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I, THE PHYSICAL CHARACT.RISTICS OF BOLIVIA

Bolivia, the only complstely land-looked country in South America, covers a
total area of 415,000 sg. miles; situated astride the contral sector of the
Andean mountain system and cxtendin, down to the central lowlands. In the
latt r portion, Bolivia has common frontiers with Brazil, Peru, Paraguay and
Argentina, In the mountainous sector it has common frontiers with Chile, Peru
ana Argentina,

There arc three obvious physiosraphic divisions to Boliviaz the Altiplano
and adjacent highlands, rcprescnting about 14% of the country; the east facing
Aindean slopes and intermontanc valleys, occupying aboutb 29% of the country; and,
finally, the castern vlains representing somec 57% of the total area of the country.
liach of these major physiographic divisions can be divided into 3 subregions (Fi. 1)
a. The bastern or "Altiplano®, physiograchic division consists of wide, flat
plains of undulated to rolling glacial landforms, and a number of hills and
mountain, rangces clevated high above the main base level of the Altiplano,
The mean altitude of the Altiplano is about 4,000 m., whereas some of the higher
mountains rise to over 7.000 m. Some of the landforms appear to have bcen pro-
served almost intact from carly Tertiary time, before the great orogeny:s but
the .reater part of the Altiplano landescape was modified cztensively curing
four glacial periods in Juaternary time, and further modified by erosion and
accunulation in recent itme. A consplcuous icature of the Altiplano landscapc
is the wide, flat plain once occupied by a chain of lakes and lagoons. Thus the
wastern physiographic division has within it at least three distinet physiographic
subregionss -

i. Northeorn Altiplano region

The northorn subregion has the highcr proportion of land of ro.ling reli-.
than the rest of the 4Altiplano, and enjoys a somewhat 1o s rigorous climatc
owing to ameliorating influencc of Lake Titicaca which forms its northern
boundary, The climatic regime may best be described as "dry subhumid,
Altiplano®™, The landscape uas »robably once covercd with ionse tussock
grassland and patches of xerophytic shrubs, although littlc of this now
remaing owing to centurics of intonsive potato and quinua cultivation and
grazing by 11 nes and other indijcnous livestock. iven today, practically
egvery hectare of soil is used for crops pf wheat, barley, becans, potatocs
and other vegetable crops; only the most stony and shallow soils are un-—
cultivated and uscd for grazing by shoop, cattlo, llamas and alpacas,

The prescent landscapt is charactoriscd by small cultivated plots surrounded
by stone walls, In this region, the mcan amuwal rainfall is betwoen

500 and 700 mm., and mcan annual temperaturcs are in the .deinity of

10°C. Occasional, severc irosts do _rcat dama_c to orops in the flattish
basin arcas, but arc lcss of a hazard to crops on th. rolling down-

lands.

The soils range from shallow stony sandy loams to decpor sray and reddish-
brown clays, and arc locally calcarcous in the subsoil. Salinc soils

arc restricted to small arcas in th. con rc of basin topography. These

is a deficit of soil moisturc from fugust to Cotoboer, but over the wholec
year therc is an cxcess of precipitation over cvaporation.



ii. Contral Altiplano vegion

The contral 4ltiplano subresion is characteristically xormed of
wido,flattish .lains, formorly occupicd by lagoons, uurroundod
by o narrow fringe of wo:ling land, which, in turn, 1is onclusod

by a sing of mountains, The climatic ruglme is markedly dric
(mean apmual reinfall bstweon 200 and 400 mm) with v. Y 60 ong
and cold dry winds during such of the yoar, Frosts arc Antonsc
during winter, @wrinv and autumn wenths, so thoet cropping is
rostricted mainly o stooper slopos of the rolling downe
land and to tho lowvr slopes of the nounteins. The main annual
tomporature is probably about €°C, The total eclimatic rogime
con be describod as "somi-arid Altiplano™, . The agricultural
pastorn is predominantly postoral, with llamas far morc common
than alpacaes, and shoup mors common than oattlo. Llthough
greatly modified by conturics of pugtoral fa wrning, cunough
remaings of the natural vegetation to suggest that the original
plant cover was mainly 1ow tusscoek srassland with wind-—shearoed
¥orophytic scrub on the morc houldiry and stony soils.

Soils range from bouldory loons to calcarcous hoavy clays;vith saline
soils common on tho plainsg, Wvaeporation ratcs are very high during
most of the ycar, and for five months of the y:iar thore is a markod
deficicney of soil moisturce,; the total annual moisture deficit is of
the order of 250 mm. During th. intonsc raing of January to

March, there is much sheot croegion and mass flow of the topsoils,
Wind orosion is alsgc vory active ug an agoney for redis ctributing
topsoll materials, cespocially in th: wastern scctor whore the

soils arc Fforming from fine pumiccous volernic ash.

iti,  Southern Altiplano r.ogion

The third end most scuthorly of the Altiplano physi graphic sube
regiong has o still driocr climate, - bost doscribod as "losorbic
Altiplano™, Over much of the r.gion there is & marked mOLuLur
eficit throughout ths yoar and the total mumual rainfall ig in tho
vicinity of 100 mm, In gomc yoars no as.reciable rein is Jucor&od,
Owin, to the vory high ovaporation ratcsm, rainfall brings littlc
relief to the dry soils. Vory sovere Zrosts arce common ond may
oceur at any time of tho year, with the rusult thaet crop production
is resirvicted to cspocially fawcurable sloying and sheltored
locations, The mean ammual tomporaturc may be as low as 3°C,
although the diuvrnal ranze is vory wide, Muoh of tho landscapc
is ocoupicd by broad barren salt plains ("salars"); clscwhere the
plant cover is scanty and rostrictoed malnly to opon, low tussock
grassland., Agriculturc is mainly pastoral; shcoep and llama flocks
being horded across the plainsg to lecalitics where & 1little rain
has froshened the natural tussock pasturc, The soils are typically
descrtic in charactor.
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b, The Central, (or "Sicrra") wivsiosra hic division

. This division consists almost cntircly of stecp slopes cnclosing narrow
1nﬁorwmontano valleys, In this division, there is a groat comploxity of micro-
cl}matos with?n different valloys, within scctors of tho same valley, or cveon
?cnwaon appos1to glopes of the gome sccotor of o single vallcey. Thoe chicf factors
involved in thoe formation of these local glimatic conditions arc the altitudo of
tpe vallcoy floor, th. zon.ral trend of the va'lcy system, an.. tho longth and
width of any perticular scctor. In aboui the contre of this physiocgraphic
division, thoe main axis of the Andean chain bonds from its goncral north-south
direction, and takes 'n a northeast-southoast trond. Thus, all the valleys
carved in the flanks of the Bolivian Andes in the northorn scotor folldw. a
cencral northeoast dirsction and they bocome funnels whereby the hot, moist

alr from the Amazon cl:matic systom con travel up to the codge of the Altiplano,

By contrast, the val.oys carved in the flanks of the southern soctor oi the
Bolivian fndes heve an casterly or southcastorly trend, less dircctly affccted

by the flow of the dmazonian alr masses, and are much mcrce affected by tho advancos
of cold air masscs from the south., DBetwoeon tho two roglons lics the contral

gcetor of +tho Bolivian Andes which comesn under th  influcence of both regimes

ut bo only a moderat. .eg.se., This is the, adnittodly, oversimplificd basis for
dividing tho Central physiographic region into northern, ccntral and southern
physiographic subrogionss—

i. Northorn Sicrra subreglon

These arc loca:ly known as "yufiges",  They ccmmence at the point where
tho warmymoist tropical air from tho lowlands mcets the colder, drier
air of tho Altiplano system, forming an almost pormancnt cloud bclt.
This usually tak.s lace at an altitude botween 2300 m. and 3700 m.
depending on local tonographic donditions. ALbove this Loint, tho valley

hoads and mountains ridges have a cold, moist-to-dry subhumid Lnvironmont.

In the majority of arwcas tho cloud belt nonc occurs at 3300 m. Here
the air is cool and stronsly charsed with moisture, the vogotation is
a dwarf forest of gnarlud, wind-ghorn Yrcos thickly hung with lichens
and opithytes,. he soilg are saollow and strongly acidificd bencath
a thick lay.r of raw forust huaus thot increases in depth on the broader
nountain ridges to form small peat bogs. The environment is unattractivo
of _ittle intorost to formers ond forustors alikes - a ma btor of somc
importance, for if the natural vogotation should bo cxtensively disturbed,
nossive sheet crosion would romove tho whole of tho thin soil mantic.
Tmmedictely below th. cloud forest belt, thore beglns an u, por montanc
forcst belt with tallur and straighter trecs of modost girth, drapod
with lichons, ferns ond messcs, and interporscd with arboroscont forns.
Tho olimatc is still cool and m ist, Lut the air is lo s maturatcd and
noisture condeonsation is diminishing, Here the mantle of soil and
weathering rock on the stccp sloyvs is somowhot doeper (averaging perhaps
30 cm.); and ven under natural conditicns, loag slip-scars nark the
places where some of the larjor and older trocs have torn loosc from
th mountainside and startod debris avalanches., As with the zono abovacy
the onviromment is fortunntoely unattractive to farmors and to commorcial
forcstors,
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The lower montanc for st helt a, po
and girth rooted in a mantlc of soils wcathcrimg roolk that ofton exc.cds
50 em., oven on v.ry stoop slepes, The climoato is warmer and locally
somowhat dricr {(as on the north-facing lowsr slocs of some of the

decper valleys), Under natural conditions crosion is not particularly
active, but accelerates rapidly whon large-seale tinbor oxtraction

ig cractiscd, and may bocomc spectacular in laces whore plonecr farmers
have tricd to carve cropland from the for . stoed ste.p slopes. In most
arcas, tho losson has boen guickly learncd, and fow farmers have romaincd
poermancntly in this bolt.

Below this lattor belt bogins the truc rain forcst, passing successively
from warm tomporatc to sub-itroplcal and tropical facics as the temporature
increascs with wceroasing clevation., Concurrontly with changos in

the forest composition, thoe mantle of soll and woathered rock on the stoop
slopes increascs in cepth and both the colovr of the soils and the

nature of the soil clays show progrossive change, in the direction of
reddish soile of predominantly kaclinitic composition. The subtropical
belt appears to have b on most attractive to pionscr scttlors, and

from this zone they hove gproed upward Into the tomporate belt and
dowvnward into thoe tropical bolt, commencing first on the lower slopes

of the wvalloy sides and crtonding upwards on to all but the most
procgipitous slopes. Under natural conditions, wosion is not very
cvident, but intensive cropving hes roduced many arcas to barce rodk.

Host farmeors have been forcod into o systom of shifting agriculture, with
increasingly lopg intervals botween crops and an .verlasting scarch

for now forest land to balanct drclining crop yiclds, Shifting
cultivation of indigenous Indian Jormers in the humid tropics doponds

for its success on a nico bhalonce botween oxploitation of accumalotod
fertility in forcst rosiducs (plus some roncwal of fertility through
siightly acceelerated erogion) and the modest demands of a purely
subsgistonce coonomy, hon the demands arc inercased by the nced to srow
crops in guantity buyond th. iomodiiate subsistoncoe regquiroments of +the
Tarmcrs, snijting cultivation loads {o groatly acceleratced crosion and tho

ultimate ruination of tho soils. In the "yungas" of Bolivia, thisg situation

is compouncd by the lock of inhoritod, indigonous skills for dealing

with this typce of preblem: thoe farmers arc, for the most part, rccont
immigrants into tho rogion. The situntion would be less sorious if
production was bascd from the cutset on such tres crops as coffce, citrus,
papayes and mangos; and the land thoncoforth kept poermancently under their
shade.  Howovor, & very dgh proportion of the land is uscd for maizc,
mandioca (”yuca”)y COGo, other row crops, and, as & rosult, largo
arceas have passed out of preluctlon othoer than casual livestock grasing.

Contral Sicrra subrogion

In thig rcogion, the bolt of maximum condonsation is loss marked and
there is rorcly any true cloudforest, Tho zones of slightly higher
humidity and procipitation at high alditudes arc indicatod usually

by light shruby forcst of quchuina (Polylopis inoana)y and cven thig
doos not form a continmuous bolt but appears locally wherc cool 2nd moist
air condition provail. Therce iz no rogular and well-defined scquonco

of vegetation belds as in the northorn scctor of tho Bolivian Andcs,



The valloy~heads in this rogion cxtond back into the semi-orid rigion
of the Altiplano, and thoe steep slopes arc thinly covercd with tussock
sgrassland. Agricu . tural ondeavour is restrictcd to nomadic razing of
~the natural grassland. At first, with weercesing altitude and increasing
wreeipitation, th. tussock grassland thickoens and small shrubs apocar,
Much of this belt has bocn overgrascd and poeriocdically burncd to

promote now grass growbth, with th  r.sult that much of the tussock
grassland has bo.n replaced by short turfl of scdscs and annual grassog,
In this zonc, indigenous farmers have cxzploitcd the lover valloy sides
for potato, guinua and wheat production, and have boon Torced by srowing
population prossurc teo extend their cropping activities to the stecpor
slopes, therecby cousing groatly acccleratod crosion. This ocours
approximately in the zonce of maximum humidity in the highor altitudes,
and scattercd romnants of Polylopis scrub-~forcest arc common, Tho soils
arc shallow, mainly somcwhat acid and Tange in toxturce from loams %o
clayes depending on parent matoerial.

With doereasing elovation, microclimatic difforcnccs bicome very markods
the change may ocour anywhere from 3300 m. to 3800 m.; with somc velloys
sectiong of vallcys, or cven op osite gldes of valleys showing in swift
succession changes from ccol dry subhumid to warm dry subhumid, to

viry warm seml-arid conditions. In somc arcas, where warm, humid air
from the "yungas® rogion impinges on th  poripher, of the central Sicrra
region, the sequence of climatic conditions is cven more spochtacular,
running the gamut from cool, very humid to vory warm, somi-arid in a
distance of lous than 20 Km, and over an altitudinal range of losg than
1500 m., The vegetation patterns arce a surce gulde to climatic conditions
and also fit well with soll categories; despite great textural ranic
controlled by the noturc of the soll parcnt materials. Docercasing rain-
fall and increasing temperature crce paralleled by deecrcasing loaching

of oxchangcable bases and incrcasing movoment of clay from the topsoil
into the subsoil. This latter process reaches its maximum in th. dry
subhumid zones, and is loss in ovieoncec in the calcarcous sodls of thoe
warm scmi-arid zoncs.

At clevations a yroaching 100 m. ana continuing down to the lowland plains,
the environment becomecs more uniformly humid and warmer. Herce the
vegoetation pattorn r gsains some moasure of uniformity on all slopes,
although variations in tho soil pattern duc to wvariations in soil paront
material arc somowhat morc marked, This is & zone of scemi-deciduous
woodland growing in fortile soils showing distinet ~lay movement into the
subsoll; a foatbture which is still reotained to some degroece when tho forest
changes to light tropical rainforcest on the foothills in thoe immediate
vicinity of the plains.

iidie Southern Sicrra subregion

The valley-hcads of the southern rogion of Andcan slopes and intcrmontanc
valloys lond back into the saline and dosertic region of the Altiplano,
The upper montane slopos and high valleys arc doeidedly somi-arid and

arc used only for scisonal pastursasge on the sparsc Stipa tussock grasscs.
Uith deecrcasing cloevation, o zone of dry subhumid merophytic scrubland
and tussock szrassland ajpoars, bulb soon gives way to somi-arid conditions
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ensrally with some valleys cxporicncing almost doscortic conditions,
with a strong dovelopment of solinoe Sﬂ11~ on the vallcy floor, Oondltiong
improve with furthor sccrease in altitude, and the lower foothill zone

cnjoys subhumic olimatlc bOQ@iLLQQw which permit the growth of scmi-

dociduous woodland and, finally, nc

~ the start of tht castern plain,

a mixed deciduous  androvdrgroen Forost., Scils of fair dopth and natural
fertility arc to ho found in this latter zone, but the longth of the dry
6Qagon hag discourascd scottlomont.

¢». Tho Bastorn {"plaing') physioeraphic division

The natural rosources of this diviOion ary scarcely yot cxplored, Almost
the wholo of this natural unit consists of onc vast alluvial plain built up

as o wide apron of dotrital material croded from the flanks of the Andes after their

uplift in the Lete Tortiary timc., This material almost fills the Chaco

basin, cxtending right acrosgs the western linit of the Brazilian shicld, and

also contbributes largely to the filling of the dmazon basin. In ite final stages,
the plain was built up by cealosceing fans of rivers subjoet to scasonal flash
flonding: their froguent changes of course can gtill boe resd in the answstromosing
pattern of low sandy ridgos and clay-filled shallow Jdopressions,  As tho
accumulation process diminished, many of the larger rivers woveloped lightly
incisced chonnels running northwards to the dmazen basin; while thosc from
southern valleys continuced tholr southcastern trond across the Chaco plains bo
join the Parana river systom.

Although dorived from alluvium, most of the plain is no longer subjoct
to deposition of fresh alluvium from outside the arca. Today, the preocoss is
nore one of local rodigtribution of supcrficial soil matorial during thoe short
but intensc rainy scason. TFor the most poart thoy arce old soils with a very
marked dogree of clay ccoumulation in the subsoil. Rainwotor can ho longer
ponctrate roadily and during the rainy scason the surface of the plain bioomes
awash with ponded rainwatzsr which moves slowly down thoe gentle slope of thoe
plain, resorting and transporting somc of the sandy material from tho low ridpes,
In this process no now alluvial matoriel is odded. Ounly along the wostorn morgin
of the plain arc younger alluvial soils to be found, the coembtrs and most of
the castorn part of the plain are old g~ils with sirongly difforontiated profiles.

