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.
FORBWORD

The first meeting on Soil Burvey, Correlation and Interpretation for
Latin America,* which was held in Rio de Janeire from 28 to 31 May, 1962,
end was attended by delegates from eloven Latin American countries, requested
the Director General of FAO to "designate a mission of specialists whose
objoctives would be an appraisal of the adequacy of the soil studies actually'
being undertaken by the wvarious countries of the Reglon in relation to their
needs, and to put forward suggestions and recommendations",  This request to
the Direotor-Ueneral of FAQ ownsbltutes the terms of reference of the Mission
whose findings are here reported.

In compliance with this request, the World BSoll Resources Office. of
the Land and Waeter Development Division in cooperation with the Soil Survey
and Fertility Branch, and Land Use and Farm Management Brgnch organized the
firet misslon to vieit Paraguay, Boliwvia end Peru during November and December
1963. Thege three countries of the Region which have received comparatively
little teohnical assgistance from FAO in the field of soils.

The Mission was comprised of the following members:-

A.CeS. Wright, FAO Soil Specialist, Mission Leader
Tmis de Leon, Professor of Soils, University of‘Uruguay
Rafael Pacheco, Instituto Nacional de Colonizacidn,,
Quito, Heouador

WeGo Millor, Land Use Planning Specialist, FAO, Rome.

In addition to the aforementioned duties, the Mission was requested
to carry out an exploratory sbtudy of the major soils of the less known
regions of the countries visited, in cooperation with the Govornments conw-
cerned, This is the first of +two reports and doals with the Mission's
findings on the enquiry into the adsquacy of soil studies in the three
countries visited, in relation to their needs., This report contains a
number of suggestions and recommendations which are of paramount importance
for the countries' development program., Some Expanded Program of Technical
Asgistance and Special Fund projects are herein defined. It is hoped that
ag a result of this Mission a closer cooperation in the field of soils will
be established betwesen the countries concerned, FAO, EPTA and the United
Nationg Special Pund in order to obtain the most urmently needed information
on soils which is required for the efficient utilization of +the countries'
land resources, ,

~ The Mission acted as an experimental "task force" and endeavoured to
speedily obtain information on the distribution of the major soils from
areas where very little soil information existed. The second repori will
discuss at length the toechnical and scientific facets of the soil studies
undertaken by the Mission.

The success of +the Mission was largely due to Professors de Leon
and Pacheco, the Latin American members of tho Mispion, and tho excellent
gooperatioi and.holp rasetvod from the Soil Sciontigte in the three countries.
On behalf of FAO, I can assure them of our deop gratitude for +ho offorb.and
" oxporienco thoy conbributed. FAO is also indebted to the governments of
Paraguay, Bolivia and Peru, for their generous hoepitality and cooperation
and to the FAO and TAB Residont Represonbptlvea who greatly holpod to make
the Misgion a sucoess,
' D, Luis Bramao

* See World Soil Rosources Roport No. 2¢ Chicf, World Soil Rosources Offico

Land and Water Dovolopmont Division



w2

INPTROZTUCTION

This report is a compination of threo separate roports congerning
the sgtato of moil studics in threo Latin Amorican couwbrios, - Paragaay,
Bolivia and Peru, The information is presontod in this form fo facllitate
‘reporting to cach country jindividually.

The Mission achieved a considerablo measure of success during its
brief lifo, mainly besausge of tho pardicipation of the two Latin American
soil scientists, Profossor Luis de Loon and Ing. Rafael Pacheco, from
Uruguay and Bouador rospectivoly, who very guickly ostablished contact
with soiontific colleagues in cach country visitod by tho Mission, opening
tho way for rapld collection of & liberal cross—scotion of portinont data.
Tho Mission cxnerionced, to the fullost dogreoo a particularly happy demone
gtration of the true Latin American capacity for acocoptanco withoubt rosorve
with no accounting of time and *trcuble tukon, and a noblo genorosity in tho
supply of information and advico., This ig not always the fortuno of
official migsions, and I boliove that wo wero to a large moasurc favourcd
by tho esincerce and humble spirit of scicontific eonguiry oxomplificd in the
bearing of our Latin “morican colleagues of +the Mission., QOur hosts accepbed
the Mission as-a neighbourly gesture for closer cooperation and exchango
of knowlodgo and oxperience in this vital field of Soil Resources. It was
& successfulm thoroughliy enjoyable, and scicntifically stimulating Mission.

This prompts mo *o offer a suggestions would it not be worth whilo
to oxplore furthor this type of approach? If we take for instance, the
o386 of Paraguay, It is rolatively small in eroas and almost totally lacking
in porazons rith trairing iwn soils. A Ttask forco! composod of soil scienbisbs
from tho butter equipped ncighbouring countrics, Uruguay, Argontina and
Brazil, led by a soil specialist supplied by FAO, would have 1little diffi-
culty in making a preliminary asscsement of tho yet unknown nature of the
goil resources of Paraguay. This could be achieved in a space of about six
wooks, It would bo.almost certain to discloge information about land use
potontials of great significance tc the future development of tho Republic.

In ocach of the three countrios visited by the Mission, there was an
oviaent dosire to deflect the purpose of the Mission into just those very
shannels: to utilize the combirned exportise of the Mission persormel +to
explain tho nature of the loocal soils, to advise on their classification,
ard to give an ovinion on prossing local so0il problems. Time did not pormid
ug to givo much holp:uimnthose matters, but, as loader of the Mission I foel
it inoumbont to draw attention to the possibility of FAO acting 48 a simple
catalyst in tho promotion of soil siudios whero the political climate is
Tavourable, Many of the prosent group of adequately trained soil scientists
in Latirn Mmorica have roachod their current status with the holp of FAD
scholarships and study tours. As goientists they are surprisingly sompetent
and thoir spirit of scientific enquiry iz such that they ave sager 0 moot
now soilsy and tost their interprotative powcrs. Soils do not gtop or change
at National boundaries; nor should soil sciontists when opportunities aro
favourable, As Latin Amoricans, thoy welcomo the frosh brooze of intop

Amorican oooporation and arc cagor to put thoir skills at the Borvice of
tholr neighbours ‘
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From the point of view of FAQ, -the scheme holds many potential adven-
tages. It is relatively inexpensive since only the soil correlator has to
travel any oonsiderable distance. Travel within the host country is arranged
by the appropriate govermment authorities.’ Tho résulis sre satisfying to all
soncerneds the host country gote a very rapid oxport appraisal of its moil
regources, thoe participating soil secientists ascquire a considerable amount of
noew moil oxperienco, and the govormments achiove e moro ample and up-~to-date
ploture of tho background against which they may substantiate thoir requoste
for U.N, Special Mund or Freedom from Hunger devélopment projects.

Aa C‘@ Sc Wrigh’t

Soils Survey and Fortility Branch
Py A0,
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PR T I
PARAGUAY

SUMMARY OIF PINDINGS AND RuCOMMBNDATIONS

L

Reliable soil information is possibly of greator importance to the
Republic of Paraguay in its present stage of devolopmont than any other
typo of sciontific information. Although small in arca and relativoely
lightly populated, over 70% of the people live in rural arroundings, and
agriculture is the mainstay of tho country's onconomy. In general, the
Mission found that rolatively fow soil surveys or rolated invostigations
oxisted, nono are currently in progress, and those that are contemplatod
aro incidontal to other schomes., It is tho opinion of the Mission that
more and bobtter soils information will-be cssential for the success of tho
devolopmont program alrcady beogun.

At this stage in the dovelopment of Paraguay, two important trends arc
apparcnt: the earlicst farmod soils ovor a wide radius around Asuncion aroc
showing marked signs of exhaustion, and the road construction program forging
a link botwoon Asuncion and Brazil has oponod up large arcas of ncw land for
gottloment. Both facltors, acting together, havo stimulated a strong movoment
of farmers in the dircction of the virgin soils of castern Paraguay. Soil
probloms requiring investigation arc of two kinds., On the one hand they are
" nocded to holp deviso economic methods for thu rchabilitation of tho 'worn-
out' soils, probably involving consolidation of abandonod holdings and mora
omphasis on pastoral farming; and on the other hand soils studics aro needod
urgontly in the nowly sottled areas which are at prcsent mainly boing farmed
by traditional sysbtoms and which will surely doteriorato rapidly in fortility
unless tho farmers can boe porsuadod to adopt better soil managemont mothods.
Supplemontary to tho latter soil studics, thore should bo investigation to
dotormine tho oconomic sizo for farm holdings on tho different kinds of soils
of thoe typos of crops best adaptod to cach soil; and of conscrvation measures
nocossary to onsurc that production will not decline because of gradual
acceloration of =oil crosion. The government intends to cstablish exporimonte
al and demonstration contres in the new settloment arcas to detormine those
cssontial matters, but lack of soil information has introduced an e¢loment of
uncertainty which is holding up the selcction of appropriate sites for those
stations.

The Mission found that very good work is being done on the oxisting
experimontal stotions in the detormination of tho fortilizer roquiremonts of
crops but, again, the full value of this work is not being rcalisced because
thore are no soil mapse with sufficicent details to show to what cxtont those
results can be appliocd over thoe surrounding farmland. Similaxly, the ex-
perimental stations provide excollent domonstration of soil erosion control
measures, but thesc arc not in general uso by farmoers although certain of the
farmed soils are badly in need of such measures. Land uso capability studies
have been conductoed for certain crops but, horc again, the information is of
only local significance in tho absence of soil maps. No information was
available concoerning tho differont soil managoment practices suitablo for
use with specific cwops in the difforent kinds of soils
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A limited amount of soil survey is contomplated in the future, butb
only in comnoction with the access road consiruciion program and the
selectlon of new arcas for settlement, There are hardly any Paraguayans¥
with adequate training in soil survey and future studiocs will be left
largely in the hands of overseas oxperts hired by the organizations
cerrying out these projocte., The Mission was able to.gather very littlo
information as to future noods and training of Paraguayan porsonnol. It
le obvious that tho future will bring a much greator noed for local soil
survoyors, and soil fortility and conseorvation staff, but tho prosont rate
of output of graduates from the University with adequato soil training
amounts to only two or throe por year. - This seems totally inadequabe in
torme of tho progent and potontial noeds of the country.

In all, the Mission found that therc was a porsistont dearth of
reliablo soil information in Paraguay and, with tho ro-awakoning of intorest
in national laend development schemos in mind, the Mission offers the follow
ing rocommendstionss: :

Lo That tho Paraguayan Govornmont secks tho assistance of a soil
-survoyor undor the FAO .xpandod Program of Tochnical Assistance
(BPTA). The person for this post should have had wide exporionce
in sub-tropical soil conditions and his most important duty
would include tho re-appraisal of tho more important soils in
the country to detormine their corroct classification and to
corroelatoe thom with similar soils olsowhore, so that extornal
soil knowlcedto can be brought to tho aid of Paraguayan farmers.
His duties would also includo: - ‘

~ ageistance in selocting sitos for new oxporimontal
gtatlonss :

- help with determination of developmowt priorities in
aroas whore new farm colonies are dosirod and whero
new accegs roads aro planned;

- help to provido an accuratce basis for soil management
studies in relation to farm planning, crop seloction,
and orosion controls

- advise upon the possibility of developing irrigated
farning and rice growing on the Chaco plains and other

. areasgs '

- indicate altbernative mecans of rehabilitating tho
doplotod soils in areas wheorc counsolidation and grapg-
land farming is to bo attemptod, and

- dovelop a scheme for theo itraining of Paraguayans in
the methods, tochniques and art of soil surveying and,
if roquired, give some assistanco with tho establishment
of morce ample soil courses at thoe University.

2o, 'That thore should be some gtrongthoning of activity in the field
of soil conservation studios, and that thoso should be carried
out over whole watorshods rathor than on individual faxmg. Those
gtudiocs should provido goil managomont data ossential for both
the land rehabilitation work and the land scttlement programss
thus roquiring ot leoast two distinet study areas. Informstion
from theso gtudios will bo particularly luportant for Paragusy

* Soe page 11 'Porsonnecl’
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as tho density of tho farm populatiown incroaseos. They are long
vorm studios and so thoy should bo commencod soon., A projoect
ghould be formulatod wiith the aid of tho BPTA and submittod o
the Spocial Fund of tho Unitod Nations.

.That, when air photo coverage, ground sontrol and the supply of

reliablo base maps for soil surveys aro adequate, and when thoro

is suffaciont numbor of trained Paraguayan soil surveyors

available, a furthor projcet be submitted to tho Unitoed Nations
roquesting assistance with o naturai regources survey to detormine
tho true potential of important aroas of tho counitry. This informse
tion will bo requirod, not only for agricultural and forest
developmont, but also for sclocting sites for now industrial
dovilopments. A soil survey toam would bo en integral part of

this projocte.

That tho Ministry of Agriculturc investigatc the posgibility of
bringing about tho consolidation of all soil workors by crcating
a divisior Jor soil and fertility invostigations, with units for
goil murveying, for soil fertility, for soil conscorvation and
managomont, and with a laboratory unit serving tho whole division
and the farming community in gcnoral,
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I, SOURCHS OF INFORMATION

In Paraguay, extremely uscful informetion was obltained Irom
membors of the following organizations: Ministry of Agriculture, STICA
(Servia$m Pocnico Intoramericano de Co-operscion ﬁgrmwal&)y Meteorological
Department of the Ministry of Defense; Military Geographio Institules;
Inter-American Geodetio Supvey and the Secreiariat for Planning and Davwimpm‘
ment. To informants of the above organizations, and to' many others, the
Mission ic deoply indobted for the fine spirit ol co-operation lexﬁh

In addition fo the study of matoerial provided by informante, tho
Mission also reviewed published and unpublishod reporte and maps available
in locol libraries and, further, carried out a limlited number of Ffield
investigations in the relatively densely scttled region southwest of
Asunclon, in the nowly opened up agricultural region near the Parana river,
and on the Chaco plaine northwest of Asuucion,

IT, PHYSTOATL CHARACTSRISTICS OF PARAGUAY

Googravhlice Location

Parsguay is one of tho smaller_countries of South Amewice, with an
area of 157,000 sq. miles (40 000 Lm2)9 or 40.7 milllion hectaves., Surrounded
by Bolivia, Brazil and Argcntlm&) the country depsnds on the Paragusy-Farana
rivor system for access to the sea. The capital and main shipping poxrt,
Avuncion, is more than 1,000 km distant from the main industrial centere of
Montevideo, Buenos Aires, Sao Paulo and Rio de Janeiro.

Bituated between latitude 1995 . and 28089 and with few mineral rescources
‘and little dnduscrial dovelopment of its own, Paraguay is basing its occonomy
on tho prouction of sub-tropical crops and the exploitation of natural
forest resources,

Topography and Landforms

Pareguay is characierised by landscapos of low relief. The mean
slevation of thoe country is probably less than 100 m and the highopt point
is Only giightly ovor -T00 m above ses lcvel. This more elovated pard
reprogontes a low north-south anticlino betwedn the synclinel besins of the
Chaso and Parans, From the antieclinal ridge, the rocks dip guintly susb-
ward soward the Parana basiry while to the wost the rocks oither dip steeply
or are downfavlied into the dopths of tho Chaco basin.

This relativoly simplo geological stricture gives tho aountry %wo
major and somovhat distinet physiographis regionss

(i) An easvern reglon of mainly rolling to hilly rellef, undoi-
lain by ancient rocks whouse anpoearance at thoe surfaco marks
the vigible western Llimit of the great Bramilian shiold.
Although tho rocks are vory anciont, thore ars no Alabinct
romnants of anciort land surfaces. It would appear that, in
Paraguey, all the latter have boon dostroyed by a long sorios
of crosgion cyclos, resulting in a subdued topography charao-
torised by wido valleys filled by a great dopth of alluvial
and colluvial erosional matorials
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(ii1) A wostern region consisting of a vast apegraded alluvial plain
which has boen tho accumulation arca for an cnormous amount of
orosional material since the Andean orogeny in Lato Tortiary
timos., No major rivers now discharge across this old floodplain,
but minor streams arc intormittontly active during the brief
rainy scason, sorting and rcdistributing the older surface
sedimonta.

Gooloay

Along tho north-south anticline that occupiocs the greatoer part of
the eastern physiographic rogion, the following rocks appear closc onough
to thoe surface to form the paront materials of soils:

(i) gandstones of Cretaceous, Triassic and Jurassic age, in
part intruded by volcanic rocks, and varying widely in their
content of mica, silica, hacmatite, feldspar, etc., and in
their degree of consolidation or indurationg

(ii) granitic rocks of varying composition, of Devonian and Permian
age; and -

(1ii) Limestones and calcarcous shales, probably of Silurian age.

Intruded within those sedimentary rocks are volcanic rocks of mainly
basic composition but of varying ages. The most imporitant singlc membox
of this group is a thick sories of basaltic rocks that form the main soil
forming parent matorial over much of the eastorn part of tho castorn physio-
graphic rogion. These rocks are of Triassic or possibly of Jurassic age, and
the landscapo ig loss maturoly dissocted than the rest of the castern region.

In the westorn, or Chaco, region, thoe undorlying rock rarely approaches
closgo enough to the surfacc ‘o contribute to the soil pattern. Tho chiof soil
forming parcnt materials arc unconsolidated sands, and clayey or silty sodi-
ments of comparatively recont depositional age. The lowoer beds are mainly
continontal in origin with some interlayering of marinc sodimonts; the sur-
faco matorials are mainly a rosorting of these older matoerials as thoy
gradually work their way down the gontly sloping plain. There arc indica—
tions that much of the oldor material was laid down undor conditions more
arid than at present, allowing the preservation of considerable quantities
of salts, particularly thosc of sodium and magnosium. The total depth of tho
Chaco gedimenﬁs is thought to be in oxcoss of 600 m,

Climate

The presen% climatic rogime of Paraguay reprcsents an uneasy balance
botween cool sub-tropical, and very warm tropical conditions and is espocially
notoworthy for abrupt fluctuations in temporature. This is a reflection of
geographical and physiographic conditions, for Paraguay is situated ncar the
center of the continent with no woell defined topographic barriers, and between
two major climatic systems, Thus Paraguay lios opon o invasion by massey of
cold air coming from tho south, and to warm air from the north. In total,
the climato of the country can bo broadly rockoned as continental sub-tropical.
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There is & woll defined scasonal rhythm during tho yoar, but it is
subjoct to distortions at any time: mavkod am aal variability is & promi-
nont charactoristic of the Paraguagan climatic pattern. In gunoral, winter
monthe although mild arc somowhat drier and considerably cooler than summor
monthey while summor months aro inclined to be very hot and humid with
intormittont hoavy rains. Frosts ocour with some regularity in the soubh-
castorn scotors during the wintor and aro mcst froguont in July snd August,
but evon here thore is a frost-froo intorval of approximately oight months.
Tho frost hazard diminishos northwards, oxcept in tho case of tho Chaco
rogion whore soveral dogreos of frost arc not uncommon as carly as April
and as lato as Octobor,

The moan snnual temperaturo gradiont ovsr tho whole country docroasos
from 26°C in tho northwost to about 21°C in tho south and easty whilo the
moan annual procipitation incroases rogularly from slightly under 500 mm in
the wostorn Chaco to ovor 1600 mm noar thoe Parana river. This intorplay of
tomperature and rainfall producos maximum moan potontial ovapotranspiration
ratos of about 1500 mm in tho northorn Chaco rogion, and minimum rates of
ebout 1200 mm in the south and ccst of the country. Tho calculatod mean
annual wator defieit is nogligiblo necar tho Parens uplands, but incrocasos
towards thoe northwess whore it oxecoecds TO00 mm per annum., According to
Thorrthwaitey classification, the wostorn half of tho Chaco oxporionces a
somi-arid rogime (class 'D'); the easterm Chaco is dry sub-humid (class 'C1')s
the contral and western part of cthe castorn physiographic region is moist
subhunid (clase 'Cp'), and the remaindor of tho country falls within the
humid catogorics (classos 'Ep! and 'By'),

In torms of conaitions for soil formation, the current climatic
rogime indicates that ovor most of tho Chaco rogion, loaching and, to soma
oxtont, woathoring oporato very woakly during 70% of tho yoar, and tho
advout of rain producos tomporary watorlogging loading to a shorp initia-
tion of g'ey procosses,, In the central sector of the country, tho same
altornation of wet and dry conditions produces an intorply botweon leachiag,
gloying and weathoring, wut to a much losseor dogroc than in tho Chaoo,

In tho huaid csstorn swotor, scil woathoring is probably oporarwivo throughe
out tha yoars loaching is fairly continuous but not very strong, and
gloying is of much loss congegquonco,

Vegatation

"he soils of tho Chaco rogion arc doveloping under a varicty cf plantd
fermation, ineluding zerophytic woodland, somi dociduous ioxrest, palm forest
and natursl gsrassland, In tho ocastorn region, the soils have developed under
forost until comparatively recont timog, although 'islands' of grassland
amongst the Fferesb havo blon known trom pro-hispanic days. Those wero areas
whorelndigonous tribes had ropoatodly destroyod thoe forest to make foo..
gardons. In timo, the natural foriilily of the soils declinod to tho point
whore tho originai forest was unablo o rogonorato.

v Thore appoars to be a fairly crLosc ccological rolationship between
the kind of natural plant covor and solil conditions; to such a degroe thatb
vhoro the original vogotatior pattorn is still intact, the approximate soil
conditions may bo ofton estimated rfrom an inspoction of air photographs.
Howovor, abcut 456 of tho original plant cover of Paraguay has boon modificd
by farming scobtivitics to an oxtont tHat it is now no longor possidblo +o
dotermine with cortaiuniy tho neturo of these original plant rormetions,
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Soils in Rolation to Invironmont

Tho varioty of rock formations; the diverse history of landscapo
formation and dostructvion; -vhe past and prosent climatic pattorns, and
tho conditioning offect of differont kinds of plant cover, havo combinod
to produco =2 variod and intorosting assemblago of soils.

