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?ﬁg vast majocrity of the lowland American tropics receive over 1000 mm

efﬁ
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rainfall anncvally and have smple moisture during at least six months

raﬁges from opeu, trveless grees savennahs to tall, dense rein forest,

Agrisulture In this reglen i limited primarily to alluvisl solls, stuep

*wmountain solls or coils which have been rojuveasted by volezuic ash

deposits pluz a few siter whore soills hsve developed fraa biclec parent

rocks and hzve medica te high levels of native fervilicy.

A 4 . 3 e
The potoentiual of this wvasy, largpely untopped rogourse o thy ouwbiont of

much contreversy bub most pbeervers agrec that the potisael use of the

natural recouvez base demands many different kinds of land wvse, depending

{411

T

climste, acll, toppgraphy, Sotial, eccnemic ane sultural consideratiovns.

The purpese of this peper ie te review briefly the geoloegy, soils, climate,

vegetation and populaticn distribution in thz reglon, to dircuss seme of

the -alternative uses of the resource base und sugzest smmte considerstions

wh

ich should bz teken into #ccount in planﬂﬁng for develomment of the repion.
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THE RESOURCE BASE
Geolozy
The geology of South and Central Americe is dominated by three major land
for&s, as seen in Figure 1. The Guysna shield in the north and the Brazilian
shield to the east are very cl& land surfaces oun which have formed deeply
weathered, generally extremely infertile and ;ﬁid §§$is dnfiﬁg miliio#s of

years of exposure to high temperature and high rainfall regimes. These

surfaces are extremely stable and subject to very little geologic erosion.

Rumning the length of the western edge of the econtinent sre Andean mcuntains
which were formed during the Cretaceous period end have been subjected to
gtrong tectonlc activi€y in recent geolngicél time., Because of the magnitude
of the uplift and the very steep slopes: accelerated geologis erosicy is
common  throughout the Andean region. The vaaf Sub-Andean depression
separating the Andes and the two old shields is filled with sediments,
largely derived fran the Andes. It is drzianed by the Amazon, Orinoco, and
Parank rivers, The eastern slopes of the Andes are mostly composed of

very poor rock formations giving rise o ziluvium of low inherent fertility.

Seiils

The seil landscape of ihﬁ region is shown ié fipure 2 in ; very gencralized
fashion, to Indicate t;e predominant groups of soils found in the different .
regions, It 15 a landscape of extremely infertile and acid soile throughout
the 1nw,.humid tropics east of the Andes. The old surfaces are covered by

very deeply weathered soils formed in place and, the Sub-Andean depreésion

is filled with poor sediments, The well drained so0ils in the depression
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are subject to further leaching under a high rainfall, high temperature

regime,

With few exceptions, the oxisols and the ultisols are strongly to very
strongly acid and of low to extremely low fertility. The few exceptions
are important in the rigieﬁs whgre they occur, since these "islands™ of
fertility in a great "sea" of extreme infertility serve as stepping .
stones for the development of new vegions. They degermine to a lavge
extent the location of towns and cities in the Brazilian Planslto, ocurring
mainly along major drainage ways, where erosion has been suffictienr te
rejuvenate soils and on outcroppings of -basalt which have given rise to

fertile soils with high bage saturation.

Climate

Figure 3 shows annusl rainfall. Most of the reglon is characterized by
reinfall of between 1000 and 2530 mm, (Theye are some areag where annual
rainfall exceeds 10,000 mm.) 1In the wetter regions there may be no pronounced
dry season at any timz during the year; while in the dryer regions there is
.usually a period of extroms drouth of up to aix months duratieonm. Figuge 4

shows representative reinfall distribution patterns for several key locations,

¥

Vegetstion

The major vegetation areas are shown in Figure 5. The three dominant types
of vegotation are trojjcal wet evergreen forest and tropical ssasonal
foreat plus tropical savannahs., Within each of these general arcas one

finds numercows lend forms and drainage situations. On the old ghield
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surfaces, most land-scapes are well drained. However in éhe Sub-Andean
depression, large aress are {mperfectly to verﬁ poorly 6réined and
subject to seasonal flooding. They include low terraeesﬁ;long all three
major rivers, large areas in tga Venezuelan and Colcmbiaaéilanos, the

3
Bene plains of Bolivia, the Gran Pajonal of Peru and the Pantanal of
Brazil. These areas afé‘largely covered with gavannahg;e he major

exceptions being the seasonally flooded and swamp forests alchg the major

drainsge ways.