It is int.rosting to note that the naturc of the sodimonts on this pleain bear
sone rolation to the river systom of the Contral physiographic division., TFor
cxamplo, the northorn scotor of the plain has beon built up by rivers flowing
Tfrom & someowhat acid, strongly weathuring cnvirormont mnd the sodimonts arc mainly
acid and kaolinitic; whilc Fho southorn ow,tOT of the _lain has b on built up
by alkaline and salinc materials carrying loss weathored clas mincrals,

Thore are certainly morce than thrcee physiographic subro ions in this olaing
but for $ho purposcs of this roport, a very broad grouping into northorn,
contral and southorn regions will bo sufficiont. D
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Northern plains subrcgions

This rogion >xpericnces a tropical climats with a mean annual tomperature
in excess of 269¢ and with a mean a nual rainfall in cxcoss of 1500 mm,
Therc is a long rainy scoson (Ootobor to April) followed by a very

hot, dry wintor scason, The soils beeono markcedly moisturc—deficient

from July to August owing o the hig rate of evavoration and transpi-
ration. Much of this northern plein is covered with specics of coars
grasscg, well-adopted to survive the ocxitreme oscillations of soil moisture
conditions. The natural grasslands scrve as rangeland for an cxtonsive
beef cattle industry.

Central plains subregion

The central plain cxperiences a mean anmual rainfall of about 1000 ma.
falling mainly between FNovember and lMarch. The mean annual fempceraturc
is in the wvicinity of 239C, and the relative humidity of the air is
lowor than in the northern’ plains region. MNost soils arc markedly
deficicent in moisture from July to October but in the rainy season

a large part of the plain is unnendated with Yperched!" water for wecks
at a time. The natural vegetetion is a mixture of grassland, chaparral
scrub, ond light forest;, each vegetation type bLoing accurate indicators
of speecific soil conditions. In the wostern sector of the contral
plains theore are cxbonsive arcas of sandy soil, locally hcapcd by the
wind to form low duncs. In the northeast scetor, whero the soils are
derived from ancient metamorphic rocks of the Brugilian shield, a type
of dry subtropical forcst _rows on soils that arce old and lcached. In
the southecastern sector, there is a morc thickly forested belt that
cxperience an aunual reinfall of about 1300 mm. and mcan annual tomperaturc
of about 26°C,

Southern plains subregion

This is in many ways comparable to the Chaco rcgion of Paraguay. The

mean anmual rainfall ig betwoon 900 and 700 mm,., falling mainly in tho

period January to March, Mcan avnual tcmperaturcs arc thought to be
in the vieinity of 27°C., with very hot summers and cool winters. The
soils arc subjected to o long period of moisturc—deficicney followed
by a bricf periocd of inmundation by "pcrched™ water during the rainy
season. The natural vegetation is moinly xorophytic woodland, with
arcas of open, grassy plaing and many patches of gwamp, Parts of fhe
area arc distincetly salinc.
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IT. RANGE OF SOLL FORMINC

The dominant soil formin. parcnt mat . rialsg arc the sandstoncs and shales
of the Andcan system, and thoir derived sedimonts accumulated mainly in the
Chaco and Amazon basins. The 'clayey'! rocks (shales, claystones, phyllites,
mudstones, otc;) on tho one hand, and the gquarts-rich scdiments, on tho other
hand [ form strongly contrasting soil Torming parent materials throughout nost
of the Y"sicrra' physiographic division. These two contrasting groups of
gediments occur togothor in 4w ricat. b.ddiang patbtorns (Ahlf@ld, 1946, Douglas,
1914) over much of +the Andean systems, In Bolivia, the Andes have only a vory
small proporition of andesite, and indocd igncous rocks and any kind arc relatively
rarc, - cxeceptd on the Altiplano whore rhyolitic and other zecid volcanice
rocks arc morc common, Many of th scdimcuntary rocg. of the Andog are indurated or
gomewhat metamorphic and hence tend to resist weathering, On the othor hand,
there arc considerabloe arcas of hard rock crushed and split through faulting
in which weathering processcs ofton cnetrate uwooply. Shales and sandstoncs are
the commonest soil parcent materials in the Bolivian Andes,

Pre~Cambrian crystalline metamorphic rocks of the Brasilian shicld
system, and Mesozolc sandstoncs very rich in guarts, broak bhrough the ancicnt
alluvial plains in the castorn rogion oif Dolivia, ncar the Brasilian border.
Thess are very ancient rocks, but the prosant landscapes ars much loss old, and
only in rare local patches have the weathering products of thesc rocks been long
cnough in place o produce Latosols equivalont to those over the shicld rocks
of the Brasilian platocau.

The great doy ion of the Chaco and Amanszon basinsg, betweoen tho
youthful Andes and the ancicent Brasilian shicld, arc almost lovelled ccross
into onc continuous plain by the crosion products of both. The Andes mads by
far the greatest contribution during Quatornary times, but in most arcas the
sodimentation proccss has boen on a minor scalc in geologically Recent times,
Today, the scdimonts from the isndes arce mainly deposited over a na.row
ribbon of lowland immcdiately along th. foot of the indes, The supcrficial
material over the wholce lowland . lein is moinly cnciont, or old, alluvial
mateorial that undorgocs but minor ro-sorting and re-distribution during the
rainy sceason.

The old alluvial scdimonts of t20 north rn part of the lowland plains
arc, in general, morc koolinitic and of fincr rade than thosc of the central
and southern scetors. This is not ontircely duc to diiferonces in the cxisting
climatic rogimos, wut also owes much to tho wmuch gtronger woathoring onvironmont
of the humid "Tungas" rigion, whonce most of the lateor scdiments of the northern
lowlands havc boen derived,

Thick acccumulations of volcanic ash arc recorded only from the contral
and southern scctors of the Altiplano, whore the climate is too dry for the
volcanic glassos present in the ash to yicld significant amounts of allophanc
clay on weathering., There arc no known "Ando-Trumac" soils or "Andosolg! in
Bolivia,

The only complote geological map of Bolivia is thotb publishced by
Oppcnheim in 1954,



ITT. RANGS OF CLIMATIC SASTORS

Tn> climate of Bolivia is czceptionally varicd (fig., 2). It rangos
from Altiplano des ri regimcs, whore rainfall is nosligeable and moan annual
tempsratures are less than 590, 4o hot and hunmid tropical junglos. Botwoon thosc
extremcs, therc is a wide varicty of scmi-arid, dry and moist sub-humid, and
humid moisturc conditions, occurring with cold, cool and warm tcmperaturc conditions,
and with sub~tropical and tropical conditions.

Bolivia owcs this great diversity of climatc to the great height and
width of the Andcan chain, to & sharp boend in the axis of the Andes ncar the
convre of the coumrtry; and to the continual and fluctuating battle betweoen two
great air masscs, - tho oubtpouring of warm, moist air from thoe Amazon basgin and
th  strong worthward thrusts of colder and dricr polar air. The latter periodical-
ly invadcs the southern part of Bolivian torritory and s.cps along tho eastorn
face of the Andes as for as tho bend in the axis; the moist tropical air mass
progses stoadily against the north—c stern flanks of the Andes and, whon the polar
airstrecam is weak, croops southward over the whole of the castern lowlands,

The froquent incursions of polar air as far nort. as Santa Crus produces rapid
Tluctuations in air temperaturcs. Although mcan a.uwal tomperaturcs may be high
cnough to qualify Ffor cla sification as 'tropical'l', the mcan daily fluctuations
arc so wide that tho whold of the lowlands of southcrn and central Bolivien
must be regarded as 'sub-tropical' rathor than tropical. Only tho northorn
thizd of the lowlands cxporicnccs a truly trovical climatc,

The "heat pole" of South Amcrica is located in thoe south-castern cornor
of Bolivia, and horc, in the Bolivian Chaco, somi-arid subtropical conditions
provail., Hore tho mean anmuial rainfall falls as low as 700 mm, (fig. 3) ond mcan
annual tompuraturcs risc as high as 26.5°C, (fig. 4).

Surrounding this scmi-arid rogion is a boelt of dry sub-~humid sub-tro-
pical lowland. Towards the cast, mcan amual tenperaturcs remain high (2500 -
26°C) tut the mean annual rainfall increascs to ebout 1200 mm. Rather similor
conditions provail in the woest, alony th  foot or the Andes, although the mcan
annuel rainfall scarcoly roaches 1000 mm., North of the heat pole of the
continont, therc is 2 gradual transition from dry sub-humid to moist sub-humid
conditions, with mcan annual rainfallrising to about 1200 mm., and mcan annual
temperatures falling to 22.5°¢, MTaroushout the whole of this sub-humid
zonc, thery is a markcd asymnoitry in the distribution of rainfall. The groater
part of the rain fallo in the summor months (Iovember to March), with littlo
or no rain falls in th  wintor months,

Purther to thoe north and wost, mcan annual rainfall over the lowlonds
incrcascs to slightly over 25°C, This part of the lowlands is almogt coutinuously
within the influcnce of thoe Amazon oir moss, daily tomperaturce fluctuations are
small, and the rainfall is disgtributed fairly venly throughout the yoar, There arc
two emall peaks in the annual rainfall graph, corrosponding to the movement of the
sun across thoe cquator, but the only dry scason rccgogniscd is a weakly dufincd
onc, occurring in the winbter months.
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On the flanks f the Andes, tomporoturce rogimces are mainly controlled
by altitude, whorcas moisturc regimes are largely controlled by aspoct and by
position with respoct to tho Amazon oir mass. Thus, on the horth-castorn wall of
the Andes, whore most of th  vallcys open out towards tho lAmazon, tho hot, humid
air flows upi.rds ncross the foothills and up the vallcys, cooling and condonsing
as it riscs until, Jjust below the level of the aliiplano, it attain.. a belt of al
almost pormancnt mist with maximum cond nsation, marked by the development of
choracteristic clovd-Fforost. In this soctor of the Bolivian Andes, there is a
consistont scquence of climatic belts, from m.ist tropical, through moist sub-
tropical, humid worm tomporate, humid tomporato, very wmid cool tomporateo, to
supor-humid cool-to—-cold touperatc an. humid tundra climat..

To the south of the beond in the axig of tho indes, the Andcan valleys
are more btortuous but follow a moncral casterly or south-cogterly dircetions. The
whole soctor lics somcowhat in o rain shodow Formod by the bond in the axis of the
Andos, and the ovorall moisturc rugimos range from dry to moist sub-humid. The
climatc is neticcably dricr in tho botiom of nany of the more decply inciscd valleys.
and, in somec, somi-arid to almost descrtic conditions pr.vail., The dricst of these
intermontane valleys occur towards the cost whore sub-humid temporaturcs
proev 1l.  With incroasing altitude thore is o goncral scquonce from scemi-arid sub—
tropical conditions, through dry sub-humid warm tompirate, to moist sub-humid
cool temporatc conditions. Howover, in this strongly scrrated rogion, with
soveral thousand motres betweon valley bottoms and riage tops, and with the valloys
themsclves making frequont twiste and turns of 90° or morc, th. climatic belis
arc commonly tclescoped and abrupt climatic changts may occur ov.r comparatively
short distanccs, Romnants of the natural plant cover, wnd soll profiles, often
provide the best pguide as to the provailing climatbec in any particular spot,

In Bolivia cold climatic conditions usually commocnce at botween 3500 m,
and 4000 m, Tho whole of the altiplanc and the surrounding mountain ranges
cxpericnees cold to voery celd tundra like conditions. Tho moisturce rogimos of
the altiplano range from sub-humid in the vieinity of Laka Titicaca, throush somi-
arid in the cendral scetor, fo arid and Jes.rtic in tho south., The surrounding
mountain ranges oxpericnee very cold but rolatively humid conditions in thoe northe
casty very cold and meist sub-humid in the wost, ond vory cold dry sub-humid to somi-
arid in the south and south-c gt., The pormancnt snow-linc is vory high (often over
5500 m) owing to tho high rate of dircet ova_oration of snow cxposcd to the strong
dossicoting wosterly winds. Tho climate of the wholce of this clovateod part of
Bolivia is dominatcd by theosc cxtromncly sirong, cold, dry windls. Frosts arc sceverc
and common throughout the yoar ovsr th' southern part of the altiplano profile, but
diminish in intonsity and frequoncy in th. vicinity of Lake Titicaca, Cloud
groguency increascs from south to north and from wost to cast, but $the whole of this
highland rogion is subjooted to rolatively sirong radiation,

Climatic maps For Bolivia have b.on proparcd by Prada (1946) and Antozana
(1958), and data from tho altiplano has b on cnalysed by dscobar (1048), by .
Stens (1950), and by Yelpes (1950)., Ta. microelimate of the Cochabamba volloy
has boon discusscd by Urquida (1954), end by Formdndez (1961), For larse arcas
of Bolivia, howcvey, climatic information is inconplete, The accompanying
skoteh map (fig. 3) s.cke to harmonise the cxisting published deta, which is
somctimes contradictory, and makcs usc of inforuncoes drawn from th. natural vlant
cover and the stage of dovelopment of the soils, In this skotch mop, seme 20
distinctive climatic rejimes arc indicatoed, slthough the boundarics shown will
certainly prove to be incccura.c when more abundent and morc roliablc data is
availablo,

3




LEGEND FOR FIG,5 ¢ ENVIRCNMINTAL UNLTS

HIGHLAND ENVIRONMENTS

1.
2.
3.
4.
5.
6.
To
8.
9
ST

°

Very Humid Paramo and Humid Alpine Tundra

Subhumid Paramo and Humid Alpine Tundra, with Peat Bogs
Subhumid Subalpine Steppe, with Feat Bogs

Montaine Steppe

Montane Desertic Steppe and Humid Alpine Tundra
Desertic Tundra

Mois+t Subhumid Altiplanc Steppe

Dry Subhuald to Semi-Avrid Altiplano Steppe

Desertic Altiplano Steope

ERRA INVIRONMENTS

10,
1L,
1z.
13,
14.
15,
16,
17.
18,
19.
20,
2L,
22
23v
24.
25,

Tropical Rainforest

Subtropical Rainforest

Lower Montane Rainforest

Montane Rainforest

Upper Hontane Halarorest and CLoudforest

Lower Montans Dry Forest (semimxerophytic)

Lower Montane Dry Forest and Thorny Woodland

Montane Dry Forest and Tall Chaparral

Upper Montane Polyleplis incana Forest and Grassland
Lower Montane Chaparral

Lower Montane Thorny Weoodland, Chaparral and Cactus
Montane Low Chaparral, Xerophytic Forest and Grassland
Upper Montane CGrassland with Polylepis incana

Upper Montane Steppe and Paramo

Lower Montane Csctus Formations

Montane Dry Woodland and Cactus with Thorny Chaparral

LOWLAND PLATNS ENVI RUlidinT

26a.,
26D,
27

28,

29a.,
29b.
30a.
30D,

30a,
3la.
31Db.
3lc.
328,
32b.
338,
33b,
34,

3da.

35.

Amazonlan Hainforest of Downlands

Amazonlan Rainforest of Plains

Tropical Savanne

Bolivian Rainforvest (Chaparé Formation)

Upper Paraguay Subtropical Rainforest, on Crystalline Basement Rocks

Upper Paragucy Subtropical Rainforest, on Alluvium and Basement Rocks

Upper Paraguay Subtropical Rainforest, Drier facies, on Basement Rocks

Upper Paraguay Subtropical Rainforest, Drier facies, on Alluvium and
Bamement Rocks

Upper Paraguay Subtropical Rainforest, Swamp facles, on Alluvium

Subtrepical Savanna

Subtropical Savanna with Swamp Formations

Bubtropical Bavanna and Dry Subtropical TForest

Dry Subtropical Forest®™ on old Alluvium

Dry Subtropical Forert on 0ld Llluvium, and with Savanna

Dry Bubtropical Forest, on Orystalline Basement Rocks

Dry SBubtroplcal Forest, on Crystalline Basement Rocks with old Alluvium

Subtropical Thorny HWoodland®¥*

Subtropical Thorny Woodland and Salt Flats

Subtrepical Thorny Woodland and Savannas

% MGuaraya - Chigquiltana' Formation, #% Chaco" Formation.
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IV, VARIATICWS Tl PLANT COVAR

No complete ccological survey has yot boen made of Bolivian plant
formations., It is cstimated that, wheon such a survey is made, 1t will be
found that there were formorly at leost 35 imporvtant plans formations prosont
in Bolivia. Many of thesc natural _lant formations, cspecially thosc of the arid
ond subhumild regions, have been greately modificd by conturics of grazing and
cro.ping, yot usually sufficiont vostiges of the natural cover still romain to
prormit the construction of ccological mans,

The attached sketeh map (fig. 5) avtompts to show somcthing of the
ccological diversity of thc Bolivian landscape. The units shown ars more in
the nature of ceological rogions rathsr than plant formations or vegoetation
units, and tho boundarics shown arc certainly far irom ascuratce. The morc accurage
of the boundaries shown on this mapn have b on taken from a map of the phytbo-
soographical rogions of Bolivia by Arcc (fig. 6). This map is accompanicd by a
very bricf roport giving somc of the churactoristic plants found in cach rogion.
(Arcc, 1963). 4An carlicr phytogcographical nap was preparcd by Cédr.cnas (fig. 7).

In the humid tropical lowlonds, rainforcsts arc charactoriscd by the
following spocicss =

Bortholctia cxoclsa, Hevea brosiliconsis, Machacrium gllomani,
Grythrine corallodendrum; and various palms including Iriartca
cxorhiza and C.rludvica palmata.

On the savannas of tho humid tropical rugion, Arce rucords grasscs
of the following gonoras -

Sporobolus, Pecirectia, Paspolum, Panicum nnd Tripsacum.

Thege savannas arc broken by islands of rainforcst and by gollery
forcsts along the courscs of thoe streams, In thesce forests, Arce mentions tho
prescence ofs—

Hymenaca courbaril, Hrythrins corallodondrum, Jrythrina falcata,
drythrina cristagalli, Geoffraca piuvicsa, Toecoma loucomylum,
Bignonia spp., Bombax spp., and Cacsalpina spp.

