
into other Amazonian aleds, Or to the major citics.

The large ccale farmer or rancher has few incentives
to produce for sustained yields. Livestock production afso
declines due to ccological changes, but since most of the
land 1s nrot chtivatod, but held for exchange rather than
use value, the owner is less concerned with the annual
rate of return on production than with the overall rate of
return on the investment. The current economic climate
in the Amazon basin actually cncourages land resource
degradation since speculative ranchers maximize short term
gains by overgrazing and poor management of the land the
do put to use. This leaves a degraded landscape in the wake
of speculative waves.

At this time, the major question in Amazonian deforcestation
is perhaps not how much land has been clearad, but how it has
been used and whethor tho current pattern of land occupation
will really fulfill the potential of this important land resounce
to meet the pressing needs in the Amazon countries for food

production, employment, income and social stability.
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Table 3.

51

Tropieal lowland togestn ol the Amazon Basin: Approximate arca ol tovest

country

clearing rate, auad Jominant
A son Forest Ares
{wmiltiong ha)

Bracil

Peruo

Bolivia

Colombia
Guyano
surinam
Venezuela
Ecuador

Freoch Guiang

2480

GH

5l

31

13

13

13

1893

5uurccsn)1ﬁ§E1LﬁpﬁlUHO « d) Mycru’ 1980

*

veplacem-at

Carrent cleariog

(il:\f}'i')

Nt

1, 000,000

no Jata on orates

but 10% thoupht
to be cloeured®

1,000

150,000+

10,000 2

. i

3,000
no data on rates
no data on rates

Negligible

1,166,000

land use(s).

Domtant band

Cattile ranchi

Subsistence,
cattle (15%)

Cattie citrus,

cotloee
Cattle, rice
Subsintence

Susbuistonce,
Subsistence,

‘¥
Cattle (B12)®

Sunbsivionee

vte. is not included. All these figores arce at bast onfd/ Qf,'/,)ﬁu,r,' P21y

(RENE

np, (Uhin

canh vy

Ve

Foreni

cattle

"Clearing here implies total replacement for and alternate land use. Selective lopging
L i } Lo ANy
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able (5. Approxtrrate areal catent of soul-related Lonstraints in the acid infertile soil
region. Total extension of each order in pa rentnesis., Question marks
ndicate insuflicion. inforration, ! . NSO

LA Ulti- Incap- ©Enti=- Histw~ Total Ye

oil Comnstraint nols sals tisols z0ls sols area of
(5125 (320)  (118) . (85) (&) 71042y ol
L - - miliion ha. ——
HYSICAL:
Low water holding cap. 504 0 o 79 0 583 56
water stress>3 mo. 170 35 15 79 o) 299 293
Erosion hazard 17 160 a7 80 ] 304 29
Compaction 0 160 0 e o] 169 16
Waterlogeing 0 72 47 0 4 L12C 12
L.aterite A8 71 0] 0 0 119 11
Srallow depth 17 11 47 € 0 81 8
Vertic oroperties ) 0 0 0 0 0 o)
Low temparatures 0 0 0 0 8] 0 0
HEMICAL:
P deficiency L5112 320 83 83 4q 1002 23]
N deficiency 504 305 m 88 0 969 23
K ceficiency S 512 160 ) 40 4 799 77
Al wxicity 409 285 18 73 ) 75S% 72
S deficiency He 160 0 73 o) 745 7
Mg deficiency AGCG QR4 O 7 4 731 70
Ca deficiency 504 224 0 0 4 732 70
P fixation 92 160 O 0 o €72 o4
Zn deficiency A58 100 0 77 0] a5 @
Low CEC S04 O 0 73 0 577 55
Cu deficiency 258 50 0 ? a4 310 30
Sealinit 0 0 0 0 e} 0 0
Alkalinity 0 0 0 0 ) 0 0
Fe deficiency ) 0 D o) 0] 0 0
Cat clays 0] 0 P C 0 2 -
Mn toxicity ? ? ? 0 0] ? 2
3 geficiency 7 ? 2 ? ? ? ?
Mo deficiency ? ? ? ? ? ? ?

Fromm | Kttt Coclhrane coaad Sc&mc‘mol_ (’H%Q-)
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Table &8 Time of appearance of fertility limitations.in an upland ricef,
corn-soybean annual rotation after burning a secondary forest
in an Ultisol in Yurimaguas, Peru. '
Months
After _
Clearing Problem
1 Initial beost in pH, inorganic N, P, K, Ca, Mg, S, and micronu-
trients, decrease in Al saturation to below toxic levels. Effect
of ash.
8 Inorganic N supply depleted. N deficiency symptoms appear. 'txch.
K below critical level of 0.2 meq/100 g. K deficiency symptoms
appear. :

10 Organic C decomposition to new equilibrium level completed. Al
saturation increases, surpassing toxicity level of 80% for cqrn
and soybeans. Available P below critical level (12 ppm P via
Dlsen method). Mg becomes critical at 0.2 meq Mg/100 g for soy-
beans and 0.4 for corn.

12 Liming to pii 5.% and applications of 80-26-30 kg N, P, K/ha per
crop except N for soybeans increases yields.

K applications solve K deficiency but creates K/Mg imbalance;when
ratio < 1.2. Mg applications needed. B-deficiency evident.|

. |
%, Cu, and Mo probably limiting (S became Timiting immediate]y
after clearing in bulldozed plots). Mo deficiency depends on Mo
status in seed,

24 Nutrient removal by cropping depletes soil further. Rates of N,

. P, K and Py have Lo increase.
48 Zn deficiency cppears.
Tromi Sanchaz (119) ond bawd on _
Source: Villachica, 1978, 47 - .- 0 - {im pross).
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YURIMAGUAS ULTISOL (0O- lC)cm)
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Months ofter.clearing

Changes in chemical properties of an Ultisol
continucusly cropped to upland rice (8 crops),
withoue Tertilization ot Yurinaguas (IS)/L?L)‘
Sewrco: 7 %% B W B RLYSE S BT AP Y wae; vt et al. ,1877; and
Villaghica-aad-Sinchiaz (in préss
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