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SUMMARY

'Thé report which fo}lows is.part of the overall AID evaluation tecam
offprt to cvaluate socio-cconomic potential and environmental problems in
the Chapare Project Area. Work was undertaken botween_aanuﬁry 20 and
February 17, 1983 with field trips into the region during six days. The -
bulk of the time was devoted to revi;w of previous survey documents and to
map construction and interpretation in the Cochabamba office of PRODES.

This work could noé?ggén completed in the.short time available without

the dedicated and competent assistance of my three counterparts: Ing. Juan
Carlos Quiroga, Ing. Ramiro Iriarte, and Daniel Guerra (Director of the
Instituto Nacional de Colonizacidn office in Cochabamba) .

Amongst the several productg.of tho work are the field determinition and
drawing of a detailed and reasonably accurate ecological (bioclimatic) map
of the 422,000 hectare project area employing the Holdridgc Clasgsificatica
System of World Life Zone and the dorivatkon And drawing from khe integrated
component« of this map and a recent landforms-noils map r¢ PRODES of & new
land capability map of the region. The land capability map is then used to
draw off thc proportionate arcas of land in each of six capability classes
in ecach of the nine micro-regions into which the Chapare has been divided
for adminisﬁrative and planning purposes. It is found that this large regqgion

has, on the whole, only a low to moderate agricultural poteptial except in

microregions 3, 5, and 7 under the prevailing "Traditiomal™" agrarian

technologies employed by the colonieie—iato this reqiop, Two micro-regions

—r

are located in the mountains and have no agricultural potential at all. They

\——/
arc rccorrmended for protection of natural forests in order to safeguard an
-~
——————

untapped but large hydroelectric potential with some limited managed fozest

production. Much of thc semainder—of{~the reqion in _the lowlands in gggﬁ:gt
P e
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- for agriculture but has a high potential for hanagcd forest production, alonc

or in combination with aqro-forestry.

The report goes on to examine individually in more detail, cach of the

niné micro-regions from the viewpoint of-crop ecology and land use capability,
and discusses éossible development options in view of the regions inherent
limitations of an eccological nature, especially overly wet climates, excee-
ding poor soils, and periodic'o; continual flooding.

Anongst the general recomendations of the report are the institution of

"an actual land use project to be updated every two to three years on the

basis of new ;crial,photography, detailed survey of soils from the fertility

. and productivity viewpoint in afeas classed as agricultural, the projection

of new high&ay construction northward into'tﬁe drier climatic arcas rather
than westward or castward, the institution of farm planning by trained teams

as the organizing principle for both extension and research, the inéorporation

of forestry cxtensiony.programs, uéro-forcstry, and forestyy related farming

systems in the development context, and the promotion of local forest
industrial systems based upon the vast woody biomass volumes present in the
Jroas as a result of shifting cultivation. Finally, a 'list is provided of
bﬁsh and tree crops which should perform satisfactorily or beétér in the

Chapare environment and which should be intrdduced on an experimental basis.



II. ISSUES/CONFLICTS
(ENVIRONMEMTAL)

1.0 General Purpose and Backrround

This land capability analysfs establishes an objective foundation of
ecological facts concerning the comparative suitability of the lands in the
Chapare Project arca for sustainable human occupance and aocio-économic dc-.
veloprent. Deséitc more than a decade of planned, purposeful settlement
there. no full and comprehcnsive evaluation of the physical environment has
been’ undertaken, presumably because all development institutions involved
have been either ignorant or unwilling to concede the importance of the
_ region's possible ccological limitations for agriculture.

The analysis shows that both officiaily-hcld and widely-popularized
beliefs in a high agricultural pstcntiai for the Chapare are substantially
iﬁ error, fositivc attainmenis in the deve)opment process have, unquecstion-
ably, been significantly limited through the resultant planning failure, and
the concommitant failure to achieve original agri?ulturc goals may very neil
have heen a major influence Lehind the voluntary decision by a majority of
the gettlers to tﬁrn to coca production as a major cconomic pursuit.

The prcseht analysis illustrates more precisecly where the ecrror lies
through a quantification and synthesis of all key environmental factors,
specially as thesc relate to crop ecology, animal husbandry, forest rroducti-
vity, and some pertinent aspects of infrastructurc and human wc£;:£eing. It
further shows how the on-going development process might be re-oriented to
take advantaz@ of the particular opportunities which are offercd by the spe-
cific ecological circumstances of the Chapare region. These opportunities

are not, by-and-large, "agricultural" in the traditional sensc of the word

or as perceived by the majority of Bolivians.