A large part of the sublumid subtropical lowlands ~r. still covercd
with forcst., This rangos from opcon broadlcof forest nc.r the Up .r Paraguay
river 4o semi-dociduous mixcd mesophytic and xorophytic forest of the Guaraya and
Chiguitana rcegion.

The Upw.r Paraguay forosts arc chaeractoriscd, according to hLrce, by:i-

Amburana ccarcnsis, Piptadenia mocro. .rpa, Ficus indicus, Tabechuia
spey and Cariniana sp.

Those of thoe CGuaraya—Chiquitaona rogion arc charact.rised by the prescnco
oL~



Lstroniun urundocuva, sepldosperma vargesi, Piptadonia macroc. Tpa,
Jacx"wnd@ acribifolia, Chorisic insicnis, Tabcbuia ipe, Tocoma
8Pey Inga s8p., and Orbignis gnwlerwtm.

Suhtropical s .vanna grassland cccur ncar the Parnguay river and in tho
‘vieinity. The former, cnlled tuw San Motfas sovonna formation by Arce, Lvoyﬂblﬁ
the tropical rnsslands of the northern lowlands; whilc the Santa Cruz s vannag
hove, in addition to grasscs, isolated pauches of somi-xorophytic woodlond in
which ary found the following 8pCol @3

Piptadenin macroc rpa, Ficus antihelmintica, JLcrocomia total,
Cercidium praccox, Tebobuia sp., Tccoma sp., and Prosopis sp.

Along the foot of the Andes, in o moist subtropical rogion whore many
rivors ~nd stroams convergoe to form the Marmord river, and where many rccoent and
young alluvial soils arc proscnt, Arce rcecords dhe proscnce of tho following
specilos: —

Huro cropitons, Taralca o positifelis, .chras zapota, Swictonia
macrophylla, Termintlia amazonica, Spondia nombin, Aspldosporma
tomentosun, Aspidosperma v .ngasii, Ancornia speciosa, GwlophJJlum
inophyllum, srythrina cristagalli, Hymonac: courbaril, ismburana
ccarcngis, Codrcla fissilis, Cedrcla brasilicnsis, Guorce
trichillicoides, Byrsonima vorbascifolia, Virola b011V1on silg,
Lonchocarpus sp., Noctandra spes ond Ocotea sp.

In th dry unbwhumld to 5om1~ar d Bolivian Chaco r”Wion a Xcrophytic
thorny w odland known os tho Chaqu@nw formation is charact.riscd by the following
spoecicss—

Cacgalpina milancearps, Bulnesia g rmontoi, Gourleis docorticons,
Zizmyphus mistol, Copcrnica corifcra, Schinopsis spp., Lspidosperma
SPP.y and Prosopis .3

In the oxtrens south of Belivia, in o moist subhumid rogilon ncar the
Argentinian  Dbordor, Arce rceogniscs o somi-diciduous Tucumono~-Boliviano Torost
formation characteriscd by thoe following gonords - L

Pithecolobium, Lcocla, wnterolobium, Piptadenia, Prosopis,
Caesalpina, Gl“u1t31a9 Srythrine, Miroxlyon, Tipuona, Astronium,
Schinopsis and Styrax, ~

The genral name given botthe reinforests of the oumid north-castor
Tlonks of the andes 's the "Tungas" formation. Tho s Torcsts alter markoedly
in composition with incrcosing altitude, In the lowor, humid subiropical to warm

temperate bolt, Arce roecords thoe following spcics:-—

Hura crepitans, Sweitonia mworognylWay Chorisia raccmosa,. achras
zapota, Amburonu ccarensisg, Cinchona c&lllaw . oand Ficus sp,



o the middle elevations, under a humid tomperate climate, the Tollowing
trees ap ecars-

Codxgla lilioi, Cedrela filsgilis, Juglans Neotropica, Juglans del boliviana
and Imdilicheria sericea,

At the higher altitudes, where the climat . is superhumid cool temperate,
the cloud-forest belt is characterised oy the a.pearance ofz—

Podocapus parlatorei, Podocarpus muibigena, Podocarpus oloifolius
and Alnus Jjorullensis.

The lant formations in the wmesothermic valleys are many and various,
often restricted to small microclimetcs., They ran e from semi-arid and
degertic formations with abundant cacti, to semi-~deciduous woodland and
srassland, Arce rocords the sencral presence of the following gonsraz~

Schinus, Schinopsis, Jacaranda, Mimosga, Prosopis, Acecia, Fagara,

Caricacea, .nd Coulteria.

Plant formations of the altiplano range from low, open tussock grass~land
dominated by Stipa icha and Stipa frigide to low xerophytic shrubland, Arce
records th. following goenoras-—

Polylepis, Buddlcia, Lepidophyllum, Baccharis, Azorella, Margiricarpus,
Polypogon, Muhlcenbergia, Listichilis, Aristidis, Bromus, .stralagus,
Fegtuca and Stipa.
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SOIL PROC.S5.8 OPLRATING

The main envirommental rogions that arce shown somewhat schematically
in Fig. 5, will scrve well fTor a discussion on the various processes opoerating
during soil formation in the diifcront envireommental reglons of Bolivia,

Yoathering domwn&toa over all other sgoil proccessces on the northern
lowlands (m@r units 26 and 27 in fig. 5) and over part of the adjacent foothill
(map unit 10), Hewover, latosols in tho sirict singe are not recorded as being
ov rywhers the dominant scils, boceusc many of the sitable soils of the plains
are of no great and the loss stable soille of the foohills and downlands
are subject to matuma‘ crosion and truncabtion which delays the developmont of
primary latoscls., Yellow and Rodeyollow latoscls have bcon reported from
sevoral places (Coul%@r; 1963, pors. comm,., and Avce, 1963, pore, oomm,) in
situations which suggost that they arc developing on the oldest anc highosd
parts of ancient alluvial torraccs, but the provelenco of Red-Yellow Podzolic
soils supggosts that the landscaps ig not really old cnough or sufficicntly
stable (in the case of th. Joothills) for the latosols to be widely developad,

EJ

It is wvory cvidont, from rofile Jogeriptions of youny alluvial soils that

tho rate of wooathoerlig Lo Lotoias ol ony woothoerabio mincral mattor is ropidly
egtroyed with the formation of kaolinitic clay. Theors is furthor & strony
tonding for thise clay to be leachced downwards and many young alluvial soils shou
remarkably strong toatural B! horizon. Whore groundwator exists necar tho
guriface,; tho ksolinitic clays ars rapldly convertod to the plinthite characteristic
of Groundwater Latosols. Although the roglon has but e woak dry scason,
tomperaturcs are high, and under govanng Tassos (map unit 27) the soils usually
dry out as far as Lh@ uppcr part of tho subgeil uurnng July and Auvgust., During
this poriod, tho upp.r part of tho kaolinitic subsoils hardens and gradually

ass mes the characteristiocs of plinthito, whioh further impodos the downward
movemont of wator so that, whon tho rain commoncs in carncst, the savanna is
flooded with pondcd surfacce watcrs, and gicy QOantiOnS provail in tho soil for
from four to six menths of tho ycar. Under the tropical wrainforest, the procoss
is a slower onc, but the froguency of yoellow colours in the soll sugroests that
much of the iron in the soil romeing in o hydrated and coartially reduced condition.

0 ek D oer

Whore the parent rocks or the old alluviel motorials arc notably rzich in
quarLuO the soil maintain thoir 3“r~~@u1iltj longor, and thoe downward loaching

T basces and oluviation of clay from the tepsoll produces typical Red-Yollow
POdZOliO soils, Woeveortholoss, Yellow Podzolic soils arc far more common than
Red Podzolic soils in this region, sug_.siing that tho zoils arc fairly contimuously
moist., In many cases, whors rod omlourm do ocour, thoy arce inhorited from the
parcnt red sandstoncs and sondy shales.

In the foothills (map unit 10) the non-rcd sendstoncs and sandy mudstones
give risc to Yellow Podzolic soils, while th. red sandstoncs give ris. to Rod
POduOllO goils, Commowﬁy those rocks are interboddod with shales and mudstoncs
(often slightly colcarcous ;) of high clay content. Those pre-woath rod soil
parcnt materials cre usually not dowinently oolinitic clays, Whon they take
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part in the soil formation, they sive rise initially to dark soils with

o high progortion of cxzpanding clays, such as montmorillowite, voermiculite,
otc. In a low pomition on the lundscapc vhore Thoy can maintain their basc-
rich condition by the passage of latoral run-off containing bases derived Ffrom
aecaying plant romains, thoy rotain thoir darlkecolour and good physica
structure, cven under tropical rainicrcest, fowever, wherce this proccss of
conrichment is not operating, they chan o 1dly to heavy, dull grayish-Dbrown,
plastic and poorly draincd scils:  thoy romadn with = highsr bese status than thoe
surrounding Red-Yellow Podzolic soils Beeausc they lecch with difiiculty, but
their pour physical condition makes thom difiicult to farm.

A fhird kind of scil is likely to bo found in the tropical foothill rooion
(map’unitvlo> in arcas where basic imqcous rocks or bosic volcanic broccias out-
crops These are not 1ikoly to be of rout extont (aooording to tho geoologiceal
maps of Ahfold and Branisa (1960) and Oy .onhein (1954)9 but should thoy ccour,
they may boe expected to form Rediish-Brown Latoritic soils which, in stablo
sositions,; may bocome Latosols after 2 long invorval of time,

The fertility of all thego tropilcal seoils will depond upon two groups
of soil procosses, one group forminy th. organic rogime of thoe soil, and the
other one known csg the drift rceginme, Tho processes of .o organic rogimo
of im_ortance in maintein:ng fertility in humid tropical soils, arce thosce connocied
with th. uptake of wmutricnts by thoe wvegetadion, and ths subscquent fall and dccay
of the ulant reeiducs which produces 2 return of nutriocnt olements to the top-
s0il. Whore soll weathoring is intonsc (and hence mineral rec.rves in the soil
are rapidly changed to soluble oompouﬂds) and wherce leaching is s . rong (and henec
the soluble compounds arc readily lost in the drainage Watdr)9 sny mechanism that
temporarily withdraws plant nutriconts ond holds them in a form that is scoure
from the soll weathoering and lcaching procosscsg, is an invaluablce help in
prolonging the fortile 1ifc of the soil, Thus it is important to maintain the seil
congtantly under an efficicnt type of plant cover. Spocics differ widely in
their capocity for romoving and returnin, cusentlial mutrisnts such as calcium,
ipotassivm, magnesium and ven phosphorus, ut in goneral tre.s arc more clificiont
than shrubs or ;rasscs. Shrubs and sresscs have an odditional disadvantage that
they boeome dry encudh during o short dry scoson to be casily burncd. Whon plant
rosiducs arc burncd, all the available mincral contents ore made available suddonly
usually in gquantitics far in czceess of the capacity of tho unburncl vegetation to
b sorbe them, and most of thes . invaluable mutricnts arc lost by leoching or. i
slope wash long bofore a  lant cover is re-—estoblished. Naturc's own jrocess
of decomposition of orsonic material Znsurcs & slow wut stendy release of plant
mitrionts, dven when tho land is clearcd’ without rosort to fire, the rapid
destruction ®f organic mn tor followin | cxposurc to the heat and light of the sun
hastons the onset of sterility in the soil. Por the farmer in the humid tropics,
it im most advisable that he introducos his farming systom with as little
disturbance as possible of the natural procosscs of the soil organic rogime. Ho
should ¢leet to plant arborcscent troc crops (such as COCOR, coffce), if coono-
mically feasable; and those crops should boe underplantcd in natural forcst after
the larger hardwood trces have bec . felled, In a similor way, the conveorsion of
forcat to pasturcland should take plact without any intervening period of crop




- 16 -

farming and the forost should be felled (but not burned) and, after an
interval of a few months, the area should be oversown with leguminous plants
(such as kudsu, centrosema, etc.) which will provide some rough but mutritious
grazing while the logs are decaying. For several years, regrowth of unwanted
forest seedlings must be discouraged by hand chopping, and when the land is
sufficiently free of logs, it can be cloge-grazed and sown down to the desgired
gpecies of grass or legume. It is slow and it is untidy, but it is almost the
only way to develop a paatoral Tarm in humid ftropical regions remote from any
gource of fertilizer, and wherc mechanical equipment is not available.

The second group of natural processes that can be brought to the aid of
the farmer in the humid tropics to help maintain soll fertility are the much
discussed erosion processes. It iz inevitable in the huwmid tropiles that the
greatest store of plant nutrients is to be Tfound in the immediate vieinity of
the decaying rock. Usually, this is far below the surface and cannot be
readily tapped, - although some farmers have successfully made use of this
principle by topdressing their land with crushed rock of a suitable type
(vasalt, andesitic, or calcareous sandstone) from a nearby road quarry. On
sloping land in the humid tropics, controlled erosion can gradually reduce the
overburden of leached and weathered soil, to the point where plant roots can
feed directly from the weathering rock. This is one of the underlying principles
of the ghifting agrisulture of indigenous farmers. It hag certain inherent
dangers (erosion can easily get out of hand) and it cannot be applied to all soils,
but when used with tree crops that yield best without ground cover (ecoffee, for
instance), a steady but slow measure of erosion is not to be despised. On the
other hand, terracing in the humid tropice is usuvally without point unless the
objective is to grow rice. ‘

Returning now to te remainder of the Bolivian lowlands. Because of the
wide diurnal and seasonal fluctuation in temperatures these are congidered to be
subtropical rather than tropical. The moisture regime ranges from gemi-arid,
along the greater part of the Paragnayan frontier, to humid along the foot
of the Andean ranges from Santa Cruz northwestward. The central sector is mainly
dry subhumid, trending to moist subhumid towards Matto Crosso in Brazil. Four
distinet major plant formations (subtropical rainforest, semi-deciduous or dry
forest, thorny woodland and savanna) occur on these subtropical lowlands.
Soil parent materials are mainly old alluvial materials, but in the northeast
several extensive areas of crystalline basement rocks (precambrian gneissic form-
atioand Mesozoic sandstones (similar to the Rorsime formation in British
(uiana) emerge through the alluvial mantle. The diversity of landscape factors,
moisture regimes and variety of plant eover produces a rather large number of
scological divisions (map units 28 to 35), some of which could be fmrther
subdivided because of other climatic differences (range between mean maximum
and minimum temperatures, length of dry season), or because of botanical
differences due to long-established or anthropological faoctors.
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In the humid subtropical wegion, tho oldor soils of both the lowlands,
and the adjacont Andean foothills ars both sirongly; weathered and leached
and many are undoubtedly Red-Yollow Podzolic scils. The younger soils
derived from alluvium arc usuﬂl]y prominently stratified and are often of a
sandy loam texturc., With increasing oge, they may bocome less obviously
stratificd and show gonerally clay or siundy clay texturcs, In most cases there
is moderate clay cluviation, lecading o svelopment of e distinet textural
'B! horizongand both in this densc horizon, tn& immediately above 14, mottles
become quite vrominent., The oldest soils in 4

quence, which are to ho
found on the high level torrace romnants Lmlllug arc Red~Yellow

v foo
Podzolic soils of low booo status. Many arce tendin: towords subtrovical
podzoliscd gley soils (or botter, M"psoudoloysY, since they tond to dry out
curing the dry sceason which lasts foerx 3 10 5 months) owing to the slowness with
o

which raeinwat.r purcolates through the hoav
strong gloeying in addition fo lsaching and w
illustrased by th. following thruc profiles (

(1)

"Maloma Sandy Loam!

0

ubsoil, .roducing e trend towards
vthering.  This scquence can bhe

Vg
abbroviated description)s—

Apyproximately 4 Km. - oxth of Gral, sacvedra A_riculturel Sxporimental Stat.on;
78 Km. north of Santa Crus. ~

Altitude 300 m. Porested gently undulating plain. Site cuxaminde on highor
part of landscapc.

Profihos
20 cm., aray-brown sandy loan. pH 6,4,
25 cm, derk gray brown h.avy sandy loam to fine sandy clay loam Ph 6.2.
=3 J Ny

30 cm. Jdark brown sandy clay loam pH 5.9

80 cm., brown to strong brown loany sond, siishtly mottled reddish—
yolioow and cark (ray ‘

40 cm, vury compact dark reddish-brown, flecked and moutl d darlk
red and _r. enishezray hoavy clay. Clay siins abundant

30 cm, reddish-brown hemvy coers: sondy loam

35 om. very dark reddish brown, strongly mottled 1li ht _ray, very dark

reddish gray and strong brown, V Iy Loavy ﬂldutle clay, with
carbonatc concrotions (kLiOTlQU“) in upyer 15 cm.

on... yellowish-brown loamy sand.
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: This soil would bo rogarded ag a sli htlyenleached moderately weathered,
modorately melanised younsg soll from v.ry 5uroﬂ013 stratificd mixed alluvium.

(i1)

"Saavedra Clay!

Within northern boundary of Gral. Saavedra Agricultural dxperimental Station;
About TH Hm, Horth of Santa Crusz.

Forosgted STy slightly undulating plain.

Profilec

Al 30 cm. daxlc sraybwown woli-structured light clay

A3 (g) 30 cm. brown, flecked oran,c well-structured clay

Bl 30 om, slightly compact, pale yellowish~brown, strongly mottled clay
B2 30 cm, gtronsbrown vory comnvact mottled fine sandy clay, with fine

rron&tonu concretions.

ONs oo pale brown plastic clay, strongly mottlcd; bocom1n more sandy
at 150 om., and with colcarcous concre tlonua

This soil would be regarded as a mnonerately nlecached, moderately—to-
strongly weatherced, modorately gleyod, slightly~to-motorately molanised
voung solil from mixed alluvium.