Most of %ho quartz-rich vocks (which includo most sandstones and all
tho granitic rocks) have given rise to Rod-yellow Podzolic soils, Thesc
oontain materials that have a long history c¢f weathoring and most soils
show ovidonco of lateral drifting of soil matorial as a rosult of orosion,
limitod transportation and accumulation during provious goologic cyclos.
Thoso soils are mainly associated with landscapos of subdued roliof, -~ of'ton
low island hills rising out of wide plains deeply filled with quartz-rich
alluvial and colluvial dotritus. 3By contrast, most arcas of basaltic rocks
(including somo arkosiz sandstonos of high foldspathic contont) have given
riso to soils similar to the 'torra roxa ostructurada' of Sao Paulo and
Parana Statos in Brazil. Aroas of calcareous rocks located in the northern
woctors of tho ocastern rogion have given riso to dark coloured clays relatod
to. Grumosols, and to assaciatod ca'caroous hydromorphic soils.,

The soils of tho Chaco rogion are the product of a shortor but moro
congigtont history of landscapc building, yot novertheless, thoy proserve
some indicatlon of a variod post-Tortiary climatic history. In many of
thoso soils, weathoring and clay movoment from the surfaco dcwnward has
boen sufficiont to produco donso subsoil 'clay pans', which in turn are
rogponsiblo for the formation cf'!'porched? wator-tablos during tho briof wot
secason, loading to soasornal activity of gley procosses followod by, in tho
wostorn Chaco, some cavillary roturn of solublo salts to the surface. This
had lod to the foxmation of vxtensive arcas of halomorphic soilss particularly
solonotz and solodiscd-golonots soils. Many of tho soils are Planosols,
somo showing salt enrichmont duo to evaporationg associated with these, in
somo arecas, arc moro sandv soils that show more pronounced leaching of the
surface soil. In othor areas carbonato-rich hoavy clays havo givon riso to
grumosols. Tho soil pattern of tho Chaco is undoubtedly complox and, as
yot, inconplclcl,) Tmil

Finally, thoro wveo largo arcag of pormanontly swampy soils in the
triangular lowland area where tho Paraguay and Parana rivers join, and somo
oexteonsive alluvial flat lands in tho south-contral part of the country.
Theso aro mainly soils of old floodplains, no longor subjoct to strong
alluvial deposition, with acid 'planosolic'! types cf profilos., Tho majority
aro 'pseudo~gloy‘ vutiher than frue gley soils,

Over wide aroas tho scils of Paraguay arec doficient in moisture for
much of the year. This is particularly truo of tho wostern and northorn
Chaco region. Lack of wator for agricultural purposes must be rockonod as
a factor soriously.limiting land dovclopmoent, although the situation cannot
be accuratoly asseszed . niil *hors . @oil maps showing whore availability
of wator coincides with aroas of soil adaptod for irrigatod farming. Water
of good quality for irrigation is availablec from both the Pilcomayo and
iaraguay'river systoms whorc they traversc somi-arid or dry sub-humid torri—

Ory.,
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IIT. SOILS AND THEIR UTILIZATION

Boil Gonogis and Claossification

Information of this nature can ounly he obtaincd from field soil
surveys, folloved up by specific soils studios. Unfortunatoly, there has
booen very little activity of this type in Paragnay. As far as could be
agcoertainod, thore have boon no published roports of soil inveostigations
nor detailed or sami-dotailed soil maps propared ir the country. Only two
broad roconnelssance soils maps aro availablo. The first of thoso is very
old but extromely good map, datoed 1912, proparsd by Moisce S. Bertoni and
ontitlod "Mape Agroldgico, Fisiogréfico y Climatolégico." This map
cxpressos gquite woll the broad picture of tho soil rosources of the countyy.

The second map, available in photocopy in two sheots on e wcale of
181,000,000 (2) was subsoquoutly published on a scale of 1 om = 5.8 km in
& profossional papor of the U,B. Geological Survey (3) by Bdwin B. Dokel,
doaling mainly with the goological and mineral rosources of Paraguay. This
sodl map was made in 1952 by Podro Tirado Sulgona, J.B. Hammon, and J.R.
Rumiroz of tho Departamento do Ingenierid of STICA, approximately at the
game timo as the team of the U.S. Goological Survey woro working in the
gountry. It shows clovon soil 'series! in the ocastern rogion, and delimitse
approwimatoly six soll 'series’ for the Choco region,

Some additional genoral information about Chaco soils is available
in the roport of a Comman sciondific commission propared for the Governmend
in 1960 (4). One membor of thoe commission, Rudolf Liiders, gave a more
dotailed account of some aspoots of the Chaco soils and analytical datae in.
a paper published in Germany in 1962 (5).

Some additional recent information is availablo on the 1z 2, 500,000
preliminary soil nap prepaved by the World Soil Resourcos Office of FAO.

In summary, the Mission fowund that the information sbout Paraguayan
goils avallablo from surveys and rolatod studies was oxtcromoly dnficiont as
o bawsis for unlerastending soil gonosis and preparing an sccurate soil
olasgiflication.

Scil Fortility

Although little has been publsihod on this topic, & good deel of fisld
cxperimontation Las becn carricd out on the Bxperimontal Stations at Caacupe,
Bnoavrnacidn and Mladolfia, and on farmors'® soile in the vieinity of thoso
gtations. This work has boon supplorented by the soill testing serwvioce cf
the San Lovenszo soils laboratory.

Ixperimental plots Cor cach »f tno main cash crops (maize, cottong
tobaoco, sugar cane, obtc.) and for eitrus and pasturcs have hoen maintained
for a number of yoars for fortilizer triale with tho three major nutrient
oloments and some of tho minor elements. The oxporimental a.sas have beon
wisely chosen, hence tho results are applicable to the main kinds of soill
in southeosetorn and central castern Parnguay, and to the central part of tho
Chano., In addition to tho field trials, somo croy resgponsog have been
corrolatod with loboratory deotermination of avoiloble nutricnts in the solls,
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Tho records of the experimental program maintaincd by Ing. Hernando
Bortoni show sitos of all trialss o point of great valuo whon accurate
goil maps becomo available. Tho mean crop rosponscs to férﬁili%@r troat-
ments applied bto Rodw-yollow Podzolic soils of modium-to-high pasq status.
in tho contral and castorn part of Paraguay are of the order indicatad in
Table 1 &

The exiontion service offering tochnical advico to farmors draws
hoavily on Ing. Bertoni's knowledge of tho soils, but much of the availablo
information on moil fertility cannot be mado gonorally available until
roasonably accurate soil maps arc available to provide s sound basis for
offective correlation of Ffertility data.

Soil Consorvation

Again, in this ficld, little published information is available. ‘
Tho agricultural oxporimontal stations arc thomselvos execollont demonstrations
of moil conservation practicos but it is ovident that few farmors aro actually
following sound practices. :

Lafid Usc Capability

Land iuse capability studios have boon made in the past in rcspoct of
certain crops but tho information is only of local significance in the
abscnce of soll maps of the wholec country. Nor is thore any published
information available concorning the diffoeront soil managomont practices
suitable for use on tho different kinds of =moils.

Land Usc and Agricultural Dovolopment

According to the 1950 census of agriculture, the major part of the
cropland is locatod in the oastorn physiographic rogiony; while tho main
area 'of pastoral farming is in tho western or Chaco rcgion. The forested
land is located mainly in the castern and northern scotors of tho esastern
physiographic region.

Dospite rocont advances in agricultural tocchnology, and changes in
market relationships for farm produots, there has been no corresponding
markod change in Paraguaysn agriculture. The allocation of land between
the major land use classes has not changed substantially, although somc.. .
change is discernible in rospeoet of the cropping pattorn due to an incroasing
amount of land being cuployed in cotton production. Changes in sizo of
farm holdings, in usc of farm machinery and in tho use of othor modorn Farm
management practicos are virtually imperceptable., Farmors still depend do -

a groeat cxtont on manual labour supplicd by their own families, and lack
capital in all ite various forms, S

Although the rogional patbtorn of land use and colonization might
}mwrmmhmdsmmMmthmmwmmﬂyamlmmWMmmu@y9it@dmmhmmmﬁis
. nevertheless partly rclatod to land productivity and accossibility. Thore
are gtriking differcnces in tho soil rosources of the two main physiographic
rogions, arising from the contrasting naturo of their goomorphological
history, and from past and present diffcroncos in their climatic regimos.
"Those factors havo playcd a major part in detormining the prosent distribue
‘tion of tho population. The soils of the ocastern roegion havo proved mors
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attractive for scttlement and moro tractable for farming, to tho extont
thet 96% of Paraguay's prosont population now live in theo eastorn region
which represents only 37% of tho tctal aroa ol the country. Tho course
of the rivor Pavaguay rcughly merks $he division betwoon tho populous
sagforn rogion and the rather emplty wostern rogion. With a total popula—
tion of undor 2 million, Purgauay has tho luuust deonsity of population of
any covntry in South aAmorica.

No syetematic drive has been made to roshapo thoe pattern of land
usc on the basisg of information portaining to soils or relatod production
faotors, oxceph for some oxtrome cascs in the moro accossible areas where
a high degroo of crov adaption has boon achiovod, - but by trial and errox
rather than as the result of application of seciontific information. In
the aroas primarily usod for orops, bush fallowing is quite commonly
practisod, hardly any fortilizor is boing applicd and conservalion practices -
cultural ag woll as strvetural - although badly nooded in somo instancos,
are virtually ignorod.

The nresent trend in land dovolopment is a movoment castwards towards
tho Brazmilian fronticr and along tho westorn bark of tho Parana rivery a
movement facilitated vy the highwuy oo presont under construction betwoon
Lsuncidn and Brazil. This population drift is motivatod by the improvomont
“of accossibility of tho rich virgin soils in the oxtrome castorn part of
tho eastern region., Bub, and herein lios the rcal tragedy of the situstion,
thoe inappropriate land uso nractices of the old rogion are boing transforred
to tho nowly doveloping rogion where they aro grossly inappropriate and will
rapldly deplétce the fortility of tho soil. Now roads arc also boing cone
sbructud woestwards from Asuncidn into the Chaco Beroal, but tho soils of
this wostorn reglon aro proving loss attractivo to farmcrs, although
govoral promising farm colonios havu been ostablishod thera,

Th~ unovon land use pattern and thoe widosproad addiction to unthrifty
managnmon’ practicos arc, howovor, not cntirely duo to lack of adequate
gelentific information abous the soils or oven to failure to rocogniso the
problems out thoy are cortainly to bo rolated to the system of land ownoir-
ship. Thero are veory many small landownors, with from 2 to 5 acres, and a
considerablo number of largo landovners, with from 50C to 5,000 acrosy bub
& groat scarcily of farmors in tho middlce raango. Botw 'latitundios' and’
Imivwifundios' prosont problems of readjustment. On tho ono hand cwners of
largo traocts of land with soils idoally suited for crop prodontion may prefor
to ongage in oxtensive pactoral farmiag, whilo, on tho other hand, small
unoconomic holdings do not lend thomsolves to tho adoption of sound land use
proctices which must include erop rotation systoms and some soil conserve-
tion measuvos, It i. very ovident that Paraguay is one of tho few countries
in Scuth Amoxics whore all who want land can casily acquire ity whoro the
small farmer can, by his natural industry dchieve freodom from hunger, and
whore thore aro vory few outward signs of rural poverity. Yot this is being
achiovod at some uvxpense of tho soil rosourcos, and, although wot perhaps of
groet consoquenco at tho moment, the cumulative efrocis of carcless soil
managoment will surely ir tho oend creato a difficult situation for these
wrary plocsgant and industrious pooplo.
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Tho agricultural dovelopmont of Paraguay, whothor by accoelorated
oxploitation of resources in virgin aroas or by tho rohabilitation gf WO~
out land through accoptanco of rational soil managoment practicos, is
hamporod by tho geographic location of the country. Much of tho agricultural
production is in direct compotition with that of the tropical parts of tho
largor nolghbouring countries; and within Paraguay thore is vory little specia-
lization. Mach of the small farmors tond to concontrato on tho 'popular’

crop of tho moment,

Land Productivity

Crops. A numbor of investigations havo boon carricd out with rospoct
to crops by tho Servicio Técnico Intoramoricano do Cooporacidén Agricola, and
the rosults have beon mado availablo to tho public by moans of stencilled
loaflots. Theose covor managoment practices for most of tho common crops, fox
suggosted now crops, sced improvemont programs, various aspocts of phytc-
pathology, animal husbandry; and economic studios on costs of production,
availability of crodit, marketing pricos, and small farm processing plants,
In total, some 250 of those leaflots have beon issuod and they appear to
havo a wido circulation. Soil managoemont practicos suitablo for tho differont
soilg aro ofton incorporatod with other matters with reforonce to spocific
Cropsas :

Pastures. Pastoral topics are the subjoct of soveral STICA loaflots
but the rango of investigations has beon limited. Although some pasturo
introduction trials havo beon carriod out in difforent parts of tho country,
1ittle information appoars to be availablc concorning pasturo cestablishment
and pasturo management practices required for difforent soils, Iaspecially
notoworthy is tho lack of information about use and managoment of tho natural
grazing lands of thoe Chaco plains. Also, ccological studios and analyses of
tho nutriticnal valuoc of the differont types of natural pasturc still romain
to bc donc, although taxonomic studics of those grasses wero underitaken many
yoars ago, B

Porogtry. STICA has also roloascd a numbor of loaflets dealing with
forostry mattors; and FAO roports aro available concorning tho timbor poton-
tial of the natural forosts. Tho FAO roports woro praparcd by Mr., M. Gallant
in 1955 and 1957, .

Vogoetation maps for tho wholo country wore prepared in 1927, by
Stiltenborgs in 1932, By Schnoider; in 1945, by Carabia and in 1950, by
James, All of theso arc on a rolativoly small scale and somowhat gonoral.

IV. CURRENT SOIL STUDIsS AND BXPANSION CONTLMPLATED

Soil Survoys

Goneral rocormaissance survoys, No genoral roconnaissanco sULVOy s
aro currontly rumning and nono aro contcmplatcd for tho immodiate futuro.

Spocific soil survoys, Soil survoys for spocific purposcs or of
gpocial aresas arc not at prosont operating, A limitod amount of soil
survoy work in connection with. the acccss road construction program is
expected to be undortakon by tho Intornational Bank of Roconstruction and
Dovelopment and is roforred to bolow under item 4: Intogratod studiocs.




Soil Fortility Invostigations

The soil foetility invostigationa that havo boon in progress for
soveral years are intondod to continue at about tho samo pace in tho
future singo mony of thom &re long form inveetigations. No oxpansinn
is possible owing to financial limitatious, although gomoe expansion would
bo highly desirablo.

ooil Oonaervation Invoatigations

Those nro also convinuing at a slow and rogular pace. This paco
18 not expocted to aoccelsrate urdose additional funds can be providsd.
As montionod in tho next scetion, some incroaso in soil consorvation work
18 contonplated in connootion w;th tito Aocose Roads projeot to bo admini-
gterod by tho IBRD. ¢

Intopratod Studios Counccted with Land Dovelopmont Projoots

No stucdios of this tyoe are currontly oporating but two aro antiolpated
in the near future 2ud a third is now undor considoration. The first rolatos
to a volativoly small projuct for iural dovolopmont in tho vieinity of Puorto
Stroossnor. This projoct involvos aerial phntography of about 100,000 hoctaros
end is boing financod by tho Banco Intoramoricanoc.. Tho work of photo intore
protation has boon contractod to a privato sompany,

Tho socond projoct, known as tho "Faraguay Road Survoy Projoet",
wolator to a triangular arca botwoon Asuncion, FPuorto Stroossnor and
dncarnacion. It was eluboratod in 1961, and approved by the Spocial Fund of
tho Unitod Nationu in August, 1963, Tho Exocutivo Agoncy will bo the Intor-
national Bank of Roconstruection and D8VUlopmont. Tho project calls fox the
acrial phetography of somo 50,000 kms“ and photo-intcrprotation studios to
dotormino the pattorn for construction of access roads to fogtor oolonization
in tho aroa. Tho urva was scloctod on tho basis of data shown on tho 1952
s0il map .nd also bocausc it is occupiod by T0% of tho inhabitents of Pare-
guay. It is intondod that the phovo-intorprotation studios will mako uso of
goil data chown on this carly soil maps but provision is mado in tho projood
for tho omployment of oxports in agriculturc, soil clussification and ocolornde
zation tc assist with photo-intorprctalion, in ordor that tle notwork of
sacondary and tortiary roads shall be dosignod to sorve tho arcas with the
bost agricultural potant1a1

The third, and most rocont projoct, still being olaboratod by the
Secretariat for Planring and Dsvolopmont, doponds to somc oxtont on the
avalilability of air photographs takon for the pravious proagct, but also
roquires noew sorial photography of an additional 50,000 kms“, The total
aroa involved ia about 100,000 kmsga The purposo of tho projoet is tHo
provido a bagis to guide farmors undortaking colonisation of virgin forost .
land, and.at tho samo timo vo plan #»o consolidation ¢f the worn-out holdiungs
abandonod by tho farmors who havé movud into. tho now colonisa*ion areas, and
to dovise now systems of agrienlinre “ir tho abandonod farms. No indication
can be givon, at. prosont, of tho numbor of oxports roguired fur this projoot;
but, in addition Ho soil survoyors and seil comscrvation spocialists, the
Mission urges that high priority should be given to tho ineclusion of oxperis
in orop solechtion and farm planning o onsurc that duo attontion is glvon
to the seloction of suitablo crops, yilolding produots that cen bo esonomdi-
cally marko-becl0
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Qthor Invostigations

Climatology. Warly climatological maps and assossmonts wero ofton
bagod on inadoquto motocorological rocords, but during the past four ycars .
tho position has improved immeasurably through the offorst of Prcf. Folix
Alborni omployed by tho World Motoorological Offico and his Paraguayan
colloaguos, The maps showing climatic data accompanying this roport have
boon made availablo through tho courtosy of thoso motoorologists, and it
will be scon that a groat doal of information of groat importanco for
analysis of crop productivil and seloction of potontial crops has boon
analysod and proparcd in rocadily usable form,

Goology. Goeological maps of Paraguay haveo boon prepared by Harrington
(1957,1958); by Putzor and his collenguoes (1958) and by Bekol (1959). Con—
gidorablo goological and goophysical information is to bo found in the ‘
roport by tho Gorman commission hcadod by Dr. Putzer (6), and in a subsequont
roport on the Chaco rogion by a socond Gorman commission led by Dr. Flatho
(4). Tho latter rcport was roleased in 1960. Tho most completo geological
information is to be found in tho roport by ilckol (2). A very early papor

by Keith Johnson appoarod in 1876 (7). This goological information has
considorablo relationship with land productivity for thesoil pattorn is
closoly alliod to goological pattorns, and tho fortility of tho soils is
fairly closoly rclatod to thc potrological composition of tho rocks,

Hydrology. Background information on this important topic is vory
scarco and no data concorning stroam flow or groundwator rosorves aro
roadily accossiblo, Thore are a large numbor of wolls throughout tho
country but thero aro no roliablo rocords of rates of rocchargo aftor
pumping, of soasonal watcr levols, or of tho guality of the wator. The
gsocond Gorman commission that invostigatod tho Chaco rogion reported on
potontial aquifors that oxistcd at depth in tho Chaco scdimonts and on
tho probable quality of the groundwator supplios. Thoir gonoral conclusion
was that tho water of bottor quality was likely to bo found near thé
surfaco and that doopor bodies of groundwator were likely to be too saline
for agricultural use,

Many arocas of Paraguay havo a seasonal water doficit and in such
places agricultural devolopment roquires provision of wator for irrigation,
At the prosont timo thero is almost no dovolopment of irrigatod farming,
although in somc rogions thoro is rivor water of good quality which could
probably bo utilised for irrigation or other usos.

Porsonnel

Paraguayan personnol working on soil survoys and relatod soil investi-
gations aro currently contributing only 3.5. man/yearsz 2¢5Vman/yoare in
soil fortility, and 1 man/yoar in soil consorvation. There is no porson
actually ongaged in soil survoys., It is anticipated that thore will bo
gomo difficuldy in finding an adoquato numbor of Paraguayan counterparts
with sufficicnt oxporienco or training in soils or alliod subjects for tho
integratod projocts cnumorated above.
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No intcrnational persouncl are currently working in Puraguay on soil
survoys or cther soil studice. Howoevor, it may bo anticipatoed that several
foroign soil cxperts will vieit Faraguay in sonncotion with tho IBRD Road
Burvey projoct in the noer fawiiro, PFor tho small project in the vieinity
of Puorto Strocssner, it is undorsiood that the Baico Interamerieanc has
contracted with 'Italconsult! for tho employmunt of a esoil surveyor and a
goll classification orport, although it is anticipated that this assistance
mey be of rolatively short duration,

Trainlig Programs

From 1940 4o 1955 tochnical training in agriculture, carried out in a
socondary school, providod a course with fivoe yoars of goneral agricultural
subjoots. During this poriod many Paraguayan students obtained univerelty
training in agrisulture in foroign countrios - mainly in Uruguay, Argeatine
and Puerto Rico. .

Sinco 1955, studics at the universiey lovel have boen orgsunised at the
Facultad do Agronomfa y Voteorinaria located in Sun Lowrenzo, under the Unie
vorsity of Asuncidn. This organization has recolved financial support Lfrom
S8TICA in tho provieion of general and laboratory oquipment end 60 scholare
ships during the past 5 yoars. Thoro has also been & considerable amount
of support from tho Montana State University of U.S.A., with the provieion -
of throe professors. Toechniciang of STICA are also teaching courses in the
Paculty. The cursiculum for all studente comprises five years of training
in goneral agriculiurce and on the average trore have been 15 graduates in
agricul turc in cach of tho past three years. About 25% of the graduating
gtudonts join private firms; & proportion oacch year loave tho country to
geok pests in Argentina, and the rost find johs with the Paraguayan Governw
ment s3rvicis. Since there has been no expansion of the Govornmont agricule
tural sorvices during the past threo years, therce is a prohlem for graduates
who wish to romain in thoir own country ond continue to work with local
agrioultural »roblems. Some have sought graduate training iu Costa Hioe,
Puerto nico, Chile and the U.S,A., In some cascs this training has been
in the field of soils and fertitizevse.

In the field of soils, the students in Paraguay havo two courses: one .
of goneral soils in the third yoar of training, and one in the fifth year
in woil fewrtility and fertilizors. Both of the present professors have had
advanced atudy in foreign couubtries.

“Although little information could be gathered as to future needs for
agricultural tochnical training, it is evident that thu proposals of the
Soorotariat for Plamiing and Dovelopment in resnect of new agricultural
development projects indicate that thero must be considorable exayansion of
the CGovepmment agricultural services. This must include the employmont of
soll surveyors, soll congervalion workers and soil foertility personnel as
well as many othors working in closgely allied subjects.

It ig worth mentioning +thet Hh.r: was at one Hime a propusal bo sube=
mit o btho Spocial Fund of the United Nations a roguest fox anglistanco
for "Hosources Appraisal, Training and Rescarch for Agricultural and
Forostey Dovelopmunt." That projoct had distinet but intoegratoed agpoctss
colloction of basic data on the natural agricultural resourcos, and improve-
mont of agricultural training. However, this proposal iid not move far
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from tho proliminary drafting stogo and is currcntly dormamtg‘but it is
worth noting that in its original form it callod for tho serylmps of ono
gpocialist in soil survoy for a puriod of one year for appraisal of tho‘
national soil rosourccs, onc followship for onc yoar for ovorsoas ﬁralnlng
in soils, and ono 'soils and soil survey spocialist! for tho training and
rogoarch part of the program.

vV, NEED FOR FURTHER SOIL STUDILS

Gonoral Obsorvations

"Tho lack of rcliable soils information and maps showing the actual
aroa of the difforent kinds of soil is apparcntly being widely felt, sinco
many informants sought to divert tho mombors of the Mission into discussion
of thoir immediato soil problems which woroe posed variously on a rogional
or a district basis, or concorncd with new farm colonies, individual farms
and ovon gardens., Almost everyonc brought into official contact with the
Mission montionod, at somc point the need for rcliable soil maps. Thoro
is thus somo ovidenco of a widospread awarcncss of the neod for further soil
studios. To our Paraguayan informaris, asg to ocurselves, tho point at issuo
was nbl tho ovidont ncod of such studics but the most rapid and officiont
moang of inaugurating thom. To asscss this point, a bricf reocapitulation of
tho gtrongths and woakncssos ol the Paraguayan scence is porhaps dosirablo.