%



" 2.0 Dota NRase and Proccdures

In some ways, the Chapare rcgioh.may have been overstudied. Recon-
naissance level sofl studies, in particulAr. have been undertaken repeti-
tively in much of the name area (MACA, 1964, 1974; SAI-MACA, 1973; ﬁACQ.
1976; INC, 1976; Macias, 1570; SHA-FAB-PFONLS, 1980). These studics
fail-to build up each other, arc based on often disparate criteria and
classificatory systems, and exccpt in one or two cases, rely upon air
photographic interpretation witﬁ little or no ground truth.

A bioclimatic survey of Bolivia based onn the Holdridge system of
world life zones (MACA-OAS, 1975) includes the Chaparc region but is at
too small a scale (1:1,000,000) and upon too inaccurate a planimetric
base for direct application in the work undertaken here. However, in the
monogra;h vhich déécribes and discusses the life zone map, there is an
unequivocal set of fully qualificd statementsto the effect that the bio-
climates and soils which predominate in the Chapare arc unsuited to the
traditional agricultural pursuits. This counsecl is largely overlooked in
several recent development studies funded by national and international
agenclies (Haéias, 1978; Multinational Agribusiness Systems, Inc., 1979}
OAS-GOB, 1980).

It is possible, if not a particularly casy task, to sift through the
voluminous and redundant works which attempt to substantiate a classical. .
tropical development scenario for the Chapare and to obtain thereby a
workable set of data on the climate, geomorpﬁology, soils, and vegetation
of the region. In the present c&sc, due to time limitations, this course
has been followed. Field data, particularly soil profiles and laboratory
analyses published as part of_thc more recent Servicio Macional de Aero-~

fotogrametrfa FAB-FPRODES integrated study of natural resources of the -


http:fail-.to

Chapaﬁc (1980) have bcen supplemented hy detéilcd life zone mapping and
other field obscrvationg of thehceomorphology and soils, current land
utilization and natural vegetation. Other team members, especially G.
Morris and his national counterparts, have supplicd essential information

on climatology and geomorphology for my analyses.

3.0 Physical Cnvironment ’

Eséential;paramctcrs for the determination and mapping of major land

use capability are (a) bioclimate, (1) landforms and physiography, and (c)

soils and drainage, Bioclimate is primordial inasmuch as it affects vege-

tation and other hiota directly as uwell as indirectly throupgh its influence

Cu—

on geomorphology and the edaphic factors. MNioclimate is the feature of

landscape least studied and appreciated in the spectrum of environmental
factors affecting the Chapare, hence it will be given more space and atten-
tion herein whilst sofls will he viewed in the context of already published
and fully documented studies.

3.1 Bioclinmate as Lifc Zones

According to the Fcological Map of Bolivia (MACA-OAS, 1975), Bolivia

is largely a Subtronical - Warm Temperature country. The northern half,

which includes the Chapare region, is Subtronical except for a small area

in the extreme north (Pando) which falls in the Tropical latitudinal region.
At lower clevations, the Subtropical bas;1 belt, characterized by an annual
range of mean monthly air tempetatures in excess of 5 degrees Celsius, is
ihterspcrscd ;t some locations by life zoncs of the basal Tropical region.
These 1ife zone anomalies present in the Chapare, occur whenever mean annual
biotemperatures, usually slightly lower than 24 dcgrcea C., are conjoined
with annual precipitation totals locating them in intermediary (transition)

positions between two Subtropical region basal belt 1ife zones on the Life

% .
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Zone Diagram (Fiéurc 1). Characteristically, areas with such cliﬁates
r?scmblo, in their natural veretation, soils, and pﬁysical onvirqnment for
liJAng, tho true Trogi&al repion life zones, Howevnr; they ordinarily have
a wvider-than-Tropical annual range of mean monthly air tempcvaturcs_and
aﬁnual photoperiod and are similar to the Subtron&cnl formations {n thfs

respect. They are therefore classed as "transitional to Subtropical" in

lifc zone theory and practice.

3.1.1, Latitudinal regions, 2ir temperatures, and photoperiod

The Subtropical latitudinal region is similar to the Tropical region
in many respects. Becausc it does not in its Dasal or sea level belt, in-
clude arcas which experience frost or criticaliy low air temperaturcs,
"Tropicai', or frost-sensitive plant and animal species prevail at lower

elevations, that is to say, bclovw the clevation line which is taken to

separate the Subtropical (Rasal) belt of life zoncs from the Subtropicel

Lower Fontanc belt, above which frost or critically low air tcmperatures

will occur and the biota are all cold-tolerant species.