(1i1)

M.l Palmar Loany Sand!

Approximately 25 Km, southwest from Santa Crusz,
Altitude about 215 m. Cut—ov.r forost with occcasional palms,
Bito cxmumined represents an old high-level terrace remnant.

Profile
A Al 25 cn, ~arle brown loamy sand
A2 15 om. very pale grayish brown compact loamy sand

AB/Blg 25 em. very darlk  ray brown, motbttlcd sondy clay loanm

B2 50 cm, vory strongly mottled brown, pale brown, reddish brown
and dark gray hoavy ( andy) clay with irons tone concretions,

O o s pale brown heavy clay, plastic and mottled.



- 19 -

This soil would be regarded as a very strongly enleached, strongly
weathered, moderestaly-to-strongly gleyed, molerately melanised mature soil
from mixed .andy alluvium, trending towards a subtropical Gley Podzol,

Interspoersed amongst those alluvial soils showing various stages ofdeveloping
nafurity, there awe many areas of vory dark gray strongly-structurcd clays.
They alweys occur in & low osition on the landscape and are clearly of higher
natural fertility than the surrounding soils, They rececive the drainage water
from tho surrounding landscape and arc particularly favoured for pog—irrigated rice
farming., They hove their origin in the clayey alluvium that scttleos in the backe—
wators of meandering strcams, They arc moderately weathered, but the avrgillisation
process 1s more or less arrcsted in the expanding~clay stage by the socasonal
replenishment of bases from inflowing surfacc wateor and also from the natural
seasonal risc of the watortablce. A common profile soen is that ofi=

"Aroma Clay!

Near northern boundary of Gral. Saavedra Agrieultural kxperimental Station,
about T5 Km. north of Santa Cruz,

Altitude 290 m., Forested., Gently undulating .lain. Site examined
represents lowsr part of landscape.

Profile
40 cm., voery dark gray strongly-structured clay
25 em, moderately mottlod gray, strong brown and pale yellowish,

heavy silty clay.

25 cm. strong brown silty clay with occasional iron and manganese
oxide in th. form of hard concrotions

Oasse pals gray-brown plastic glay.

This soil could be regarded as a youny margallitic, strongly mclanised,
moderately 'B' gloyed, moderately flushcd clay from clayey alluvium.

From the point of vicw of fortility, many of these soils of the subtropical
humid rogions (map unit 28) have a modcratc (o high) rcscrve of plant nutricnt
of ,reat importance for the farmer., Under natural conditiong this feortility
declines slowly but when breught under a repgular cropping programme withoutd
supolomentary fortilisz rs, the net loss of plant nutricnts from leaching and
harvesting crops is, in many scils, greater than the rclease of lant nubrients
from normal soil weathering., Soils with a high proportion of quartz sand rapidly
loge fertility and they rogain fortility very slowly when abandoned to ro-invasion by
by forest. The heavier solls are somcewhat more enduring in rospect of fertility
but a now problom ariscs in that with continuous cropping (cs specially 4f the samw
crop is grown yoar after yzar, - as in the ease of sugar canc farming ), tho natural



structure of.the subsoil gradually ceteriorates. It is 8 common cxpericnce to
find, with soils of this type, an inevitable agricultural progresgion from cane
farming atlthc outsct, to cani farming alternating with rice growing, to
contimuous rice growing, and finally abandonmont of the land to rough pasturcy-—
over a.total time intorval of about 60 yoars. This occurs oven whero fedbtilizers
are used, anuy the fundamontal problem is the combined offcct of progroessive

801l weathering and olay cluviation in the part of the subsoil not gr@&tly
penctrated by the roots of the crops. This does not usually occur in tho casc of
“the dark margellitic eclays whore there is strong tendency to form doop cracks
during the dry season and the over-all natural soil structure is strongly
doveloped, but it is common in many other young alluvial soils,

In the moist subhumid subtropical soilsg, the rolative longth of thoe
dry scason and wot scason and the mcan soil tomporaturcs while the soil is
moist all become important factors in soil dovelopment., Most of the soils
dry out furing the dry scason and both woath ring aand leceching arce in a
abeyance during this poriod. When the rains roturn there is a marked tondency
for clay and Tine silt particles to bo washed down from the topsoil inte tho sub-
soil, almost beforc normal leaching and weathering processes arc propoerly
operating. The naturc of the soil parent matcerial is of some significance, and
the processes arce greatly strengthned if the soil elay is in a highly floculated .
condition . It is common to Find scils thot aro slightly onleached (their pH
and basc status boing high) yot moderately or even strongly cluviatod (thc
subsoil porcs and structural fissurcs arce packed with clay derived from the top-
s0il)es An additional Ffactor is alsc cperating, As the soils arc drying out
after the rainy scason pass.s, thoe topsoil drics first and normal weathering
ceascy but the subsoils romain moist for o much longer poeriod, and during this time
normal soil weathoring continues., DBoth fTactors, cluviation and weathoring,
contribute to the formation of the s.rong textural 'B! horizon found in almost
2ll thesc seoils. As one would zsxpoet the moist subhumid subtropical soils show
less intensity of clay illuviaticn aend more indications of woathering 'in situ' than
the soils of the dry subhumid subtrepics, where clay sluviation is vory pronouncod.
The Jrocess ultimatcely loads to th. formation of a subsoil "clay pan®,

On flat or flattish land, the procosscs of clay pan formation ulitimately
lead to the development of Planosols or'Pscudogloys™ — goils which have their
subscil drain .ge impedsd to the point whore they camnot cope with the woet season
rainfall, and as a reeult "porchod! wator lics on tho surface for long intervals.
If the parent matorials still contain sdluble solts, these may concentrate in the
topsoil as the Yporched! wator cvaporatos,

. Where the soil paront matorials arc sandy, and cspocially where thoe
landscape is of rolling or hilly relicf, lsaching and woeathoring are still
the dominant soil procosscs in the moist subhumid subtroyical zonce., Thus,
over the Brazilian shicld rockd an  sendstones of the notheast scctor of
the lowlands, (map unit 29a and 29b)9 it may be cxpectced that Red-Yollow
Podzolic soils will bs found. These will probably be loss weathorcd and loss
leached than thosc of the humid subtropics and tropics, and probably will prove
te have a highor basc status when in their natural condition. They will
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however, be morc crodable than their moister counterparbs in the morc humid
rogions, although this, in part, will be duc to the greater 1rregulordty and
groater intensity of the rainfall itsclf. HNormally, these soils will be dry
for 4 to 5 mounths of the yeoars; yet the total moisture deficiency ovor tho whole
yoar is not czcessive.~ it is chiocfly a problem of gotting rainfall into the
subsoil once th. toxtural 'B! horizon has formod.

Thus farming problems arc mainly urobloms of officicnt usc of watora
Hot so much officiont usc of irrigation water, which scldom can be cheaply
arranged on tho Bolivian lowlands, i the ~ificiont conscrvation of natural
soil moisture. Crouping should be restricic L to the colluvial and alluvial soils.
of tho regions hill slopcs should be in trcc crops or productive forcsts
and the rolling land should be under very carcfully managed pastures with a
high proportion oi decp-rooting specive. Many of the these soils arce derived from
old éandy alluvium (map unit 32&) and when the natural semi-deciduous forest
is clearcd, thoy will bc found to be not only subjoet to the disadvantage of
widely fluctuating moisturc conditions, but to be of low fertility to bootb,
Unless considerablc capital is available, they should not be rogarded as
particularly suitablce for small farm developmont schemes, For longer pastoral
dovelopment, initial usc of fertilizers, carcful sclection of pasture specics and
vory careful grazing management, will be cssential.,

Progressing noxt to the dry subhumid subtropical soils of the lowlands,
and including with them cortain relatcd soils of the Andean foothills cxtond—
ing from the south of Santa Cruz to the Argentinian border, it is noticcable
that the "eclay pan' forming processcs arc much more active. From the oxtensive
devolopment of "clay skins™ in the subsoils, much of the subsoil clay has
apparently boen derived by cluviation. Thesc soils ocour as a poriphor¥y to the
"heat pole" of South Amcrica and they surround a semi-arid subtropical region
where crystals of soluble salts are a common feature of the soil surface, It
is tempting to consider that those very fine crystals (mainly sulphates and
chlorides of sodium and magnesium) arc to some oxtent rodistributed by the wind
over the surrounding landscape contributing to the defloculation of the topsoil
clay, so promoting morc rapid "clay pan' formation. Certainly "elay pan"
features aro much more pronouncced in these dry subhumid soils.

An additional feature is that many of these scils are derived from alluvial
material dorived from the relatively dry flanks of the Andes and Therefore may be
cxpectod to be richer in minerals capable of yiclding soluble salts in quantity
on weathering. Weathoring is still an important process in soil formation
(2lthough limited o the 3 or 4 months in the year when the soils arc
suificlently moist')9 whilc leoaching is markcedly restricted by the prosence of the
subsoil "eclay pan', Commonly, almost all the lowland soils Dbecome submerged for
days at a timc beneath wide sheets of "perched" water during the wet scason
(IMQember to March). and during this period gley prooossces arc very activae,



When this wator evaporhtos, soluble salts are concentrated in
the surface soil , in somc cdscs to such an cxient that the soils breome both
saline and alkalince Solonctz and Solonchak, This process 1s morc svident
in the somi-arid subitrovical rigion, to be discusscd next, but somc trace
of it ig visgible in very many of the seils of the dry subtropical wogilon.

The soils derived from ~ld alluvium are perhaps close to the world group known
ag Roddish Chostnut soils, although differing in the prescnce of an
argillic 'B' horizonsand in their solonitzoid foaturcs. Provisionally thoy
arc boing classificd as "Solonctmoid Reddish Chestnut solles with strong argillic
B! horizon". Thoy always occur comploxly associated with Solonctz, Soloth
and roelated slightly saline hydromorphic soils.

A typical profilc rocorded by Arcns (Por@‘ Comm, 1963} from Cocota,
near Santa Cruz, under chaparral vegotation, showeds-—

0 to 3 com., dark reddish gray clayloam (5YR 4/2 whon moist, 6/2 when dry)
with mony rootlots and somc thick roots; mompact, hard, massive
structure with tondency to subangular blocky whon drys cloor
boundary.

3 to 25 cm. dark brown silty clay (7.57R 4/2 whon molst, 5/2 vhon dry)
with gray mottling along root chamncls, very hard, compact,
massive structurce, subangular blocky whon dry; irrogalar
tongued boundary along chonnols of thick roots.

25 to 55 cm, dark rcuadish brown clay (2,5YR 3/4 when moist, 4/2 when dry)
with gray and re.dish gray mottles; wvery hard, strong, compact
magsive gtructuro, columnar when dryyi

Under forsst in the same locality, he recorded two profiless—

0 to 3 cm. humic reddish brown loamy fine sand with abundant rootlcts and

roots; loosc, soft sitruciture,clcar boundary.

3 to 15 cm. dark roddish gray silty to loamy finc sand (5YR 4/2 whon moist,
6/2 when dry), with abundant roots and rootleots; loosc,
masgsive structure,gradual boundary.

15 4o 30 cm, dark reddish brown slightly compacted silty to loamy finc sand
(5YR 3/2) whon molst, 5/2 when dry), porous, massive with
tondency to finc blocky structurc; somc rootsy diffusce boundary.

30 to 65 cm. slightly mottled dark brown loamy sand (7.5YR 3/2 when molst,
6/2 when dry) with somc roots; compacted, massive, tondency to
blocky structurc, diffusc boundary,



65 onwards

(i1)

O to 10 cm.

10 to 2% com.

25 to 60 om.

60 %o 110 cm.

110 one.. .

reddish brown loamy send to sandy loam (5YR 4/3 whon moist,
6/3 when dry)g compacted, slightly mottled, with some roots;
porous, medium strong massive struchurc,

dark reddish brown finc sand (5YR 8/3 whon moist, 6/2‘when
ary), loosc, single-grgin structurc, gradual boundary,

dark reddish brown to reddish brown fine sand (5YR 3/4
whon moist, 3/2 when dry), slightly compacted, with many
roots and reotlets; soft structure, clear houndary,

reddish brown loamy sand (5YR 4/3 whon moist, 6/3 when
dry)9 compacted, with some reddish gray mottles; some roots,
massive, strong structure, gradual boundary.

reddish brown slightly motiled loamy sand to sandy loam
(BYR 5/3 whon moist, 6/3 whon &ry), compacted, with few
rootlets, massive, strong structure, gradual boundary.

light reddish brown loamy sand, compacted, slightly mottled,
massive sikrong structure,

A rather similar profilce was recorded from an arca trangitional betwoen
forest and chaparral, in the sanc localitys-—

0 to 5 cm,

-

5 to 20 cm,

20 to 45 om.

45 to 75 em,

75 OlNlsoscoe

dark brown loamy finc sand (7.57R 3/2 when moist, 5/2 when
dry)9 with many (rass rootlets, slightly hard when .y
massive single grain structure, clear boundary.

dark gray fin sandy loam (BYR 3/1 when moist, 6/1 when dry)
hard, strong, finc subangular blocky structurc when drys
clear boundary.

reddish brown clay loam (5YR 4/3 whon moist, 5/1 whon dry),
strong, columnar siructure whun dry, with some grayish mo
mottlcs aleng root charmnels, diffuse boundaxy.

roddish brown clay loam fto clay (2.5YR 4/4 whon moist,

5/4 whon dry)s strong, columnar siructure whon dry; with
grayish to ochric mottlos and some small concrctions of
irongtono, diffuse to gradval boundary,

light roddish brown to pinkish gray clay with reddish and
ochric mottles and sonm. ironstonc concretions; very hard,
strons structurc, subangular blocky.

- These soils have many featurcs of slightly dograded Solonotsz (Soloth)

goilsa

The above profiles rofor to the eeological roglon shown as map unilit 3la,
which is mainly an arca of savanna grassland with patches and "islands! of
chaparral and dry subtrovical (somi-xerophytic) forest,.
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Arens has also rocorded two profiles from thoe Cocota aresa, under savanna
STasses.

(1)

0 to 4 om. darle roddish brown humic medium sand (5TR 3/2 whon moilst,
6/2 whon dry)9 leose single—granular with many grass
rootlets, clear boundary.

4 to 25 cm. dark roddish gray modium sand {5YR 4/2 when molst, 6/2 whon dry)
loose, singlc groin structurc, with some grass roots, clcoar
boundary.

25 to 55 cm. dark roddish gray medium fine sand or loamy sand (BYR 4/2 when
moist, 6/2 when dry), compacted and indurated, magsive

P afal

gtructure, diffusc boundary.

55 to 80 cm, reddish brown loosc fince sand (5YR 5/3 when moist, 6/3 when
dry) with slight grayish mottling; loose, single grain structurc

0 to 4 cm. roddigh sray slightly humic medium fino sand (5YR 3/2 whon moigt
5/2 when dry)9 longe monogranular structure, with many grass
rootlcets; clear boundary.

-4 o 30 om, reddish oray medium fine sand to silty sand (5YR 3/2 when
moist, 5/2 when iry)g slightly compacted, with rootlctsy
magslve, with tendency to soft finc blocky structure, cloar
boundary.

30 to 60 cm, : pinkish gray modium finc gilty sand (5YH 3/2 when moist,
G /2 when lry), compacted, mansive soft structure, ecasily
broaking inte subangular blocks, diffuse boundary.

60 ON4aao light roddish brown finc sand (5YR 3/3 when moist, 6/3 when
dry)9 very slightly compactoed, massive single grain structurc,

These arce sandior soils but have many icaturcs in common with the Torcsted
and chaparral covered scils,

Arce (1963) has describod somewhot similar savanna vegetation (map unit
3la and 31b) from the cast.rn rogion noar the Paraguay river, but little infore
mation is available concorning thoe soils,

The soils of map unites 32b, 34a, and 34b arc oxpocted to be somowhat
gimilar to the soils .cecribed above although no chservation arc availablc,

Thore remains, in this group of dry subhumid subbropical soils, the
soils of map units 30 (a, b ond ¢), 33 (a, and b); 10 and 15, Tho difforcnecs
arc likely to be, in part, climatic and, in part, due to diffcronces in tho
soil parent materials,
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The arcas covored by both 30 and 33, have Brazilian shicld rocks ocither
at the surface or close below the o0ld alluvial materials which form tho actual
land surface, The climate has a morc marked dry scason and greater cxtromes
of toemp.rature over th. rsgion covered oy map units 30 (a9 b and c) than the
region covered by 33 (a and b). Little information is available concerning
the soils of these regions. Theoy arc oxpectced to be Red-Yoellow Podzolic
soils in a much loss strongly weathered state than normally, with stronger
textural 'B' horizon, and, in places probably intergrade to Red-Yellow
Mediterrancan goils, such as are kiown to be formod in Paraguay under similar
conditions. Map unit 30a and 33a reprosent arcas where the rclief is hilly or
strongly rolling and the majority of the soils are formed directly from tho
underlying rocks. 33b and 30b ar. of morc subdricd relicf and considerable
areas of soil arc formed from anciont alluvial matorials. In map unit 30a the
soils arc probably formed mainly from alluvicel matorials. According to Arce (1963)
map units 30 (a, b and ¢) and 33 ( a and b) diffor m rk.dly in their natural
plant cover. The lattor support dry subiropical forost (tho "Guaraya - Chiguitanal
formation), while tho former suppord subtropical rainforest (the "Alto Paraguay "
formation).

The last of th Jdry subhumid subtropical rogions (map units 15 and 19) arc
found along tho Andcan foothills and thoy support lower montane dry forest
and lower montanc chaparral ( or shrub with coctus) rospectively. Little
information is available concerning the soils of the latter rogion, Tut the
dry forest rogion is noteworthy for the brownish-gray colour of the soils when
dry, ont the presence of a well-doveloycd, morzive 'B! horizon with very
pronounced "elay skins'", The following profile was recorded in detail.