Paraguay is fortunate in that most of hor formors aro industrious,
havo thoir owh parcols of land; fortunate in that thorc is no population
progsuro forcing cxtrome measurcs of land utilization, and wvory fortunato
to bo endowod with soils available for sottlomont that arce above averagoe
in quality for sub-tropical countrics. Notwithstanding thoso vory considor-
ablo advantagos, thc agricultural cconomy of the country hasg not developod-
far boyond tho original subsistonce stage. Morcover, farmcrs are alrcady
finding that thoir parccls of land arc no longer providing thom with a living
as good as formorly. This is no rofloction on the tochnical oxtonsion
sorvicos of tho Ministry of Agriculturc, - a group that is bettor trainod
than in many othor South Amorican countrics, and is strongly bulttrossocd by
U,S8. tochnicians and oxports - but it may be a reflection of the gonoral
lack of knowlodge about Paraguayan soils. In many aspocts, the technical
sorvicos thomsolvos aro operating on a basis of trial and crror, part of
which could bo oliminatoed if the soils had been sciontifically studiod.

Tho prosont xate of progross toward officient agricultbural production
may bo slow but thoro aro definitc signs of progross. This would bo moro
oncouraging wore it not for the fact that the cconomic situation calls for
a much moro rapid rato of progress. The cconomy of Paraguay depends a groat
doal upon the salc of exported agricultural products. Many of the crops
woll adapted to Paraguayan soils and climatic conditions, even whoen grown
most efficiently, aro not likoly to become ceonomic export crops bocausc of
high transportation costs and the long haul to the consumer centors, To a
vory groat dogroe, tho future of the country may woll dopend on skillful
soloction and concontration on a fow spocific srops.that can be Widely grown
and partially or complotcly procosscd within the country boforc exportation,
Agriculturo can oxpoct little rcal help from incrcase in domestic consumption
bgbauso ahy substantial oxpansion of the domcstic moarket will depond prima-—
rily on tho amount of oxpansion achicved in tho development of non-agricule—
tural rosources and industriog, which docs not appear promisging at prosont.
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Paraguay is still largoely on agricul tural country with littlo industrial

or urban growth. Almost 70% of the populatior livos in o rural onvironmont,
and thus the offoetive contribution i'rom the nrban population ie rolatively
small,.

ALl of this moans that Paragony falls into tho category of tho
gountrics whero cconomic progross, - syronymous wlith agricultural progrods’
in this case = is oxtromely difficult to stimulato and to maintain., It
will bo neeccssary vo plan tho course of agricultural production vory caro-
fully and thon cnsuro that tho multibtude of emall farmors cooporato by
growing tho cropa the gountry noods. Noithor tho initial plauning nor tho
guidance of tho farming community can be coreicd out succossfully without
e far highor standard of knowlodgo of tho country's soils. Roliable long-
torm developmont plans cannot be formulated until tho soll resources
of tho country have boen ovaluatod and classificed to provido a reliablo
index to the toval productivity potontialy roliablo advice to farmors
gtruggling wish crops ossontial to tho national cconomy cannot ba provided
without & thorough urdovstanding of tho soil charactoristiocs.

Thero is also tho mattor of sponding tho limitod amount of monoy
availablo for agricnlturc. as wiscly as possible. It would soom that too
great a relisncoe has boeon placod on tho philosophy that & tochniquo that has
proved ivs value in ono country can bo appliod with 1ittlo modification in
anothor country. This is usually far from traie. As olsowhors, the soils of
Paraguay have their individuality and inhoront choracteristics that are
indigonous to tho cnvironmont undor which thoy havo devolopedy thoy cannot
bo oxpocted to roactwi formly cr predictably to imported tochnical tricks.
Somo part of tho availcble moncy should be spont ocach yoar on a steadily
oxpanding ©oil survoy program, so that the data obtained from soil Fortillity
vxpoerimonts and tho rosults from analyses of farmors'! soils, fortilizor
trials on iarmovs! lands ote. can be safcly uséd as a guide by farmors on
gimilar soils. In this way, oach picce of soil lnowlodgo has potontial
application ovor all arocas with similar soils; but first you must know
whoro thosoe wimilar szoils arc located., This roguires tho preparation of
goil mape in somo dot.il. 1t wos unfortunate that the initiative that led
to the preperation of tho first rcuonnarsance soil map in 1652 wag nevor
followed vp by the nocossary crifical soil studics, and by somi-dotailod
and detailod scil survoys. ‘

Tho abovo aro genoral cobservations that apply not only in tho cage
of curront and planncd soil studies, but apply, oven more eritically, To
nost of the current and planncd agricultural developmoat »rojocte: in some
of thosc axponsive projects, a sound knowlodgo of the soil rosourcos of the
whole country may be critical to tho succoss or failurs of tho schome..

Other gonecral woaknosscs obscrved concoern thoe degrec of co-—ordination |
and intogratior. of activitics in agricultural dovelopment. In partioular,
it was moted that tho land colonigzation program in prcgress was baged on a
standard sizo farm holding; withoui criiical invoshigations to dot yrmine
tho occonomic size of farms roquired for tho difforent kinls of soil., . Now,
was thero any ovidence of desire to find out tho typos of crops boet
adaptod to particular goils, nor tho soil managomont practiccy and farm
planning programs suitod to particular solls; nor tho minimel scil consor-
vation measuros necossary e cnsurce that any particular soil will romain
fervile undor colonization activitics. In many cosos the oxtension
sorvicos oporating in nowly dovelopod arcas woro, as yoh, without an
experimental or demonstraltion arcn.
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Tho nood for additional vxperimontal arcas is particularly acutoc in
the Chaco rcgion where some arcas may prove to be quite suitablo for ricc‘
and sorghum production,

Spocifie Obsorvations

S0il idongification, geonosis, clagsification and correlation., BSo
markod was thoe Lack of inrorration relovant to theso topics that the Mission
congidered it advisable to pay special attontion to the problem of the
propor identification of soils while undertalking its field invosgtigations.
The Mission reachod the following conclusionss

)

i, Nonec of the units shown on oxisting Paraguayan soil maps aro
soerioss some arce soil associations, while others aro soil
assomblagos rolating to a particular land typoe of major
oxtension; and somo units arc soil comploxos,

ii. Thero is insufficiont differcnce botwoen many of the map units
shown on tho soil map to justify thoir oxistonce asg discrote
ontitios; the range of variation allowed within onc 'sories!'
overlaps oxcossively with that of anothor ‘'series'! so tha=
largo parts of it way wowoms moaningloss for agriocultural .
extonsion work or as a guide in morc dotailod soil invostigations.

iii Tho soil doscriptiors in tho report accompanying the 131,000,000
s0il map aro of no usc for anyone wishing to make a prceisc
idontification of any soil,

ive Within the soriss belonging to the Red-yollow Podmolic soil
group, tho most important diffcrentiation, - that of degroe of
leaching -, is not made., Thus, no scparation is mado betwoon
tho soils of low natural fortility and those of modium-to-high
natural fertility.

ve No distinction is made boetween the intermittontly dry soils of
tho wostorn half of the castorn physiographic region and tho
morce continuously moist soils of the castorn half, although
this appoars to show well in the profiles of tho Rod~yollow
Podzolic soils, This difforontiation is of importanco in land
use practices, scil management, crosion control, and in
fortilizor programs,

vi. In tho Chaco region, the mapping units arc extromely broad and,
it is said, that in practice, these units have proved to be of

. very limitod wvalue.

Availability of basic information Ffor soil studios. Basic informge
tion for soil studies is morc or lose adequate only in respect of climatic
data, Goological data is deficient Ffor tho recognition of potrological
differences in soil parent materials, and the geomorphic history of the
difforont land forms. BTeological dota of wvaluc %o tho understanding
of soil-plant rolationships is likowiso largely lacking. Thoso deficiencios

aro, however, insignificant alongside the acuto lack of good bago maps for
soil mapping. ‘
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Topugraphic maps of the type acocded for accurate soil mapping, aroe
not availablo. Four quadranglos, of tho aroa around Asuncidn, aro tho only
onosg yot available in the 1:50,000 topographic scriecs planncd for the wholo
country. Those havoe contour linus at 10 m intorvals. This work is largely
in abuyanco owing to lack of funds. An ocavrly topographic map .of tLo whole
country snowing tho approximato topography by moans of form-linos ig no
longor availablo, and tho aoronautical charts proparcd during the last way
frrom <ri-metrogon photographs are 1likowisc of littlc value for accurato soil
mapping. The lattor aro on a scalc of 1:500,000, Somo Argontinian topo-
graphic maps on & scale of 1:500,000 includc somo usceful data covaring parh
of Peraguay. Thore is also & planimetric map on a scalo of 1s 50C,000 giving
the rough outlines of cultivated arcas, provared in about 1945. Tho rogion
in tho vicinity of the main rivor systoms is rathor bottor sorvoed,. .hy maps en
geales of 1:1,000 and 1:50,000, preparcd by tho Diroceidn de Hidrografis y
Navogacidn. An atlas of the rivers of Paraguay was published in 1950.
Rospongibility for most of thie class of work iw in- tho hands of tha Ingtituto
Gnografico Militar which oporatcs as bost it can on a vory limited budgot.
Thig Tnetitute is doing oxcollent work but tho rate of progross is oxtromely
slow,

Y“hore is also a toam of tho U,S, Ooodotic Survoy working in tho ,
Instituto Geogrdfico Militar, currently ongaged in proparing ground control
plans of tho arca to bo covorod by forthecoming aerial photography. For
lack of adequatc funds, this group is also making vory slow progross. kvone
tually, i* is hopod %o proparo a roliable topographic map on a scalc of
18100 000 for tho wholo country, but at tho prosoent ratc of progross this
will not bo availabls until some time in tho far distant futuro.

With rospoct to anrial photograpbs, nonc idsally suitablo for - soil
mapping aro available as yot, A limitod arca wes covorcd by tho USAFP tri-
metrogon photographs of 1945, but tho quality was unovon and much of the lande
gscapo obscuiod by clouds. An arca in tho Chaco rogion was flown by the
Brazilisn "Pegasa" Crmpaony under cortract to a private oil prospociing
company and thoso aro said to bo svnilablo as a sginglo set herd by tho
Ministry of Public Works. An arca of approximatoly 100,000 ha., is due to
boe flown in Apvild or Muy of 1954 for tho Puorio Stroossnor dovo%opmunt
projoect, and a nuch larger arca is to bo flowr (about 50,000 km©) for the
Spocial Fund projoct connected with the planning of accoss voads to poton-
tial colonization arcas., Theso will probalbly be on e scale of 1:25,000; and
it is onvisagod that controllod mos aics will be proparod from thosa photoe
graphs with a scalo of 121,000,000, Lvon if all thosc plans aro carried
out, a vory .argc part of tho couptry will 8till remain without oitbor air
photographs or mcliablo topographlﬂ mops.

Trainirg of porsonncl, Thore arc serious woaknossos in this field.
The prosant ratce of output of graduates with adequate roil training amounts
to only two ox three por year. Some of the other genoral agsicultburo
graduatos could be givon "on-tho-job" training; buit oven with thoso, tho
mumber coming availablo.each year will bo scarcely adequato to moot +the
demand for this typo of professional as the dovelopmoni and colonization
projocts get undor way.
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Pinancial limitationss, The proportion of the National budget for
agriculturc, ourrcently about 1, 7% is apparontly small, partioularly for a
country that must dorive a largo part of its inoomo from agricultural
products.

Furthermorc there is a groat shortage of agricultural credit and
capital within the country to promote tho adoption of sound 301l  managoment
praotices on tho farms and to stimulate the usc of fortilizors and farm
machincry, and to promotc offioiont farm production and agrioultural dovelop-
mont gonorally.

‘

VI, RECOMMENDATIONS

1. Ixpansgion and Ro-oriontation of Studics

Bxpansion of aotivitios in soil fortility, soil consorvation, land
ugo (espooially small farm management gtudios), and rolated invostigations
aro oloarly necessary, but the most prossing noods at tho moment arce for .
801l surveys, =oil classifioation aud corrclation studios and genoral assogS-
ment of soil potentials. Fulfilling thesc needs is a logical first stop
towerds a full soalo inventory of tho soil rosourocos of the country to
ovaluate their agricultural potcntial.

Spooifiocally, tho urgont nocd is for the oxpansion and ro-oriontation
of soil studios in the dircotion of surveys that wille :

a. Bnablo the accumulated soil fortility data to have a muoh
wider application than at presont;

b. Provido an accuratc basis for orop solecction, farm planning,
soil managcment and crosion control, particularly in the now
colonization arcas;

o, Serve to indioate tho most dosirablo moans of rcohabilitating
tho deploted soils in arcas whore some oonsolidation of farm
holdings is to bo attomptod;

d. Help to cstablish dovelopment prioritios in aroas where now
farm colonics are projooted, and

0, Assist in tho soloction of sites for now oxporimontal stations
and demonstration farms and projcots;

f. Suggost whoro irrigatod farming mightlprofitably bo investi-
gatod and indioato tho sitos whore pilot studies might be
carried outb. :

As part of tho goncral oxpansion in agrioultural training, there
needs to bo considorable oxpansion in tho t: aching and training of pro-
fossionals and toohnicians in soils, with hoavior emphasis than at presont
on modorn conoopts of soil gonosis and the importanco of soil procossos
in the plant growth cyclo.



2e Initiation of New Studics and Intogratod Procrams

Soil survoy worlk should he initiatod by tho Ministry of Agrioculturo.
The prosont structure of tho CGovornment agrisultural organination is shown
in Diagwam 1, from which it will bo soon that soil survoys could be fittod
in undor aiﬁhor tne Instituito of Agronomy or undor tho Natural Rosourcos
Section. It might, howovor, in viow of the impowrtanco of soil studies to
the futurc of agricultural cconomy, bo boattor to consolidate soil work
undor & now scction for soils and forbilisors, with units for soirl survoy
and classification; for forbility invogtigations and fortilizor uses; for
soil censgorvation and managomont, and with a soil laboratory unit sorving
tho rost of tho soection and tho Farming communi by in gonoral., This proposal
is oxplainod moro fully. by Dlagram 2

Intogration of soil survey and soil fertility programs would become
automatic with tho croction.of tho soils and fortilizor section, but in
addition it is very imporitant that tho closost possiblo contact be main-
tained with groups undertaking famm colonization and land dovelopmont
projeots. - A now projoct that should bo creatod as soon as air phdtographs
bocome availablo, is a combined soil and ecological survey on a scalo of
1:6230,000 %o dotormine the nature ot the soil and plant rosourcos of tho
country. During the initial stagos, whon only a limitod arca is covored
by tho air photcgraphs, (thosa taken in conncction with the road construo-
tion projoect) a toam mainly cf soil survoyors and plant ccologists can bo
trained for the day whon it will brcome possible to oxtond opoirations over
tho rast of tho country. In viow of tho rolatively small arce of Paraguay
and the scarcity of trainod local soil mon, this type of project might woll
bogomo the subjgosct of an appcal for intornational assistanco, - a Spocial
Pund projcet.for instanco., Theo groat advantago of linking soil scicntiste
and plant e~ologists and othor spoecialisgts in common harmess is that, fowx
vory little oxtra cost, onc obtains a hobtter appraisal of the natural and
potontial valuo of a rogion than is pdssible when anyone group of speciaslisgite
18 workirg separatoly. : '

- Jot a third type of new study concorning thoe mansagemont of watorsheods
and orosion control should be considerod for tho not too distant future.
Tho potlontial orcdavility of many of tho main kirds of goils is very groatb,
nowhere more so than in somc of tho arcas now boing colonized, Tho only cone
verdont and practical. natural unit for studice of this *type is a somploete-
watershed, This would involve soil and vegotation survoys in somo dotail,
ingtallation of instruments for measuring soil and wator movoment, and would
nocossarily bo a long-torm projoct. Sincc erosion is intimately rclatoed to
farm prosperity in Paruguay, this type of projoct might find international
gupport through tho "Freedo.n from Hungzor Campaign', but should also
gualify for assistance from the UN Bpocial Fund program.

3. Tochnical Assistance

Expandod Program of Technicnl Assistant (EPTA): Tho Mission is
unanimous in rocommondlng that a soil surveyor bo assignod to Prraguay
as soon as possible. The persen selectod should have had wide oxporience
in sub~tropical soil conditions since his first astivity would have to
include roappraisal of tho moro important Pairagtayan soils bto dctormine
their corroct idontification, so that accurato correlatioans could bo
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made with similar sub-tropical soils,in other countrios, thorcby placing a
large body of new soil information at the disposal of the Paraguayan
agriculturalists. Thus, in the initial stages, tho goil surveyor would
mainly function as asoil asscssor". His prosonco in Paraguay might bo
particularly approoiated by developmont plenning authorities who aro fro-
quontly oconfrontod with tho diffioulty of oomparing the relative morits

of two ox more oompoeting projcots.

An exporionood soil survoyor would be of somo assistanco to the
Univorsity authoritios who will be faocd with the problem of dosigning new
and oxpandod coursos in soils,. and, if roquircd, could assist with tho
solootion and training of Paraguayan univorsity graduatos and tcohnicians
in tho art of soil survoying. At an oarly stago it would be nooossary to
goloct a Paraguayen countorpart for tho EPTA soils man.

An ovon moro oompclling rcason why oxport soils assistanco should bo
at tho disposal of the Paraguayan authwities arisos from the naturo of nauny
of tho prosent land doveclopment projoots. Most of those will havo tho soil
work contraotod out to privato companios and tho soil oxports hired for a
briof tour of duty in Paraguay will be varied in origin and quality. In
ordor to derivo tho maximum bonofit [Trom the work of those experts and to :
assess the standard of the work, it may bo of lasting value to the Paraguayan
authoritios to have independont assossors in the porsons of thoir EPTA soil
surveyor and his local counterpart. All thoe soil information gathored
should bo entorod in a contral filing systom, against tho day whon a projeoct
can bo launohed to mako a oomploto invontory of tho soil rosources of tho
gountry. Tho aoccumulated exporience of tho EPTA soils man and his Para-
guayan countorpart will groatly assist the Paraguayan Govermment in tho
proporation of a projoect of this nature in a form roadily aoooptable to
the Speoial Fund of tho Unitod Nations or other finanoing agenoy.

Special Fund of the United Nations. Although tho present momont may
not be appropriato for making an immoediate start with a ocomprehensive survey
of the land use potential of the wholo oountry (owing to laok of Paraguayans
trained in soils, ocology, forostry, land usc appraisal, otc., arl laock of
adoquate baso maps), this will be noeded in the futurc. Suoh information
is neceded to allow more acourato planning of agrioultural and forestry
development, and to provide a rational basis for land sottlomont sohomos, -
access road planning, for looating futuro storage, rofrigoration and pro-
sogsing installations, and ovon for the siting of future towns and citios.
Buch a survoy would also indioato arcas for agrioultural development through
irrigation, water storage by mcans of dams, afforestation, and for hydro-
electrio schomos, If oarofully oarried out, a land potontial survey of
this type provides highly acooptablc data to intorcst agencies with moncy
to invest in various aspoots of tho country's economy,

Yot anothor projeot, ono oonoorning watorshod and erosion studics
on a scale too oostly to bo borno entiroly by tho Paraguayan Govornmont,
might be formulated for submission to tho Spocial Fund of the United
Nations, or might scok a sponsor through the Froodom from Hunger Campaighe
In tho proparation of thesc, and similar projects, tho assistance of an
EPTA soil survoyor with prior knowledgo of Paraguayan soil oonditions
would bc a dooidod advantagoe.
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4o Coordination of Boil Studies with Othsr activities

With the current ropurgence of scil studics in Paraguay, the need o
ensure proper coordination with otlher relatcl activities will arise. This
ig particularly true in respect of the activities of STICA and othexr groups
working in soil fortility and soil conservation. This essential coordination
can probably be socured most ocasily through some re-organization of tho
Minietry of Agriculture in order %o régroup togothor most of the porsonncl
working in ftho field of soil investigations. PFailing thio, the next best
solution would be to appoint a Paraguayan goil corrolator with a roving
nisgsion, and facilities to visit frooly all arcas and organizations whoro
soll work is being carriod out. This man would naturally bo the official
sounterpart for tho soll surveyor stetionod in Paragaay under the BPTA

TTogran,
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AV.LAGE CROP YIwLD WITH SiLuCTuD FLRTILIZER MIXTURLSH
Crop Troatment Averago Yield (Kg/ha)
Maize Control 1,400
40-0-0 2, 300
25-45-20 3,200
Sugar Cane Control 36,000
60-30-80 18,000
Cotton Control 1,200
35-15-15 1,800
Wheat Control 600
30-50-25 1,300

* Sources

Intervicew with Ing. Hornando Bortoni, Paraguay.
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DIAGRAM 1 : PRESHNT STRUCTURLE OF AGRTCGULTURAL
“ SERVICLS IN PLRAGUAY
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P_A R T II BOLIVIA

SUMMARY OF FINDINGS AND RICOMM..NDATIONS

Bolivia has reachcd a critical stage in her economic development.
Despito relatively massive international assisbanco, reflcctod by 63
United Nations oxperts currently working in Bolivia, the assistance of
goeveral unilateral aid groups - notably those from U.S8.A., now joinod by a
British group, and soon to bo joincd by a Belgian group, and the vory
vigorous offorts of the Bolivians thomselvos, the situation 1is not
ontirely satisfactory.

The focal point of tho problem was formorly considercd to be tho
population oxplosgion on tho altiplano, but it is now bhocoming incrcasingly’
ovidont that equally sorious aspocts of tho problom aro to be found in tho
tropical lowlands which were dostined to rocoivo the surplus farmers from
tho highlands and adjacont intermontanc valloys. Social servieos, to which
tho majority of the U.N. cxperts in Mnlivia aro dodicatod, havo mado con-
gidorable progress in the highlands, whilo transport facilitivs and com-
munications linking tho highlands with the lowlands havo improved immonsoly
during the- past 5 yoarss -but the social sorvicos, communications and, abovo
all, tho tochnical agricultural services within the tropical lowland rogion
aro notably doficiont, Visits by tho Mission to the most accossible of tho
lowland sottloments, revoaled many conditions that would be cortain to ropol
rathor than attract farmors long accusiomoed to tho rude but loss opprossive
onvironcmt of the altiplano., Morcover, tho Mission found that many of the
new settlers woere imitating tho agricultural pracitices of old ostablishoed
farmors, who, in fturn had absorbod tho subsistoncc practices of the indige-
nous Indian farmers, adding no tochnical improvomonts, and subjccting both
tho subsistonce farming systom and the soil to unfair strain by striving to -
grow cash crops in addition fo tho hormal food requiroments of tho houschold.
Alrcady somc of tho colonists wore oomplaining of soil cxhaustion and woro
contomplating & move to frosh, virgin land. Basically, the rising agricul-
tural problems of tho lowlands stom from a lack of oxporionce in tropical
farming and a lack of soil knowlodge. Thoro is noced to countoract this as
rapidly as possible.