The Chapare region is essentially Subtropical. lean monthly air tem-
peratures (see Table 1 - Tablc G) range somewhat more than 5 degrees C.
over the average ycar. The wider-than-Tropical temperature range responds
to latitudinal position (16 - 18 dcgrccs.South) with near coalecscence of
the overhead sun passage in the lonpger-day summer and significant sun-angle
in the shorf&r-day, winter months, and also to the influence of 'surazos"
or cold aip masses which penctrate into the eastern lowlands of Bolivia
from the Argentina plains in the wintertime. In the lowlands, the coolest
wmonths, June and July, average around 21 degrees C., and nighttime tempera-
tures then drop into the 10 - 15 degrces range. Cxtreme lows approaching

$ degrees C, are exﬁericnced at that time,

0



As.comparcd to the true Trobics, air tempcratures are characteristi-
cally higher in the summer moﬁths in the Subtropics. Heat may become, in
fact, unpleasantly high with daily raxima in the mid or unper 30-degree
range aﬁd occassional maxima near 40 degrees C.' In the Southern liemisphere,
“these high temperatures are reached just prior to the onsct of the hcavy.
rains. and at the time of the overhcad sun, from November to early Junnary,
being ameliorated thereafter by the cooling céfect of thesc rains.

The more pronounced-than-Tropical range of air tempcratures and photo-
period in the Chapare is a bioclimatic feature of appreciable significance
to crgp performance in the region. This feature has bcén largely over-
l;oked by the many experts ;ho have given opinion and advice on its agri-
cultural potential. The somewhat longer days and higher temperatures of
the summer period favor certain short-term annuals such as maiz, rice and

beans during this longer-day period. Converscly, many true tropical peren-

nial species, which requirc urifornm year-round temperatures and photoperiod
ma§ be adversely affccted in their growth by the shorter days and lov night
temperatdrcs of the winter months. Little research has been undertaken,
however, to establish such requirements and responses on a species-by-
species, or variety basis, and yet it is clear that many tronical species
which have been tried in the Chapare are not performing well there. Before
" further attempts are made to correct these productioﬁ problems with soil
amendments or enhanced cultural practices, attcntioﬁ should be given to the
climatic adaptability of the species themselves.

3.1.2 Life zones, humidity provinces, and precipitation

The Chapare has been, for administrative purposes, divided into n:ine
micro-regions, so-called. These regions do not reflect any natural region-

ality, however, being arbitrarily delineated. Hicro-fegions 1 and 2 differ



frog all others, howcvc}, in being located in the stccﬁ and rugged mountain
front area along the axes of the main Cochabomba-Villa Tunari highway (Re-
giop.'2). and the highway and a side road leading to the mountain village
' of.Tablaa.Hontcs via Rancho Durazno (Repion 1), Orly these two regions in-

clude life zones in the Lower Montane and Hontare altitudinal belts of the

Subtropical region (Tigure 1). Each is dominatcd by superhumid climates:

Subtropical, Lower Montanc, and Montane, rain forest life zones (Map. No. 1).
- Steep to very abrupt, ncarly prccipgtous long slopes combine with these
excessively wet climates nearly everywhere in region 2 and only to a some-
what lesser degree in region 1. Séils are conscquently shallow or stony,
natural Jandslides may occur at any time and do so with frequency, and va-
1ley bottoms are narrow and cncumbered with the gross stony debris of mixed
sedimentary rocks of such slidcsl Given thesc circumstances, plus the
presecrice of excessive clouds and fog, frequent rain squalls, and infertile,

shallow soils, virtually all of the land in micro-region 2 and very 1 rge

arts of region 1 combinc physical circumstances totally adverse to an
J a4

cconomic utilization. These arcas have, on the contrary, very high poten-

tial for the production of hydroclectiric enerry, and should be set aside

a?d jcalouslx_ggggdcd againgﬁ_ggzﬁhuman use, including the harvesting of

forest trees, in order to protect this cnergy rcsource.

q—

The remaining six micro-regions are comprised largely of lands in the

piedmont and outwash plains at lower elevation. They comprise mostly low

hills on the south and vast alluvial fans and terraces to the north where
the many,rfvcrs emerging from the superhumid mountain front deposit great

‘ quaﬁtities of scdimént and eventually reach base level. lorris (this sur-
vey) has discussed the ﬁydrology, geomorphology, and landforms of these two

adjacent regions. PRODLS (SNA-FAB-PRODES, 1960) has classified the landforms

\>
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in conaidcfable detail and mapped their disfvibution. also, as part of the

soils map of the regcion.