"Achiras clay loam", hill soil

Approximately 13 Km. cast of Samaipata, 93 Km. wost of Santa Cruz, on Cochabamba -
Santa Crus highway. o "
Altitudo 1,075 m, Under scmiwlcciduous forcst. Hill soil (23 slope).

Profile

Al,1 0 to 3 cm. clay loam (to loam); T.5YR 4/29 dry; T.5YR 3/29 moists
vory friable, very strong biological activity, rounded
vory fine (subwangular blocky) asgresates, broaking to
crumbs and fine ranulcs; non-sticky and very slightly
plastic whon moist, pH 7.2, boundary distinct.

Alge 3 to 11 cm, silty clay loam to light clay; 10YR 5/2, dry, 1OYR /2,

moist; very friable, mixed medium and fine subangular
blocky‘(nutty) structure with ccarse, modium and fine
granulos and crumbs, viry strong bioclogical activitys;
non sticky and slightly plastic when moist; pH 6.6;
digtinet boundary.
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A3/Bl 11 to 23 om. clay; 107TR 6/29 dry:; 10YR 3/39 goist, firm-—to-friablo,
glightly hard whon dry, moderately developed medium and fine
angular blocky siructure broaking to very finc angular
blocks and coarsc sranmules; weak clay skin dovcolopment
around largor peds; moderately stidky and strongly plastic
when moisty pH 6.0; boundary radual.

B2 23 to 60 cm, silty clay; 10YR 6/39 dry, 1OYR 3/4, moist, firm, fairly
‘ hard whon dry, strongly devoloy ¢ coarsc angular bloclky
structure broaping te finc angular blocks and coarse
granules, vory distinet clay skins; strongly sticky and
very strongly plastic whon moist, pH 5.2; diffusce boundary.

BC 60 to 90 cm, silty clay with cccasional small fragmonts of wuathering
shalc, 10YR 5/4, moisp; with woalk mottling(LOYR 5/6 and
107R 4/39 moist3 mainly 10YR 5/2 dry; firm-to-friablo
irrecular coarsc angular blocky structure, broaking to
modium and fino ancular blocks and coarse granules; very
strongly sticky and plastic whon moist, pH 5:&; boundary
distinct,

¢ 90 ONevonsos weathoring leminatcod shale.

This soil could be regarded as a woakly onlceoched, modorately-to~strongly
clay illuvial, moderately melanisod, very slightly gloyed soil from pro-wcathorod
illitic clay after shalo, It has many of the foajurcs of the Groy Forest-soils
icseribed from Russia (Vilyams, 1960),

from the Tartasal-San Podro arca of Argentina, -~ a rogion that is just across the
Bolivian border, cnjoying vory similar moisturc r.gimes but slightly lower mean
anmial tomporaturogd.

With roegard to fertility, wost of the dry subhumid sublropical soils of
Bolivia aro likely 1o have a high basc stotus and a good regorve of plant nutrients:
they arc neithor strongly weathercd nor loachad, From the farming point of viow,
they have an almost unmanageable soil moisture regime and this, in congunction
with the occasional tendoncy to accwnulate solubls salts in the topsoils,
dofinitely limits the range of the plants that can be grown. The bosic
problem in these soils is to find o way to counteract the natural procosscs that
lead to the formotion of the M"elay pan' and to incorporatce these tozghnigues
in a cheap farm managemont systom. If this cannot bo done, the farmers are faced
with no alternative but thoe restriction of their farming to the rolatively thin
layer of soil above th. "elay pan' and thoy must romain at the merey of the
vagaries of thoe weather. Clearly thero is a gred ficld for experimentation
a_plicable to most of th. dry subhumics subtrovical soils of the contre of thoe
continont.,
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The opcration of natural soils forming processes has divided the upper
part of tho anciont alluvial plain into threc principal horizons: (i) a
sodium-rich topsoil, usually of usable tilth and friability; (ii) a clay—
plugged uppor subsoil, almost universally rcjected by the roots of growing crops
and by many pasturc slants; and, (iii) a calcareous deeper subsoil horiszon, often
off light texture and quite pormeablc but usua.ly with somec seluble salts, The
formation of the “clay pan® has cut the farmer off from tho main body of his
soils and 1lcft him only the up .r part which is too dry for two-thirds of the yoar
and under water for the remainder of the timec, Clearly scicnce has to come to
the aid of these farmers and find a way to conncct the surface soil dircctly with
the loss-weathered d.ooper soil horizons, - or elsc turn the soil upsido-down.

It is doubtful if any known mochaonical dovice can be usod to break up
the tough "clay pan in its contirety. Bxplosives will probably be of <¢ittle value
bocause therce is no resistant surface below thoe pan and cxpericnce has shown
(in a rather gimilar problem in Chile) that tho small fissurcs produced by tho
cxplosions soon b.como cloggzed ancw as the normal soil processcs continuce their
opcrations.

The following oxperimontal troatment might be of intorests select f
piece of land of gently undulating rclicf and with a bull-dozcr open a large
sump pit at the lowsr ond of the property and k.op carcefully to onc side all the
subsoil material from below the clay pan. Then with the bull- dozer, throw up
a long carth barricr partially cnecircling one of the larger depressions at the
uppsr cnd of the property, to form a rescrvoir that will £ill during the rainy
scagon. The remoinder of the work can be done with a modium tractor. Mol. drains
should be thon drawn in a herring-bonc pattern through the whole arca botween tho
uppor pond and the loper sump in such a way that the 'molc! is drawn through the
uppermost layor of the "clay pan' horizon, BShallow, noarrow open surfacce drains.
ghould be cut down until they interscct the molc tunnels. The gencral dircction
of these open drains should towards the sump pit. Finally, the land should bo
topdressed with tho carbonate sandy -~ subsoil matcrial, from the heap coll.octed
during the preparation of the sump. A variety o cxperimental crops and grasscs
can be triced in the long strips boetw.en the open drains, but at first cropping
will have to bo restricted to the scason when the soil is naturally moist; As
the pond fills during succ.ssive rainy scasons, water can boe pumped into the
drains which can then be uscd in a limitcd way as irrigation channels. The
mrpose of all this is, howover, not to prove that the land can be used for
irrigated farming; but, by drawing now molo (rains soveral centimotors doepor in
cach successive year, domonstrating that the "elay pan” can bs gradually
dogtroyed, provided tho sodium in the surfacc soil is replaccd by calcium derived
from the 'topdressing! of sandy calearcous subsoil material. Normal root
action, cspecially from .rasses of a Gocp-rooting habit, will gradually inducc
structural aggregation in the "elay pan' matorial as onditions iuprovo afitor
the poenetration of the mol.s drains,
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Those are mattors for cxporim.nt on 2 small-scale yilot_proqfcﬁ ~l .
such as might be carried out at Cocota - &n&'if ?ho r@gglts prov;@o %imbﬂé ues

to the succossful manipulation of tho natural so}l LTOCURB0S, & Yzfy. araEe

arca of potontially fertile soll will bQngQ availablec for 9§1oniuuﬁ%?ni

and, morcover,; the landscape ig suited to largc-ecalce operation by noavy
machinering.

truction of the cxisting “@lay pan" and somo
dofleotionsof normal soil proccssces, tho only sucooesiul fe?m of pcrm?n@nﬁ

land uso is likoly to be rice farming, and for this, up to th@ pxoscny o
cqufficiont watcr of adoquate quality has ndt boon discovercd in the arca, Apart
from this limited _otontial most of the soils ar. likely to be useful for nothing
better than the prescnt rough . razing with occasional shifting subsistonce
cropping.

Without progrossive des

The remaining area of soil on the lowlands (map unit 35) has o semi-
rid subitropical climate and is covercd with a mixturc of dry thorny woodland
("Chaoo” formatian) with lcads of open savanna prassland. Thoe soll procosgses arc
similar to those of many of the soils of the dry subiumid subtropical lowlands, but
godium and soluble solts (m&inly sulphatos and chlorid@s) arc much more in
evidence, "8alt spote! arc quite common: thoe zonal Brown sgoil is in many places
strongly solonetzic and complexly assoclated with alkaline Solonetz soils and
rolated salinc-alkaline soils. In many locos rainfall is less than 600 mm, per
annum and mean annual tomporaturcs arc in oxcoss of 26°¢,  In somc paxbts tho
rogion is practically doscoritic for much of the year.

In the lower lying situations of the landscapo, gray and dark gray heovy
clays of high fortility but poor physical structurc offcr some attraction to
farmers, Drainage is cno problem on these soils, and salt accumulation is anpthor
problem, but of sven mors importance is th. dovolopm.nt and maintonance of a
friable topsoll structurce so that rainwatir and flosdwator may poreolate morc
officiontly into tho subsoil. Bocausce of lack of ponotration through thoe
cxpanded clays of the surface layor, large areas of these potentially wvaluablo soils
b.com ponds for "porched" water during the wot svason; yot a fow wooks after the
raing ccasc they bocomte too droughty for plant srowth. In somoe cascs the soil
material within 40 em, of the surfaco 2 ving pormancntly bolow wilting points -
there is thus no available roscrve of wator for Jlant growth., Some improvement could
be m de in these soils if the sodium of the elay could be replacced by caleium
(vhich is often prescnt as alcium carbonnte conorctions in the deopor subsgodil
horizonﬂ)9 at something might also be achieved by roplacing the palm forcest with
structurce-building crasscs and salt-tolorant shrubs.

Howover, the climatic conditions of this region arc undoubtodly ocxtrome,
and th. developmont of agraculturc should be (o.orrod until thoe more tractable soils
of othor Bolivian cnvirommonts have beon fully colonisod,
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Procecding next from the lowlands to the Andcan system of mountain
slopes and inter-montanc vallcys (coll@etivoly known as tho "Sicrral
physiographic division of Bolivia), the soil pattcrn bocomos vastly more
intricate., This is sopicted on the skoteh map (fig. 5) of cnvironmontal rogicns
in a goenoral way, .t the truc compecxity of this physiosraphic fivision
is such that maps on a scale of at loast 13250,000 arc n.d.d as o basis
for the production of mecaningfhl soil or ccological mapsi

85% to 90% of this physio_raphic division consists of stoop or vory
hilly lend, and at lcast T0% of the so.ls ar. lithesolic. On the north-
castorn flanks of thoe Andes, whore the valloys trend more or loss uniformly
towards the Amazon basin, the clamatic belts ave well-marked and thore is a
fairly rogular _ro;ression from lithosolic humid ftropical and subtropical soils
B0 the supcrhumid cool tomporate soils of the permancntly cloudy belt. Above this
limit, cloud-forecst gives woy to opon moorland and subalpine vegotation. The
whole reogion is humid and .ven i tho doeopost and norrowcest valley bottoms the
soilsg arc scldom dry for any longth of timc,

The situation is vory differont fto thoe sout. of a linc connceting
Santa Cruz to Cochabamba to La Paz. South of this linc tho climate ranges
from moist subhumid to dry subhumid, with local cnclaves in the larger valleys
of scmi-arid microclimates. Towards the feothills, in the warm temperato
temporature b .1t, vallcy bottem conditions occasicnally vergo on the doscritic,
The envirommental pattorn 1s cxiremely intricate, and the altitudinal tomporature
b.lts do not form o gimplo pattorn suitablo for proscntation on a mapn of a scalc
of 135,000,000, Thig complex arca is also cxtromely deficiont in metcorologlical
stations and much of tho natural plant cover (which could scrve as a guide 'in
licu! of motoorological data) has b on much modificd by conturics of ocxtonsive
farming. » ‘

To take this more complex central and southern part of the Sicrra
physivgraphic division first, the first point of notc is that most scils show
the same widesprcad tondency to .ovelop a hoavy and compact !'B' horizon as was
cvidont on the southorn and central lowlends; - although thce proccss rarely
reaches th. stage of forming a true 'clay pan', This tondoncy is lcast marked
under tho wmoost subhumid moisture regimes of all tempsraturce belts, roached a
maximun in thoe dry subhumid rogime of the temperate bolt, and declines progressively
towards the cool to cold tomporate highlonds., The process of clay oluviation (or
ifferontial weathoring of subsoil clay 'in situ') is here of greator significance
in soil profilc developmont than cither gunoral woathoring on normal loaching. Only
the =oils of tho cool and cold tcmporate belt arc at all strongly and universally
melaniscd, the romainder range irom very slightly to moacrately melanisod., Tho
op.ration of gloying procussss bocomss viaible in the soil profiles only in tho
moist subhumid, cool temperate sone, and this featurce increascs with progression
into the coldor rogions, even though the moisbure regime may bocomo dricr.
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The soil patitorn is considorably complicated by the proscnce of two major
contrasting kinds of parcnt rock. There are an abundance of sandy, quartz-rich rocks
(sandstonos9 sandy mudstoncs, quartszites, ste.) intricately assccisted with
indurated, and sometimes with soft, claycy rocks (shales, phyllites, siltstoncs,
and claystoncs)., The former _roup containSa large amount of almost unwoathcrable
guartz sand, whilc tho lati.r group arc oxtromely rich in fine #ilt and clay, and arc
ofton slightly to strongly calcarcous. Commencing with inherent diffcercnce in
ponctration of moisturc at the stert of the rock doeny processes, the nature of the
weathcring process continucs te diverge throughout soil formation. Thoe sandy rocks
yield solls that arc, at lcast in the cerly stagos, poermcablc to rainwavcr; and tho
loaching proccsses operate normally, teking offcct on tho doevelopmont of
distinective soil horizons over in soils profilos on stocep slopes. 0On tho othor
hand, the n.leasc of pre-woathorced clay during the decay of the claycy rocks, and
the nature of the argillisation proccss which yiclds cxpanding types of clay,
both combinc to res . rict the normal lcaching processcs, Thus, over comparativoly
short distances, there arce abrupt changes from loachod, relatively infortile palo-
coloured sandy soils; to weakly loached, very fortile dark-colourcd clay soils,
This holds true cven on stcop slepes whore lithosolic soils preovail, and it is
only on tho broad upland ridge crests that the clay soils begin to show distinet
¢vidence of lcaching. This usually toke the form of a lightoning of the topsonl
colour, and the developmont of harsh, coarsc prismatic (or oven colmmnar)
structures in the subsoil, Very often, in the moist sub~humid cool tomporato
zone, those molerately-to-strongly acid heavy clays ard found in association with
Quechuina forest (Polylopis ineana) whoso rosin~filled litter gcecasionally
has a pH of 4.7, and probably is a s.ron; conditioning factor in the leaching
ProECss,

The following profiles illustrate, in a goencral way, the development
soquence in soxls derived from pro-woathered illitic and montmorillonitic
clay forming aftor silstonc, claysteonc or shalos

(i) Humid to moist subhumid warm tcemporats cnvironmont

"G aravos silty clay!

Approximately 10 Xm. wast of Pojo, on road to Santa Cruz.
Altitude 2,250 m., 10° glopo. Formely dry somi-duciduous low forest but now
under pasture. Somewhat colluvial,

Profilcs

Al,1 0 to 18 cm. gray silty clay; 10YR 5/29 dry; 10YR 3/29 moigt; firm;
hard when dry, coarsc angular blocky structurc breoaking
to coarse granmulcos; slightly sticky and moderately o
svrongly plostic when meist; pH 6,33 boundary indistinct.
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Al,2 18 to 28 cm. light gray hoovy silty clay; 10YR 2,57 6.5/2, dry;

2.5Y 4/1, moist, voery strongly developed, very coarsc
angular blocky (almost prismatic) structurc breaking
to medium and fine anpgulor blocks and coarse granules;
modoerately sticky and strongly plastic whon wmoists

pH 6.2, boundary distinet.

B 28 to 55 cm. mottlcd hoovy clay (with fine sand); uppcrmost 5 om.

10%R 6/29 dry; 10YR 4/2, moist; lowor pard varicolourcd
10YR 5/2, and 7.5YR 5/6, dry; 10YR 4/1 - 10YR 5/6 and
5TR 5/6y moist; mottles coarse and diffuse, abundant;
occasionnal finc, hard iron~oxide concrctions; vory
strongly doveloped, very coarse angular blocky strucihure
breaking to medium and finc angular blocks, and coarse
granules; slightly sticky and very strongly plastic when
noigty pPH 6.0; boundary merging.

C Qe s oo decomposing slightly calcarcous shalc,

This soil could b. rogarded as a slightly cnleached, strongly melaniscd
soils from pre-weathored 1llitic or montomorillonitic elay after slightly calcarcous
shalc. Associated soils from sandstone arc modorately weathored, moderately lcoached
Brown Forest soils,
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(11) Humid-to-moist subhumid cool temperate environment

"Payrumani silty clay loam"

Approximately 91 km from Cochabamba on road to Santa Cruz.
Altitude 2,950 m. Rainfall about 800 mm but high humidity due to
nearness of cloudbelt.

Profiles

A 0 - 25 om silty clay loam (or light silty clay); 10YR 4/4 drys
T-5YR 4/29 moisty wvery firm, very hard indeed when drys
very strongly developed fine subangular blocky structure
breaking to fine granules; non-sticky and very slightly
plastic when moist; pH 6.63 boundary distinct.

B, 25 - 38m silty clays T7.5YR 4/3, drys 5YR 3/3, moisty; friable—to-firm,
slightly hard when dryy porous; irregular coarse angular
blocky structure breaking to very fine flattened granuless
slightly sticky and moderately plastic when moist; pH 6.23
boundary gradual.

B 38 ~ 50 cm heavy clay; 5YR 4/4 (outside of peds) and 5YR 5/6 (inside
of peds), dry: SYR,3,5/49 moisty firm, wvery hard when

drys strongly developed coarse angular blocky structure,
almost impossible to break further when dry, but breaks

to fine granules when moist; peds coated thickly with

gkins and also slightly coated with iron-oxidesy interior
of peds visibly porousy moderately sticky and very strongly
plastic when moist, pH 6.4; Dboundary gradual,

On +. very hard, well-gtructured, dense clay from clayey silt-
stone and mudstone.

