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J. H. Spatn y 

Tlie vast mnjcrity of the lO-wland American tt"o¡>1cs rsce{ve over. 1000 JmI 

o~ ralníall. nnnu¡:¡lly and hav .. ampIe moisturc d:'ríng st hast six IDClnths 

i 
.\o~""l;,!?e year to SUPPo1:t"vlgorous vegetstive g:-owth. Native vegetation 

.¡ 

ranges from ope!¡, tr",eless gr8E.G ssvennahs tf\ tall, dEnse rain forest. 

Ágrii:.ulturc '.0 thl.R ·cc,gl.t:n is lir .. ;'ted p:i ... ~"il)' to all.uvic1 soUs, steep 

rocks and heve medic:n ta hiGh levels of natb:e fen;il1ty. 

natural retam:ce ln\sl! delllsndl' many dlfferent Id.nda or lana USI:, dcpandil'l& 

'Lha purpose of t.hir. p!<per b te r()view bl'id:y the gcuJ."BY, sol.lr., cH",ate, 

vegetation end pO¡lUlaUNl cBlltribution in th~ re:gion, tr. "it'cu~s """,,, of 

whicn should bó: t/!:'G!.'I into r.ccolmt in plhnrd.ng rnl' de\-eIo~,man:- of' the region. , 

1I 
1/ Paper l're?e~rl ;:01: '" rn~et i,n!; on thE rol" cf "n!Jr~ 11' in fl'ture ',orld 

tood =up"ly, .• pcnsored by the Rock.fI'ller fo,.mdótion, hdd in N ... w 
York, April ~1·22, 1975. 

.' !I Soi! Sc,lélltist:, Gentro Internacional. de A¡¡¡:icl.illurtJ. Tr,o¡>ic:al, CIAT, 
Cali, Colombia. 
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TIlE RESOllRCE BASE 

Gcology 

The gcology of South snd Cerotral America 111 dominated by' three majar land 

forma, as se en in Figure 1. The Guyana shield in the north and the Braz1l1an 

shield to the east are very old land sur faces on whic·h llave fomed deeply. 

weathered, generally extremely infertlle and acid soils dur1ng mil11ana of 

yeara of exposure to high te:llperature and high rainfall regimes. These 

surfaoes are extremely atable and subject to very little geologlO eros ion. 

~unning the length of the Wfrstern edge of the continent are Andean mouotalns 

which were formad durlng the Cretaceous'period and have been subjected to 
, 

strang tectonic Bctivity in r-ecc"t geo10g1ca1 time. BecBuse óf the magnitude 

oi: the upUft Bnd th· ver)' steep slores, Bccelerated geologi~ er08h-, ls 

cornrnon throu!?,hout the Andean regior,. 'rhe vast Sub-Andesn depresdon 

serarst!.ng the Andes snd the t",o old shields 18 filIed with sediments, 

1argely derived fran lhe Ancles. 1t ir. drain~d by the Amazon. Orinoco, and 

ParsnA rivera. The esstero slopes of rh~ Andes are rnostly composed of 

very poor rack rormat1.ons ¡;tviog rise Lo al1uvlum of low lnherent fertility. 

Soils 

The 5011 lsndscape .oí the region 18 ~ho~o io figure 2 ln a very generaltaed 

f451110n, to indicate the pred.ominont groups of 80ils found in the differe:1t 

reglons. It is a landscllpe of extrcmcly infertile IInd acid soih throughout 

the 10'01, humid tropics east of the AndeR. The old 'surfaccs are eovered by 

very deeply weathered so11s formed 111 I,lace ando the Sub-Andean depreuion 

is fUled with poor sedinlents. The well drained 8011a in the depression 

., 
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are subject to further leachlng under a high rainfall. hlgh temperatura 

regtme. 