‘.Two 1ife zones, the Tropical wet forest, transition to Subtropnical,

and the Subtropical wet forest, cover the preater part of the foothills and

wland plains in micro-regions 4 to 9, inclusive. The wetter of the two,

the Tronical wet forest, prevails over the western and southern parts, com-

prising Jissected low hills, alluvial fans, high terraces, and related land-
forms. In Region 4, perhaps a ' third of the area on the south is occuped by
moderately high, very steep, dccply-dissccted hills vhich fall in the Sub-

tropical rain forest lifc zone. Rainfall there excceds 5.000 mm. annually,

and soils are extremely poor as well as ercdable. Much of the rcmainder of

this microregion lies totally within the Tropical wet forest, with more than

4.100 mn. of rain fall annvally. This is the wettest, --and agriculturally
poorest -- of the micro-regions centered on the lowlands. It is probable,
moreover, that these very wet lifc zones extend northwestwards in similar
topography to be the dominating bioclimates in the Isiboro-Sécure Hational

Park, where this park spreads out over thc lowland plain. Further promotion

of colonization should be avoided in both arcas, as they are not suited to

sustained cultivation of crops other than coca.

P
<

The Tropical wet forest life zone is the predominant bioclimate in

micro-region 6, the southern part of which is also in Subtropical rain forest,

while perhaps 20 pcrcent or less of the land, in the extreme north falls in .

Subtropical wet forest. MNicro-repion 6, Lecause of a predominance of exces-

sively wect climates, is also a problem arca for future development. -Signifi-
———

cantly, it ircludes the town of Sinahota, a major center for trade in coca and
il1icit coca processing supplies.

This 1ife zone is encountered to a letser extent in micro-regioh§ 3, S,

\7
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7, and 8. It docs not occur at all in micro-region 9. The southern third,
approximately, of rcgioﬁs 3, 7, and 8 fall in this or the even wetter Sub-

trobical rain forest. Development planning should take account of this

physical handicap in the areas affected, as delineated upon the new Life

Zonc Map (Map lio. 1).

The Tropica) wet forest, transition to §uhtvgpica1, is climatically

—

adverse to field apriculture or to use of the land for pastoral purposes.

e

This assertion is based upon long expcricnce and observation in other parts
of the American tropics where identical conditions are encountered. The
typical location within it has no effectively dry wonth in the average year
;hilc six or morc months are cffectively wet, that is to say, have such
large rainfall surpluses over cvapotranspirational requirements (of even the

- full original forest biomass) that soils are saturated continuously. Soil

saturation is responsible for heavy leaching of nutrients, high acidity,

e

aluminjun toxicity, low basec exchange capacity, and while it lasts, blocks

—

nitrogen formation by acrobic soil bacteria and the supply of cssential oxy-

ra——

gen to plant 1oots. From a practical point-of-vicw, the effectively wet

—

months make all field opcratiorns difficult or irpossible, and are conducive

g—

to the proliferation of plant pathogens which cannot be controlled by fungi-

cidal spray inasmuch as thesc are washed off the leaves shortly after

—

. application,

Many other liabilitics.conscqucnt on this climate could be enumerated.
Among them, arc tha problems engendercd in animal husbandry. Pasturing of
livestock, in particular, leads to s0il compaction, root-cutting of estab-
lished forrage grasges ﬁy hooves sinking irto saturated, muddy soiis, énd,
on hillsides, to aggra;atcd soil erosion through the mechanical effect of

cattle tralling on wvet soils. Nutritious pasture grasses cannot developu,
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or are soon réplacgd. duc to the aggressive invasion of competitive wild
plants which rcquire periédié burning for ény economic control., Yet Surn-
"ing of gras#lands i{s difficult or iﬁpossible in this ever-vet climate.
Most grasses established artificially tend to ovcrgréw, to hecome hcavy

with water and develope woody, unpalatable stecins low in net-cnergy and pro-

tein content. Only by regulated harvest throurh hand cutting, carrying,

" and the stablc-feeding of livestock, ig it posuible to obtain 3 contirous

supply of nutritionally acceptable fodder from planted prasses or legumes

in this (and wetter) lifc zones. DRecause water huffalo arc adapted to ex-

o«

ploting the native wild plants of the early svacensional seres in the wet

"tropics, they, alone, offer some poszib ity of adapting livestock produc-
[ —

tion to this life zonc. Houcvcr,ggizggj—ontcl work is still necescary in

this respect if economically efficient sysiems of production using ‘'water

In addition to being overly rainy, this life zone is characterized by
an elcvated percentage of clouay days and a.fed0ccd number of hours of full
sunshine. This Iimpides evapotranspiration and photosynthesis, hence plant
growth and productivity in general and favors the proliferation of patho-
genic diseases of both the lecaves and the roots of most cultivated species,
Some species, as for instance mango, ao not fruit at all for lack of dry
weather for flowering and pollination.