This soil could be regarded as a moderately enleached, weakly melanised
80iLS from pre-weathered 1llitic clay after siltstone. Associate solls from
sandstone are weakly weathered, rather strongly enleached intergrades between
red-yellow podzolic soils and podzols.

PR s . . N . ™ . *
(111) Moist subhumid cool temperate environment, under Quehuina (Polylepls incana)
low forest.

"Mraguechico silt loam!

18 km east of Totora road junction on main highway to Santa Cruz, near top of
hill opening on to rolling uplands. .

Altitude 3,000 m. Quehuina forest (Polylepsis incana) with Stipa tussock grass-
land.,

Profile

AO (L) 4 ~ Ocm thick layer of dry Quehuiﬁa berk fragments, twies and dead
leavesy wvery dark reddish brownsg pH 5.0

A 0 - 2cm silt loam; 10YR 4/1 - 4/2, dry; 10YR 3/1, moists; friables

strongly developed very fine granular and crumb structure;
non-gticky and very slightly plastic when moisty pH 5.23
boundary distinct,
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1;3/5l 2 ~ 8 om heavy siltclay loam to light silty clay; 10YR 6/3 dry;
10YR 4/3, meists firm,slightly to moderately hard when drys
strongly developed medium~to-fine angular blocky siructure
breaking to very fine granules and crumbsy 7peds porous but
only very weakly coated with clay skinss non-sticky and
slightly plastic when moist; pH 4.8y bouncary distinct.

32.1 18 ~ 36 om silty clay 10YR 5/19 dry: 10YR 5/6 moists firmeto-friable
hard when dry; very coarse angular blocky to prismatic
structure, breaking to fine, very fine angular blocks, coarse
granules and crumbsj peds moderately coated with clay skingg
slightly sticky but moderately-to-strongly plastic when
moisty pH 4.7 TDboundary distinct.

382"2 36 ~ 80 cm. very heavy (silty) clays 10YR 6/4, dry; 10YR 5/4, moists
firmg very hard when dry; very strongly developed fine
angular Dblocky structure breaking to very fine angular blocks
and coarse granules; clay skins abundant; slightly sticky
but strongly plastic when moist; mottled strong brown (7.5YR
5/6) in lower part; pH 5,05 boundary merging.

from .. weathered silty micaceous shale.

This soil could be considered as a very strongly enleached, moderately
melanised clay from pre-weathered illitic clay after micaceous shale. Associate
solls are rather weakly weathered shallow acid Brown Forest Soil trending
towards Red-Yellow Podzolic soils,

Each of the above three profiles was recorded from slightly undulating
sites on the top of broad ridges. They are thus not typical of the region,
which is almost entirely dominated by 1ithosols on steep slopes, but they do
show well the effect of the environmental impress on soil formation. The asso-~
ciate soils from quartz~rich parent materials show, even better, the strength
of the leaching process and the relatively weaker gstrength of the weathering
process in the cool temperate subhumid environment. The position of these
profiles is shown on the accompanying sketch map (Fig. 8) made during a rapid
road traverse between Cochabamba and Santa Cruz.

The contrasting sets of soils from sandstones on the one hand, and shales,
claystones, etc., on the otiier hand, occur in almost all sectors of the environ-
mental region of the central and southern Sierra. The above profiles indicate
some of the differences that can occur in the case of the soils formed from pre-
weathered clays from the second type of rocks., In respect of the soils formed
from sandstones and related rocks the following trends are visibles—

(i) Under upper montane steppe and paramo vegetation (map unit 23) of the cool~
to~cold moigt subhumid enviromment between about 3950 m_to 4300 m in a region
of maximum cloudiness, the soils are shallow, dark in colour, with a slightly
peaty topsoil and with subsoils of distinctly heavier texture than the top~
goils - as is shown in the following profiles—

"Pirgui fine sandy loam!

113 km from Oruro on road to Cochabamba. ‘
Altitude 4,300 m, BSlight depression in saddle of broad ridge crest. Thin turfy

mat. Stipa tussock grassland formerly.
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fine sandy loam; 10YR 4/2 drys 10YR 3/2, moist, compact
turfys; no visible structure in themass but breaks further
to very fine granules and crumbss friableg non-sticky
but slightly plastic when moist; boundary indistinct.

silt loam grading to fine sandy loamg T7.5YR 4/2 - 4/49
drys 7.51IR 3/29 moist; friable—to~firm, weakly developed
coarse angular blocky structure breaking to fine and very
fine angular blocks and breaking further to granules and
crumbsy non-sticky but slight-to-moderately plastic when
moisty Tboundary distinct.

heavy sandy loam to sandy clay loams very friable; T.5YR
5/49 dry: T.5IR 4/49 moisgts no visible structure in the.
mass but breaking to irregular coarse angular blocky struce—
ture, further breaking very readily bto crumbs and single
grainsy non-sticky but slightly plastic when moisty
regular vertical fissures visible in the mass; boundary
distinct,

light clay; 7.5YR ~ 5YR 5/6, dry; 5YR 4/6, moist; friablej
irregular very coarse blocky structure breaking to weakly
developed fine angular blocks, breaking further to granules
and crumbs; very porous; slightly hard when drys; very
slightly sticky and moderately plastic when moist; Tboundary
distinct.

very stony sandy clay loam and sandstone fragments.

reddish sandstone.

This soil could be regarded as a vory weakly weathered, moderately en~
leached, clay eluviated, moderately-to~strongly melanised, soil from sandstone.

With decreasing altitude and increasing dryness of the environment, the
soils become grayer in colour and the textural 'B! horizon bhecomes more

prominent.

(ii) Under upper montane grassland with Polylepis incana forest (map unit 22)

in the cool dry environment at between 3550 m_and 3950 m, the soils show

the general profilecs

Al O o
AB T -
BQ 21 -
¢ 29 -

from

T cm

light brownish gray (10YR 6/2, drys; 10YR 4/2, moist)
sandy loam,

pale brown (10YZ 6/3, dry, 10YR 4/3, moist) sandy clay loam.
yellowish brown (10YR 5/4, drys 10YR 4/4, moist) very heavy
clays; dense and compact when dry but porvous and friable

when moigty with prominent verticsl cracks and some
weathering in the cracks.

pale yellowish brown stony clay.

sandatone.,
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FIG.5
PROBABLE PATTERN OF ENVIRONMENTAL UNITS
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SKETCH MAP OF SOIL
PATTERN ALONG MAIN HIGHWAY
BETWEEN COCHABAMBA AND SANTA CRUZ,
BOLIVIA

7 SANTA CRUZ

BROWN PODZOLIC SOILS ,WiTH GLEY PODZOLS AND LITHOSOLIC ACID BROWN FOREST SOILS

LITHOSOLIC ACID BROWN FOREST SOILS , WITH LITHOSOLIC BROWN FOREST SOILS , AND BROWN PODSOLIC SOILS

ANDEAN ACID BROWN SOILS INTERGRADING 7O PARAMO SOILS , WITH ACID GREY CLAYS PODZOLS , AND RELATED LITHOSOLS

LITHOSOLIC GRAY- BROWN PODZOLIC SOILS ,WITH ACID BROWN FOREST SOilLS AND GREY MONTMORILLONITIC CLAYS

n

3

=

LITHOSOLIC GRAY-BROWN PODZOLIC SOILS, WITH BROWN FOREST SOILS AND DARK GREY MONTMORILLONITIC CLAYS

LITHOSOLIC BROWN MEDITERRANEAN SOILS , WITH CALCIC BROWN SOILS

LITHOSOLIC BROWN MEDITERRANEAN SOILS , WITH RED-YELLOW PODZOLIC SOILS , GREY- BROWN PODZOLIC ‘SOILS AND DARK
GREY MONTMORICCONITIC CLAYS

LITHOSOLIC CALCIC BROWN SOILS , WITH LITHOSOLIC BROWN MEDITERRANEAN SOILS AND CALCISOLS

CALCIC BROWN SOILS AND ALLUVIAL SOILS ,

CALCIC BROWN SOILS , WITH CALCISOLS

RED-YELLOW MEDITERRANEAN SOILS , INTERGRADING TO BROWN SEMI-ARID SOILS AND WITH GRUMUSOLS

BROWN AND REDDISH BROWN SEMI- ARID SOILS , WITH CALCISOLS

LITHOSOLIC GREY FOREST SOILS , ( SUBTROPICAL GREY - BROWN PODZOLIC SOILS)

GREY FOREST SOILS AND RED-YELLOW MEDITERRANEAN SOILS

v

LITHOSOLIC RED-YELLOW PODZOLIC SOILS , OF MODERATE BASE STATUS, WITH FERRISOLS

RED-YELLOW PODZOLIC SOILS ,OF LOW BASE STATUS

J

IR R

PLANOSOLS , ALLUVIAL SOILS AND RED-YELLOW PODZOLIC SOILS

WORLD SOIL RESOURCES OFFICE - FAO ~ MAY 1964
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PROBABLE PATTERN AND CLASSIFICATION
OF MAJOR SOIL. UNITS
(BOLIVIA)

. ' & wu
™~ . SALAR
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This profile shows the development of a !fragipan'y but is less leached
than the foregoing profile, slightly less weathored and much less melanised,

(iii) Under upver montane forest of Polylepis incana (map unit 18) in the cool
moist subhumid environment of about 3500 m the soils show more distinct
signs of strong leaching, and the clay subsoil horizon loses its 'fragipan!
characteristics owing to some cementation by iron oxides. The upper part
of thig horizon is often mottled, vizs~

Al O~ 5 cm very dark browm to black (7.5YR 2/19 moist) and sandy loam.
A, 5~ Tocm gray (1OYR 5/1, moist) sandy loam.
Ay 7 =~12 cm slightly mottled gray brown and brown (10YR 5/2 and 3/3)

sandy clay loam.

B2 12 ~ 18 cm pale brown (1OYR 6/3) diffusely mottled reddish brown
(SYR 4/3) and yellowish red (SYB 5/6) compact, slightly
cemented sandy clay,

¢ 18 -~ 26 cm strong brown (7.5YR 5/6) stony sandy clay loam
from .. sandgtone,

Thig soil could be described as weakly weathered, weakly podzolised, clay
eluviated, strongly melanised slightly-to-moderately gleyed soll from sand~-
stone. Nearby colluvial solls are very strongly podzolised and appear to be
typical weakly weathered podzols,

(iv) Under montane low chapparal, xerophytic forest and grassland (map unit 21)
in the temperate dry subhumid environment between 2750 m and 3000 m, the
s0ils develop a very prominent fragipan which probably owes its formation
to the presence of minute traces of silica. This feature is a true fragipan
being rich in silt and sand, and not excessively rich in clay (although
some clay has accumulated in this horizon), extremely hard when dry and some-
what porous when broken. The fragipan forms a massive horizon, often
resting directly on the weathering sandstone, but in places resting on
porous sandy clay. Strong vertical fissures traverse the mass, and some
mottling extends along the fissures. The soil is very similar to some of
the Yellow-Gray Barths of Wew Zealand. A typical profile of this
Bolivian soil showss

"Sayvari loamy sand"

Near Sayari oil pumping station, ébout 3250 m altitude., Pormerly Quehuiﬁa
forest (Polylepis incana).

Profiles

0 -~ 4 om loamy sand; 7.5 — 10YR 6/4, dry; T7.5YR 4/4, moisty friable,
slightly hard when dry; weakly developed fine and very finc
subangular blocky structure breaking to very fine granules
and crumbs; non-siicky and non-plastic when moists
boundary distinct.
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4 - 18 om sandy loam; 10YR 6/3 = 6/4, dry; 7.5TR ~ 10YR 4/4, moist;
very friable, softy very weakly developed subangular blocky
gtructure, breaking easily to crumbs and single gralnsg
non sticky and very slightly plastic when moist; TDboundary
abrupt.

18 - 36 cm (cemented and extremely hard when dry; <friable when thoroughly
moist) silty clay loam to silty clay: T.5YR ~ 10YR 6/4, drys
7.5IR 4/4 — 5/69'moistg no visible structure in the mass,
but breaks to fine and very fine blocks and coarse granuless
slightly sticky and moderately plastic when molsty very
porous. Large vertical fissures penetrate the mass, and
from these horizontal cracks extend outwards. The colour of
the centre of the fissures is pale gray (LOYR 7.1) and the
actual surface of the fissure is strong brown (7.5YR 5/6)
or reddish-yellow (5YR 6/6).

resting on. . weathering sandsione.

This soll could be described as a weakly weathered weakly enleached,
moderately clay illuvial, very weakly melanised soil with gammate fragipan,
from silty sandstone.

(v) Under montane dry forest and tall chaparral (ma@_unit_}?) in the temperate
moist subhumid environment at beitween 2500 and 2900 m, the soils have some
of the characteristics of weakly weathered Brown Forest soils but with a
more prominent textural 'BY horizon, A general profilec showss:

A O - 6 cm very dark brown (705YR 2/29 moist) heavy sandy loam.
Al’z 6 ~ 14 cm dark brown (10YR 3/3, moist) sandy clay loam

3 14 - 18 cm brown (7°5YR 5/49 moist) sandy clay loam with strongly
‘ developed medium blocky aggregates and faint reddish mottles.

B 18 =~ 26 cm light yellowish brown (10YR 6/4, moist) slightly sandy clays
very hard vhen dry, moderately friable when moisty with
faint reticulate mottling along the fissure pattern

C 26 =~ 30 cm strong brown (7.5YR 5/8) well-structured stony sandy clay
loam.

from .. sandstone (micac&cus)

This soil could be described as a weakly-to-moderately weéthered9 moder
ately enleached strongly clay illuvial, moderately melanised, very weakly gleyed
soil from sandstone.

(vi) Under Montane dry woodland with thorny chaparral (map unit 25) in the
temperate semi~arid to dry subhumid environment between 2400 m and 2700 m,
the soils commonly have a very pronounced fragipan and are usually strongly
calcareous; as is shown by the following profiles

"Puniata finc sandy loam!

Approximately 38 km from Cochabamba on road to Senta Cruz.
Altitude 3000 m. Low saddle opening on to rolling uplands. Under grassland



but formerly supporting thorny chaparral.
Profiles

0~ 1 om fine sandy loam sand: 10YR 5/49 dry; 1OYR 4/49 moisty very
friables very fine subangular blocky to granular structure
breaking to crumbs and single grainsg non-gticky and non~
plastic whon moist; boundary indistinct. pH 7.0,

1 - 20 cm fine sandy loamj 10YR 6/4, dry; 1O0YR 5/4, moist, extremely
friable, powdery; very fine angular blocky and granular
structure, breaking to crumbs and single grainss non-sticky
and non-plastic when moist; Yboundary sharp.. pH T.4.

20 -~ 50 om fragipan, extremely hard when dry:; strong vertical fissures
in pan, filled with calcium carbonate in coarse crystalline
form; wupper 20 cm of fragipan has horizontal fissures also
filled with carbonate, giving coarse laminate structure;
toxture sandy clay loam; 10YR 6/2, 10YR 5/3 and 7.5YR 5/4,
drys main colour 7.5YR 4/2, moist; fragipan friable when
moists mnon-sticky but moderately plastic when moisty
pH 7.6:; TYboundary sharp.

on .. gravelly stony clay; very hard when dry, firm when moist.
Indications of solifluction or glacial mixing of soil
parent materials.

This soil would appear to be very weakly weathored and very weakly leached,
glightly clay illuvial, weakly melanised, and derived from sandstone materialg
considerably disturbed by mass movement. Associated solls under dry woodland
have characteristics more typical of non-calcic Brown Soils. In slightly drier
parts of the same region, arcas occupied by cactus formations have typical
calcisols with light reddish brown soils.

(vii) Under lower montane dry forecst and thorny woodland (map unit 16) in the
warm temperate moist subhumid environmont between 1500 m and 1800 m the
soils derived from sandstone are decidedly reminiscent of Red-Yellow
Mediterrancan Soils. With these are associated soils resembling non
calcic Brown soils derived from non-calcarcous mudstones and shales.
Locally, the latter appear to intergrade with grey forest soils. The
range of soil profiles is vather similar to that ocourring near Salta in
Argentina.

(viii) Under lower montane thorny woodland, chaparral and cactus (map unit 20)
in the warm temperate dry subhumid environment at clovations between 1100 m
and 1400 m, soils resembling minimal Red-Yellow Haditerranean soils appear on
sandstoncs. These soils are very weakly weathered, weakly lcached, slightly-
to-moderately clay illuvial, and very weakly melanised, with carbonate
concretions in the subsoil below the toxtural !'BY horizon, and occasion-
ally the whole profile is very slightly calcareous. A general rrofile
shows s

A 0 ~ 20 cm light (reddish) gray brown sandy loam.

Bl 20 =~ 40 cm pale reddish brown sandy clay loam with strong prismatic

structure, slightly calcareous.
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B 40 = 60 em very compact and hard ( dry) reddish brown sandy
2 clay loam, calcarcous.

ON ws pale rcddish brown sandy clay loanm.
Associated soils from shales and mudstones appcar to be calcisols,

(ix) Under lower montane cactus formations (map unit 24) in the warm temperate
semi-arid cnvironment between 1100 m and 1300 m, the soils are definitely red~
brown soilg;whether the parcent materials are sandstone or more fine-grained
sediments., Many soils show a distinct horizon of calcium carbonate accu-
mulation and all soils appear to be calcareous throughout the profile.
Soils colours range from light reddish gray to reddish brown. There is a
definite increase in heavyness of texture in the 'B! horizon, although
less marked than in the oquivalent soils of the dry subhumid regions.
These soils could be described as very weakly weathered, very weakly en—
leached, very weakly melanised, slightly clay ecluviated and strongly
carbonate accumulating.