The total force of knowlodgeablo soil mon in Bolivia amounts to only
four: one U.N. Spocial Fund spocialist in irrigated soilss  onoe Bolivian
specialist in soil management; two fully qualificd soil SUrVCYOIrs, oOno
Bolivian and onc British. Of thesc, only the soil surveyors rogularly visit
the tropical lowlands., Tho Mission wishes to stress that if tho lowland
colonisation schomes are to be succossful, thorc should be a senior soil
sciontist stationod in Bolvia to assist tho soil survey groups with tho
propor classification and appraisal of the soil regourccs, and to assist
tho Minisgtry of Agriculturo in solocting sitoes and afranging soil fertility
trials and demonstration plots in the actual colonisation arcas bofore tho
main stroam of colonisation commoncoc.
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In rogard to organisation of smoil investigations in Bolivie, it is
vory fortunato that the Minielry of Agriculture is contomplating its
reorganisation along linos suggostod by Dr, Victor Druce of FoA.0. This
could pormit e rogwamping of all major soil investigations within a ginglo
unit of the Ministry, fo rcplaso tho yrosont scattoring of minor soil
studics boing carried out by a varioty of agonoios; and will allow for a
propor syetom of "in gorvice? traiving so that a strong corps of moil
professionals and tochrisisus can be brovght into existonce. In vicw of
tho magnitude and urgoncy of tho probloms, the sdoner a contral burcau for
goll studios cah bo fowmcd, +ho bottor will bo the agrio&ltural Progress
of the sountry. It is not only the Bolivian farmors and tho govornment
organigations who arc awaiting bo*tor soil informabtions mony of tho 63
Unitod Netions cxports aro also hamporod in thoir work by dnadoguate undope
standing of tho provortics of Boliviewn s0il s,

Tho situation obviously calls Ffor a major offort in thoe Fficld of
golls, yot, in viow of tho many commitmonts of tho Bolivions govern ont,
whioh has to provido transport facilitios, oporating costs and trainod
porsonnul as countoerpart conbtributions to the various Unitod Nations fiold
programmos alroady orcrating, *he Micolon réluctantly rofrains from roco-
mmonuding at this timo yot anoihor VIIT project to "eovaluat and promoto tho
dovolopmont of soil rosourcos! on » major scalo, but counsidors that, atb
tho vory loast, thoroc should bu a highly qualifiod soils oxport. undor tho
PAO Bxrandoa Program of Tochnisal Assistance modo availablo to assist the
Bolivien Govorrmont. Tho Ministor ol Agriculturc oxprossed a strong
- dosgire that such an oxport bo found and sont to Bolivia ut tho soonost
possible momont. V

If this oxpert caun bo provided for Bolivia, his dutics should
~dncludoz-

e advising on tho classification of soils in the arocas destinud for
onlonisation projocts and, by drawing on world oexporionco of agrie-
cul wral endeavoux irv. similar soils, furthor adviso on tkho soil
wanagomont proccdrwos Iflioly (v give the bost rosultss

- golect arvas for pilod wrials and domonstration plots so that now
faamors in tho twopiccl leowlanisz will havo visiblo ovidonco of +ho
importance of safosuarding ¥ho sboroe of natural soil fortility, of
the oconomic adrantagex or. suvyocs fortilizor applications, of both
tho appecarance and cvliivotion roguiromonts of unfamiliar crops, of
tho syrtom of crop/pastiiro rotation to maintain soil structure, of
the desirability ¢ »leniting o pert of thoir land in pormanont treo
erops, and of the donger inheruat in gtraying too far from tho
narrow path of wsdeguate tropical soil managomont practicos;

e agsiat with the orgenivotion of 2 contral soill sorvice within tho .
now framowork of tho Ministry of Agriculituro, and with tho training
of staff for undorteking soil . mdios, including the +raining of &
Bolavian soil coxiiator wae would functhbion as a countorpart to tho
oxpords '

o be at the dispowal of tho Univorsity authoritics shouid thoy call
for advice on tho raising of tho standard of soiles boachirg pro-
grammogs 3
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- act as ad assessor in soil problems for the Dovelopment Planning
authorities; and advise on the selcction of promising soil areas
whore offorbds, both technical and capital investment, should
nreforably bo concentratod;

e agsomble gradually as comploto a picture as possible of tho gonotic

~ background of Bolivian soils, and from this venture with confidonco
into the fiecld of planning & national soil survoy of the wholo
gountry to be undortaken when adequatc staff and funds are available,
poseibly obtaining the asgsistance of pedologists loaned by noeighe
bouring Latin Amorican countrios in the forxm of o Regional Task
Forco, organisod by the World Scil Rosourcos O0fficce and tho Organi-
sation of Amorican Statos,

The list abovo is undoubtedly an improssive ono, Far boyond tho
means of any single personi but all thoso problems are very roal ones in
Bolivia today, and a start must be made to tacklo them if tho economic
devolopmoent programme is to continue on its planncd courso.
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ADLQUACY OF SOIL STUDTES IN BOLIVIA

4

T. SOURCHS OF INFORMATION

In Bolivia, extromoly useful information was obltained from mombors
of the following institutions and organisationss Ministry of Agriculturo,
Servieio Agrotdeonico Intorcmericano %SAI), Univorsity of San Simon, Minisbry
of Beonomy and British Mission, United Nations Technical Assistance Offioe
and FAO Tochnical Assistoucoe Mission. To informants of tho above organiso-—
tions, and to many othoxrs tho Mission is dooply indobtod for the fine spixitb
of co-operation shown. '

In addition to the study of matorial provided by infoxmants, the
Miseion also reviewsd publishod and unpublished reports and mapa availlableo,
and further, eirried out a limited rnumbor of fiwld investigations in the
region of the "Yungas", thce central Andean ranges of Oruro - Cochabamba -
Santa Cruz, and tho northern part of the Altiplanoc.

IT. PHYEICAL CHARACTSRISTICS OFf BOLTVIA

Googravhical Location

Bollvie. the only completely land-locked country in Scuth Amerios,
oovers & total area of 415,000 sq. milos; situated astride tho central
sector »f the Andean mountain systom and extending down to the central Low-
lands. In tho latter portion, Bolivia hag common frontlers with Brazil,
Pouru, Paraguay eud Argontina. In the mountainous sector it has common
frontilers with Chile, Pexu.and Argentina.

Topography and Landforms

Thore are throo obvious physiographic divisions bto Bolivias the AlLtli-
plaro wnd adjacent highlands, weprosenting about 14% of the countrys the cash
faocing Andean slopes and intermontane valloys, occupying about 29% of tho
country; and, finally, the eastoin plains reprosonting somo 57% of tho Hobal
ares of the country. This broad analysls has only limitod value in viow of
the wvery comploz topographic pattorn within the physiographic units, and
the complex micro-clinatic pattorn. Within each of the broad physiographic
divisions thoero are goversal importanl onvironmontal rogione and thoze ara
usually indicatoed by tho patborn of the natural vegetation. Theso onviron-
montel reglons prov.ide & botter physiographic basis for' any enalyois ol
Bolivian agriocultural probloms, '

Unfortunatelys tho envirommontal rogions of Bolivia have net yetl
rogeivod adequate niudy. In the simplest analysis Cardonas (1) recognizos
seven major phytogoographical rogions, which Arce (2) has describod 13.

Por the purposos of tho roport of this Mission the country has beon dividod
into nine broad onvironuwental rogions, vepresenting northorn, contral and
soutiaern sectors of each of the throe main physiographic divisions,
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a, The Basteri. JATviplane”, physiographic division consists of
wide flat plains of unﬁﬁlnt‘d "~ polling glacial landforms, and a number of
hills and mountains ranges ~levased high above the main base level of the
Altiplano, The mean eliiiude ol th: Altiplano iw about 4000m, whereas some
of the higher mountains vie> to over {000 m. Some of tho landforms appcar
to have been preserved aimczi inlact from carly Tertiary time, before the
great orogenys bub tho srealor wart of the Altiplano landscape was mod.i e
fied oxtensiveoly during fiv: Jacipol v3riods in Quaternary time, and
further modifiod by crosicn ..ad ascusulaticn in recent time. A conspicuous
foature of the Altinilanc ' enpn is the wide, £lat plain once occupied
by a ochain of lakes aon-. «umrons thie wogbern physiographic division has
within it at least threo Jiiinst cervirermensal regionss

-

1. Northerm Al OFLo!
The norsnn: ns tho higher proportion of land of
rolling w-licy whor tha rost of the Altiplano, and enjoys a
somowhat l&ss vigoscug olimate owing to ameliorating
influence of Take Titircaca which forms its northern
boundary. ke cLicetice regime may bost bo described as
"dry subhumid to woin: sublomid, Altiplano®s The landscape
was prohobly cnor rostwoo anha dense ftussock grassland and
patchos of xe onh¢c<v sniubs, although little of this now
TOMALNES CULNG U Ccoemtullos oi intensive potato and gquinua
cultbtivavicu and srazing by llamas and*other indigenous
livostocik. Even vcday, practically every hectare of soil
is used for wcrops of whoa’, barley, bcans, potatoes and
othor wvegoiahle (ronsgy onlv tho most stony and shallow
soils arc uncultirated and used for grazing for shcep,
cattlec, llamag and alvacas. The present landscapo is
charactorizod by small cultivated plots surroundoed by
gtone walle, ono by lowgor strips of cultivated land
soparateod by Jong lhears of stones and boulders. In this
region, th2 mcean arnmmal rainfall is betwoen 500 and T00
mm and mean ennval tomperatares are in the vieinity of
10°C. Occasional si-vzo frosts do groat damage to crops
in the flathtich T2 v urens, it are logs of a hagard to
grops ol tno oLl uyy Saume-londs.

The soils ranzc Lron chollsw gtoay sandy loams to decper
gray and Iaaﬁf&t»: - 2. and arce locally calcareous
in the subsclll its oave reosbricted to small
aroas in o o « Laoin topography. There ig a
dofici’ ol scil raigiure from August to October, but
over tho whole ye=r thers is an cxcoss of precipitation
OVOr oVvaporavloila

[P

ii. CGentral Altiplano rogion
Thoe contral ALtiprano ragion is charactoristically a
region of wids, Tlaiilish plains, formerly occupied by
lagoons, surrounded hy a nrrrow fringe of rolling land,
which in turn, 7g enclonod *r & ring of mountains. Tho
¢limatic regime is markedly drier (moan annual rainfall
between 200 and 400 mm), with very strong and cold dry’
winds during much of the ycar. Froste are intensc
during winter, spring and autumn months, so that cropping




- 35 -

is restrictod mainly 4o tho steepor slopes of the rolling downland and to +the
&&g@r slopes of the mountaine., The mean annual tempereture is probably about
60°C. The total eclimatic rofime can bo domeribed as Tgemi-~arid Altiplano®,.
The agricultursl pattern is predominantly pastoral with llamas far more common
than alpacas, and sheep more commen +than catilse. Although greatly modified
by centuries of pastoral farming, onough romains of the natural vegetations

to suggest that the original plan cover was mainly low tussoock grassland with
wind-sheared zerophytic scrub on the more bouldary and stony soils. Co

Soils renge from bouldery loams Lo calcarsous heavy cleys with salinc soils
common on the plains., Dveporation rates are very high during most of +ho year
and for five months of the yoawr thore is a mavkod doficioncy of soil moigtures
the total annual moisturc deficit is of the ordor of 250mm. During tho intons
rains of January to March, thore is much shcot orosion and mass flow of the
topsoile., Wind oromion is also vary active as an agency for redistributing
topsoil materiale, egpecially in the western sector whore the soils aro
forming from finc pumicocous volsanic ash,

iii.Southorn Altiplano rogion

Tho third and mcet southorly of thoe Altiplano onvirvonmontal roegions has a
gtill drier climate, ~ hosgt desgoribed arn "desoartic Altiplano, Over much of
the region thorc is a marked moisturn A~ficit throughout the year and theo
total annual reinfall is in tho vicinity of 100 mm. In some years no appro-
ciablo rain is rocoxded. Owing to the very high evaporations rates, rain-
fall brings litile relief o the dry soils. Vory scvere frosts are common
and may occur at any vime of tho yoar, with the result that crop production
is restricted %o espocially favourable sloging and dholtored locations. The
mean annual temperaiurc may be as low as 30, although the diurnal range is
very wide. Much of lhe landscapc is ocoupiod by broad barron salt plains
("salars")g elsewhoro the plant cover is scanty and restricbtod mainly Do
open,low tussock grassland. Agriculfure is mainly pastorals; shoep and llams
flocks boing hoerdoed ascross the plains to localitics whore & 1littlo rain has
freshoned the natural tussock pasturo. Tho soils are typically dosertic in
character,

b.  The Central, or Aundesn vidgo-und-valley, physiographic division.

‘This division consists aimost entiroly of sgbeop slopes enclosing narrow
intermontene valleys. Tv thig division, thero ig & groat complexity of
micro-~climatos within differcnt ~alloys, within sectors of tho samo valley,
or even bebween opposite sloposs of the semo soctor of a single valley,

The chief factors invelwed in the formwtion of those local climatic
conditions aro tho altitude ol tho valley floor, the goneral trend of +the
valley systbom, and the leagbth and width of any particular sector. In
about the centre of this physiocgraphic division, the main axis of tho
Andoan chain bends from its goneral northesouth dircetion, and takes on
a northwost-southeast trend. Thus, all the valloys carved in the flanks
of tho Bolivian Andes in the northern sector Ffollow a gonoralnorthoast
direction and thoy bocome funnels whereby the hot, moist air from the
Amazon climatic system can travel up to the odgo’ '
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¢f the Altiplano. By contrast, the valloys garved in the flanks of tho
southorn soctor of the Rolivian Andes have an casterly or southeasterly
trend, loss dircetly affected by the flow of the Amazonian air masses,
and much more affeetod by tho advances of cold air masses from the gouth,
Botwoon the two regions lies tho central sector of the Bolivian Andes
which cemes undor the influence of both rogimes but to only a moderate

degroe.

This is the admittedly oversimplified basis for: dividing the

Contral physiographic region into northern, sontral and southern
egnvirommental! regions.

1o

Northern Andoan slopes and intormontanc valleys

Thoso arc locally known as "yungas', They commenco at the
point where the warm, moist tropical air from the lowlands
meots the colder drior air of the Altiplano system, forming
an almost pormancent cloud belt. This usually takes place at
an altitude botwoon 2300 m and 3700 m. deponding on local
topographic conditions. Above this point, the valloy heads
and mountain ridges have a cold, moist-to~-dry subhumid
onvironmont.

Tn the majority of arcas the cloud bolt zone occurs at 3300 m,
Horo the air is cool and .ircongly charged with moisture; the
vogotation is a dwarf forest of gnarled, wind-shorn trecs
thickly hung with lichon and epiphytes. Tho soils are shallow
and strongly acidified bencath a thick layer of raw forest
humus that increasocs in depth cn the broader mountain ridgos
to form small poat bogs. Tho onvironment is unattractive,

of little interest to farmers and forosters alike: - a mattor
of somo importance, for if the natural vegotation should be
extonsively disturbed, massive sheot orosion would remove the
whole of the thin soil mantle.

Immediately below tho cloud forest belt, there begins an upper
montane forest belt with taller and straightor trees of modest
girth, draped with lichens, ferns and mosscs, and interspersed
with arboresgont forns. Tho climato is still cool and moist,
but the air is less saturatod and moisturc condensation is
diminishing. Hero the mantle of soil and weathering rock on
tho steep slopos is somowhat decper (averaging porhaps 30 cm);
and oven undor natural conditions, long slip scars mark the
placos where somec of the largor ahd older trecs have torn
looge from the mountainside and started dobris avalanchoes.

As with the zono above, tho environment is fortunatoly
unattractive to farmers and to commercial foresters.

The lower montane forest belt appears next, with treos of
greater height and firth rootod in a mantle of soils weathoring
rock that often oxcoeds 50 cm. cvon on very stéap slopos.

The climate is warmor and locally somowhat drior (as on the
north~facing lowor slopes of some of the deepor valleys).
Under natural conditions orosion is not particularly active,
but accelerates rapidly whoen largo-scale timber extraction is
practiscd, and may become spectacular in places wherce pioncor
farmors have triod to carvo cropland from the forested steep
slopos. In most arcas, the losson has been quickly loarnad,
and few farmers havo remaincd pormanontly in this bolt.
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Bolow this latter belt begins the truc rain forcst, passing succes
gively from toemperate to sub-tropical and tropical focies as the tom-
perature increases with deorcasing clovation. Concurrently with

changes in the forest composition, the mantle of soil and weathored

rook on thoe steep slopos increoasce in dopth and both the colour of the
goile and the naturs of the soil clays show progressive change in the
direction of roddish soils of predominantly kaolinitic oomposltlono

The sub-tropical belt appecars to have boon most sttractive to pioncer
settlers and from this zmone thoy have epread upward into tho temperate
bolt and downward into the tropical bolt, commencing first on tho lower
glopes of the valley sides and cxtending upwards on to all but the most
precipitous slopes. Under natural conditions, crosion is not very evident,
but intonsivo cropping has roduced many arcas to barc rock, Most farmors
have beon forced into a systom of shifting agriculture, with incroasingly
long intcrvals between orops and an ever-lasting soarch for new forost
land to balanco doclining crop yiclds. Shifting oultivation of indi-

gonous Indian farmers in the humid troplces depends for its success on a

nice balanco betwcon cxploltation of accumulated fertility in forost
residues plug gome ronowal of fertility through slightly acceolerated
erosion, and tho modost domands of a purcly %ubajetonco cconomy. When +the
domands arc increased by the n.ci o grow crops in guantity beyond the
immediato subsistonce requirements of the farmor, shifting cultivation
leads to greatly accelorated erosion and the ultimate ruinationiof the
soils. In the "yungas" of Bolivia, thig situation is compounded by the
lack of inherited, indigenous skills for dealing with this type. of
problems +the farmers arc, for tho most part, rocent immigrants into the
region. ' The situation wouldhe less sorious if production was based from
the outset on such trec crops as coffee, citrus, papayas and mangos and
the land thoncoforth koept permanently uwnder thoir shade. Howover, a very
high proportion of tho land is used for maizc, mandioca ("yuca'), coca,
and other raw crops, and, as a rcesult, large arcas have passod out of
production other than casusl 1ivestook grazing.

Central Andoan slopcs and intermontanc vallovs

In this region, the belt of maximum condensation is less marked and there
is rarcly any true cloudforost. The zones of slightly highor humidity
and pr001pltataon at high altitudes are indicoted usually by light shrubby
forost of quehuine (Polylepis incana), and oven this does not form a cone
tinuous belt but appears locally where cool and moist alr conditions pro-
vall. There isg no truo, rogular, well~dofined soguence of vegetation
bolts ag in the northorn scctor of the Bolivian Andos.

The vallcey heads in this roglon cxtond back inte the somi-arid rogion of
the Altiplanc, and the steop slopes are thinly covored with tussock grasse
land. Agriocultural ondeavour ig rogtricted to nomadic pastorsl grazing

of the natural grassland. At first, with docrcasing altitude and incroa-
sing procipitation, the tussock grassland thickons and small shrubs appear.
Muoch of this belt has beoen overgrazed and periodically burnod to promote
new grass growth, with the resul+ that much of tho tussock grassland has
been replacod by short turf of sedges and annusl grasscs. In this zone,
indigonous farmers have exploited the lower valloy sidce for potato,
gquinua and whoat production and have beon forced by growing population
proggure to oxtond their cropping activitices to tho stocpor slopos, thore-.
by causing greatly accoleratod crosion. This ccours approximately in the
zone of maximum humidity in tho highor altitudes, and scattored remnants
of Polylepis scrub-forost arc common. The soils are shallow, somowhat
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acid and range in texture from loams to clays depending on parent material.

With decreasing elevation, microclimatic differences become very markeds
the change may oocour asnywhere from 3300 m to 3800 my with some'vallgys,
seotions of valleys, or even opposite sides of valleys showing in swif?
guccession changes from cool dry subhumid o warm dry subhimidg.to

very wqrm semi-arid conditions. In some areas, where warm, humid alwr
from the "yungas" region impinges on the periphery of the central envie
ronmental region, the sequence of climatic conditions 1s even more
spectacular, running the gamut from cool, very humid to very warm, semi-
arid in a distance of less than 20 km and over aun altitudinal range of
less than 1500 m. The vegetation patterns are = sure guide to climatio
conditions, and alec fit well with soil categoriess desplte great
textural range controlled by the nature of the soil parent materials.
Decreasing rainfall and increasing temporature are paralleled by
decreasing leaching of exchangeable basos sand increasing movement of
clay from the topsoil into the subsoil. This latter process reaches
ite maximum in the dry subhumid zones, and is less in evidence in the
calcarsous soils of the warm semi-arlid zones.

At elevations approaching 100 m. and continuing down to the lowland plains,
the environmenl becomes more uniformly rumid and warmer. Here the
vogetation pattern regains some measure of uniformity on all slopes,
although variations in the soil pattern due to variations in soil parent
material are somewhat more marked. This is a zone of semi-deciduous
woodland growing in fertile soils showing distinct olay movement into

the subsoily a feature whioh is still retained to some degree when

the forest changes to light t{ropical rainforest on the foothills in

the immediate vicinity of the plains.

Southern Andean slopes and intermontane valleys

The valley heads of the southern region of Andean slopes and intermontane
valleys lead back into the saline and desertic region of the Altiplano,
The upper montane slopes and high valleys are decidedly semi-arid and

are used only for seasonal pasturage on the sparse Stlipa tussock grasses,
With decreasing elevation, a zone of dry subhumid xerophytic scrubland

,3:an@‘tusgock grassland appears, bult soon gives way to semi~arid conditions
generally with some valleys experiencing almost desertic conditions,

CC.

. with a strong development of saline soils on the valley floor. Conditions

improve with further decreases in altitude and the lower foothill zone
enjoys subhumid climatic comdibions wkioh permit the growth of semie
deciduous woodlond and finally, near the sitavt of the eastern plain,

a mixed deciduous anc evergreen firest. Soils of fair depth and natural
fertility are to be found in this latter zone, bubt the long winter dry
season has discouraged settiement.

\

- The Bastern ("plaina') physiographic division

The natural resources of this division are scapcely yet explored. Almost

the whole of this natural unit consists of one vast alluvial plain built up as
a wide apron of detrital matesrial erodsd from the flanks of the Andes after
their uplift in Late Tertiary time. “Liu material most £ills the Chaco

basgin, extending right across the western limi+t of the Brazilian shield, and
also contributes largely to the filling of the Amazon basin. In its final
stoges, the plain was built up by coalesecing fans of rivers subject to seasonal
flash floodings their frequent changes of course can still be reed in the
anastronomosing pattern of low sandy ridges and clay-filled shallow
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depressions. As the accumulation process diminished, many of the larger rivers
developed lightly incised channels rumning northwards to +the Amazon basging
while thome from southern valleys continued their southeastern trend acrose

the Chaco plains to join the Parana river system.