Tables 1 through 6 héve been drawn ub to> shou the annual march of air
temperature and biotemﬁcrature, ﬁrccipitation, and the resultant hydric
balance in a decp»wgll~draincd soil at six stations recording rainfall and

temperature data in the Chapare lowlands. Of these, Tables 1 through 3 are

located within the Trobical wet forcst life zone. Chipiriri Lxperiment

Station records the most pfecipitation, 4,852 inm, per year average over a

s/

|7
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14 ycar period. With a biotemperaturc of 23;3 degrecs C.  at Chipiriri,
mean annual evapotranspiration fhcrc amounts to 1.373 mn, under full high |
foréaf vegetational cover, considerably less in successional and culti-
vated veéetations. As a consequence, there is a precipitation surplus
over water need aoounting to at least 3.479 mm. per year. This water must
pass through or over the soil on its way to the sca and does so with de-
vastating effects on soil fertility and plant life. At Chipiriri, the
effectively wet scason begins in mid-Octébcr and continues uninterrupted
until early Hay, over six months during which the monthly runoff is equal
to or greater than two times the potential evapotranspiration in millime-
ters of rainfall. As an Experimental Station, Chipiriri appears to serve
no uscful function-othcr than to prove the virtual impossibilify of agri-
culture under these conditions.
| Slightly less rainy, Villa Tunari (Table 1) shows a similar pattern
as Chipiriri while la Jota (Table 3), with somewhat more rainfall than
villa Tunari, has a concentration of crxcessive rainfall in only four and
one half months. A longer period of record (presently only four years),
will be necessary before the longer term pattern can be established with
any certainly at La Jota. It is probably simiiar to Villa Tunari, how-
ever,

Table 7 shows the monthly prccipitation and standard deviation of
monthly precipitation'for five long term stations in the Chapare. Three,
Chipiriri, Villa Tunari, and Jatun Chaco (in Micro-region 4) are Tropical

wet forest bioclimates. The table shows that there is relatively low

‘variation about the monthly means during the wettest months at all stations,

.with coefficients of variation ranging from only 0.24 to 0.43; these months

will always be excessively wet. As the iess-rainy period arrives, however,

S-
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Todle 1 ) .~ Vioter . Bolonce -In the Zonol Assoclotion with Moture Notural Vegstolion "

i for ....... Villa Tunari, Chapare | . . , _
: Elevotion 300 mSNMreters Lotitucel6°58" South . (ongitude 65.°22'_ west per/n s 0.30
Averoge+ Years of Record Som 'I'Fcb. T7er. | Bor. [Moy_ Jun. | Jul. | Aug. |Sep. ] Oct. | Nov. | Dec. lYear-
. 1. Meen. kir Temzeroture  °C 26.9125.1125 3025 3| 2¢.0l 21.4] 21.3124.4/23.20 26.0[26.1[26.5 ! 24.8]
2. Meen DOTEMPIRATURE  °C 22.7123.9]23.7 4.5 | 24 .0l 21.4] 21.2024.3123.4 26.0|23.9]23.4 | 23.4
3. PCTZNTIEL EVLPOTRANSPIRATION mm. 113|302 | 118 l119 | 120 | 506 | 106 {121 {112 [ 120 [116 7 fi13rs
4——~diusted Falantiol Evopolronspiration To.mm, | | | l
3. Prauzitotie e 7721637 1577 223 i2aclass | 232 1112 (205 | 338 Tace Y363 |é366
| 6. Actusi Eszastrorsdiretien mm li13 i:0a iie nir 2o iaze |osesfier |12 zc |16 i1z [1373
7. victer Surplus nm 650 1523 |432 258 |1ze ) 91 ] 261 - | 97] 218|338 446
8. Scil Moisture Rechorge mm - i - | - |_ I - | - - - 9 - I - -
3. Szl Mzizture Degletica mm _ L_ ' N U B | - 2 ¢ _ _ | -] -
10. \Victer St!orced in Scil ot End of Month mm 457 l{,gy |457 :{,:7 | 837 | 457 L5 i Laf | £57 1 657 !457 457
1. ALL RUNOFF ‘o o 659 |528 [459 [204 |124| 91| 26| - | 88| 218|348 [a46 | 3191
12. Soil - l.-’.oislurci Deticicncy ot End of ' _ _ _ _ - - . _. 9 _ _ - _
onth . [nin) '
13, Prscipitctien  Deficit ‘ma - - - - - - - 9! - - - | -
4. Totol Moisture Deficlt | mm ) - - N - - - 18 - -} - -
1S. Moisture Concition MUY HUMEDO HUME DO MUY HUMEDO