Population

Populetion is concentrated-alang continental coastliines and 4in the Andean
region throughout tropical latin smerica. The major restraints to the
aeveropment and settlement oI new &Sress B2Te loW NSTLVE S0Ll4 IErLiilty,
extreme soll gcidity, and lack of aécesﬁ routes. Becauge of lack of
infrastrécture, on farm costs for inputs such as lime and fertilizer to
modiéy the unfavorable soil chemical eavironment are too high in most
areas to be economically feasible., The ares in question has sometimes
been reforred to as a great fertility desert, fert{lity being the single

mo-t limiting factor in the development of the avea.

) ALTERNATIVES FOR FUTURE USE
There gre many alternatives for the future use of this ereat respurce base,
ranging from the maintenance of forest or savsnnal reserves to intensive
agricultursl development., A brief listing of the msrejlikely alternative
uses would 1nc1ude:. forest or savannah reserves, lumber extraction, grazing

of native savannah, perennial tree crops, grazing of seeded, perenniel
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pastures, subsistence food crapa; and commercial production of ennual crops.

:
H
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Factors influencing choice of land use

Among the more important factors which influence the choi&e of land use
are included: ' f

i) Accesaibility or cost of #g%alopiag sccess routes ;
2) Seil factors, including é:&inage, fertility, acidity, physical characteristics
3) Climate ' ’
4} Topugraphy

5) Availability of technology needed for the particular Jend use cholce
6) Availability of capital

7) Available management

. 8) Market for products

9) The avallability of delivery aystems for the techneclogy, capital and

other required {nputs

Governmenta and development agencies are concerned with faetors such as:
1) Potential for generation of employment

2) Improved income distribution

3) The likeli{hood that the syatems will provide for sustained yields
4) Probabilicy of resocorce ccnservsti#n

5) Productivity of the system in terms of gross product, production of

food or other commodities vital to region

Table 1 shows the kind of analysis that might be used in considering
different land use alternatives from the stand point of input requirements

and the likely output of the systems. The most favorable systems are those
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in whiéh expected output is relatively high compared to:input requirements.
The priority placed on different output components will vary ;n space and

time and will control to a large extent the cholces made. For example,

the 1n§ut requirements for forest or savannah reserves are very low or nil

but the output from these systems in terms of emplo&ment or food production

is vé; low and for tﬁ;t reason fhts alternative may often have to be
rejecied. At the other extreme, the input requirements for annual crop
production using high levels of technology are very high in this type of
ecosystem but the output expected is also quite high and in some clrcuﬁstances

will indicaté this as the preferred choice.

Specific case examples
To further examine factors which influcnce the choice of land use systems,

some specific examples will be presented.

Resource base: Well drained savannahs, acid, infertile oxisols with high
phosphorus fixation capacity, very low base saturation but with excellent
physical properties, deep friable profiles, good melsture during eight
months of the year and smooth to gently rolling topography. The biological
potential of this type of ecosystem has been adequately proven and documented
in a number of sites in Latin America. .If sufficient lime and fertilizer
are supplied, we know that we can produce very good ylelds of climatically
adapted crops. However, rather heavy investments are required initially

to modify soil chemical conditions in order to achieve acceptable yields,

and & fairiy high level of management, along wi?h necessary technology and

delivery systems for technology, cgpital and other inputs are required.
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1f sdequate infrastructure exists, or if the site is close to markets

and sources of lime and fertilizer (especially phosphorus);: and 1f good
technology and technical assistance are svailable, along with adequate
capital and management, then the area shnuié,anﬁ probably wliljmove rather

rapidly to intensive, high technology, annual cropping systems. .

o

If on the other haund, the are# is distapt from maﬁ&&ts and/or lime and
fer:ilizer sources and 1# lacking adequate iInfrastructure, what is the
practical potential of the rescurce base? Most native savannahs in
tropical Latin America sre composed of species of very low palatabiliﬁy and
nutritive value and their potential productivity "is low under present

managenent systems. Calving rates-are characteristicly 507 or less.