With few exceptions, the oxiaols and the ultisols are strongly ro ver)' 

strongl)' acid and of low ~o extremely low fertillty. The few exceptiona 

sre important in the regions where they occur, 8inc~ these "blands" of ... . 
ferrHlty ln s grest "sea" of extreme tofertilley serve liS steppl.ng 

atones for the development of ncw ~egions. They determine to a large 

extent the 10cation of tovns .lId c:l.tle& ln the Braztl1an Plana Ita, ocurring 

malnly along major dralnsge. ways, where eros ion has been Buffie!!!n!: to 

rejuvenate soils and on ourcropplngs of ·basa It .. hich have given rise to 

fcrtUe soila with high base saturation. 

Climate 

Figure 3 shaws annual ralntall. Most of the region lB characterl&ed by 

rainfaU 01: between 1000 and 25·)0 mm. (Thel"e are some areas where annual 

ralnf&ll exceeds 10,000 lmll.) In the wetter regl.ons there Ibay be no pronounced 

dry seuon st ally time dllr!.ng the yeer¡ while in the dryer regLons there ls 

.usually 8 pcdod of ""treN" drouth of up to ~lx lOt'oths duration. Figure 4 

sh~s representative r~infall distribution patterns for several key lneatinns. 

Veget.atton 

Toe major vegetatic>n "reas IIre shown in FI.f.ure 5. The three dOlllinant types 

of vegctation are t.rol'ical wet evergreen forcst and tropical aeasonel 

forest plus tropical snvannah.. \Hthin caeh of these general areas one 

fl.nds nurncrous lllno fc>rms aud drainage ,situation.s. On the old shicld 

" 
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surfaces, most land-seapes are vell drained. However in tohe Sub-Andean , 
depression, large areas are imperfectly to very poorly dr~ined and . 
subj,ect to seasonlll flooding. They inelude 1010 terracesooalong a11 thrce 

major rivera. large areas in the Venezuelan and eolambian ¡llanos, the 
¡ 

Bene plains of Bolivia, the Gran Pajonal of Peru and the ¡:iantanal of 

Brazil. Theae areas are 'largely covered vith savannahs; ·Jhe major 

exceptions being the aeasonally flóoded and 8wamp foresta a:oc:\8 the major 

drainage vaya. 

Population 

Population 1s concen~rated along continental coastlLnea and in the Andean 

region throughout tropical J~tin f~erica. The major restrainta to thc 

Q(i>\'uopme:>t, anó setti.ement OI new areas are lOW nSf ~ve so~ .. Ierr:1L~"y, 

extrelue 80il acidity, and lack of accesa routes. Because of lack of 

infrastruct\lre, on farro costs for inputs Buen as lime and fertilizer to 

iQo<af:y the unfavorable sol1 chemical enl1ironment are too hiSh ln mest 

areas to be economical1y ícasible. Th", area in question has s(Jlletimes 

h(i>('!n raferred to as a grcat fertility desert, fertility being ehe single 

mo~t 11miting fnctor in the development of the arca. 

ALTERNATIVES FOR FUTURE USE 

Tilare are many alternativas tor tne future use oí this Ilreat resource base, 

t:anging frolD tbe rnaintenance of forast 01' sav6nnah reserves to intensive 

agricultural deve~opment. A hrief 11sting of the more likely alternative 

uSeO would include: forest or savannah reserves, lumber extraction, grazlns 

of nat ive sEtvannah, perennia 1 tree crops, grazlng. of seeded, pcrennip.l 
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pastures, subsistence food cropa, ,nd cClmlllercial producUon of annual crops. 
¡ 

t 
Factora lnfluencing choice of land use 

Among the more important factora which influence the choice of land use 

are lncluded: 

1) Acceasibl1ity or ~oet of ~~elOPing accesa routes 

2) S~ll factore, lncludlÍlg dralnage. fertility. acidity. physical characteristics ; 

3) CUmate 

4) 'l'opography 

.5) AvaUability of technology needed for the particular J.al1.d use choice 

6) Ayailabl11ty of capital 

7) AvaUable management 

8) Market for praducts 

9) The aval1abl1ity of delivery systems for the technology, capital and 

other required tnpute 

Goveraments aud development agencies are concerned wlth factora such as: 