Since the majority of soils in the central and southern Sierra physio-
graphic division are lithosols, the chief farming problem is the control of
erosion. The maln cropping soils are usually located in the valley bottoms
and on the accumulating colluvial soils along the foot of the slopes. However,
80 great is the population pressure in this arca, that many families are
forced to extend their crop farming operations for several hundred metres up
the valley sides. In some cascs this has caused crosion down to unweathered
bed rock. The chief limiting fachors restricting crop yilelds are probably lack
of soil moisture, shallowness and instability of +tho soil. Inadequacy of
plant nutrients plays little part in the problem, except at the highest alti-
tudes, wherc frost and short growing scasons arc often of more significance
than soil fertility. Bo long as the present farm population pressure remains
acute and every farmer continues to be compelled by circumstances to plant any
usablc soll in subsistence crops as an insurance against starvation, these
soills must continue to be abused. There is nothing that the soil scientist
can suggest to improve system of soil management, in the face of the desperate
human problem. Under ideal conditions, most of the present agricultural land
should be planted in forest trees,

Turning now to the northern sierra region, known as the "Yungas" region,
the soil picture is a very different onc., The forested yungas region begins
abruptly in the very cool, very moist region, usually shrouded in clouds,
where the warm moist air from the Amazon basin mceets the downflow of cold air
from the Andean highlands, The forest of the ridge tops is low and gnarled,
with several species of Podocarpus, and all the trees festoonecd with mosses,
lichens and great masses of epiphytes. In patches, the forest is thin and
full of tall sedges, indicating arveas of local peat accumulation. Practically
all the soils, even those of the steep slopes, are covered with a mantle of
forest peat; the surface of which is interlaced with twisted roots. Here
the solls are Gley Podzolss om the ridge tops, many of these podzols are
Tairly deep and show the following gencral profiles

"Hichuloma peaty silt loam™

10 km northeast Unduavi village. Alditude 3250 m., Flattish saddle with
cloud forest.



Profiles

0 6 ~ 0 cm dusky red fibrous loamy pecat

Al 0~ 25 cm dark grayish brown peaty silt loam

A2 25 - 31 cm pale gray fine sandy loam

B1 31 -~ 38 cm pale yellowish brown sandy clay loam mottled strong
brown and very dark brown

B2 38 -~ 39 cm cemented iron pan

BC 39 -~ 45 cm fragments of weathering micaschist and yellowish stony

8ilty clay loam
from .. deconmposing micaschist.

A similar sequence of soil horizons occurs in many of the steep slopes
but the total depth of the profilcs (including the peaty '0! horizon) is
usually less than 15 om, With these soils are associated Lithosols related
to weakly weathered Acid Brown Forest soils. Practically all the soils in
this belt, irrespective of the angle of slope, are weakly wcathered, very
strongly leached, moderately-to-strongly gleyed, and strongly melanised. In
nost soils there is some development of a thin discontinuous cemented iron
pan usually running along the face of the parent rock and penetrating along
fissures in the rock., On slightly less steep slopes the soil has the
following profilecs

"Werbani" fine sandy loam, hill soil

Near top of pass, about 16 km north-cast of Unduavi village. Altitude 3200 m,
Forest,

Profiles

0O~ 15 cm dark grayish brown Ygreasy" fine sandy loam with much amorphous
orgzanic matter.

15 -~ 30 om Pale vellowisgh “slippery" stony loam with very weak aggre-
gation but with iron-oxide coating on rock fragments.

on .. brownish yellow very stony silt loam with occasional ironstone
"eoncretions" formed by iron impregnations of small frag—
ments of rock. Mainly weathering rock fragments showing
colluvial accunulation on slope.

(underlying rock is an indurated micaceous sands“cone)°

With decreasing altitude the solls passg into Lithosolic Acid Brown Forest
soils, with occasional patches of deeper soil on the ledges of the mountain
side having well-developed podzols. Weakly-to-moderately weathered Lithosolic
Browm Forest soils appcar at about 2800 m to 3500 m depending on the direction
of the valley and the aspect of the slope. The degree of weathering in these
soils increascs with decreasing elevation until, in the humid temperate belt,
the soils have approxinmately the same appearance as the typical Brown Forest



soils of the northern part of the west coast of the South Island of New
Zealand, They arce still predominantly lithosolic, but arcas of decper

soil (called "Steepland soils in lew Zosland) are becoming more frequent.

A typical profile of one of these Bolivian moderately weathered Brown Forest
gtoopland soils showss

fi

"Chugplipata silt loamn! steepland

Approximately 25 km south west from Coroico
Altitude 2300 m. Slope 359

Under regencerating forest.

Profiles

PP

A (L) 5~ 0 cm somewhat decomposed, fibrous forest litter with strong
aromatic smell, BHYR 2/29 moist.

A 0 - 15 cm silt loam; T.5YR ~ 5YR 4/4, moist; 10YR 6/4, drys
friable: moderately developed medium subangular blocky
structure broaking to granules and crumbs; non-sticky
and glightly plastic when moisty boundary gradual,

15 ~ 30 cm heavy silt loam; 7T.5YR 4/49 moisty LOYR 7/39 drys friableg
moderately developod medium to fine angular blocky struce—
ture breaking to coarse and mcedium granuless non-sticky

and slight—to~moderately plastic when moisty boundary fairly

distincet,

B 30 = 70 om  silty clay loam; 10YR 5/6, moist; 7.5YR 5/69 drys; friableg
weakly developed coarse angular blocky structure breaking
to fine angular blocks and granulcesy; non-gticky and

moderately plastic when moist; occasional weak clay skinsg

boundary gradual,

BC Ol . very stony silt loam; 10YR 5/6, moist with many fragments
of slightly decomposing micaceous sandstones.

At elevations below 2000 m, the climate becomes noticeably warmer and
the soils are a brighter brown colour and nmore weathered. The mountain
slopes are covered with an intricate soil pattern, in part lithosolic strongly
weathered Brown Forest soils and in part with related steepland soils,
These steepland solls are closely similar to the strongly-vweathered Brown
Torest soils of Northern ilow Zealand.

The change from these soils to distincetly reddish brown soils with an
increasing proportion of kaolinitic clays is comparatively rapid. At about
1700 m, the soils are nearly all reddish-brown in colour, freqguently quite
deep (even on very stecp slopes), and many begin to take on the first charace
teristics of Red~Yellow Podzolic =oils. The firs+t soils definitely belonging
to ‘the latter group always appear over sandstonoes 7o atively rich in quartsz;
while solls from shales and mudstoncs generally retain most of the featurcs
of very strongly weathered Brown Forest soils,

In this region, the goneral topography bocomes somewhat loss steep and
many slopes of between 207 and 25  are present. On theso typical hill soils
related to very strongly weathered Brown Forest and Red-Yellow Podzolic soils
are developed. Two profiles are described overleaf,
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(1) From micaccous shale

"Coroico" clay loam, hill soil

Approximately 2 km east of Coroico town on 250 hill sglope under second-
growth shrubby vegetation. Hill soil, altitude about 1550 m,

Profiles

0~ 25 cm

25 ~ 40 cm

40 =~ 60 cn

clay loam; 7.5YR 5/3, dry; 7.5YR 3/39 moists moderately
developed coarse granular and finc subangular blocky
structure firm-to-~friable; fairly hard when dry. Moder-
ately sticky and moderately-—to-strongly plastic when
moist.

clays BYR 5/47 drys 2.51IR 3/69 noist, firmy; very hard
when drys fine angular blocky and coarse granular struc-
ture; moderately-to-strongly sticky and strongly plastic
when moist,

heavy clays; 2.5YR 6/4, drys 2.5YR 3/3.5, moisty firme
to~very firm, very hard when dry; medium and fine angular
blocky structure breaking to granules; slightly sticky
and moderately—to-strongly plastic when moist.

(1i) From micaceous sandstone

”Chiqueﬁo” clay loam, hill soil

Approximately 32 km north-east from Coroico
Altitude 1200 m. Formerly forcsted, now farmed.

Profiles

0~ 25 cn

25 - 65 om

65 ~150 cm

dark brown (silty) stony clay loam, friable-to~firmj
strongly developed fine subangular blocky (nutty)
structure bresking to ceoarse fince nuts, slightly sticky
and moderately plastic when moist; boundary indistinct.

reddish yellow-~brown clay; firm~to-friables very strongly
developed fine angular blocky structure breaking to fine
granuless slightly-to-moderately sticky and strongly
plastic when moist; moderate development of clayskinss
boundary diffuse.

yellowish~brown very stony clays firmg moderately
developed medium and fine angular blocky structure
breaking to very fine angular blocks and granuless
slightly sticky but very plastic when meist; abundant
clayskins.

Below 1000 m, wherc a humid subtropical climate prevails, the majority
of the soils are typically Red-Yellow Podzolic and are mainly hill soils.



The natursl soil fortility of the "Yungas'" rogion is relatively highs the
soils are well-provided with nutriont resuvrves and weathoring releases these
nutrients at a voto adequate to supply all but the nost demanding plants.

The soile are "fertile” in the chonical soensc, the feuperature regimes are
suitable for a wide range of crops, and moisture is avallablc in abundance.
These arc undoubtedly factors that originally oncouraged farmers to begin
operations in this rogion. However, only a very snall proportion of the region
is suited to permancnt agriculturc, in the medorn sensc,

The first farmers undoubtedly praciised normal shifting cultivation and no
great harm was done so long as tho agriecultural population was not too numcrous.
In many arcas, in rccent years, the number of farmers has increascd to an ex-
cossive lovel and this, combined with steadily improving access to markets, has
brought about wvery scvere acceleration of orosion. Under shifting cultivation
the land was usped rationally, allowed an adequate length of time to recuperate
between cropping activitics, and there was no sitrong incentive for the farmer
to plant more than his immcdiate family requirements, Today, much of the land
ncar the roads is under almost continuous cultivation (until it orodes to bed
rock) and overy farmer hopes to plant up to the 1imit of his rescurces. As a
result, about 60% of tho accessible arcas are soverely eroding at the present
time,

What can the soll sciontist recommend in the face of this situation. He
can suggest little for the arveas vhere the fundanental problem is a soclal one,
but for the new areas of land which will bocome accegible when future trans—
Andean roads are built, he can recommend much stricter control of soil manage-—
ment. Dome of the most popular arcas (wiﬁh warn temperate and subtroplical
climatic conditions) are highly suitable for trece crops such as cocoa, coffes,
avocado pear, papaya, and cven tea (on the Red Yellow Podzolic hill soils).
These should be planted on land directly cleaved from forest, and the land
should then be maintained permancntly under these tree crops. Row-crops, needed
for the farmer's subsistcnce, should be planted only on or near the valley hote
boms and never on the siteep slopes. How crops grown for sale in the markobs
should be totally prohibited. Specific row crops, vhore sone permanent land—
scaping and crosicn control practices are mandatory (t@rracimg for cocoa pro-
duction) could be permitted where the slopes and soils are suitable, but under
no circumstances should the farmer be allowed to introduce his present habit
of planting low-value focd crops (such as nanioca) in rows aligned up and down
the steepest slopes. This implies the introduction of o nuch more serious land
usce policy, backed by a means to control, and to punish for infringements. To
some cxtent, this could be achioved simply by restriction on the »products pe -
nitted to be sold from a particular valley: +the natural topc@rapﬁy virtually
canalises out-going produce along a very limited number of transport voutessy
and these arc, in any casc, under the control of +the police and ormy.  This
would serve as notice to the farmers that the Government was seriously concerned
about the land use problem in the Tungas rogion. It would need to be backed
up by a comprchensive attempt to educate the farmer how to zet the best from
his land, without destroying further the National heritage,
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‘ The third major physiographic unit of Bolivia ig the highlands, comprising the
altiplano proper and the surrounding fringe of mountains. Here the soil pattern is
less complex, although the agro-sociological problem is the very reverse.

' The soils of the Bolivian highlands have developed under a unique oclimatic
regime; the total envircnmental conditions under which these smoils are developing
are quite exceptional. The sgoils are subject to intense insolation and radiation:
subject to very wide and rapid temperature variations; subject to rather low l
anmual moisture regimes, compounded by extremely high evaporation rates and frequent
exceptionally strong winds. The plant cover is restricted to rather sparse steppe
grassland, low xerophytic scrub, cushion-mound plants and sub-alpine ephemeral
species. Normally dry westerly winds prevail over the Bolivian highlands but from
December to March the Tegion comes somewhat under the influence of the moist air
mass moving south-westward from the Amazon basin. During this period, there is a
merked inorease in humidity, frequent cloudiness, and occasional rain or snow.
During the rest of the year, the sky is notably clear and there is a much wider
ranges from less than 100mm to about 700 mm) falls during the four summer months.
The mean diurnal fluctuation in temperature is about 10°C from December to Marchs
but is greater than 24°C during the rest of the year. BSevere night frosts are
common, especially over the central and southern altiplano regionss - the frost
hazard, howsver, diminishes apreciably in the vieinity of Lake Titicaca where the
diurnal temperature range is also less wide. A1l this adds up to a most unusual
climatic regime from the point of view of soil formation, and it is also one that
embraces extremes of temperature and moisture far beyond that which can be
tolerated by the wajority of agricultural crops.

The soil weathering snvironment is weak, the state of leaching ranges from
weak to strong, and it could be expected that the soils would possess too little
clay for clay eluviation to be a major process., Soil melanisation processes, on
the contrary, are very strong in all but the most desertic parts of the highlands.
(leying processes are virtually non-existant except where the ground-water level
is shallow or where spring-waters emerge at the surface. The zonal soils of the
Bolivian highlands are, howsver, not fto be found on the Altiplanc. The Altiplano
ig a relic of a former landscape existing before the Andean orogeny that hag, since
its elevation, become infilled by lacustrine sediments, glacial debris, and, in some
areas, accumulations of volcanic ash. Mueh of the Altiplano is covered with pre-
weathered clayey material. Tnere is also a surprising amount of clay on the
g@lopes of the hills surrounding the Altiplanc which may be of glacial or inter-
glacial origin, or which way date back to an ancient weathering mantle present
on the landscape before ite uplift in Tertiary times.

If we exclude these conspicuocusly clayey soils as being not typical of the
zonal processes, then we find that the dominant scil of the highlands of Bolivia
ig a shallow form of +the "Paramo' sciles so0 common on the highlands of Peru and
Beuador. The Paramo soils of the latter countries are conspicuocus for the great
" depth amd blackness of the topsoils and they usually support a characteristic
grassland or dwarf scrubland plant cover. In Bolivia, the plant cover is of the
game order (but different speciles and genera are present)s and the topsoils are
also conspicuously dark,but much shallower than the northern Paramo Soils.

The Paramo soils of Bolivia change slightly in character from east to west
and from north to south. Those of the northeast have formed under cold, humid
environmental conditions (map unit 1), whereas most of the Paramo soils in the
eagtern highlande have formed under a cold and moist subhumid environment
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(mapnunit 2) or cold-to~cool temperate dry subhumid cnvironment (map unit 23)
On the western mountains, thoy have probably formed under cold semi~-arid and
cold desoertic environneonts, although no meteorological date arc avallable and,
in truth, in thesce roglons the soils begpin to lose nany of thelir 'Paramo!
characteristics,

The fellowing threo prnfile deseripbtions indicate, in a genceral way, the
range of variation ocourring over tho castorn highlands:

(1) Minimum_Paremo soil ci the cold humid cnvironment

"Chacaltaya heavy sandy loam"

Approximatcely 8 km southwest from Undusvi on road to La Paz. Al+itude about
3550 m.  BSlope 127, 3tipa grassland with small bushes.

Profilcs

A 0~ 75 em matted with fine grass roots, almost peaty (heavy) sandy
11 n : Fd . -
loamy 1OYR 3/29 moisty very friable; fine crumbs siructurey
somewhat fibrous duc to living grass roots; non~sticky
and non-plastic when moist, Boundary distinct.
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om sandy loam; 10YR 2/2, moists 10YR 6/1, dry; friables
weakly developed coarsc and medium angular blocky struc—
ture breaking very readily to very fine angular blocks,
granules and crumbsy very slightly sticky but only slightly
plastic when moist. Boundary diffuse,

12

A31 30 - 50 cm sandy loam to loamy sand; 10YR 2/2 — 2/1, moist; 10YR 6/1

drys friable; moderate to strong coarse angular blocky
structure brealing to very fince angular blocks, granules
and crumbsg very slightly sticky and very slishtly plastic
when moist. DBoundary gradual.

; 10YR 6/1, dryy very friables;
strongly developed medium angular blocky structure
powdering readily to vory finc granulcs and crumbsg very
slightly sticky but subject to moderately plastic when
molst., Boundary distinct, almost abrupt.

A32 50 ~ 70 em loams 10YR 2/2, moists

BC 70 - 75 cm very stony sandy clay loamy; 10TR 3/29 noisty 10YR 4/2 -
5/69 drys friabley very strongly doeveloped very fine sube
angular blocky siructure breaking to granules and crumbsy
slightly sticky and moderately plastic whon moist.
Boundary distinct,

c ON 4. gravelly and stony coarse sand, 10YR 4/29 moiat,

(ii) Minimal Paramo goil of the very cold (subalpine) humid environment

"Incacha peaty sandy loam"

About 18 km southwest of Unduavi village, at an altitude of 4150 m. boelow
1@St study slope to summit of road between Unduavi and La Paz. Grassland
slope - very gently undulating, about 5.



Profilecs

0~ 18 cm very dark (reddish)brown poaty sandy loam; extrcomely fri-
able, powdery vhen dryg very fine granular and crumb
structure; non-sticky and non-plastic when meist.
10YR 5YR 2/19 moists 10YR 5/1g dry. Boundary sharp.