Although derived from alluvium, most of the plain is no longer subject
to deposition of fresh alluvium from outside the area. Today, the process is
more ons of local redistribution of superficial soil material during the short
but intense rainy season. Por the most part they sre old soils with a very
merked degres of clay accumulation in the subsoil. Rainwater can no longer
penetrate readily and during the rainy season the surface of the plain becomes
awash with ponded rainwater which moves slowly down the gentle slope of the plain,
resorting and transporting some of the sandy material from the low ridges. In
this process no new alluvial material is added. Only along the western margin
of the plain are younger alluvial soils to be found, the centre and most of the
eastern part of the plain are o0ld soils with strongly differentiated profiles.

It is interesting to note that the nature of the sediments on this plain
bear some relation to the river systems of the Central Physiographic Division.
For example, the northern sector of the plain has been built up by rivers flow-
ing from a somewhat acid, strongly weathering enviromment and the sediments are
mainly acid and kaolinitics . while the southern sector of the plain bhas been

built up by alkaline and saline rivers carrying less weathered clay minerals.

There are csrtainly more than three environmental regiong in the plain, but
for the purpose of this report, a very broad grouping into northern, central
and southern regions will be sufficlent.

i. Northern plains regions _

This region experiences a tropical climate with a mean annual temper—
ature in excess of 26 C and with a mean amnual rainfall in excess of
1500 mm. There is a long rainy season (October %o April) followed by
a very hot, dry winter season. The soils become markedly moisture-
deficient from July to August owing to the high rate of evaporation
and transpiration. Much of +this northern plain is covered with species
of coarse grasses, well-adapted to survive the extreme oscillations of

soll moisture conditions. The natural grasslands serve as rangeland
for an extensive beef cattle indusiry. :

ii. Central plains resion
The central plain experiences a mean ammual rainfall of about 1000 mm.
falling mainly between November and March. The mean annual tempera-
ture is in the vicinity of 2300, and the relative humidity of the

alr is lower than in the northern plains region. Most soils are
markedly deficient in moisture from July to October but in the rainy
season a large parit of the plain is inundated with "perched" water
for weeks at a time. The natural vegetation is a mixture of gragye
land, chaparral scrub, and light forest; each vegotation type beimng
accurate indicators of speoific soil conditions. In the western 0=
tor of the central plains there are extensive arcas of sandy soil,
locally heaped by the wind to form low dunes. In the northeast
sector, where the soils are derived from ancient metamorphic roocks

of the Brazilian shield, a type of dry subtropical forest grows on
soils that are old and leached. In the southeastern sector, there is
a more thickly forested belt that experiences an annual rainfall

of about 1300 mm. and mean annual temperatures around 26°C.
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iii. Southern plains region ‘
This is in many ways comparable to the Chaco region of Paraguay. The

mean annual rainfall is between 900 and 700 mm., falling mainly in the
period January o %&rchg Moan annual temperatures are thought to be in
the vieinity of 27 €, with very hot summers and cool winters. The soils
are subjected to a long period of noisture~doficiency followed by a
bricf period of iwmadaticn by "perched" water during the rainy season.
The natural vegetabtion is mainly xerophytic woodland, with areas of
open, grassy plains and many patches of swamp. Parts of the area are
distinetly saline.

The nine broad environmental regions have boen discussed at some length
in order to give an idea of the diversity of the country, and because there
is so little yot published on this subject. The above account is based
largely on unpublished information available only in Bolivia, supplemented by
some observations made. during the field investigations of the Mission, and
by information gathered in conversation with persons familiar with conditions
in the different regions. Some background knowledge of the geographic
diversity of Bolivia is quite essential for any reader interested in an assess—
ment of the adeguccy of soil studics in relation to the agricultural problems
of the country.

Geology

With respecs to geology insofar as it concerns the parent material of
soils, the range of rocks ig not unduly large. Contrary to popular opinion,
the Bolivian Andes are mainly formed of sedimentary rocks; andesite and other
volcanic rocks are relatively unimportant. The great majority of soils are
formed from sandstoncs and shales (ranging from micaceous and arkositioc sand-
stones to calcarcous shales) and their derivative alluvial and colluvial pro-
ducts. Most of the soils on the flanks of the Andes are directly formed from
the country rock, or from their immediate derivative materials. On the
altiplano, and on some small plateau remnant amongst the dissccted flanks,
glacial activity and solifluction have transported soil parent materials
for short distances. Over the eastern plains, alluvial activity has moved
materials over much larger distances.

Climate

Bolivia has an euormously wide range of climate:s rainfall ranges from
- near zero in parts of the southern Altiplano to more than 300 m. over parts
of the northern plain; mean annual temperatures range from near 29C on the
Altiplano to over 27 ¢ on the lowland plain; relative humidity of the air
ranges from very low on the Altiplano to extremely high in the cloud belt of
the Andean rangoes. .

Vegetation

The natural plant cover ranges from almost barrén dosert with scattered -
low tussock formation and halophytie vlants, to luxuriant tropical rainforcst.

There are at least 30 important plant formations in the Bolivian ecological
assemblage.
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IIT. SOILS AND THEIR UTILIZATION

Soil CGenesis and Claseifioation

There is a great dearth of published information about soils but a certain

amount of unpublished information is available at several centres within the
country.

Most of the carly investigations were of general or preliminary type ,
(e.g. Storie), or wore limited to spcoific arcas for whioh irrigation projects
were being considered (e.g. Report of the Mexican Irrigation Commission, 1940),
but few of these were accompanied by maps or attempted to classify the soils on
a systematio basis. Very fow carly soil maps are available., One soil map seen
was that prepared as a result of the Mexican Irrigation Commission and oovers
part of the Cochabamba Valloy showing the main soil series and their olassifi-
cation according to suitability for irrigation. ‘

With respoct 46 information of value to the oompilation of a general inven-
tory of the soil resourocs of the whole oountry, very little soil information is
available. The Keonleyside 1951 Mission attempted an asscssment for some reglons
and the British Mission Report (MaoKenzie, Coulter and Wilson, 1962), contains
comments concerning the probable ol.cwifioation of the soils seen in their
travels.

Ing. Aroe, the only fully qualified soil surveyor remailning to merve in his
country, prepared a phytogeographic map of Bolivia inl962 and has available
some comments .about the soils of the difforent phytogeographic regions. In
addition to this veluable map, Ing. Aroo and his team of relatively inexperienced
soil surveyors have, during the past three years, mapped the soils of 15 arcas
congidered ?otentially suitable for oolonization, totalling some 19,196 square

kilometers (see Table 1 and Fig. 1).
 TABLE 1
SOIL SURVEYS COMPLELED UP TO 1963 ng Hae
A 228,

1. Covendo - Santa Ana 186 18,600
2. Chipiriri ~ Isinuta ~ Bomborajama 242 24,200
3. Quiquibey 347 34,700
4¢ Tquisivi 160 16,000
5 Chipiriri -~ Isiboro 600 60,000
6. Rurrenabague - Rfo Cauohal 208 20,800
T. Piquendo « Suapi 43 4,3QO
8.}Agbigonte ~ Coni ~ Effe ~ Chimor§ _ 180 18,000
9. Isiboro -~ Rio Iohoa ‘ 2,400 240,000
10. Chimoré -~ Puerto Villarroel 900 90,000
11, Yapaoani -~ Puerto Grether 920 92,000
12; Rfo Cauohal -~ San Borja 960 96,000
13, Santa Ana ~ Inioua ' 50 5,000
14. Estudio Exploratorio del Rfo Mamord 12,000 1,200,000

Total = 19,196 1,919,600
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Soil PFertility

Soil fertility investigations have been in progress in Bolivia for some
congidorable time. There are six maln agriculture experimental stations located
in different climatic regions, carrying out crop research (sugar, maize, rice,
wheat, rubber, cacao, peanuts, soya beans, oats, potatoes, Torage and truck
cropsﬁy whieh in some cases has included fertilizer trials (Staﬁion Annual
Reports). The Central Bxperimental Station "La Tamborada, located in
Cochabamba, has recently commenced critical fertilizer studies as part of a
FAO~administered Special Pund Projcct. These are under the guidance of Ing.Duld
and have domonstrated that for wheat, at present market prioces, the best economic
results were achieved with an application of 50 kg/ha of nitrogen in the form
of sulphate of ammonia. No responses were obtained with potash, and not all
soils responded to phosphate. Some soils showed no response to any fertilizer
combinations due to their high natural fertility in some cases, and to inter-
ference of other limiting factors (e.g. salinity), in other cases., The widest
. application of these results is not possible in the absence of soil maps for
the region. The same comment applies in the case of the other experimental
stations. The soils of the actual sitation grounds have been mapped but funds
and staff have not been available to map the soils of the surrounding areas in
which extension work has to be carriei out.

Soil Conservation

No information was obtained concerning previous soil conservation studies.
In view of the seriousness of the erosion problem in Bolivia it seems incredible
that none have been carried out.

Land Use Cavability

Land use maps have been prepared, however, by the Natural Resources
Section of S.A.I. for some arcas.

Land Use and Agricultural Developmént

Agricultural activity is spread over the three major physiographic
divisions of the country. A large body of information concerning agricultural
production in these three regions is available but when summarised this data
often fails to give an adequate picture of either the present land use pattern,
or the current trend of agricultural development, because the physiographic
divisions are too broad to serve usefully as an analytical frameworlk, TFor
instance, of the agricultural activity on the Altiplano, most of the crop
production is concentrated in the northernmos+t sector, near Lake Titicaca,
where the population density locally exceeds 127 persons per square mile and
where almost every hectare is repeatedly under crop. Much of the rest of the
Al tiplano is only lightly cropped, and considerable arcas have only a small
permanent population. Similarly, crop production in the central physiographic
division of Andban slopes and valleys is concentrated in certain localities
but virtually absent in other aveas. Thus analyses of statistics, on the
basig of the broad physiographic divisions, are apt to be migleadings so far
no analysis of agriculture on the basis of the natural environmental r@gioﬁs
is gvailable. In Bolivia, it is likely that agricultural cconomists are
soriously hampercd by the fact that ncither the nature nor the approxima te
limits of the natural environmental regions arc adequately knoﬁn; a
reconnaissance soil map of the whole country would clearly be of great
assistance in dofining theso important boundaries.
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However, oxperienoe in Latin Amerioa has shown that the aotual land use
pattern is not always related olosely to the pattern of natural resources. In
many instances the dominent and sometimes the controlling factors are othno-
logical, historical or even sooial. TFor example, it is diffioult to understand
bhow the Almara Race came to select the harsh, oold regions of the Altiplano
for their racial torritory, and why they never migrated in great numbers but
preferred & never-ending struggle to koep alive on the limited range of crops
tolerant of the severe environment., This is a matter that appsars to have no
direct oonneotion with the pattern of available natural rosouroes, but it does
have an important boaring on present trends of agrioultural development. Over
the centuries the rigourous environmental oonditions of the Altiplano has en-—
forced a very close relationship between pcople, plants and soil. The farming
skills of the Aimara are highly speoialized ones; within their own conditions
their inherited farming skills are a liability. In some degree, the .jame com-
ment is applicable to the Queohua-speaking farmors of the Andean slopes and
valleys. Those people have evolved their ideas about farming in an environment
dominated by steep slopes and unstable soils. A8 subsistence farmers in their
own environment they wore exocedingly skilful in balanoing production with the
natural instability of the land. Both groups are now oaught up in crucial and
entirely new problems of existenoc. Modern hygiene and medical care have
resulted in over-population of their customary territory and they have to
accept a measure of migration; and modern oustoms require that they pay for
these hoalth, cduoation and social benefits by produoing more than the require-
ments for their immediate subsistence needs.

The effort to feed extra mouths and to grow surplus produoce required by a
"ocash economy"” has distorted their oarefully adapted farming systems and led,
in quite rcoont times, to greatly aooelerated erosion and to aocelerated
dopletion of soil fertility. A major problem in Bolivia is to find new land
for their agrioultural endeavours; persuade them to move, and to teach them an
entircely new system of farming suited to their new environment. The magnitude
of this problem oannot simply be measured by the faot that it involves some-
where about one million people; +the rcal diffioulty lics in the faot that the
inherited farming instiots are very deeply ingrained and have almost the force
of religious precepts. Re-adaptation must inevitably be a slow process. These
are problems basioally of an ethnologioal oharaoter; but there are other pro-
blems of a more reoent, historical kind.

Prior to the Spanish Conguest, the individual was responsible to the head
of the family, who in turn was responsible to the head of the clan, in turn
responsible to the head of the tribe, and so on, and through this chain of
.responsibility the individual land uso rights woere safeguarded. When the land
pagsed into the hands of Spanish landowners, many farmers lost.their rights and
became virtual slaves. This situation persisted until 1952 when the Bolivian
‘Government oommenoed a land reform program which reinstated the land use
rights of a large number of farmers, giving to eaoh, title of land ownorship.
This release from centuries of unoertainty has presumably resulted in the
farmer feeling a grim determination to permit no new interference with his
land use practices. From the point of view of the farm cxtension worker,
these reoently-cmancipated farmers ave less susoeptible to suggestions gonerning
land use management and are almost to a man, opposcd to farm cooperative
schomes; oontrasting strongly with othor farmers who hold less sccure 1and
use rlohts but who have never sufferod .so strongly thco bonds of scrvitude.
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Those arc some of the basic problems inhorent in the agricultural gltuation
in Bolivia today, and they will inevitably have a strong influonce on the
future of agricultural dovelopment. It is necessary to koep thom in mind when
considering the type of tcechnical aid mos+t appropriate for Bolivian agricule
tural progross. ' o y

Tho actual land use pattorn, is onc of very small, intensively cul tivated
farms in once ocorncr of tho Altiplano, -whose further exploitation is limited by
the olimato controlling the range of crops that can be grown and by progressive
soil foertility exhaustion which cannot be coonomically romedied by simple appli-
cation of fertilizerss and of a vast number of small ocultivated plots extending
on to all but the most precipitous slopes of the intormontane valleys. In
theso latter farms the range of agricultural produce is widor, but erosion has
boen accelerated to such s dogrec that many fields have degonerated until thoy
are 1ar@olyfbare rock, and the oroded debris has been steadily swept away by
the rivers to produco grave flocd problems on the lowlands, Notwithstanding
this, probably 85% of Bolivian crop production still comes from these Aimara
and Qucchua farms, The remaindor comes mainly from the recently-developed
irrigation projcots of thc alluvial floors of the intor-Andean valleyss only
a very small proportion yot oomes from the tropical lowlands.

Pastoral production is likewise conocentratod in the Altiplano, mainly in
tho oentral scotor, whoro flooks of llamas, alpacas and sheep produce wool and
a littlo meaty and in the higher valleys whore the livestock population is
augmonted by oattle and goats for moat and milk production. In addition, the
ohicf farming aotivity of the lowlands is oattle raising on the natural pastures
and browsc vegotation, but the number of farmers engaged in this industry is
relatively small,

Large~scalc farming aotivitiocs are still in their infancy in Bolivia,
Sugar, fibre and oil industrics are developing on the lowlands near tho foot-
hills, and in some of the irrigated inter-Andecan valleys. Milk production is
becoming cstablishod in the Cochabamba Valloy. Parts of the latter Valley have
a population of 325 wmeople por squarc mile, 70% of thosc being of Buropean or
mixod extraotion. Some 30% of the nation's cattle arc to be found in tho Beni
arca. The total valuc of livestook produotion-is about egual to that of crop
production, owing to the faot that most of the latter is production for homo
consumption whercas morc of the animal products are oxported.

Forests still oover as muoh as 40% of the total area of the country and
thoy are only oxploited for timber in localities whore thoy are readily
accossiblo. ’

The dovelopment of a planncd agricultural polioy under tho oxisting diverso
land usc conditions is cxocptionally diffioult, and is made a hundred times
more difficult by the cnormous transport problems aoross mountainous terrain to
the main centres of consumption; or, in the case of exportable produce, aoposs
thinly populated plains and desorts for shipmont from a foreign port.

Transport problems arc being stowudily resolved by the construction of
trans—Andean roads and railways, but oven whon these are adequate, there sti11
-romains the decpor problem of how to modify strongly ingrained indigenous
farming habits and inhorited farming prejudices to create, from the oxisting
indigenous farm population, a new kind of farmem willing and capaeble of undor—
taking tho development of suitable arcas of lowland soils and so becoming
offioiont participants in the oconomic growth of the Nation. This problem is



~ 45 .

a fascinating one and an acutc onoc. Tho oxcoss population concentrated in the
over~farmed arcas of the Altiplano and Andcan Valleys amounts to well over ono
million persons and thoir cconomic condition must surely deteriorate if they
romain whoro they are. Meanwhile, thore is unused land in abundancc along the
foothill plains sultable for skilful tropical farming. What propaganda, what
gentle porsuasion can be usced to turn a very conscrvative Indian farmer from
the cold higniands into a cooporative tropical lowland farmer, employing modern
tochnical devices? It is a strange irony that Latin America's most enduring
gooialist republic must henceforth depond to an over-doorcasing dogree on an
offoctive ro-orientation of much of her intensoly consorvative farming popus-
lation to achiove the incroase in agricultural production that her cconomy
rogquirgs. This is the rub of the agricultural administrative problem, and the
adequacy of soil studies and tho nced for increased soil investigations must
be viewoed against this background.

Lend Productivity

Investigations rolating to land productivity are of uneoven quality and
usually not of a coordinated naturo., This is ilnevitable whore such ilnvesti-
gations are sometimes undor national control, sometimes the result of an
invited Commission, somotimes the work of an individual scicntist, and some—
tines the rosult of an international team.

With regard to crops and pasturcs, yiocld data are available for many but
are usually not correlated with soil, climatic or moisture data. Forest pro-
ductivity survoys have beon made in specific arcas in the past, but lack of
ground control for air mosaics and lack of planimetric base maps will delay a
complete forest inventory for some considerable time. Two FAQ forostors are
at prosent preparing for a forcst survey of specific regions where suitable
air photographs are available.

In the field of climatology, which is often particularly closely rclated
to soil productivity in Bolivia, the available climatic rccords have been
analyzoed by Prada (1946) and Antesana (1958) for the whole country, so that tho
main featurcs of the climatic regime are known in outline. (. Soms local micro-
¢limates have alsc rcceived attention (e.g. Urquidi, 1954, and Ferndndes, 1961
for the Cochabamba Vallcy. The unique Altiplamp. climate has been analyzed by
Stenz (1950) and Yepes (1950)). Dr. Guorrini of the World Meteorological
Office is currently working in Bolivia.

Presumably because Bolivia was formerly depcondent chicfly on its mining
industry, it is well supplied with geological datas although no complete recent
geological map has beon publishod for the whole country. The available data
cstablishes that the chief soil-forming parent materials in Bolivia are the
Quaternary alluvial sedimonts of the lowlands, and the glacial and related
sediments of the Altiplano; followed by various sandstones and shales. These
make up the bulk of the rocks of the Andean slopes. Calcarecus rocks and
voloanic rocks, quartzitcs and granites occur over a relatively minor extemdb
of the country. The most complete account of gdomorphological relationships
is that of Ahlfcld end Branmiza (1vdi). An early geological map of the country
was published in 1944 by Oppenhoim. Useful data concorning sections across
the Andes can be found in a paper by Douglas’(1914)g and concerning erupitive
rocks in a paper by Smulikowaski (1934 e

With regard to watorusuﬁplios for agricultural purposes, lititle infor-
mation is available concerning hydro-gceological featurcs and very few geophysical
gtudics have been carried out. Since the visit of the Mexican Irrigation
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Commission rocords have been kept of stream flow in certain rivers, bqt ?o
complete watershod studics have beon conductod for any longth of ti@e; ‘Dhere

is no contral authority for irrigation studics, but most of t@e'irrlgatlon work
is in the hands of the Dircccién General de Riego under the Ministry of Agri-
oulture. A summary of irrigation projocts in Bolivia was propargd by Ingenloros
Pernéndez and Sanjinos in about 1962. The two principal irrigation Bohomea‘purm
rontly oporating arc those of the Cochabamba Valley (4,500 has. with a possible
sxtonsion over an additional 1500 has.), and the Tacahua Aroa (2700 hase )

Three new irrigation schemcs are under developmont: La Angostura, Department
of Tarifas Puna, Dopartment of Potosls and Chuma, Depariment of La Paz.

IV, CURRENT SOIL STUDIES AND EXPANSION CONTEMPLATED

Soil Surveys

Ko goneral roconnalssance surveys are currently in progress. Scme'g@neral
roconnaissance surveys of lowlands tropical areas ars planned to begin in 1964
whon the soll survey persomncl of the British Mission are assembled.

Speoific soil surveys arc in progress in the area boitween the Chapare and
Isiboro Rivers for colonization assessment, and will be oxtended in the noxt
yoar to thoe Ichito Rivor ncar Puerto Grethor. Othor soil surveys will be
wndortakon for irrigation purposes in the Villa Montes Arca.

The "Plan Bicnal for nationalydOVolopmant calls for 'soil surveys of some
250,000 %o 300,000 has. during the poriod 1964-~65.

Soil Portility Studios

) The fertilizer investigetions of whoat responses will be followed by a

gimilar invostigation using other crops if continuing FAO and UNSF support can
be obtained, mainly in the Cochabamba Area., Other fortilizer trials are con-
tinuing on the various cxporimental stations.

Soil Consorvation Invostigafion

No studies of s6il conservation are in progress, but proposals are being
formulated to sccure an expert in soil ccnservation for the continuation of
the UNSF projoct contred at Cochabamba. The "Plan Bional™ proposcs that said
conscrvation studies be mdortaken in Tarifa, and in the north and south "yungas"
reglon,

e .
Integrated Studies connestod with Land Dovelopment Projocths

& UNSF projcct administered through PAO in the Cochabamba arca will tormi—
nate shortly, and proposals aro being made to sccure a follow-up projcet with
additional attention to soil mapping and soil conservation investigations. This
rew project calls for an expeort in soil fertility and mapping and anbibhoridn
soll conservation.

~In 1962 a British Mission visitod Boliviae to report on the tochnical assige
tance nceded for the dovelopment of tropical agriculturc in Bolivia. (MacKonziog
Coultor and Wilson, 1962). This commission rocommonded the establishment of a
ksoil and lond use survey tcam, onc moember of which has Aready arrived and come
monced work in ostablishing a soil survey laboratory for analysis of soil sam~
ples takon in comnection with the so0il surveys. The complete toam will consist
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of a sonior soil survoyor and two soil surveyors, with a foroster or ccolow
gist attached to it for a spocific period. This tcam would concentrate
initially on a broad reoonnaissance of the lowland tropical solls to defino
arcas worthy of more detailcd investigation, in particular the San Javier—
Concepoidn arcas Riboralta, Yacuiba and the Tucuvaca Valloey.