1) Patential for generation of employment 

2) X.proved income dlstrlbutlau 

3) The 11kelihood that the systems will provide far sustained yields 

4) probabHity of resouree conservstion 

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

foad or other commodlties vital to region 

Table 1 ahows the kind of analysis that might be used in considering 
. 

different land use a~ternatlves from the stand vo1nt of input requirements 

and the l:I.kcly output of the syatems. The most favorable systems are those 
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ln whl~h expected output ls relatively high compared to:input requirements • 
• 

The prlority placed on different output components will vary in space and 

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

the lnput requirements for forest or savannah reserves are very low or nil 

but the output frcm these syatems in terms of employment or food product ion 

la ve~~ low and for that reason "this alternative may often have to be 

rejected. At the other extreme, the lnput requlrements 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 circumstances 

will indicate this as the preferred choice. 

Specific case examples 

To further examine factors which infl~ .. nce the choice of land use systems, 

some specific examples will be presented. 

Resource base: Well drained savannahs, aCid, infertile oxisols wlth high 

phosphorus fixation capacity, very low base saturation but with excellent 

physical properties, deep friable profiles, good moisture 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 

• 
aresupplled, we know that we can produce very good yields of cllmatically 

adapted crops. However, rather heavy investments are required lnltially 

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

and a fairly high level of management, along with necessary technology and 

deUvery systems for technology, cppital and other inputs are required. 
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If adequate infrastructure exiata, or if che site ia elose to markets 

and lourees of lime and fertilizer (especlally phosphorua); and if good 

technology and technicel asslatence are avaiIable, along with adequate 

capital and management, theo the area ahould)and probably wlll)move rather 

raptdly to intensive, high technology, annual cropping ayatema. 

lf on,the other band, the ares 1s distant frOlll marketa and/ór lime ~md 

fertilizer sources and 18 lacklng adequate lnfrastructure. wbat 15 the 

practical potential of the resource base? Most native savannahs in 

tropical Latin America are composed af species of very 1_ palatabllity and 

nutritive value and the1r potential productivity 111 low under prennt 

manllgement systems. Calvlng rlltes"lIre characteristlcly SOl oI' les8. 

Fattening i8 impo9sible and feeders are usually aold at three yeara or 

• 

more of age, welghing 300-350 kilos. However, thera are many forage apectes 

whlch are native or have evolved in similar ecosystems elsewhere which 

offer a much higher'potentlal of productivity. These epectes are well 

adapted to the seid, tnfertile 80il environment snd require no lime and 

very little fertilizer for e8tablishment snd m8intenance. A mere change 

in apecies can bave dramatlc tmpact on production performance, both in" 

terms of calving rate and rates af &81n, and may 'also make it poaalble 

to fatten cattle for market. Although the change appears to be s1lllple it 

does imply much higher levala af cspitalizatlon and manag~ent for 

satisfactory performance. 

Thus, largely depen~lng on the availabillty of technology, capital, management 

and other required inputs, a remo te area may rematn in extensive native 

1 
j 

" 
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savannah Vith 10w 1evels of capital input and management and correspondingly 

low levela of output or it may move into improved pastures ir capital and 

management, along v1th technology are available, vlth a corresponding 

increaae ln output. 

Many reatrainta on land use alternative choices can be removed or altered 

but the economic feasibility of ~ing such modifieations Vill vary from 

region to region and in time. otber restraints are mueh less amenable to 

lIIodif1cation. For exampl.e. in tbe southern Colomb~an Llanos. (Meta and 

Vichada), 8 to 9 111111ion hectares of savannah are found on veloy rolling. 

h6~vily dissected topography. ~nterspersed vith gravel capped hi11s and 

d1ssected. vell-drained plains along the right bank of the Meta 1mmediately 

te the north. Both areas are presently used predominantly for extensive 

grazing of native savannah veeetation. The serrania, because of topographic 

limitations vill probably rem~in in graas, eitber native or improved or a 

mixture ot the two, tor the taresceaele future, vheress tbe smoatb plains 

to ibe north vill probably move progressively through mixed native range 

and improved pastures, with limitad food crop production, to more intensive 

pasture management and eventually into intensive rood crop production. 