Fattening is impossyible and feeders sre usually sold at three years or

more of age, welghing 300-350 kilos. However, there are many forage specles
which are native or have evolved in similar ecosyséems elsewhere which
offer a much higher potential of productivity. These species are well
adapted to the acid, infertile soil environment and require no lime &nd ’
very little fert{lizer for establishment and maintenance. A mere change

in species can have dramatic impact on production performance, both ia
terms of calving rate and rates of gain, and may:also meke it possible

to fatten cattle for market. Although the change appea;s to be simple it
does imply much higher levels of capitalization and management for

satisfactory performance.

Thus, largely depending on the avai!ab{iity of technology, capital, management

and other required inputs, a remote ares may remain {n extensive native

' +
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savannah with low levels of capital input and mansgement and correspondingly
low levels of output or it may move into improved pastures if capital and K
managenent, elong vith technology are mvailable, with a corresponding

increase in outpul.

- ) e

Many restraints on land use slternative cholces can be removed or‘altcred
but the economic feasibility of msking such mndificaticng will vary from
region to region and in time, Other restraints are much less amenable to
modification. For example, in the soutbern Colombian Llancs, {Mete and
Vichada), 8 to @ million hectares of sav&nngﬁ are found on very rolling,
hesvily dissected topograpby, interspersed with gravel capped hills and
Jatemita mtawannings, Thig verien 1= in sherp contrast e the amaoth, non-
dissected, well-drained plains slong the right bank of the Mets immediately
to the north, Both areass are presently used predominently for extensive
grazing of native savannah vegetation. The serrania, because of topographic
limitations will probably remein in grass, either native or improved or a
mixture of the two, for the foresceable fubture, wherees the amogth plains

to the north will probably move progressively through mixcdtnatiVE range
and improved pastures, with limited food crop production, to more intensive

pasture management and eventually into intensive food erop production.

Like the "serranis" in the Colombian Llanos, there are hundreds of millions
of hectsres of land that should never be used for animal e¢rops because of

topography or other factors. Tables 2 and 3 present a broad picture of the
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extent of land which is merginel or unsuitable for eropping. Hoéever, much

of this lmnd is suitable for livestock production on a sastaiﬁﬁétéasis. With
introduced pasture species and ;ﬂequate management, yields can re;ch 100-200

kg of live weight beef/he/yr. Yields can be even higher with iﬁ%&nsive manage-
ment and use of appropriate fertilizers. The role of beef aaﬁtié in wtilizing
marginel lande in the American tropics ie presently very impor%gﬂ%'and wiil
doubtless increase rapidly in the years to come. Technology is currently
being developed to increase the préductivity of tropicel soils, notably throfigh

use of legume-grass pasture essociation and better mnimal health programs.

In addition to the large aress which sre sultable only for permunent pastures,
(or forests and other ger;ﬁnial tree crops), there is & vast expanse of land
with good potential for annuel cropping, but which caunot be economically farmed
at present. Beef is often a logicel first step in the evolutionary development
of agriaglture on this type of land, until adequate infrastruciure can be de~
veloped to support more intensive agricultére which reguires much higher levels

of input.