The soil survey laboratory of the British Mission will be integratoed with
tho existing soil laboratory at "La Tamborada', Cochabamba, and the soil sur-—
vey work of the British Mission plans to be oporated in conjunction with that
of Bolivien soil survey teams working in the tropical lowlands.

The "Direccién Naoional de Dosarrollo" plans to . carry out soil studies
for irrigation projcot oovoring a total of 9,000 has., located atb Mairana,
Cuchu, Punata, Huarina Penas and Villa Montos.

Porsonncl

At presont there arc 18 Bolivian soil surveyors (some awre undergraduato
students from the Univorsity of San Simon undergoing on-tho-job training) under
the dircotion of Ing. Arco. Thos: oporate as three six-man teams and the team
loador is a graduate from the gencral soils course of San Simon University.
There are thus 4 Bolivians ongaged in full-time soil surveyling.

Two U.8. soils cxperts (Drs. Englehorn and Hanson) have served in the
past as field assossors to the Ministry of Agriculture (S.4.I.) soil survey
program undor Ing. Arce. There arc, howovor, none of these experts in the
country at tho present time. The single soil surveyor of the British Mission,
and Ing. Duld of the FAD/UNSF projcot are the only two international expoerts
with soil training currently serving in Bolivia.

A private Germany oompany, "Ingeria Global' is at present undertaking
irrigation studies for the Bolivian Government but no soil survey personnel
are oemployod.

Trainine Programs

Therc arc scven universitics in Bolivia, but only one, the University
Mayor de San Simon, has a Faculty of Agricultural Scioncoes.

Agrioultural training is carried out at three levelsgi-

- Blementary, taught in four high schoolsy
-~ Intermediate, taught at five schools of practical agricultures
- Superior, taught only at San Simon in Cochabamba.

During the last five years, an average of 7 students graduated each yoar
from the Faoulty of Agricultural Scicnoes and of these only five joinced the
Government Agricultural Scrvices. Many of the graduates seock employment in
neighbouring ocountrics where the pay and opportunitics arc better.

At San Simon, a student can acquire the title of Ing. Agronomo in Genoeral
Agrioulturc. For this degree, the student has to takec two compulsory courses
in soils. The goneral soil course includes some information about soil
classifioation and about soils and fertilizcers. Students majoring in soils may
eleot to spocialize in soil fortility, for whioh they are roquired to submi$
an original thesis bascd on soil and crop invostigations; those spccializing
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in soils arve also roequired to sorve as o soil survey assistant on ﬁhe Minlstry
of Agriculture S$.4.I. soils teams. No post-graduate courscs in soils are
aveilablo in Bolivia.

The "Plan do Desarrollo" rcoogniscs that the lack of tochnicians 1n the
middle and upper category is the principal "bottle-nock" in the agrioultural
dovolopmont program. I+t would appear nocossary to seek some systom of soho-
larships to oncourage students to enter tho Faculty of Agricultural Sciencoe
at San Simon. Approximately 10% of the wpresent annual inteke of students
olooct to join this FPaculty.

V. NEED FOR FURTHER SOIL STUDIES

Gonoral Observations

As pard of tho social and coconomic development of Bolivia much of the
national effort, and almost all the intornational tochniocal assistance, is
diroctod towards the agricultural scotor of the cconomy through resetitlomont
schemes 1n the tropical lowlandsy; through land dovelopment and irrigation’
schomos in the Andean Valloys and through improvemont of social and agricultural
oxtonsion services to the Altiplano farmers, With all these offoris, soil
investigations are given far too little attonbion.

This situation is alarming for, as is well known, a sound agricultural
developmont planning and implomentation must be based on a knowledge of the
country's soil resources and potentialitios. The virtual negloct of soil
surveys and soil investigationsg as basic and integral material for the agri-
cultural devolopment program, rcprosonts a very serious weakness in current
and planned activities relating to tho economic devolopmont of Bolivia: This
fact is not overlooked by Bolivian doevelopmont planners, but the severe
shortage of Bolivian soil specialists and the slow development of soil sclemnce
courses in the Univorsity, plus the annual drain of graduatc students who ppre-
fer to work in neighbouring countrios, all combine to force the economioc
planning group to go ahcad without waiting for essential soil information.

In this situation, Bolivia 1s strongly prodisposcd to soek additional intexse
national aid in tho field of soil scicnce.

There avrc already a formidable numbor of international experts working
in Bolivia. It does not scem to be widely known %hat thore are currently no
loss than 63 intornational oxperts supplied by tho United Nations working in
the country. OFf this number, moro than half are dircctly concorned in agri-
cultural development. In addition to these, therc have been a number of U.S.
agricultural technicianss private agoncies employing agrioul tural teche
nicians and rcecontly, a group of British adviscrs on tropical agriculture,
Yet another group, from Belgium, is scheduled to arrive in the ncar future.
This amounts %o a vory considorable intensity of extornal effort to improve
Bolivian agriculture and it &lso.moans that the country has undertaken a
heavy burden in the provision of counterpart porsonnel and finance. Tho
volume of reports and economic analyses available for study is truly pheno-
menal for a country of this sizo, but throughout all these there is a congple-
cuous deficiency of soil information and a repeated call for soil studics.

There is an immediate need for roliable soil information to support major
National development projects, such agge

— Parm rcscttlement areas, whore for lack of undoerstanding of soil pro-
pgrties virgin land is being farmed by inappropriate mothods that oan
ouly lead to rapid oxhaustion of the natural fertility of tho soil.
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—~ Now colonization areas, whosc sclectlon requircs advance soil surveys
and whosc development roquires careful chocking of the changes in tho
soll propertics and corroborating soll fortility investigations.

-~ Access road planning, which roquires'a vory rapld recommaissance soil
survey of large arcas to detormine the broad agricultural potential
of reglions,.

-~ Tho formulation and implomentation of pastoral farming programs in tho
Altiplano, which roguirecs accurate soil information to show whore -the
goils have a groator pastoral rathor than arable farming potential,
and to assist in the seloction of soils suited for oxtension of pasture
trials already being carried out at the Altiplano Experimental Stations,
The present production of wool on the Altiplano is about 0.8 kg. por
shoop, trials have shown that local sheep crossed with improved variotlos
grazing on nutritious pasturcs and alfelfa plots, can produce far
higher wool yiclds under Altiplano conditions. This program is in
urgent noed of soil survey data.

To handle all this work, therc is at prosont in Bolivie only one Bolivian soil
surveyor with adequatc training, and one junior British soil surveyor. If the
Belgian group arrives, thoy may be expected to bring an additional solil surveyor.

In addition, therc is a nced for reliable soil information to guide crop
expension studies, soil fortility investigations carried out by the Ezperimental
Stations, fortilizer programs, and to determino the basis of future soil oconser-
vation investigations. There is at prosent only one fully-qualificd ocxpert in
the ficld of soil-plant relationships in Bolivia, and ho is attached to a
Special Pund program of the United Nations and hence limited with regard to the
“berritory that he can serve. A Bolivian spcecialist in soils has been added
rocently to the Extension staff (at Cochabamba) but for lack of essential soil
data the effecitiveness and progress of his work may be adverscly affected.

The immcdiate nceds for soil information is sufficiontly formidable, but
there are also some very important long-term needs; eospecially in such fields
as soil erosion control, crop sclecction and plant breeding, use of fertilizers
and afforcstation. Standing out above all is the future neced of a completo in-
ventory of the soil resources of the country, and roliable soil information is
urgently nceded to assist analysis of the true productivity and competitive
position of Bolivian agriculturc.

Bolivia has pocoived a massive injection of international aid and this has
begun to produce an accelcratod rate of agricultural development. Social and
economio urgoncy roquired that this start without waiting for essential goil
atudios, but as the mcmentum of the movement increases the nccd for reliable
soil information becomes incroasingly acute. Already somo failures due o lack
of this information can be obsorved. :

The "Plan Deccnal de Desarrollo! rccognizes the urgent need for botter
knowiedge of the soil resourccs of the country, but also comments on the £act
that one of the major probloms is the weakness of administrative organizatslon
in the past, which has led to various parts of tho agricultural program bezing
divided amongst difforent ministries and institutes, without any subscquent:
coordination of the efforts.
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G.nerally speaking, there is also a lack of any clear-cut organisation %o
undertake the essential soll studies. Many different groups are currently, or
ot one time have, engaged in soil studies. Amongst these are the followings~

The Ministry of Agriculture
Servicio Interamericano Agricola
The Ministry of Public Works
The Universidad San Simén
The Corporacién Boliviana de Fonmento .
The British Mission for Tropical Agriculture
"Alianza para el Progreso" B
Various private organizations contraoted for gpecial development projects
The Tochnical Assistance Bureau of the United Nations through FAO, OIT,
' UNESCO and others. ‘

Taoch of these has, from time to time, discovered some important aspecits
‘of the properties of Bolivian soils and used the information successfully in some
partiocular agricultural project. With so many porsons working with applied soil
goience, using different methods and different standards, it is extremely im-
portant that there should be some oentral bureau respongible for the collection
and analysis of soil datas a unit to oollate and evaluate and maintain a
growing record of Bolivian soil ohuraoteristios., This bureau should be developed
within the structure of the Ministry of Agriculture, and should also be the seat
of the soil survey service. Moreover, neither the soil surveyors nor the staff
engeged in ooordinating soil data will be able to funotion e ffioiently without
gome goeneral pioture of the total soil rcsouroes of the countryj in short,
this central soils unit must also eventually undertake a comprehensive soil
survey of the whole country. ch

Although the necd has boen apparent for some time, finanoial limitations
have prevented the Ministry of Agrioulturc from oreating this highly desirable
contralization of soil 'studies. Moanwhile, other ministries with fewer budget
restrittions, have oxpanded thoir interests in the field of goils and brought
about further deobntralization. It is expected that carly in 1964, there will
be a re—organization to strengthen the Ministry of Agriculture and if the pro-
posals of Dr. David Bruoe of FAO are aooeptéd, the new Ministry will have &
Department of Land Uso Capacity under the Investigation and Extension Braunch
which could serve as a home for a Soil Burcau. It might be even more desirable
to create a specific Department for Soil Survey and Research.

Bpecific Observations

~ Apart from the above general observations, there are certain spccific
factors that may be expected to mitigate against the development of knowledge
about Bolivian soil resouroscs. These are grouped under the followings-

Soil identifioation, genoesis, classification and oorrelation. No definie
tive studies have been made in this field in Bolivia. U.S. soils adviscrs
working with Ing. Arce under S.A.I, programs have attempted to link some of the
tropical soils with the U.S. Tth Approximation classification, and wvisiting soil
sclentists (e.g. Coultor of the Britich Mission, in 19623 and Arens of FAD
in 1961) have briefly reoorded their impressions of the approximate relationships
of some Bolivian soils and the more widely aococpted world soil groups.

In view of the pauoity of corrclation botwesen Bolivian soils and the
soils in other parts of the world, the presont Mission paid particular abbontion
to this aspeot during its fiold investigations. WNo soil maps were availablo for
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any of the arcas visited (with the oxcoption of a soil map of tho irrigablo arca
of the vallcy of Cochabamba proparcd by the Moxican Irrigation Commission in
1948). From these field obscervations, supplemonted by a study of all available
ecological, meteorological and goological reports and maps, a vory gencralised
rough soil skotch map for Bolivia will be prepared. Vaoluable advice was receivod
from Ing. Arce of Bolivia and P. Avons of FAO in its preparation. A discussion
of some of the major foaturcs in the Bolivian soil pattern followssi-

In the case of the Altiplano therce arc four main soil regions. Tho soils of
the southern Altiplano are mainly desort soils (Regosols and Lithosols) which,
under Altiplano climatic conditions, arc subject to very little weathering and
only a small amount of loaching which is repeatodly cancelled out by the upward
movement of soluble salts. From south to north, thore is a gradual inorease in
the amount of leaching, and somc increase in the incorporation of dark-coloured
humus compounds (melaniaation), but weathering processes are cxceptionally weak
throughout the Altiplano. However, clay soils exist in abundance, but this clay
is derived from anciecnt weathoring processce (pre-woathering) that may have
occurred in intor-glacial periods or even may relate back to the mantle of
woeathered material that was present on the landscape before the Andean orogeny.
Almogt none of the landforms cscaped modification in glacial times, and many land-
forms are related to post-glacial lake and lagoon systems. The soils on these
latter plains, in the vicinity of Lake Titicaca, are often dark gray montmorile
lonitic clays, with accumulation of calcium carbonate at various depths, or
accunulation of gypsum crystals. Saline soils and salars are common on the
southern and central Altiplanc, but are rarce and exiremely local at the northern
end of the Altiplano, although some soils have characteristics suggesting that
they were perhaps formerly saline soils that arc now leached. No classification
of these Bolivian Altiplanc soils has over been attempted. In Chile, Brown and
Gray Altiplano Descrt and semi-desert soils arec facégnizaﬁ;f:inﬂPéquAltﬁpm&no
Prairvid soile ("Pradera Andina") and Altiplano Humic Gley soils ("Gley Humico
Andino") have been rocognized. In Bolivia, it ie probable that both Gray and
Brown Desert and Semi-~desert Altiplano soils occurs as well as Brown and CGray
Altiplano Prairie soils, together with their related hill and steepland soils,
and associated hydromorphic and halomorphic soils. At this stage it is
desirable to rotain the word "Altiplano" or "Andino" in the description, because
the implications of the unique climatic conditions are as yot unexplored. No
"Paramo" solls were secn on the Altiplano proper but Lithosols and steepland
related to the Paramo soils were found on the northeast-Ffacing upper slopes of
the Altiplano mountains at altitudes from 3900 m. upwards to the snowline.
Amongst these soils aro to be found small patches of Alpine Meadow soils.

Soils derived from volcanic ash occur only in the western scctor of the centroal
"Altiplano region, and there the climate is too dry for the development of
allophanc clays. These '"volcanic soils" are mainly Regosols. Small patches

of Altiplano bog soils (saline peats) occur along.the foot of the western
nountaing,

The central physiographic divisicn comprises mainly Lithosols and recenti
colluvial soils with only a relatively small proportion of the landscape
developing steepland and hill soils that show something of a zonal impress,

The soils of most valuc for accurate dotermination of the current genctic prow
cosses, are those ocoupying the broader ridge tops and the foew, very small, up~
land plateaux represcnting a part of an older landscape thatb escaped severe
dissection. Boil formation in these relics of old landforms seldom dates back
beyond the last glacial period, for the soil parent moterials show distinct
evidence of solifluction and glacial deformation.
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Summing up all the available ficld ovidonco from gxaminatlon qf the _
Lithosols, steepland soils and hill soils, as well as that from soils dovgloped
on more stable landforms, it is evidont that two distinet sequencos of &0%1
formation oxist. On the north-oast facing slopes of the northern Yyungas
rogion, whero tho warm, moist alr of tho Amazon lowlands reaches nocarly t?}?bﬂ
top of tho Andcan mountain rangos, the soequenco is from.Podzolﬁ and aeaoc}atud
(Gloy Podzols in the cloudforest belt; doscending to Acid Brown Fore&t’aOLls
in the upper montane forest belt, thoen swiftly through Brown Forcst soils
showing incrcasing degroe of weathering of paroent matorials in the 1owor.mon~
tanc forost and subtropical forest beltsy until strongly waath@rod qu@lshw
Brown and Rod soils. are roached in the rain forcsts of tho troplocal foothills
and lowlands. Thoso lattor soils arc Red-Yellow Podzolic soils whore dorived
from rocks vich in silica, and Red-Brown Datoritic soils whore derived from rocks
pich in basic minorals. Soils with somewhat intormediate characteristics also
ocour on paront matorials that aro not particularly acidic or basios those have
gomotimos beon dosoribed as "Propical Brown Forost Soils"., Most of these foot-
hill and lowland soils appoar to be of moderate to high base status undor
natural conditions but soils of low baso status appear on the older alluvial
terracos,.

By contrast, on the southeast- Jioing slopes of the southern sector of tho
central physiographic rcgion, where the influence of the air mass of the
Amazon basin is rolatively woak and the influence of cool and relatively drier
polar air is strong, the soil sequence is vory difforent. With decreasing al-
titude, the thin dark, very weakly weatherod soils of the Altiplano mountains
gradually increase in clay content and show clay cluviation. A% first this is
little nmore than a slight increase in subsoil compaction. Under moist sub-
humid oconditions in the middle altitudes, soils from sandy paront materials are
woakly podzolised and those from clayey parcont materials (shales, etc.), are
vory harsh-structurced acid clays. Within this bolt, thore arc sovoral major
enolaves with dry subhumid and somi-arid climatic conditions. Hore the soils
show strong clay oluviation, but aro not at all loeached of bases. The accouwni
lation of olay in the subsoil is in tho nature of a "fragipan', very hard when dry
but quite friable whoen thoroughly wmoist., With decreasing altitude in thosc
dry onclaves, the soils show strong accumulation of calcium carbonate and
occasional gypsumy in the valley bhottoms tho alluvial soils are ofton salinc.
It is difficult at prosent to place all thesce soils in accepted World Soil Groups.
The soils of the somi-arid socctors appear %0 be Calcisols and Calcio-Brown soils
while those of the dry subhumid areas have a rescmblancoe to Non-COalcic~Brown
goils and Chesinut soils. | Howevor, the soils are doveloped under a climatic
rogime which has summor rainfall. This summer rainfall inocreases over tho whole
of the lower foothill scctory here, under a moist subhumid regime, scemi-
dociduous appears. The soils still show a pronounced degrec of clay eluviation
but the baso status is kopt high by re-cycling of nutricents through the forest
systenm. These soils have some of the fecaturcs of the Grey Wooded soils of
Westorn Canada, but they are of a nore reddish-brown colour. Thosc soils nced
further study before tholr truc genctic relationships can be asscssod.

Ovor the castern plang a wide variety of soils can Be found. In tho northern
soctor Gley soils and Pscudo-Gley srils are developed under tropical conditions
many of those are strongly leachcd and somo arc with ferruginous pans or with
plinthito. In the southern soctor, saline hydromorphic soils are more common
and somo have a distinct rescnblance to dograded Solonoctsz (Soloth? Solodi).

Most soils usually show strong accumulation of clay in the subsoil which DPLO=
notes seasonally watorlogging and are light reddish gray in colour and slightly
mottled. Most soils show some neasurc of loaching, and under deciduous forcst
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the surface fow oentimetors are oooasionally bleaohed, although the pH docs
not indicate any dovelopment of strongly acid conditionss TFurther study ie
noeded before those soils can be adoquately classifieds they have some rosome
blance to Planosols, but also many points of difference,

From this briof desoription of some of the morce obvious features of
Bolivian soils, i% will be scon that o greoet deal more work needs to be done
in tho field of olassifioation. The present situation is suoh that anyone
venturing on serious soil studivs in Bolivia virtually will be starting from
soratech. : A

Availability of basgsic informasv’on for soil studies. With the possible exw
ception of geological information, there is rathor deficiont analysis of olimatic
data; lack of ecologioal data and deficiency of agronomic data that can be
employed safely in the consitruotion of futurc soil maps.

Nor is tho position muoh better in rospect of base maps suitable for soil
maps. Roliablc topographic and planimetric maps oxist only for parts of the
Altiplano area. ¥lsowhero, the available topographic maps with form~linece and
somewhat inaccurate planimoetris maps would be gquite inadequate for precise soil
mapping. A considerable proportic.. . the country Las been covered by air
vhotographs (sco Fig.2) but’many difforent serial survey companies have been
involved and ocach has to be approsched individually, to obtain prints. Some of
the photographs are of poor quality whilo some oontain large arcas obliterated
by clouds. Copies of all negatives flown are supposed to be held by the
Instituto Geodfsioo Militar in La Paz, but this organizaticn was unable to pro-
vide the Mission with eilthor pertinent information or copics of maps. In
goneral, it would appcar tha’ muoh of the Andean foothills and adjaoent low-
land has been flown, as well as some of the northeastern and northern plains,
and most of the Altiplano. This lcaves only part of the Andean slopes, all
the northeastern and casiorn (Brazilian boumdary) area and nuch of thz Chaco
area without air photc coverage. Many of tho photographs taken ere -atialscale of
1540,000.

Few of the arcas flown have ground oontrol and almost all *the mosaics made
from the air photos are wncontrolled. The majority of these unoontrolled
mosailcs are on a scale of 1:50,C0C or smallex.

Training of mersornel, Very Jitile formal training for soil personnel is
available in Bolivia, apart from the soil courses given as part of the General
Agricultural syllabus at San Sinon University. Most of the present junior soll
surveyors have only own-tho-job training, and some arc students working on-
soil survey teams ns part of their university training.

Far too few university studcnts are showing interest to speoialize on soils
and allied subjoots, and the annual output of suoh students is woefully small
in relation to the needs of the oountry.  Also, as mentioned earlier, an unfor=-
tunately high proportion of graduates with some interest in soil science leave
Bolivia.

This situation makes it almost Lupossible to visualize any rapid
expansion of a soil survey and investigation oentre within the Ministry of
Agriculture, and virtually precludes tho immediate preparation of a major
project to map tho soil resouroes of the country oven with internaticnal
asgistance, since an inadequate number of Bolivian countorparts would notb
be forthcoming. '
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Pinancial limitations. These are probably very serious in Bolivia where
the national income is strictly limited, and where much of the money allocated
to agriculture is already tied up in the provision of counterpart services to
international, and other, projects alrcady operating.

VI. RECOMMENDATIONS

1o Txpangion and Re—orientation of Soil Studies

Mach is needed in this field but little scems possible under the present
organization. If more money was available in the local budget for agrioculturs
and if the Ministry of Agrioulture completes its reorganization and orcates a
central soil service, then there could be expansion of soil survey work in conw
nection with land sottloment schemes, and a re~orientation of soil studies in
the direction of better classifioation and corrolation of soils. Pre~colonisation
soil surveys are urgently needed; it is vitally important that these virgin
soils be properly classified, and their true fertility status and propor goil
managoment roegimes be acourately assessed before large-soalo settlement commences.

2. Initiation of New Studies and Tntegrated Programg

New soil surveys and investigations are badly nceded, but again, rocommen-
dations must be qualifiocd acoording to the amount of looal finanoe likely to be
availablo, and the suooess of the proposals for reorganisation of the Ministry
of Agriculture. It is partioularly desirable that some watershed studics be
nade to determine the extent to which soil erosinn is damaging the national
‘economy, and to devise practioal oontrol measures. It is also desirable to
initiate some soil investigations of the deolining fertility so evident in newly
colonized areas, and to lay down some simple soil management rules for the main
kinds of soil. In the present circumstanoes, the Mission does not feel that
these projects can be unduly cmphasized,

3. Technical Assistanoo

If a serious attempt is made to orcate a ocentralized soil unit for tho
whole country, under oontrol of the Ministry of Agrioulture, and if funds are
set aside to assurce that a Bolivian counterpart with adequate mobilization will
be available, then the Mission strongly rccommends tho appointment of a soil
gurvevor under the EPTA program.