Like the "serrania" in the Colombian Llanos, there are hundreds of millions 

ot hectares of land that should never be used tor animal erops because of 

topography or other tactors. Tables 2 and 3 presen~ a broad picture of the 

>'''::'. 
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extent of land wh1ch 1s marginal or unsuitable tor cropping. Hov'ever, much 
! 

of th1s land ia sultable for 11vestock production on a sustained·basis. With 

1ntroduced pasture apeeies ánd adequate management," .)'ields can reach 100-200 

kg of lhe veight beef/ha/yr. lields can be even higher with int;'ensive manage-. . 
ment and use of appropriate fertilizera. The role ot beet cattl~ in utilizing 

, ~~ . 
marginal lands in tbe American tropics is presently very important- and viII 

doubtless increase rapidly in the years to come. Technology i& :urrently 

being deveioped to increase the prod,uetivity of tropical so11s. notal>!y throÜgh 

use of legume-grass pasture association and better animal health programs. 

In addition to the large areas vhich are suitable only for permanent pastures, 

(01' foresta and other perennial tree ~rops). there 1s a vast expanse of land 

vith gooa pot~~tial for annual eropping. but vhich cannot be economically farmed 

at presento Bee! is often a 10gical first step in the evolutionary development 

of: agricul ture on this type of: land, until adequate infrastructure can be de-
. 

veloped to support more intensive agriculture vhich requires mueh higher levels 

o! input. 

An ex&:nple oi' the intensive management on an extremely poOl', acid soil 

resource hase can he seen in the vicinity of Campinas in the state of Sao 

Paulo, Brasil. ~tremely inrertile and ac1d oxisols have been developed 

in rccent years and are presently being used for intensive production oi' 

corn, soybeans, cotton. vegetables and cut tlovers. Development has be en 

based on extensive use of fertilizer and lime to modify soil conditions, 

and ready access to markets in the Campinas and Sao Paulo area. Similar, 
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but unimproved campo cerrado land in thls region 18 presently selling for 
! 

as h1gh as $1,500 U.S. per hectare. Irl eontrast, similar land in the 

Colombian Llanos, Yith even more favorable topography and climste, sella 

commereially at less than $5 U.S. per ~ectare and 1s still be1ng uaed almost 

exclusive:~ 1'01' extensive ~raZing 01' :'1t~ve aavannah. 

One 01' the cbaracter1stics 01' the sett1~ in vhich land use alternat1ve 

ch01ees are made 1s that 1t 18 otten h1ghly dynam1c. What ma,y be el\tirel'y 

uneconomical at present, 1n tbe absence 01' infrastructure 01' laek 01' 1'erti-

l1zer and lime 1'01' soil modificatiDn mai become bigbly attractive vitb tbe 

development 01' infrastl'1:cture ana nev sourees 01' pbosphorus and lime along 

v1th ne\l markets, 01' changing market conditions resulting 1'rom 1nereased 

Gemaná ror g1ven commodities. Thé development 01' nev technology or per1'ection 

and ápplica.tion 01' tecbnology already knovn,' often has a pro1'ound impact on 

llUld use. Government poliey relative to credit. marketing, road construction, 

importa and exporta greatly in1'luences development patterns. 