An example of the intensive mansgement on an extremely poor, acid seil
resource base can be seen in the vicinity of Campinses in-the state of Sao
Peulo, Brasil. Futremely infertile and scid oxisols have %een developed
in rocent years and are présentlg being used for intensive production of
corn, soybeans, cotiton, vegetables and cut flowers. Development has heen
based on extensive use of fertilizer and lime to modify soll conditieons,

and ready access to markets in the Cempinas and Sao Paulo area., Similar,
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but unimproved cempo cerrado land in téia region is presently selling for
es high as $1,500 U.S. per hectare. In contrast, similar land in the
Colombien Llenos, with even more favorable topography and elimate, sells
commercially at less than $5 U.S. per ﬁectare and is still being used almost

exclusively for extensive grazing of n1five savannah.

- - o
One of the characteristics of t§e settipg in which land use slternative
ch&ices are made is that it is aftén highty dynamic. What may be entirely
uneconomical st present, in the sbsence of infrastructure or lack of ferti-
lizer and lime for scil modification maj become highly stiractive with the
development of infrastructure and new scources of phosphorus and lime along
with new markets, or changing market conditions resulting from increased
demand Tor given commodities. The development of new technology or perfection
and application of technology elready known, often has & profound impact on
jend use. Government policy relative to credit, marketing, roed construction,

imports and exports greatly influences development patterns.

The future of the humid tropics of Letin America depends on many complex

factors., The blologleal potential of the reglon is great but the realization
of this potential requires many inputs inecluding new tecﬁnelogy, vast amounts
of capitel, and the training of nanegement at 211 levels, The resulis could
mean incressed empio&ment,!better income distribution, and more food for the

people in the region,
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From M. Nelson, The Development of Tropicel Lands.
the Future. {Johas Hopkins, 1973).

Table 2.~ Brosd soil replons of the humid troplcs of latin America, by country,
Resources {or

Central R
8ol repion® jexiep America Venezwela Colombis Ecuador Peru Bolivis Brazit  Guianas Paraguay  Arzgentina Tow!

Lowiands -
Amazon basin - - - 22.0 4.4 440 20 2240 - - - 2960
Bolivian plains - - - - - 4.0 110 £0 _ B - 410
Oringco basin - - 34.0 40.0 - - - - - - - 4.0
Atlantic cossial lowlands,

northern South Americs - - - - - - - 1440 15,0 - -
Pacific coastal lowlands, Bo

northern South America - - 18.0 1.0 - - - - - - 3.0
Upper Parand-Paraguay . '
Chalc,:?m - - - - - - &0 18.0 - 16.0 6.0 46.0
Mexican and Centoan - - - - 7.0 it - 10.0 250 430

Amnserican humid

jowlands 18.0 21.0 - - _ - _ _ _ _ _ 450

Tatal lewlands 15.0 274 3.0 RO 110 480 48.0 2600 15.0 260 31.0 5980
plands -
Guinna upiangs e — 320 - - - - 46,6  29.0 - - 1074
Errnetnd b s anlands

af the Brazilian Shizld - - - - - - itG 353 wa aga
Central Brazilian

depression - - - - - - - 48.0 - - - 48.0
Cepteal Brarilian eorrado

uplands - - - - - - - 169.0 - 2.0 - 171.8
Brazilian Atlantic

uplards - - - - - - - 350 - - - 35.0
Central scuthern

Brazitisn uplands - - - - - - - 30.0 - 9.0 - 3%.0
Easiers Andoan foothills

and picdmont ~ e - &.0 50 2.0 6.0 - - - - up

Totat uplands - - 320 68 50 220 220 A0 290 130 - 5530

Total humid tropics 1E.6 210 65.0 BG.0 160  F00 708 6550 440 39.0 31.0 1,1538

Sources: A G 8. Wright and 1. Beanems, Thy Soif ltcisurces of Leidn
America, FADAINESCO Project, World Bail esowses Report no. 18
(Romo: FAD., 1965); ang K.J. Beck, Soil Ap of Sowh Amcrice
1:5,000.000, FAQ/URESCO Project, World Seil Kesenrges Repos?
no, 34 (Rome: FAQ, Hovermiber 1968)

Note: Dashes indicuts “not applicable.”