The duties of this soil surveyor will be many and varicd, and thoe situation
will certainly be a domanding ono. He may be cxpected tosw

i. Assist in the formation of a Depariment of Soil Survey and Research, in the
oreation of a central soils laboratory, in the organization of a soils in-
formation centre, and the setting up of a filing sysitem for recording the
characteristios of all the major soils.

il, Act as a solls assossor in colonization and land settlement projects, in
selection of routes for new access roads and land valuation studics.

iii. Advise on the nature and soope of soil fertility trials in areas whore
newly colonized soils arc showing signs of doclining fortility; advisc on
goil Ffertility problems gonerally, and selcect soils Ffor futurc soil
fertility investigations.
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ive Draw up soil menagemont '"bluo-prints" for problem goils and select areas
for scil conservation studios.

Ve Assist with the promulgation of a "soil educaticn" program in conjunction
with soil speciolists attached to the Extension services, o ensure that
the farmers bocoome increasingly aware of thoir duty as stewards of
national soil resources, '

vi. Assist the lagging field of University soile teaching, by providing
matorial for classos end by giving oocasional loctures by invitation.

vii. Assemblc ag complete a picture as possible of tho genotic background of
Bolivian soils, and from this venturc with confidence into the field of
soil olessificationy 1o classify soils for pergons and projects needing
such information; +to correlate soils betweon projects, and to advise
experimantal stations. :

Depending on the advice of the EPTA soil aufveyor, it might be possible to
conslder an integrated soil and land use survey project at some Ffuture date.
Such a project would certainly requirc UNSPF or other support.

The fertilizer trials program at present being carried out by Ing. Duld
(under a UNSTF projeot) is due to terminate in 1964. This work has proved highly
succesaful and it would be desirable to sce it continued and oxtended to cmw~
brace crops other than wheat, and to cover regions other than the Cochabamba.
Valley. The prosence of an EPTA soil surveyor in Bolivia would enable better
correlation of fertility results with soils and allow better identification and
selection of inmportant soils for such a projeot. This type of work is some-
times carried out with FIU support in othor countries, and the possibilities
heore should be explored,

The World Soil Resources Office, through its efforts to compile a soil map
of Latin America, is gradually bringing about a measurc of co-operation between
the soil surveyors of the various Latin Amcrioan countries. The stage will soon
bo reached where i1t may be possible to organize a team of Latin American soil
scientists to carry out urgent general surveys for countrics yet lacking in
training soil technicians. This could probably be arranged by cooperation be-
tween FAO and the Organization of American States, with some financial backing
from a third source.

Should this suggestion find favour, the Mission strongly recommends that such
a "task force" of Latin American soil scientists be given as their first assigne-
ment, the preparation of a general soil map of Bolivia on a scale of 131,000,000,
using existing topographic maps and striving, not for accuracy of soil boundaries,
but for accuracy in soil classification. Such a team should be under the
general direction of the FAO EPTA soil surveyor in Bolivia, or a Regional Soils

Expert.

4. Co-ordination of Soil Studies with Other Activities within the Country

The demand for assistance with soil classification and correlation in
Bolivia is so great that the EPTA soil surveyor will inevitably find himself
deeply involved in many of the agricultural projects operated by different
organizations. In particular he should scek an opportunity to co-ordinate his
work with the FAO team engagedin making a Forestry Inventory, and with PAO
personnel engaged in soil fertility studies. These are two fields for which FAD
has taken a major responsibility in Bolivia, and reliable soil information is
essential to their success.
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SUMMARY OF FINDINGS AND RECOMMENDATIONS

Peru has embarked on a realistic program of agrarian reform which will
result in a new epcch of agricultuval development. The technical services atb
the disposal of the Feruvian govermuent during its vigorous drive to resolve
the social and political probiems of the rural population are relatively
highly organised and are cuvmposed of comparatively highly trained pro-
fesgionals and teclnicinns. MFurshermore, tho teohnical aspects of the agra~ .
rian reform program appear to he getting very careful analysis, The Peruvian
Government is also raeceiving considerable foreign assistance from many
sour e s,

To a very large measure, the eventual success of this reform program
will depend on the correct use of reliable soil knowledge. Unfortunately,
in recent years, msoil. surveys and related investigations have not kept pace
with growth of agrioulture and the need for information for planning pure
poses., Although a number of small and scattered areas have had soll studies,
there is nothing approaching an overall picture of the trus nature of the
80il resources of either the whole country nor of many of the important agri-
cultural regions where reform vrogrvems are currently geing into opsration.
There are now, howewver, soil eunv ' teams at work in some of the 'key!
agrarian reform regions. I+t is further proposed to undertake a stockibaking
of soll resources ag pars of a country-wide assessment of natural resources.
There are also proposed projests Ho carry out more detailed soil mapping as
rart of pre-colcnization surveys. ‘ :

There is thus a considerable amount of activity - present and planned -
in the field of soil studies. Weaknesses in the present situation, however,
include a virtual absence of personnel familiar with modern concepts of soil
classification and experience in soil correlation, and a growing shortage of
professional staff with adsquate training in soil investigation techniques,
particularly in soil survéying. The Mission understands that the Agrarian
University of "La Moline" intends v seek support for the amplification of
the Boils Department in its TPaculty of Agronomy with a view to stepping up
the turnout of gradustes with advanced training in soils, but it appears
certain that Peru will hawe o scek cutsides assistance in work on soils.

An additional weskness in “h: siivadion lies in the fact that soil studies
are being carried oul mor: or less iundspendently by many differert organi-
zations., The Misgion enguired into 4ho rossibility of the creation of a
central Soils Institute but reached the conclusion that, whereas highly
desirable, it should be postponsd aad studied further. The Peruvian aubhori-
ties, however; are nct maware of this weskness and, with commendable fore-
thought, have already esteblished a Department of Soil Co-ordination in the
grounds of the Central Agricultural Experimental Station at "La Molina®
alongside the main scils teaching centre of the University and with a modern
building including offices, draughting rooms and laboratories.

The Mission urges that this centre for co~ordinating soil work be given
a stronger operative role in the Aqrarian Nisform program. This could be done
by meking it the centre for all Peruvian soil correlation and s0ll classgifie
catlon studies. To do this would necessitate the provigion of an expert in
80il classification and correlation to the centre and the appointment of a
Peruvian counterpart who would become +he National Soil Correlator.
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The Mission considers that an appropriste expert in soil classiflication and
correlation should be made available, on request from the Peruvian Government,
under the FAO BExpanded Program of Technicel Assistance (EPTA) and further urges
that bigh priority be given to this recommendsation. The duties of an EPTA
expert in soil classification and correlation would be s :

The training of a counterpart as the National Soil Correlatory

An immediate investigation of all soils currently employed for soil ferti-
lity trials and correlation of these moils with those of the surrounding
‘region where the local extension services ave operatings

An early vieit to all soil survey parties ourrently working in the Ffield
to resolve the more pressing problem of soil classifiocations

The inauguration of a central index system for recording the significant
morphological, chemical, physical, biological and agricultural character—
istios of all named and adequately identified Peruvian soilg, employing a
logical and natural system of soil classifications

The early preparation of & broad schema’tio map showing Peruvian soils
olaggified tentatively under major soil groups to act as background for
advisory work in comnection with natural plamning programs (early maps of
this type are in existence but the Mission feels that recent advances in
soil science now permit the construotion of far better maps)j

A gradual assembling of soil data to assist the national stocktaking of
soil resouroes and partioipation in this latter program when it begins
to ensure that the soils are uniformly oorrelated throughout the countrys

Assessment of regional and local soil problems as required by the Institute
of Plamning, the Instiiute of Agrarian Reform, Irrigation agencies and
similar fiscal, semi~fiscal or private oorporate bodiess ’
‘Promotion of co-operation between all groups engaged in soil studies and -
so start to lay the founldation for a National Soils Institute which should
grow naturally from the activities of the Department of Soil Co-ordination.

The Mission feels thal the pressure to implement agrioultural development
programs gives urgency to the appointmant of an EPTA expert in soil classifica~
tion and correlation. I+t would also be highly advantageous if a Peruvian
counterpart could be seleoted promptly and a short-term scholarship arranged
Por him to visit soil correlation oentres in Burope and North America as well
a8 the World Soil Resourdes O0ffice in Reme.

The Mission considers further that soil erosion problems have besn too long
neglected in Peru and that a project designed to initiate soil conservation
regearch and application of soil erosion control measures to an experimental
watershed area should be given high priority. The Mission therefore recommends
that careful consideration should be given to the proposals being prepared by
Me. Law for soil conservation and wat.lcued management projects under the United
Nations Special Fund program,
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I Sources of Information

In Peru, extremely useful information was obtained from members of the
following institutions and crganizationss Ministry of Agricul-ture, Instituﬁe
Waoional de Planifiocascion (Direccion de Planificacion Regionales, Estudios do
Recursos Nacionales), Univerridad Agraria '"La Molina" (Pacultad de Agronomia,
Facultad de HBconomia v Faculband de Ingenieria Agraria)9 Servicio de Investl~
gacion y Promocion Agraria (SCIPA, Division de Experimentacion Agropecuaria,
Dept., de Correlacion do Suolcs}) U.8. Agency for Intoernational Ald, including
memborsg of Missions Lrem Nerth Carolina State University and the Towa State
University, Corporacicn de Fumento y Promocion Social y Economica de Puno,
(CORPUNO), (Secoion Bjecuoion de Pilanes Regionales de Reforma Agrariag Grupo
de Reoonocimiento do Suelos en Juliasoa), Instituto Geografico Militar, Lima,
Sociedad Geologice del Poru, Lima. To informants of the above organizations,
and to many others, the Mission is deeply indebted for the fine spirit of
co~opoeration shown.

In addition o the study of material provided by informants, the Mission
also reviewed published and wnrublieghoed reports and maps available and further
carricd out a limited muiher of ficl 1 nvestigations along a short transesd
from Desaguéidero, on *thrce RBelivian frontier, to Punoy from Puno, northwards to
the limit of Prno Dopariment, cn the road to Cuzooj from the limit of Puno
Department to Cuzmco, C(uzco to Maoohu Pioohuy and from Lima to Oraya, a wost
to ecast transcct avicss the desert coastal plain and Rimac alluvial soils.

IT. Physical Characteristics of Peru

Geographic Location,

Peru is_the third largest country of the ocntinent, oover%ng an area of
1,284,000 kn?, and cxtending from near the equator to about 18° south latitude.

Topography and Jandforn

Customarily, rerw in divided into four major physiographic divisiouws: the
Pacific coastal lowlands sovering 145,000 km® (1103%)3 the Andean Cordillera,
405,000 kme (31,585 t2o_Arozon foolhills, 201,000 km® (14.6%), and the ‘
Amazon plains, 533,000 ac (42~6%). Within this simplified picturc thore are s
very large numbexr of cielircilve enviroamental regions (for example, the
Altiplano), each with its particular combination of climate, topography, rook
formations, land forms, plant oover and hydrogoologio regime,

Taking the natural plant formations as a guido, Tosi (l) has ildentified
no less than 35 natural elimatio ccological zones: many of these can be
further subdivided on a geomorphological and edaphological basis, giving a
complox pattern of over 100 distinctive onvironmental regions. To give: even
a brief summary of these is beyond the scopc of this Mission's report.

Natural Hesouroes

Although the information is far from complete, Peru is in an incomparably
bgtter position than mos+t other Latin Amorican countries in respect of pro-
liminary assessmonte of the national agrioultural resources. Some of %these
preliminary surveys hove been published, and in other cases, this material is
carcfully preserved in Ministerial archives and in institutes and is available
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for consultation. It would serve little or no purpose to list this information
anew in this report or to attempt & summary description of the conditions that
vary so widely in respect to geology, climate, soils, vogetation, wabor sup-
plien and othor ocharacteristios.

IIT. Soils and Their Utilization

5011l CGoenegls and Classification

The Instituto Nacional de Planifacacién has recontly comploted an
tInventario de Bstudios de Suclos dei Perd! (2) which. gives details of .77 soil
surveys carried out between 1949 and 1963, covering a total area of 91,606,21
km?2, equivalent to 7.1% of the whole country. The scalos of the maps range
from 1:2000 to 1:5,000,000. However, oven this imposing list of work is not
entirely complete in that it omite some soil studies carried out by differoent

university groups. (seo Fig.l).

In the surveys refoerred to in the "Inventario', a total of 154 soil
asgociations have becn identified; 327 soil series have becon defined, as well
as 101 soil typos and 44 phases of either associations, series or soil types.
Reforence is made to about 12 of the World Great Soil Groups. In many cases
the soils are also grouped into land use capability classes. ‘

Additional soil information is available in a large number of publications
ranging from geographic text-books to reports on sciontific investigations, bub
in many instances the goil ildentifications are too goneral 1o be of much value.

Soil Fertility Invegtigations

These have been going on for at least 30 years, and the volume of infore
mation avallable is impressive. Much of the early work, and some of the later.
work, however, cannot be given really wide practical application because the
soils used in ‘the investigations have never been properly classified.

Many of the major crops (maize, potatoes, barley, sugar cane, rice, cotton,
etom) have been investigated in respect of their reaction to fertilizer appli-
cations, pasture grasscs and legumes (espocially alfalfa) have been included in
fertilizer trials. Probably well over 1000 feortilizer trials are carriocd out
each year amongst all the different agencies. A large number of tochnicians
~are employed by SCIPA and the Agrarian University for soil fertility investi-
gations at the prosent times the total number wholly or partially engaged in
this field approachos close to 500, of which half are of the profesesional or
sub~professional level. The information available concerning these investi-
‘gations is comprohensive and ofton accompanied by statistical analyses, but
in many cascs correlation botween sites of exporimonts is made on a basis of
climatological or phytological data because most of the soils usod in the work.
are still not adequately idontified. The Division do Exporimentacién Agro-
peocuaria lssues a comprehensive report containing the rosults of soil fertility
investigations carried out during the ycar(3). '

Soil Conservation

A considerable number of land use capability maps are available for spoeoial
areas, and in 1962 a land use map for the whole of Poru was preparcd by the
"Servicio de Investigacién y Promocién Agraria" on a scale of 133,000,000 (4)
in this map the soils are grouped into 8 use~capacity classes.
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Land Use_ Capability

A map on a scale of 1:400,000 showing the four land slope catggorios in
central Neru, was prepared by the Organization of American States in 1961 (5).
A map showing arcas subject to soil crosion for the wholc country was proparcd,
on a scale of 1:300,000, by SIPA in 1962 (6). Thig map shows broadly the do-
gree of erosion according to four grades. There arc no mape showing potential
srodability of the soils.

Land Use and Aericultural Dovelopment

It is.estimatod that Peru hae 20 million hoctares of potential farmland
of which only 2.2 million hectares are cultivated; and of this 0.5 million
heotares lic fallow yearly., Thus, the area actually in cultivation ocach year
to foed the 10.5 million inhabitants of Peru is 1.7 million hectarcs, or 0.16
hootares per capita. At the current rate of population growth (2.7% per annum)
there will inevitably be a sharp decrcase in the proporticn of cultivated land
per capita in the future unless some readjustment is made in the pattern of agri-
cul tural development.

The greatest part of the agricultural production ocomes from thoe coastal
rogion which grows nearly half the total of agricultural exports. This agri-
gultural region deponds essentially upon irrigation for ite productivity, and
on the whole, it is a region of intensively devcloped alluvial valleys separated
by long stretches of barren desert. Prescnt water-supplies are inadequate to
permit irrigation of these desert stretches, and there are severe technical pro-
blems inherent in the nature of the soils as well.

Unlike the coastal area, the sierra region (about one-third of the total
arca of the country) has a long agricultural history but the level of technology
is relatively low. The average size of the farms is probably less than 1
hectare in The case of indigenous farmers, although there arc still some wvery
large landowners amongst the non-indigenous population. The pattern of agri-
culture is uneven, with some of the inter-mountain valleys crowded with minute
farm properties, and others controlled by one or two large proprictors who
seldom aoctuslly live on their estates.

In the region of the seolva, the sastern Andean Ffoothills and the Amazon
lowlands, organized agricultural cndeavour is a comparatively rocent innovation.
This vast area, which represents more than half the total arca of Peru, is still
largely a rogion of scattered subsistence farming carried out by forest tribes
who derive a large part of their Ffood supplies from hunting and fishing. Owrgan-
ized timber exploitation is handicapped by lack of access, and ig largely cone
fined ‘o the vicinity of the larger, navigable rivers, More intensive agricul
tural oxploitation is seriously limited by lack of tropical farming cxperience
in Peru: most setitlers arc quite unacoustomed to tropical farming conditions.
Probably less than 200,000 hectares are regularly cmployed for agricultural pro-
duction in the whole of this vast region.

In recent years, in the coastal region, the chief trend in land usc has
been towards increasing the arcas devoted to monocul ture crops such as cotton,
sugar cane, rice, maize and coffee. It is roported that there is still great
goope for ralsing agrioultural production substantially by further expansion
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of the irrigation network, by employing better soil management sysiems
(including more widoespread use of fertilizers), and by more atiention to. the
uge of high-yielding crop varietics. These measurcg for raising production
are mainly restricted ®o the coastal lowland valleys.

The agricultural tronds in the sicrra region have been rather differont.
Hore tho population cuplosion, triggered in part by ponetration of medical,
soclal and education sexvices in recent years, is forcing the pace of land
reform. Many large cstates are being parcelled out amongst local farm
~ labourers, so that the trend is towards the creation of a vast number of small
holdings. Initially these are ossentially subsistence farms, and only a very
small proportion of the farm produce finds its way to local markets. Even=
tually, it is hoped that this multitude of new farm properties, with their
proud but highly individualistic owners, can be organized for tho production
of orops needed to support the national cconomy; but for a long time yet they
will probably remain basically subsistence farmers. Hore there is great noced
~for erosion control and soil conservation measures, but these are extremoly
“difficult to enforceo in the present circumstances.

Finally, there is the trond towards establishing agricultural settlements
in the Amazon foothill wmcilci. Iu pozts this trend is related to the population
explosion in the sierra region, & voluntary migration of landless poople into
unfamiliar but not inhospitable terraing in part it is a calculated policy of -
the Poruvian CGovernment bto oncourage Ffarm settlements along the tropical fringe.
Whethor spontancously, or officially inspired, these pioncer farmers of the
subtropical and tropical humid foothills and Iowlands are encountering many
problems, Most of them are s+till in the first stage of agriocultural endeavour,
oclearing virgin forest and planting subsistenoe crops. Problems of access, and
problems of transportation across the high walls of the Andes are inevitably
delaying the development of morc highly organized forms of agriculture. Nor is
all the land equally adapbed for agricultural development. Many farmers are
finding that the first scason's crops are no true indication of the fertility
of the soils and some have become 1little better than the forost Indlang moving
each yoar on to a frosh portion of virgin land.

It is to prevent thisiendency that the Peruvian Govermment is orgenlzing
pre—-colonization surveys, to establish the limits of the more fertile soils in
. the region and, on the basie of this information, plan the orderly growth of
agriculture in the most favourable secciors. The population pressure is too
acute for this policy to operate effectively everywhere along the Andean foot-
hills, but by sieady attention to certain key colonization areas, the Govern-
ment hopes to maintain a measure of control over the situation. Bven in the
selected areas, the problems are formidable. Iittle is known about the soll
management practices necesgary to ensure sustained crop prodvction in these
areas. Bxperiments and field trials are needed to ostablish which of +the crops
needed to support the national economy can best be grown: 1o establish
economic rates of fertilizer applications to establish essential crop rolation
gystems. Above all, much work is needed to educate the farmer in these new
techniques, or to restrain him from rulning the soil before the colonization
schemes, are fairly started, v .

The above paragraphs are but a vory brief summaxy of the more sitriking ae-
pects of the land use and agricultural development pattern in Peru. They provido
however, cssential scenery for the stage on which the story of soil and
relatod sgricultural investigations is belng cnacted.
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Land Productivity

Land productivity in respect of crop apnd pasture production 18 comparge
tivelisﬁmlf understoog, and apconsiderable volume of pgblished and unpublished
information is available. From these sources certain 1nferegoes oan‘pg made
concerning soil conditions, but for the lack of a general 3011’map of the
whole country, much of this information has only local spplication.

Land productivity is less well understood with regard to natural and )
planted forests. Local forest inventories have besen made, but only a fev of
these include correlations with soil conditions. It would appear t@at little
attempt has yet been made to evaluate the soils from the point of view of

foregt production.

¢limatic maps and reports on regional climatology are available, in sp@e
aspocts analysis of colimatological data is deficient. A map showing thg olie
matic regions of Peru was prepared by Nicholson and published by the Upr@rsidad
Mayor de San Marcos, in 1962, on a scale of 1:3,000,000 (7). Informatlo@ on ?he
hydrologic balance in the soils throughout the year in the different regions is
notably deficient. A rainfall map of Peru by Andacochea was prepared in 1962 (8)«

A good general geological map, on a scale of 1:200,000 has been pgblished
by the CGeological Society of Peru (9), and a large number of more detasiled geo-
logical maps are available for certain parts of the country.

With regard to water resources, the Servicio de Agrometeorologla e

Hidrologia of the Ministry of Agriculture has accumulated a great deal of data,
and in some areas publishod reports are available,

IV, Current Soil Studies and Bxpansion Contemplated

Soil Survevs

General reconnaissance surveys: No general reconnaissance gurvey is in
progress at the moments all survey work is concentrated in specific areas
where soll information is needed urgently for agrarian reform and land settle-
ment projects, :

A project for an 'Inventory and Evaluation of the Natural Resources of
Peru! (10) has been elaborated by a National Committee under the direction of
Ing. José Liz&rraga, Director of Regional Planning and Studies of Natural
Resources of the National Plamning Institute. This project envisages the use
of modern photo-interpretation techniques and rapid ground surveys to estab-
lish the nature of the natural resources (geology, geomorphology, hydrology,
soils, vegetation, forestry, present land use, land use capability) in a serics
of 13 study areas covering 989,640 km?, leaving only some 2943360 kme of the
more remote part of the Amazon lowlands outside the scope of the project.
Priority will be given to those areas where information is most greatly needed
and where basic information (oxisting aerial photography, ground control and
topographic base maps) are already available. It is anticipated that the
project will utilize the services of all available trained soil surveyors in
Peru (some 20 in all) for a period of 4 yecars and will require an investmont
of about 13,000,000, A loan sponsor for this project is at present being
sought. I+ is currently being reviewed by U.S, A.I.D.
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Spooific soil surveyms Semi-detalled soll surveys ave at present oPera%ing
in the Repartment of Puno and in the Department of Pasco in connection with
agrarian reform and resettlement schemes. These soil surveys are organized through
axl agreoment between the local Development Cooperation (CORPUNO) and the
Instituto Nacional de Planificacidn. Other soil surveys are in progrose in +the
Tinge Maria (11) and San Lorondo arcas. :

Soil Fertility Investigations

Field experiments related to the testing of moll foertility are chiefly
under the control of the agency administering Joint UsS. Peruvian Technical
Comoperation OGroup (SCIPA) through the Division of Bxperimentation in the
Minietry of Agriculture, This Divislion operates 4 experimentel stations, T Bubw
gtations and 12 experimental farme located in nine of the 12 agricul tural
regions of the country. Roglional experimental coentres are lacking only in the
Trujille, Toa, and Puno agrioultural regloms, although in the latbter case there
ig an experimental station (Chuquibambilla) operated by the Universidad Técnlca
del Altiplano, located in the City of Puna. In addition9 there are some sxpelie
mental stations operated by sgricultural societies 1n the different regioma
where fertlllzer exporiments are ‘carried out.