Lite Zone: lropoical wet forest transition to Subtropical

Yocrs of Record

T omb;rofarc 1978-98%cecipitation 19, afioS"

Observations:  Seven and one-half excessively wet months in the average year




Tabdle

Bclonce .In

Noturol

v

2 Woter . the 2Zongl Assoclotion with Moture Vegetotion
JChipiriri - Estacién Experimental .
Elevotion 411 meters Lotitude 16’-55 South Lonql!06065°-19 Vest pev/Rs 0.28
Averoget Yeors of Record 4 4 s
Jon. |Fed. | Mer. | Apr, [Moy'ldun. ] Jul, [Auc.JSeo. 1 0ct. | Nov. | Cee. lveor
1. Meon. Air Temperoture °c 26.48| 25.8]25.4 124.8 23.:1 21.2122.0|21.822.4 25.5/25.8|26.4 2‘4.3'
2, IMeon BIOTEZPTRATURE °cC 23.5;24.2126.46124.5 23.d 21.2]122.0{21.8]22.8 24.4}24.2123.5|23.3
3. PCTINTILL EVAPOTRANSPIRATION mm., 1i8 !110 122 l‘.i8 115 i 103 11190 109 11104 122 | 117 {118 1373
4.  AZjusied Pcrenticl Evopalrenspirction mm, } ! I } i | !
3. Praziditstien ma 717 1730 P210 laos 3250235 1131 ' 40 [ 154 389 1336 {631 | 4852
6. Attuel Evssotreaspirction mmn 118 130 1322 538 1167303 1233 las9 Lo 122 {117 {118 |1373
T Wizter Sutgius mm 569 1587 l‘:oy 210 | Zi"'l 125 | 2 ! LN £ I 720 1279 [513
8. Soidl Moisture Richerge mm I i i : ! ! —i—
. - - . ‘ I ]
9. Soil Mcisture ODa2pletion mm l i I | i | '
10. WVister Stored in Ssil ot End of Month mm | 485 |2as |4g5 {485 | 285|485 {485 | 485|485 485 [485 [485
H ALL RUXDFF mm 599 | 660 !492 |230 210 | 1.5 21 40! gd 1 238 {279 [513 3479
12. Soil Moisluret Oeficiency ot End of
lcnth mm

13. Precipliction Deflici? mm -
16, Totel Moisture Oeficit mm ]
15, Mcistere Conzition MUY HUMEDO HUMED®O. MUY HUMEDO
Lite Zone: Bosque muy humedo Troptcal transicién a Subtropical Yeors of Record

Temperoture8-years Precipitotion . 14, years

Observotions:

Relaci6n Escorrentia a ETP = 2.54
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Todle 3

for .....LA Jota, Chapa

re

Woter . Bolonce -In the Zonol Assoclolion with Moture Noturcl Vegetotion o

Elevotion 235. meters Lotituce 16°-59" South -L;ngltude 65°10' West peT/R . 0.30
Averoger  Yeors of ‘Record Jen, ’I-Feb. t’or. rApr. l-'.oy,] Jun. | Jul. | Aug. [Sep. I Oct. | tNov. I Dec. {Yeor-
1. Meon.Rir Temperoture °c. 26.5126.5] 26.2{25.9123.5{21.9] 21.8123.023.3[/25.3126.2 |'26.7(24.7
2. teecn BIGTEMPERATURE °cC 23.4,23.64123.8/24.1/23.5|21.9 21.8[23.0(23.3|24.5|23.8 | 23.1{23.3
3. POTINTILL EVAPOTRANSPIRATION mm. 117 o7 119 |17 1117 | 106 | 109 1115 1113 [122 115 | 115 !1372
—4—iGiusted —Potentizl —Evopatronspiration -mm. | |
5. Precipitoticn mnn 701 las2 | 793 213 1177 |i57 €0 1138 1182 |307 382 | 626 {4628
6. Acztuzl  Escgolrcnspirction mm 117 1107 | 112 | 117 | 117 ;196 ]109 115 ]113 | 122 |115 | 115 {1372
T.__vister Sarplus ki 584 1745 | 674 ] 951 57 | 61 | - | 23 | 69 [185 [267 |511
8. Sl Meisture Recherge mm - } - | - b | - | - l - - | - - - -
9. Scil Moistire  Dezletien mm R - | - | - - 19| - - - - - i
10. wicter S$tared in Soit ¢t End of Month ra 1463 less | 263253 [453 |263 | aaa ta63 242 |453 [263 | 463 i
. ALL RUNCFF ‘em 564 765 | 674 ] 56 | 60| 61 | - | 231 62| 18 l267 | 511 |3108]
12. Soil . iAcisiurei Deficiency at End of _ _ - _ _ _ ' 13 - - . - -
tonth mm
i3. Prscipitstion Deficit mm - - - - - - 19 - - - - - .
16, 7:?_; Moisture Oeficiy mn - - - - - - t 33 - - - - -
IS. Maisture Condition MUY HUMEDO HUMETDO ’JIU%
Li%e Zone: Tropical wet fo'rest transition to Subtronical Yocrs of Racord
Tcmb'eroyure 4.ycarsPracipitotion .4 .years