18 ~ 28 cnm very dark brown to blacl silt loamy firm-to-friablej
distinct short prismatic structure breaking readily
to coarsce angular blocks and breaking further to very
fince granules and crumbsy non-sticky and non-plastic
whon molst; boundary distinect.

28 ~ 31 cm dark brown heavy silt loamy; 10YR -~ 5YR 2/2, moistg
10%¥R 5/1ry dry; firm—to-friables; no visible structure in
the mass but breaks +to irregular coarse blocks, which
break further to fine angular blocks, granules and
crumbss non-sticky and very slightly plastic when moist.
Boundary distinct.

31 - 32 cm silty cloy loam; 7.5YR 3/2, meist; 10YR 5/4, drys;
mottled slightly, palc yellow and strong browni no
vigible structure in the mass but breaks o coarse and
fine granules, very slightly sticky and slight-to~
moderately plastic when noist.

OXl o greenish-gray sravelly clay loam mixed with fragments of
micaccous sandstone. Most fragments show some coating
of iron-oxide,

(iii) Minimal Parano soil of the cold, moist subhumid cnvironmont

"Logucpalecs loany sand™

Approximately 52 kn from Oruro on road to Cochabanmba.
Altitude 4400 m, Stipa tussock grassland. Saddle.

Profiles

A 0O~ 2.5 on dark grayish brown loamy sand to sandy loam; friable to
11 very friable; subangular blocky structure breaking to
very fine granules and single grainsi non-sticky and non-
plastic when molst,

A 2.5 - 14 cm very stony very dark gray-brown heavy sandy loam, friablej
e strongly developed very fine angular blocky structure;
very slightly sticky and slightly plastic when moists
nany roots.

C 14 ~ 18 cm pale rcddish brown very stony silty clay loam; firmy no
vigible structurc in the mass but breaks to very strongly
developed mediun-to-fine angular blocky structure;
slightly sticky and slightly-to-moderately plastic
when nolst

Nl s reddish nicaceous sandstones, only slightly weathered,
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The minimal Paramo soil of the cold-to-~cool, dry subhumid cnvironment is
similar o the last profilc but has, in addition, a distinct texmtural 'B!
horizon ranging from 10 o to 25 cm in thickness, betweon the AlO and the C

[ R

horizons.

The Paramo soils as a group have boon far from adequately studied.
Little, for example, is known about the very siriking soll melanisation pro-
cesses. 1t appears to be sinilar to that occcurring in cortain volcanic ash
soils where the intensce and persistent black colour is thought to be due to
interaction between certain hunus compounds and allophenic clays derived from
the weathering of volcanic glass. Allcphance has not yet been shown to be
present in all kinds of Paramo soilg, yet the proscnce of small amounts of
volcanic glass in almost any of the Andean highland soils would not be so
unlikely, considering the enormous nunber of volcanocs existing along the
Andean chain. Apart from uniformly strong molanisation, the three profiles
ligted abeove all show characteristics of very weak weatheringy whereas the state
of enleaching renges from modorate to strong. In the dricr highland environe
ment of the south and west the soils are less strongly molanised, are very
weakly weathered and very weakly enloached.  These latter soils grade into the
highland descrt soils of Chile and Argoentina.

With regard to plant nutrient status, all but the mest hunid Paramo soils
have & high rescrve of nutricnts ond a slow rate of rolease of nutricents, cxcept
during the wet swaer scason when the rate of release is more rapid. They ave,
however, all rather deficiont in nitrogen. The soils of the Altiplano propor,
(which are for thc mest part not Paramo soils),arc also deficiont in nitrogen
but are otherwisc guite well supplicd with plant nutricnts, both 'rescrve!
and 'availablc!., The Altiplano soils range from reddish~brown and brownish-
gray clays in the contral and northern scctors,

The main factors restricting agricultural development of Bolivian high-
land seils are climatic, and the noxt most inportant group of factors are agro-
sociological. The range of crops and pasturcs that can be successfully
grown on the highlands will always be linmited and this alone scte sovere limits
for economic development. With rogard to the agro-sociological factors, the
problem is like the problem of the central and southern sierra regions, and is
basically duc to an cxcessively numerous agricul tural pepulation. Dospite
the limitations of climate, and the inhcrontly high natural fortility of the
soils, thc land is being systenmatically over-cropped and over—grazcd; bringing
in train the inevitable probloms of crosion and soil depletion,
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VI, PRODABLE NATURE AND CLASSIFICATION: A TaNTATIVE BOTL MAP
- SHOVING THE SOILS OF BOLIVIA CLASSIFIED ACCORDING TC THE
WORLD SOIL R&ESCURCES OFFICE SCHEME PREPARED FOR THE THIRD
DRAFT OF THE SOIL MAP OF SOUTH AMERICA

pa—

Based largely upon the date presonted in the foregoing scctions, a
very tentetive attempt has been made to preparce a generalisced soll map (Fig°9)
for Bolivia on a scale of 1:¢5,000,000. This map has becn preparcd in collaw
boration with Ing. Lucio Arce of the Belivian Government Scrvice and it is
intended to serve as a gulde for thinking about Bolivian soil problems and as
a target to be modificd by the soil surveyors who will uncarth more precise
infermation about the solls of Bolivia in the futurc. Iven in this primitive
stage, this so0il nmap can he helpful to agronomists and forcsters working in
Bolivia, if it is used in conjunction with this explanatory report.

The provisional legend for this map (Mig. 9) is given in full below.
The classification usced is that provisicnally decided upon by the World Soil
Resources Working Party for Latin America, at the Ric de Janciro Meocting
in 1962 (18). The technical data on which the various soile havé been assigned t
various positions in this classification has been proevided by Arcoe (pcrsonal
communications, 1962 and 1963), Coulter (personal communications, 1962),
Arons (poersonal conmunications, 1962 and 1963), Storic, 1955 (1639VAroeg
Fernéndez, Hinojosa, ond de Hansen, 1963 (5), the British Mission, 1962 (12)
 and the FAO Mission for Soil Studics which visited Bolivia in 1963 (19).
- Much of the territory has not beon vislted persconally by the author of
this roport,

The legend to acconpany this scil map is sot out belows—
i) & .

LBGEND TO_ACCOMPANY SKETCH MAP OF BOLLVIAN S0LL PATTERN
RECENT ALLUVIAL B0ILS

1.1 Recent Alluvial soils of humid tropics (with weak dry scason): soils of
nedium to hoavy texturoe.

1.2 BRecent Alluvial soils of humid trepics (with weak dry season): soils of
nodium, light and hcavy temture. ‘

1.3 Recont Alluvial soils of humid sub-tropical region (with woak dry season)
soils of modium to light texture.

1.4 Recent Alluvial soils and velated holomorphic and calcimorphic soils of
the dry sub-humid sub~tropical regionswith a strong dry scason.

1.5 Recent Alluvial soils of noist sub~humid sub-iropical regl-ns with a
strong dry scason: golls of medium to light texturc. ‘

HYDROMORPHIC BOILS

2.1 Hydromorphic soils of hunid tropics (with weak dry scason) s Mainly Humio
Gleys and Groundwater Latosols.

2.2 Hydromorphic soils of dry sub-humid sub=tropical rogions (with moderately
gtrong dry scason): mainly Humid Gleys and Pscudogloys.
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HYDROMORPHIC SOILS (Continucd)

2.3 Hydromorphic soilsg of molist subhumid sub-trepical reglons (with noderate
dry scas on)s Humid Gleys and Pscudogleys.

LITHOSOLS AND MOUN”ALM SOLLS

3,1 Lithosolic Brown Forcst soils and assoclatod stecpland Brown Forest soils

of the hunmid cool temperate reglon
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3.2 ILithosolic Acid Brown Forest soils, with related stecpland solls and local
Gley Podzols, of the supcerhumid ocol temperate roeglons,

3,3 Lithosolic Non-Calcic Brown soils in associaticon with lithosclic Red-Yellow
Mediterrancan-likd soils and grey calcarcous clays, of the cool temperate
regions,

3.4 Lithosolic Non-Caleclc Brown solls in assococliation with intergrades between
Red=Yellow Mediterrancan solls and Red=Yellew Podzolic soils, and with
brown—grey calcareous clays, of the warm toemporate regions.

3.5 Lithosolic Grey Torest solls in associaltion with Red-Tollow Mediterrancan

goils, Brown Calcic soils and CUalcisols, of the dry sub-humid sub-tropical
reg 1onm,

3.6 ILithosolic Non-Calcic Brown soils ond related lithoselic Red~Yellow Podzolic
soils intergrading to Groy Forest soils, of tho temperate sub-humnid regions.

3.7 Iithosgelic CGroy Woodod seoiles of thoe coel ftoemperate neiset sub-hunid regilons.

3.8 Leached lithosolic Grey iooded soils of the cool temperate dry sub—humid
TOQiOﬂS, intergrading to Gray-Brown Podzlic soils

3.9 Lithosolic mininal Paramo solls and shellow Podzols of the cold tomperate
moist sub~hunid rogions.

REGOSOLS

4.1 Complex of sand Regosols with solonetzoid Reddish Chestnut soils, of dry
sub~hunid sub-tropical regions with o strong dry scason.

ALTIPLANO BOILS

5.1 Gr@y D 3;?% 'oil“ and a8 sciated sand rogesols and with Solonchaks of the

5.2 DBrown ond Beddish~-Brown descortic ~011q3 with ossociated Halomorphic soils,
peaty hydrcomorphic soils and Regesols, of the cold semi-arid Altiplano
roglions,

5.2a Brown and Reddish~Brown desertic soils, with associated halomerphic soils,
peaty hydromorphic soils and Regosols, of the cold semi-~arid Altiplano
regions with puniccous volcanic agh,

5.2b Brown and Reddish-Brown desertic soils, with associated halomorphic soils,
peaty hydromorphic soils and Rogosols, of the cold semi-~arid Altiplanoc
regions with fine ash and rogosolic &uﬁc sands,



ALTIPLANO SOILS (Continued)

S T s PP s . . e . .
5.3 Dark ulOW% an@ G%cy.(Altlplane) Prairic seils, in associaticn with Hunic
Gloy and Calcic Humic Gley soils, of the cold dry-to-mois+t sub—humid

Altiplanc.

5.4 Highland soils and Lithosols related to ninimal Paramno soils of the cold
dry sub-humid and cold seni-arid regicns.

g1
3
71

Highlond soils and Lithosols rclated to shallow peaty Parano soils of
cold humid rogions,

5.6 Highland soils and Lithosols of dry sub-alpinc regions.,
5.7 Highland soils and Lithosols of semi-arid sub-alpinc regions.
CALCISOLS

6.1 Calcisols in association with Sicroszom=like soils of semi-arid warm
temperate regions.

6,2 Culcisols in association with Reddish~Chestnut soils of the semi-arid
sub-~tropical rcgions.

BROWN SOILS

7.1 Solonetzoid Reddish-Brown soils in ascociation with Solonotz, Solonchak,
Takyr~lilke soils snd related halomorphic soils, Regosols and salares of
the soemi-arid sub~tropical reogions with a vory strong dry scason.

CHESTNUT BS0TLS

8.1 Reddish-Chestnut soils, in part solonctszoid, in agsociaticn with Solonetsz,
Soloth, Pscudo-Bolonchik, and related halomorphic solls, of the dry sub-
hunid sub~tropical rcgions with a very strong dry scasons Chaco xerophytic
woodland phaose. :

8.1a Reddish-Chestnut soils, in part solonctzoid, in assoclation with Solonetz,
Boloth, Pscudo-Solonchalk, and rclated halomorphic soils, of the dry sub-

humid sub~tropical regions with a very strong dry scasons Chaco xerophytic

woodland phasce with many arcas of rogosolic dunce sends.

8.2 BSolonctzoid Reddish-Chestnut goils in association with Solonchaks, Solo-
netz, Salarcs, and Regosols (forming a terrace cdge) of dry sub~humid
sub—~tropical rogilons.

8.3 Chestnut soils and related hydromorphic soils (nainly "Pscudogleys” and
Saline Gleys, etc.,) of dry subhumid sub-tropical rogions.

8.4 Reddish-Chestnut soils in association with hydromorphic soils (both
"Pseudogloy" and Gley), Regosols, and leached Planosols, of the dry
sub-~hunid sub-tropical regions with o strong dry season: "Chiquitana"
deciduous woodland and savarma phascs,
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NON~CALCIC BROYTN AND RELATED 30ILS

9,1 Non-Calcic Brown soils in associotion with Red-Yolleow HMedltcrranecan soils
and with dark grey calcarcous soils, of the tenporate sub-hunid regions
with a modoerate dry scapon.

9.2 Non-Calcic Brown zoils and Celeic~Brown @nile in assoclation with
Caloisols and dark groy colcarvcous clays, of the warm tenporate to
sub-tropical dry sub-hunid rogions with a strong dry scason.

9.3 Grey Porest seils of the molst~to~dry sub-huwnld sub-tropical rogilons
with & noderate dry scason,

RED-YBELIOW FODZOLIC AND REDDISH~BROWN LATSRITIC SOTILS INTIRGRADING TC RED
AND YELIOW MEDITERRANIAN S0ILS

10,1 - in association with "Pscudogleys” (Planosols) and hunmic gley soils,
of the very warm sub-tropical dry sub-humid reogions with a very strong
dry secason and on undulating to flattiszh velict.

10.2 ~ in association with "Pgoudogloys" (Planosols) and hmic gley golls, of
the very warn sub—tropical dry sub~hunid rogions with o vory &Lrong
dry scason but on strongly rolling to hilly relicf.

10.3 =~ in asscoiation with "Psaudogloys" (Planoscls) and Dork Humic Gley
soils, of the slightly cooler dry subhumid sub-~tropical regions with a
strong dry scason, and on undulating to flattish reliefs locally 1ntur~
grading to latosols on some flat~topped hillg,

10.4 =~ in association with "Pscudogleys" (Planosols) and Dork Humic Gley soils,
of the slightly cocler dry sub-humid sub-tropical regions with a strong
dry scason, and on undulating %o flatiish relicef:s locally intorgrading
to latoscls on some flat~ftopped hills but on strongly rolling to hilly
relicf.

10,5 ~ complexly associated with Planoscls and Dark Humic Gloy soils, and
Groundwater Latosols, of the moist en~hwunid sub-tropical regions with
a sitrong dry scason.

10.6 ~ complexly associated with Planosols and Fumic Gley soils, of the very
warn dry sub-humid sub-—tropical roglonsg: Torestod phaso,

10.7 ~ complexly asgoclated with Planoscls and Humic Gloy soils, of the very
warm dry sub-humid sub-tropical regionss savanna phw&

10,8 - intorgrading to slightly lcached Reddish-Chestnut soils, and in
agsoclation with sclonetzolid soils, of the very warm sub-tropical dry
sub-humid regions.

RED-YELLOW PODLOLIC AND REDDISH~BROWN LATHRITIC S0ILS INTERGRADING TO
LATOBOLS

11.1 = in asgociation with Groundwater Lotosols and with rolated hydromorphic
soils, of the humid tropical regions with o wenk dry scason, and on
gently undulating to rolling relicf,



RED-YELLOW PODZOLIC AND RIDDISH-BROVN LATERITIC SOTILS INTURGRADING TO
LATOSOLS (Continuved)

11,2 =~ in association with Croundwater Latosols and with rolated hydromorphic
solls, of the humid tropical rogions with a weak dry scasen, but on
gtrongly rclling to hilly relief,

11.3 ~ intergrading strongly to Lotosols, and with asscciated hydromorphic
soils (including Groundwater Latosols, Humic Gleys, etc.) and with
Podzols, of the moist sub-humid tropical regions with a moderate~to-
strong dry season, and on undulating to rolling relicf,

11.4 =~ intergrading strongly to Latosols, and with associated hydromorphic
soils (including Groundwater Latosols, Humic Gleoys, etec.) and with
Podzols, of the moist sub-humid tropical regions with a moderate-to-strong
dry scason, but on mainly hilly to steep relicf.

11.5 ~ complexly assoclgted with Young Alluvial soils with well-developed
argillic horizons, and with Recont Alluvial soils, hydrvomorphic soils
(including Dark Groy Humic Gleys, Humic Gleys and Calcic Humic Gleys),
of the humid sub-tropical regions with & moderate dry season.

11,6 - mainly Red-Yellow Podzolic soils of medium to low base status, of
the humid sub~trepical to worn tomporate rogions, and on hilly relief.

11.7 = mainly Red-Yellow Podzolic soils of medium to low basc status, of the
hunid sub-tropical to warm tenperate regions, but mainly hilly to
gteep relief, and with related Lithosols.

11.8 =~ complexly asscciated with leached Planosols, Dark Grey Humic Gleys,
and with local intorgrades to Rod-Yellow Moditerrancan-like soils, of
the humid sub~tropics with a moderate-to-strong dry scason.

11.9 =~ steepland Red-Yellow Podzolic soils, and strongly weathered Brown
¢ Forest soils and related Lithosols, of the humid tenperate regilons
9 S
with a weak dry scason.

LATOSOLS

12.1 Complex association of heoavy and light-toxtured Yellow Latosols, Red~
Yellow Podzolic soils, Red-Yellow Latosols, with related hydromorphic
soils including Groundwater Latosols, of the humid tropical regions with
a vweak ATy scason.

12.2 TForested phasc of nedium to light-textured Red-Yellow Latosols and
related hydromorphic soils, of the humid tropical regions with a weak
dry scason.

12,3 Savanna phasc of light and hoavy-texbturcd Latosols, with intergrades to
Red~Yellow Podzolic soils and with rclated hydromorphic soils, of the
humid tropical regions with a moderate dry secasgon,
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Fig. 5. Probable Pattern of Ecological Regions.
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Fig, . Sketeh Map of Soils along main highway between Cochabamba and
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