The DlVlSlon of Dxperlmentatlon operates five regional soil iaboratorie&
located at the Regional fxporimental Stations. In additlon, small soll labope
atorics arc operating in other centres, e

The Central Bxperimental Station is located adjacent to thoe Agricultural
Univeorsity "La Molina' and has a Department of Soilg and Fertilizers. It
employs 10 Poruvian professionals and has tho services of a consultant supplied
by U.8. A.T.D, contracted from the University of Worth Carolina. There is also
a Department of Statistical analysis with two Peruvian techniciane atfached, '
0 the headquarters of the Division of Bxperimentation at "La Molina®. The
Jotheor experimontal stations have smallor depariments of agronomy and solls,
employing a total of 12 professionals and sub-profcssionals. Tho Agravian °
University of "La Molina' participates in these studies by an agreement with
the Ministery of Agriculture. In the past, these organizations have roceived
assistance from U.8. A.I.D., the Rookofellor Poundation and from the "Essol
Rescarch Organlzatlona :

Current soil fertility investigations arc mainly being cerricd out by the
Divigion of Experimentation of the Ministry of Agriculture, under the dirvection
of Dr. Grobman. In these trials, a standard experimontal design is omployed,
with varying rates of different fertilizers applicd to differont kinds of crops,
to study the effccts of different fertilizer balance, ratos of dosage, times of
application, methods of application, etc., with the ultimate objective of
establiching the broad cconomic lovol of fortilizer applications in specific
regions of the country. It ig intended that this inmformation will sexve as a
basls for applications to commercial banks for loans to farmers. The current
work is part-of a oontinuing five~y@&r program.

In oonnootlon with the ex pan81on and intonsification of this fertilizer ine
vestigation program, Dr. Grobman has olaborated a project for pilot studics of a
more intonsive nature in arceas where the Peruvian Govermment ig intorestod in
land reform and acceleratod land settlomont. Included in the projcoet are pro-
posals for the enlargomont of soils tcaching courses at "La Molina Agrarian
University, and inwsorvico training within the 1nvostigaﬁlon& 1o be carriod
out under the project. :
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Boil Conservation Investigations

There aro no soil conservabtion investigations in progress at the present
$imo, Mr. Low, the FAO/UNSF export in soil conscrvation attached to the Uni-
vorsity Agraria "La Molina", Lima, and cngaged in teaching soil conservation
courses in the Facultad de Ingenicria Agraria, is elaborating a project for
pilot watershed studies that includes soil conservation investigations and
erosion control deomonsitrations. Poru has no soil conservation scrvice, and
yet it is ono of the most socriously croding countrics in Latin Amecrioca.

JThere is hope that, out of collaboration botween tho Agricultural Engine
eoring Faculty of the Agrarian Univorsity of "La Molina"* and the Dopartment
of Bxporimon ation of SIPA and the Ministry of Agriculture, will appear the
first stops towards setting up a national solil conservation service, Alrcady,
the University is proparing soil conservation courses for the agriocultural
oxtension workors; and if the project for pilot watershed studies eventuates
thon there will boe valuable additional facilities for experimental work and
training personnoel and for demonstrating practical crosion control techniquos.

At the same time, it is very cvident, that much of the Peruvian soil
erosion problem has its roots in land tenure, soclal and economic problems.
Honce, landscape ongincering techniques camnot be expected to solve the problem
alone. For their full cffoct, such techniques require a level of agricultural
skill at least adequate to assure that the cost of the engineering works will
be ultimately repaid through substantially indroased production. In all proba~
bility the succoss of a soil consorvation service in Peru will inevitably be
closely bound with the success of the land reform, and rolated social and
oconomic developmont programs. : '

Integrated Studics connccoted with Lend Devolopment Projects

" A numbor of intograted studics connected with land develmpment~aye currently
operating but, as far as could be ascertaincd, none of these dircctly involve
soil investigations,

From 1961 to 1963, a pro-colonization survey was carricd out in the northern
secctor of the Department of Puno under F%D/UNSF agreement. Mr. Arens was the
FAO Soil Surveyor attached to this project. The report on this project was
completed carly in 1963 (12) but no immediate action was taken to initiato
follow-up studics nccessary before colonization could begin.

The situation has now changed, and the Peruvian Government ig anxious to
procecd with the follow-up studies of sclected areas in the Madre de Dios River
Valley, This will probably be advanced as a prospoctive Spocial Fund project
during 19645 and at least one soil survoyor will be required for the project.
Anothor land devolopmeont project, in the northern part of the Department of San
Martin and the southorn part of the Department of Amazonas (Ohaahapoyas Area),
has roached a more advanced stage of proparation, This proposal will also be
put forward for Special Fund support, and it calls for the services of a soils
oxport for a perlod of two years.

. Yet a third land development projoct is being formulated for the coastal
region of Peru, where a survey of the surface and groundwatey resources 1s proe-
posod, It is likely that this survey of agricul tural water resources will be
linked with some assossmont of soil potentials, requiring the sorvices of at
least one soil surveyor. :

* Sirengthened by a current .United Nations Special Fund Project.
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Porasonnel

Approximately 16 Poruvian soil surveyors arc currontly ongegod/in fiold
work, and about 50 professional agronomists currently ongag god in soll fertility
etudies, International assistance, at the prosent time, consists of one con-
sultent in soil fortility (Uhivorslty of Horth Carwlunaﬁ and ono expert in soll
consoervation (IWD% primarily occupiocd with teaching. The total foroe engaged
in soil and closoly rolated studics is around 300. S e

The proposed inventory of natural resources already referred to- m@quiﬁe&
the participation of 5 Peruvian soll specialists and 20 soil techniolensy wilth
six foreign soil spooialists and 5 foreign soil techniclans.

, The projooﬁ for soil .conservation resgcarch and watershod management which
is Dbeing ‘formulated for submission to tho Special Fund of the Unlted Nations, '
cnvigages tho cmployment of two Peruvian soil surveyors and a senior soll con=-
gervationist countorpart; along with a soil consorvetionlst projoct manager, a
goll sciontist and soll conservation onginoer to bo supplied by the intor
national oxocuting agonoy.

0 thor potential land dovelopmont projocts itemised in smection 4 (above)
call for an additional 3 1nternat10na1 soils experts with tholr Peruvian
oounﬁorpartso

Trainlng Programs

In Peru thore are 9 Faculties of Agronomy located in two of tho univer—
gitios of Lima, in Lambayeque, Piura, Huancayo, Ica, Cuzco, Arequipa and in Puno,
Of theso, only tho Agrarian University of "La Molina" has & long history of agri-
cultural toaching. This institution commenced as an Agricultural High School
in 1902, and became a univorsity in 1959. The Catholic University in Lima was
Ffounded only four ycars ago, and many of the other universitics also teaching .
agricul ture are ovon youngor. All the above universitics have courses in solls
(genoral) and in =o0il fertility and fortiliszers, but the number of siudents
taking these ‘courscs is small. Soils teaching in Peru is contred on tho Unlw
versity of "La MoOlina' whore the soils departmont offers six coursesé soll
physics, soils chemistry, soil genesis, soil microbiology, soil morphology and
classification, soil fertility and soil managemont as part of -their gencral
studios. Studonts spocializing in soils are required to takoe all six of the
soils coursos and also to preparc a thosis on somo agpect of soil rescarch.

Thore is also a graduate school offoring advanced lectures in soil chemistry,
soil physics, gonesis, morphology and classification, soil microbiology and soil
fertility. In the Faculty of Agricultural Engincering of the same University .
(supported by a FAO/UNSF projcct from 1961 until 1965) thore are courses in.
s0il congervation englneering. . : , ‘

In ﬁho case of "La Molina' University, approximately 300 students entoer
cach year, and of those 60% clect to study Agronomy. Of this number, somc 15%
to 20% eloot to speoialize in soils. At the present time, few of the graduato
students in soils romain to take tho post-graduate soils courses, proferring
to leeve the Univorsity for work on Agrarian Refoim projeots. The Dopartment
of Soils has soméwhat inadequate laboratory facilities, but these arc being
gradually improved with tho asgistance of external organizations. The situation.
will improve greatly when the proposed University City is built; Dbut mecanwhilo,
advanced soils students and gradwates have laboratory facilitios provided in a
new Department of.Soil Correlation which has rocently been croatod by agreement

.betwoen the Divieion of Bxperimentation of the Ministry of Agriculture and
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BIPA and the Agrarian Univorsity.

At tho present time there arve only three soils post-graduate &tq&enﬁ%
gtudying in the Univorsity.

Ve Woeed for Purther Soil Studies

(loneral Obsorvetions

‘ There is no question that Peru is acutely aware of the importance of soil
. studies and the need for those %o keep pace with the Agrarian Reform and land
settloment progrems. What apparontly is not so widely realized, is tho noed
for such studies to have s common scientific basis so that soil experdiences in
one sector can bo safely transferred 4o other seotors.

Thore are four governmend organizations concurrently engaged in making soil
mnaps (lnstituto Nacional de Planificaciéng Direcoidn de Riego of the Ministry
of Public Workss Instituto de Reforma Agraria y Colonizacidn and Servicio de
Investigacidn y Promocién Agraria (SIPA)) as well as univorsity groups and
some private organizations, In the past, solil maps have bheen made by the
Mislién Téenics de la Organizacidn de los Estados Amoricanosy Oficina Téonioca
de Agricultura S.A.3 International Cooporation Administration of the U.S8.A.3
Intornational Developmont Service, Incy Vidalon Engincering Service, S.A.3
Servicio Cooperative Interamericano de Fomonto and FAO3 in addition to many
made by difforent branches of the Ministry of Agriculture and Ministry of
Public Works and Development. Whereas these sarly maps undoubtedly have beer of
great value in rosolving local problems, thoir national value has ncver been
exploited to the full because no uniform basis for preparing them was cver
&stablishado‘ This limitation is undorstandable in the case of maps made ten
or fiftcen years ago but that it should be allowed to continuc at the present
time, whon criteria for mapping and classifying soils are fairly well estab-
Jlished, 1ls certainly questionable,

This comes about as a direct rosult of the fact that Poru has never deve
eloped a contralizing policy in rogard to soil studics. Soil studios have boen
rogarded as accessory investigations to specific projects, and only in the
University of "La Molina" has the unity of soil scioncc boen to some exbent
presorved. Whilc the university tried o teach the essential unity and intor-
rolationships of soil probloms, various government, private and oven intere
national organizations, applied only that part of the scionce that would give
immediate answers to thoir probleoms. This is not of great moment if there is
some central solils organization following the various projects, tabulating the
findings, compiling a classified index of soils and their propertics, and ine
stigating further investigation of unroesolved problemsy but in situations
where no central classification and ocoordination burcau has evolved, then much
of t@@ money spent on soil surveys, and on soil investigations genorally, is
partially wasted. This would appear to apply to the situation in Poru.

: .Tho situation is not ontirely unrccognized in Poru. ey % iversi
of ?La Molina"y, tho Division of Bxporimontation of SIPA anﬁlﬁhsdﬁizigtg§ Zf?Slty
Agrloultgrg, and. the University of North Carolina, have combined %o croatc a
Joint Deparﬁmont of Soil Correlation, complete with offices, draughting equip=- -
ment and soil laboratories, Tho University of North Corolina has also providod
& oonsultant in soil fortility to assist in soil correlation studies,  This
Department still lacks the appointment of an officinl Peruvian soil correlator,
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The need for giving strong support to this soil corvelation centre will
increase enormously if the National Inventory of Natural Resources is succesge
fully launched and if the proposed Special Fund projects concerned with land
development become a realliy. an this respecl, it is interesting to noie that
the specifications for soll mapping in the National Resources Survey call fox
the "pedological classification and estimate of soil profile maturity within
the classification" and "soil association name, if considered desirable", A%
present Peru has no trained soil correlator and no international expert in this
particular field is working in the country, nor has the appointment of such a
person yet been officlially pruposed.

Another aspect of soil sclence, long neglected in Peru, concerns the invesge
tigation of soil erosion. It has been estimated that about 6,400 square miles
of soil covering are depleted by erosion amually, to the point where the land
passes oult of production. Certainly, Peru possesses mome of the most specta-
oular erosional landforms in the world, and the process is an active and con-
tinuing one. A first step in remedying this deficlency was taken wiih F%Q/
UNSF help in 1961, by the inauguration of Soil Conservation Courses din the
Faculty of Agricultural Engineeving in the University of "La Molina". The next
logical step is the initiatinn of .ocme soil conservation research and demons
strations to show what scientific conscervation measures can do to maintain and
improve land productivity.

Peru has embarked on an enlightened program of land reform, vrelying heavlily
on soil investigations and applied soil technologys the strength of a chain
lies in its weakest link, and the two weak links in the case of Peru are soil
classification and soil conservation.

Specific Observaiions

Soil Identification, Genesis, Classification and Correlations There is no
adequate soil map of the whole of Peru shewing the soils properly classified.
The Maps Agroldgico -1 Pawd (13), published in 1960, as a first approximation,
shows only the broadest soil relationships and no real genctic classification
of the soils was attempted. A soil map with a stronger genetic basis was that
exhibited {(bub wipublisned) by Eng. Zavaleta at the First Latin American Soil
Science Congress in Mendoza, in 1962 (14), Thie map also lacks sufficient
analysis of the soil~forming factors operating to produce different soils
(which may appear morphologically similar) in tho different envirommental
regions. During their field investigations, the Mission wverified that the
Beological Map of Peru, prepared by Joseph A. Tosi, Jr., in 1960 (1) could be
used as a valuable guide in rapid soil roconnaissance studies.

There appears to be considerable confusion amongst Peruvian soll surveyors
concerning the classification of the soils of the Altiplano and adjacent
Andean mountainsy and also the soils of the humid eastern Andcan slopes and
the foothill regions precisely in the rogions whore land settlomenits are pro-
posed. The latter soils are repeatodly referred to as "Latosols", which they
certainly are not, whoreas widely coocurring Red-Yellow Podszolic Soils (12)
arc scaroely ever mentioned. There is also some confusion in desert rogions,
between Regosols and deser?® Lithosols and between Gray and Red Desert Soils

and Sierozems,

Peru is unquestionably in need of assistance in this field of soil classiw-
fication. If Peru is to take advantage of accumulated soil experience from
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more agcurately oiassified, an attempt must be made to o}a881fy the‘PeruVlan
soils corréctly. Adequate understanding of modern principles of soil glassim
fication are, of oourse, a prercquisito for setting up a soil correlation
sentro.

'AVailabiliﬁy of Basic Information for Soil Studiess Peru is fortunate in
havin§ a vigorous military goographic instifute which has produccd 96 map
shects of a soale of 1:200,000 covering much of the coast and the southern part
of the country. In addition, 20 shoets of a National Topographic Map at a
soalo of 1:100,000 have been published. Therc aro also some arcas mapped at a
soale of 1:50,000 and a number of miscellancous maps of various scales covering
particular regions. Aerial photography covers about 50% of tho wholo country
at the present time (sec Fig. 2) and thoro is expected o be almost completo
covorage by tho cnd of 1964. Most photographs are on a scale of 1:50,000 and
the quality is very good. The main aroas not yet covercd by aerial photographs
are in the Amazon basin, from Iquitos to tho Colombian frontier and along the
Bragzillan frontior. Ground oontrol stations have boen ostablished from the
coast to about 150 to 250 km inland, and tho work of cestablishing now ground
gontrol stations is prooceding rapidly with assistanoe from the Cartographic
Cooporation agrocmont between Poru and the U.S.A. Undor the Geodetic Astro-
Control Program of the Instituto Googréfioo Militar, astronomic stations have
boon establizhod in the Amazon lowlands.

Training of Pcrsonncls: In this matiter Peru is somewhat deficiont. The
annual output of trained soil soientists, to tho graduate lovel, is scarcely
enough to guarantee replacoments for existing porsonncl, and certainly far from
adoquate to supply all the soil surveyors and soil investigation porsomnel who
will be noedod as countorparts if the major resourcos survey and various
Spocial Fund projocts bocome a fact. Morcovor, much of the new soil survey work
will have %o be done under jungle oonditions whioh are liablc to be fairly
rigorouss an adequate supply of rcplaoements will be available,

The Speoial Fund projoct proposal sponsorcd by the Division of Experi-
mentation of SIPA and the Ministry of Agrioulture, includes amongst odher
things, a proposal to cnlarge and oxtend university training courses in soil
science. This is & step in the right diroction but might become effective too
slowly to remedy the shortage of trained soik persomnel whioh will appear on |
the inauvguration of the National Resourocs Survey.

Finanoial ILimitationss Peru is probably not 80 gevorely resiricted by
financial limitations as in somc othor countrios. The agrioultural budget is
relatively small but the effootivo amount of moncy available for agricultural
investigations is usually supplemontod through international bilatoral PLO=
grams. However, in the futurc, the country may be faced with +the neod Ffor Cone
sidorable increase in counterpart expensos for UNSF and o+thor international
projects,

VI. Recommendstions

1. Fxpansion and Re-~oriontation of Studics

The Mission commonds the presont oricntation of soil studiocs, and rocom-
~moends continuing cxpansion. I+4 also urges that all possible support should be

givzm to increasing the out-turn of soil scicnce graduates from the univope
Bt@g@@
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2o Initiation of New Studies and Intograted FPrograms

The Mission agrees in prineciplo with the proposed Natural Resources
‘Burvey elaborated by the National Planning Institute, but cautions that the
soll asurvey work will lomc considerable value unless care is taken to ensurre
- thet tho soils are properly alasslflud acoordlng to modern concepts of soi]
genesia°

The latter comment also &ppll@s to the projeot proposals currently .
‘being propared for submission to the Special Fund of the United Nations.' Most
of thesc projecte concorn areas with tropical soils that tend %o rossomble ‘
one anothor morphologically. This rosemblance often conceals highly significant
gonotic differonces whioh ‘becomec 1ncr0asing1y important as agrloultural
dovelopment is intensificd.

3 Teohnlcal A58161anca

At prosont there ave four F%O/LPTA experts working in Peru, and the
Poruvian Government has indicated that there arc soveral other ficlds of
tochnical aid in which it would like assistance under the EPTA Program. MNeny
“of the Poruvian CGovernmental authorities actively engaged in land dovelop=~
mont and agricultural work, and also the Agrarian University of "La Molinal,
have indicatod their desire for an EPTA soils cxpert. The Mission wishes o
emphasise vory strongly that Poru has vory real nced of the services of a
competent soil scicntist to serve as a soil correlator and to train &
Peruvian counterpart in soil olassification and correlation.

-The local situation is particularly favourablo for moking a start with
this type of work. A suitable building with offices, drauvghting rooms and
laboratories has beon ercoted in the vicinity of the Agrarian University of
"La Molina" and the coopcration of the University soils staff and tho soils
gtaff of tho Dopartmdnt of Bxperimentation of SIPA and the Ministry of Agrie
culture is assurad.. From this nuclous,-a centralized soil recording’ ahd’
informatlon gorvice could be developed.

The dutiecs of an EPTA oxpert in seil correlation would be expucted to
includes~

i, Identlflcatlon of all soils currently employed in 8011 fertillty :
trials.

ii»llnauguraﬁiom*of'a contral filing system for recording all sigﬁifiaant
characteristios of identified Peruvian scils according to their
position in s logical and natural systom of olassificationa.

1ii. Trom oxisting data, and from exploratory surveys, to draw up a8 .
prov181ona1 map of Peruvian SOll° showing their genotic rel&tionshlpae

iv. To ac% as an assocsgor to planncd agencloes, agriculﬁural reform
organizations, lrrigation agoencies, etc., on soil probleoms.

v. To assisgt the National Rosources Invontory by advising on soll
classification and correlation.

vi. To train a Poruvian counterpart in soil correlation.
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Thoe prescnce of an EPTA soil correlator and his Peruvian counterpart would
be of the greatest valuc to soil surveyors cengaged in land development and
irrigation project surveys throughout the country, and of cspceial value to tho
Natural Resources Soil Survey tcams if this project comes into being.

The Mission considors that soil orosion control problems have been too
long neglected in Peru and that any project designed to initiate soll conser—
vation rosearch and application of soil orosion control techniques to an ex—
porimoental watorshed arca, should be given high priority. The Mission thero-
fore recommends that careful considoration should be given to any suggestions
for inoreasod activity in this fiocld. :

The Miseion also agrced in principle with the project proposals for
further pre-colonization soil and land usc surveys in the Amagom - foothill
roglons, providod information in groater detail +than that provided by the
Natural Resources Survey, should this latter commence in tho near future,

The Mission furthor oxplored the possibility of the ocrcation of a central
Institute for Soil Survey and Rosvarch, but considers that the inevitable re-
deploymont of traincd soils porsonncl might cause a period of temporary dis~
organization in current soil invostigations which would be mos+t undesirable
during tho present vigorous effort to solve the social and political problems
of the rural population. The Mission considers that the best approach fo-
wards a future Soil Institute, to be creatcd when the Agrarian Reform pro-
gram roaches a loss intensc phase, is through strengthening the Departmont
of Soil Co-ordination alrcady created jointly by the Ministry of Agriculture,
8.T.P.A., tho University of "La Molina" and the Univorsity of North Carolina.

Tho Mission belicves that, of the above recommendations, highest priority
be_given to the appointment of a soil corrclation and clasgsification cxpert
to be appointed as soon as feasible under the EPTA Progr ama

4. Co—ordination of Soil Studics with other activitiloes

The Missicn reocommends that the soil classification and soil corro-
lation oxpert be located, together with his Poruvian counterpart, in thoe newly-
constructed Department of Soil Co-~ordination at "La Molinal University, co=
ordinating his work with both the Soils Department of +he Uhivefsity and with
the Departmont of Bxperimentation of SIPA and tho Ministry of Agriculture.

It is also vital that close liaison be kept with the soil survey teams
operating under control of the National Planning Institute, and with tho
survoy activities of the Direccién de Riego of the Ministry of Public Works,
with the soil survey activitiocs. of the Instituto de Reforma Agraria ¥
Colonizacién and with soil survey activitiocs of other universitios.
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Fig. 1. Arecas where soil survey work has been carriod out.

Fig. 2. Areas covered by acrial photography (1963).



FIG 1
BOLIVIA
PROGRESOS DE INVESTIGACIONES DE SUELOS.
(1959.1963)
(VER TABLA I, PAGINA 4{)
PROGRESS OF S0lL. SURVEYS.
(1959-1963)
(SEE TABLE I ,0OM PAGE 1)
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