ObStervotions:



http:24.5123.81
http:23.4,23.41

Tedle 4

Woler : Bolonce .in the Zonol
for ...Chimore, Chapare

Assoclotion with Moture . Notural Vegelotion

Lotitude 16°42" South Lonqll;uée 64°49' West pev/Rrs 0.34

Etevollon 235 - meters

Avercge Yeors of Record Jan Fedb. | Mar. | Apr Mey. | Jun. lJul. Avug. |[Sep. | Oc? Nov,loec. Yeor
. ‘heen. Rir Temperoture W °C 26.4126.2126.5 125.3123.0{22.3122.4 |22.0]24.2|26.5]28.0 | 27.0}25.0
2. M:on BIOTEMPERATURE  °C 23.5123.8122.4 1 24.5123.0l22.3122.4 |22.5]24 .3/ 23.4]20.c | 22.5]22.9
3. PITINTIAL EVAPOTRANSEIRATICN ma. 11e 1303 1317 |39 1135|108 112 J110 |1is 117 | 97 | 112 |135)
~4——acjusted Pzirentiol Evogolrenspirclion -mre, I ! :
5. Pretiziterize ~n se3 1533 1223 !onn liao Thea 131 T3 ] 87 {313 le27 | 75: 1327
§. Actust Evcootrenszirction mm 138 'ies 11i7 lii3 piis 158 fiiz 110 [1i8 117 | 97 | 112 I1351]
7. Witer Surplys mm 425 1423 355 l:7il 25 i 90 |19 | 3] - 196 1330 | €49
8. Soil Mcisture Recherge nm - - - | - ll . - . - - 31 - -
9. Scil Moisture D2pletion om - l - S - - - 31 - - -
10. Victer Stored in Soil ot End of IKonth nm | 396 1355 1335 [ 305 396 [ 325 {326 |336 {365 1395 [335 | 396
1. ALL RULCFF mm 425 (623 | 3NC 171! 251 90 | 19 3f - |165 330 | €49 [ 2606
12. Soil Moisture: Oeficiency ot End of ] i ) | ) 5] - ]

N Moanth mm

13. Prezipitztion Oeticit mm - - - - | - - - - 31 - -
14, Tolcl Mcisture UOeficit mm - - - - - - - - 621 = |- l
1S. Moistere  Condition MUY HUMEDO HUMETDDO NuY HU”EDO
Lite Zone: Subtropical wet forest Yecre of Racord

Temperature

.195.4:'6&’reclpllorlon . 1966.'67

Ottc!;b'lona:

4

-’

~

b &
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Tcbdle 5 Woler . Bolonce .in the Zonol Assoclotion wilth Moture Naturol Vcoﬂoflon
: ..Todos Santos, Chapare

Elevotlon 329- meters . Lotitude 16°-47'South Longltu6065°-.10' West PET/Rl- 0.45