Tbe tuture 01' the bumid tropies 01' Latin America depends on m~' eomplex 

1'aetors. Tbe biological potential 01' the region 1B great but the realization 

01' this potential requires many inputs including nev technology, vast amounts 

01' capital, and tbe traíning 01' management at al1 1evels. Tbe results could 

mean increased employment, 'better income distribution, and moré foed for the 

people in the regíon. 
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'rahle 2. - BrOlld lIoil regions ol the humid troplcs of Latin Americe, by country, 
From M. Nels~n, The Dcvelopment of Tropical Lands. Resources COI' 
t.he Future. (Johns lto¡tkins, 1973). 
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"'Ir tht- Urazilian Shield 
Cenital Br.17.ilian 

deprenion 
~nUli\l Ura'!Uiau N'"~do 

uplands 
Brazilian A tbntic 

Upf!lflds 
Central SQutlu:tn 

llrui1ian up1ands 
Eastctn Andcan foothiUs 

and p!cdmont 

Total uplands 

Total humid trop;c¡ 1 S.{l 

32.0 

66,0 

6.0 

(,.0 

86.n 

---s;;;;;;;;; A, C. S, Wri€:hl :o.r.:'l .t.lWnncffi3, nlo" Sc1l1I<cso!1r ... ·rs r.f ¡"o:N'1l 
ArroC'rica. }':'AO/UNESCO Pr1)jcct. \\'orM SoiJ l«(t$o'xn:'li Repvrt JIU. 18-
(R()m~: FAO. ) 9(15); :md 1\.. J, Bcd;, SMl M .. p nf SO!111t Am,'¡irú 
1:.5

l
000.000. FAO/UNESCO rroject. WOIJd Sojl K~M;'url:'C'S Rf'p"¡~ 

no. 34 (Rome: FAO. No\'CmllC'i 19(8). 

S.O 

$.0 

16.0 

22.0 

22.0 

70.0 

¡G.O 

6.0 

22.0 

10.(1 

46.0 

, ...... 
48.0 

169.0 

55.0 

30.0 

~2~.O 

6S6.0 

29.0 

29.0 

44.0 

NOle: ll:tsbts indl:-iltp. "00\ appliC'~bl~" 

l'Sce mal' 1. 

." 

2.0 

9.0 

\3.0 

39.0 31.0 

TOlal 

296.0 
41.0 
74.0 

29.0 

25.0 

46.0 
42.0 

45.0 

59S.0 

107.0 

4M 

m.o 

55.0 

39.0 

39.0 

555.0 

1,153.0 
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Table 3.- IlIventory of humid 
to suitability for 
of Tropical Landa. 

tropical land resourees. by country. 8ceording 
land use. From: M. Nebon. The Devel'0l""ent 
Resources for the Future (Johns Hopkins;. 1973) •. 

Soila.tea.$ aecotding, lO $uitabllity 
. ... /-

Cropping 

Good 
Countr)' AlIuviall: H)'dromorphicb uphmdc 

Mexico ... 6.7 • .. 
Central America 

South AmcJit:'2 
Colombi;, 3.6 6.3 1.5 
Ecuador 0.1 0.6 0.4 
P.", 0.1 2.7 1.6 
BolMo 0.7 10.8 0.6 
Ar:;cntin! 2.7 2.3 3.1 
Para~uay 0.7 2.8 4.2 
1f ..... ;l ~.2 2~.4 :n.8 
Venezul:u 0.2 S., 2.) --

Total SO~lh America 11.3 56.6 35.5 

SOUTl'I!S: A. C. S. WJ¡~H and J. ncnn("m~ TlI{: SOl1 Resoult'(!$ 
01 LD;in Atn~ri('o. PAO/UNESCO I'mjoclt WoTld Soil RCS(¡UIceS 
Re[lOrt no. lt ¡V-omo: FilO, ) 9{,5); lI1td t. J. Ilc .. k. &>il MDp 01 
Sourh Amerira ':5,O(}(),OOO. FAO/tlN'ESCO }'rojN"t. \\'orld SoiJ 
Re..~ource!. Nq10n no, 34 (Ro:nc: FAO. Nl)\'Cn~bc:1 J9f¡8). 