35ce map L.
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Table 3,- Iuventory of humid tropical land resources, by country, accerding

’ to suitability for land use. From: M. Nelson, The Development
of Tropical Lande, Resources for the Future (Johns Hopkins, 1973). .
TS Wi T Be L i A e e phein e 1 o Lt T TIR . -
) Soit areas according Lo suitability I
Cropping .
Maginal-  Marginal- Pasture Farestry
Good Tow shaliow or oy
Country Alluvia®  Hydromorphic®  upland®  feriliy?  orstecp®  Tow! plantations’ reserve  Total
Mexico - 63 U 114 > 1B
Central Ametica - - .- B - 23 52 18.5 6.0
South Amcrics
Culombis 3.6 6.3 1.5 0.2 0.4 326 3.4 101.4
Ecuador 0.1 0.6 04 4.8 0.1 6.4 i3.3 ) 21.3
Peru 01 2.1 1.6 17.2 X 2.0 55.1 711
Bolivie 8.7 i0.8 8.6 123 2.2 8.6 512 78.8
. Arceniiss 2.1 2.3 3.1 5.7 1.7 15.8 15.2 6.5 3.2
: Patapuay 0.7 2.8 4.2 7.1 0.7 15.5 14.8 0.4 40.7
Ferand) 2 254 2i.B iTA 18.5 243.3 2333 170.1 T46.7
Venezurls 0.2 57 2.3 11 s 30.3 i v —cel
Tolsf South Americe §1.3 56.6 35,5 258.8 29.0 391.2 761.1 11583

Sources: A.C. 5 Viiaht und 1. Bennema, The Soil Resources
of Leiin Americe, FADJURESCO Project, World Soil Resturees
Report no. 1& (Rome: FAQ, 1968); and K. 1. Beek. Suil Mop of
South Amerirn 1.5.000,000, T ACGIUNESIO Projeet, World Soll
Rezourcor Repor! ot 34 (Rose: FAQL Movember 1508,

Npre: Dashes dindicato “nod aveifabie™

B5oils develupad [rom recent deposits and locaied in flood-
piains or deliss, Characteristies of the soils depend on their
parcnt msivtial,

) These soils are found on flat of depretsed landseapes with
Hitle o no yusodT where drainage presents a problom,

— m W WRL e v ——— o =y V4§ AN T A B A ma— ¢

CThese soils occur on undulating o1 level topography, sre woll
drained, are nol susceptible 1o suious croston, and have
medivin-high natural fernility,

These sofls are of the oplund 1ype bur with very low natural
festility. With sppropriate crops and fenilizer, reasonahle yiclds
may e cxpected.

®These soils pose special problems for acricuhond nse dee to
siisllowness or siops, hesvy toxiuie o sandiness. They ocour
Prinarily in highlend meae and oo suseeptibls 10 sovere erogion.

TThese soils are uasuited 1o nosnal ciap production because
of major tiniting foctors such as xwep topography, peor din-
2pe, low lertility. sandiness, heavy texture, and rock outcrops of
SOnCs,

. ..4.:4_;2
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Fig, 1.~ Major geotectonie ronfons of South America., (From: World
Soil Resources Yoport Ho. 34: Soll mep of South America.
ﬁ. J. B(’«fﬁkc Y;‘&x‘:, Homt 19580
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BOILS OF TROPICAY, LATIN AMERICA

Figs, 2.~ Major soil groups of Lstin Americe. (Adspted from a 1971
manuscript sol) map prepared by the Soil Geography Unit, Soil
Congervation Service, USus),
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Fig, 3.~ Rainfall disvritutlion in Scuth Americs. Annusl Precipitation, wma,

(pdepred {rom: Agriculturel Geopraphy of Letin Americe, 1958 HMise.
Pub. Ko, ?é&, Ff;g, Usbha Rasfziﬁgtaﬂ}.
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Fig. 4.- Rairfall distribucion ot sclected eiten in Sputh America.
(Adapted from: fgricultural Geogrephy of latin Amevica. Misc.
Pub. Bo. 743. 1453 PaS, uspa Washington, )
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