NOTe: IJ:t&h("!.. indkillc "UN 3v!!il:lbh:," 

·Soib d<1·t.'h.p:~:t fro!n rN'l.'1It m'posits and !('IC3h~d in flood­
plJlins: Uf drJIJ\. C'haraC'tcri:;lics of lhe wiis depend on their 
p.vcnt mliteci.!I. 

bnlt''(c :;"jI\ :'tIC focud on fl:Jl Ql dcprf'S~'d 'alH]c.~'3J'CS \\ith 
Httle or no JUIu,.ff wht'U" draínagr prCSi!nl~ a probk.m. 

M"r.lnal· Marginal· l'asfufe Forestry 
·Io'\\' $haDo\.\." Ol" or 

ferúll'yd Ol" S1ec.pe Total piantationsf reserve TOlal 

11.4 ~ 18.1 
2.3 5.2 18.5 26.0 

20.2 004 32.0 fM 101.4 
4.8 0.1 6.1) 1;j.3 21.3 

11.2 . 0.4 22.0 55.1 11.1 
12.3 2.2 26.6 ~2.2 18.8 
5.1 1.7 15.5 15.2 6.5 37.2 
7.1 0.7 15.5 14.8 :1).4 40.7 

1i4.4 18.5 243.3 ~33.3 nO.1 746.1 
1I.j '.0 3ú.3 u., .. u., 

2~8.8 29.0 391.2 767.1 1,158.3 

"These SOÜf\ o«ur on undulaHng (\1 1e\'cl tOpctp-aph)'. are wcl1 
draincd, are nm su~Jltiblz to :wrjems tJOJ;íon t and have 
medium~hi&h n:lUlral fcniJit)'. 

dTIle~ soils ale (lf the uptand IYpt' hUi wjtb ver)' lo\\' natural 
fCftilitr. Wilh l1p¡Jf('plj3'~ erors 3l'id fl"ni!iacl, reasol!.1111e )'iclds 
roa)' bt> C'x:pcl'tC'd. 

t'TItcsc s.oils pose speci:d ptobltHl'i. [('Ir at::ricuhurul U$C due 10 
shalluwness (1. s)ort'. h€"<sY)' lC1xtul1.' Ql' s~.ndin('s~ 11l(:)' occur 
prln.¡;rll)' in hi~l11afld !l:tlJ!I.'i and IDC susceptible 10 s!were erosiono 

f111csr. soils are un~u¡\C'd lO nounal CfOp plOduction bC'cause 
of m:tiot Hmjti:J~ facl0rs wC'h as "tN'P tOPOY.U1I}¡)'. roO! dr.!in­
~.f+C" lo\\' rertmt)'~ sandincss, b(,3\"Y tl'xturl!, and roct outC%OPS 0% 
~tonC's. 
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GUYANA SHIELD 

Fig. l.~ Majar gec,tcctC'n1" t'cr:1ons af South Ar.eriea. (FrOlll: World 
Sol1 Res"urc{'ó !l!!Fort No. 34: So11 mr.p eof South A",edca. 
K. J. Beek. n.e, Ro:~<: 1968. 
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SOILS -OF TROPICAL LA TIN AME RICA 

\;t-- 20' 

Fig. 2.- Major 8011 sroupa of L.tin Amer1c8. (Adaptad from a 1971 
manuscript II-oil mar prepa,."d by the SeU Geegrllphy Unit. SoU 
Congetvatlon S~rvlce. USVA~. 
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O 1000 1500 
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Rai.nhll ':1strlbutl.on ln SCJuth "",erica. Annuol Pr"cl.pftation. 
(Ad8p~"d ir"".! Agri""lturl!l Gcogr"phy of Lel'ln AnlericlI. 19Sa 
Pub. No. 7l¡l, F/.S, USUA Vash1r.gtoo). 
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Fig. 4.- Rain(I1U dhl:rlb~,tion t\t sd"cnd r.fte8 11\ SNlth AlUerice. 
(l,da!> ted fror.:: A¡ir te ulturlll G''''gr''phy of LP ti n I.:!lcdc.a. Mise. 
Pub. 1;0. ?43. 1,;;:1 l',\$. USliA Ucshi'igton.) 
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