Averoge+ Yeors of Record 4
- Jon. |Fed. | Mer. [apr. Treoy Juun. Juut. [avg. [5ep. [oct. [ Nov. | Dec. [vear
1. Meon.Air Temperoture °c 26.326.8 1 26.4]2¢.6122.2]22.3{ 21.4|21.6 [23.3]27.1 [26.2 | 27.324.5
2. tMess EIOTEMPIRZTURE  °C 23.6 23.¢ | 23.7124.5l22.2]22.3 | 21.4|21.5 |23.3122.3 |23.8 | 21.8]22.8
3. POTINTiAL EVAPOTRANSOIRATION A, 118 hor | i:3 19 hiin hos 107 ice 113 |02 s o9 |i3es
&, Asivstel Polealiz! Evepotrzrngpirction -mm, 1 l I |
. Prazipitetice mmo 433 l3s 1399 1212 1160 |135 | 100 | 94 |i08 |244 l2s2 | 388 [3011
§. A:iuzi Eveostrorspirctize mm 138 107 | ::8 Piie i ez a7 hos haz iz fiis 109 f13es
7. vizter Suiplus nm 375 1322 1272133 143 |27 ] O] O | € {132 1137 |72 |
8. S2il loisture Rechrorge mm l i | | 26
9. Soil Mcisture Dsplction " mam | l 7| 14 5
10. Vvicler Stored in Sail ot Erd of Month mm 1301 [301 | 201 {301 |301 [301 | 224 l28o 275 lz0i {301 | 391
| 1. AL RUKOFF mm - |375 [328 {272 | 93 | 49 | 27 o] ¢! ojwe 137 |279 |1s6s
12. Scil ).Aoi:wre: Deticiency ot End of )
tonth ) mm . 7 21 26 -
13. Precinitction QDeficit ma B 7 14 51 -
16.  Total Maistcre Octicit ma ) 1613 | 311-
3. Moisture Congition - MUY_HUME DO H U M E D 0 - hu%d
Life Zone: Subtropical wet forest’ ’ Years of Racord .

Temperclure , .(?.), Precipitation, .16. .

Otservotions: During one half of years, the months of July, August, and September will be not1ceab1y dry, with
possible effective dryness in August-September.

Ratio of Runoff to PET = 1.24

-gt-




Teble 6 Woler : Bolonce -in the 2Zonol Assoclotion with Moture Noturol Vegetation

for ....Pto.-Villarroel. : - : . :
Elevotlon 325 meters . Lotitude 16°-50" South Longl'.ude 64°-43' .West PET/Rs (.50
Averoge ! Yeors of Record Jon. Fed. | ticr. | Apr, [Moy, Jun. ]Jul. Avg. lSep. Oct. Nov. { Dec. |Yeor
. Meon kir Temperoture  °C 26.5]25.1126.1 1 23,9l 21,10 39.3121.0 [22.1{23.7] 24 7247 ]25.1 |23.6
2. Mecn BIDTENFIRATURE °c 23.3:24.5123.¢122.° |?1 1119.3121.0 |22.1123.7{24.4]24.4 124.5 |23.0
3. PCTENTIAL EZVAPCTRANSPIRATION mm, 116 112 lizo |15 |1s g3 {105 |110 {115 | 122 |11e 1322 11355
Gr—thivried Forestent- -Zvapotronzpirction mm, l I
S.  Precioitctien me ' 511 {310 392 124 !191 [ 98 70 96 1103 | 256 215 |364 2739
5. &ztuzt Svoostezeziraticn mm | 115 11:2 1o 51106 93 j105 |110 [115 | 122 |118 {122 {1335
7. werse Syraivs mm 3n: liea oup boa l 8s A 5 : 134 c7 1242
8 Soil Mcisture Racherge mm | | . 61
9 Scil Mcisture Dedletion mm l | 1 35 14 12 - ;:
1D. VYicter Stored in S9il ¢t End of Monih ma 273 1273 =273 : 273t e !273 E2373 | 204 1_212 272 ;273 1273 \,
1. ALL RUNCFE - 395 |198 |272 | e ss! 5] - - | -} 73| 97 i2a2 {1375
12. Soil "o!oi:tufe: Deficiency ot End of
Zonth mn ' 35 49 61 -
13. Precipitetion  Deficit mmn ' ! 35 I i 12 _ l
16.  Totcl Moisture Oeficit mm | 70 | 63} 731 |
15, Mcistere  Condcition . ) W E T M 0 - 1 S T T

Li¢e Zone: Subtropical Wet forest - Yocrs of Record

Tempercture 5. ye.rs?racipitotion .6.years

Observotlons:  Four excessively wet months; July, August, and September may approach effective dryness
“in one year in four.




Table 7. Monthly Precipitation and Standard Deviation

of Precipltation for Most Reliable Chanare Stations

-0“-

N

Millimeters per Honth Year
Station 1 2 3 KN 5 6 7 8 9 10 11 12
Chipiriri ) M(8) 718 770 614 | - 3u8 326 238 131 142 | 194 360 396 631 4875,
16°- SS' S. 41im. '
65°- 19' . < 236 | 184 265 162 188 142 SS 88 | 131 214 195 | © 217
c.v. 0,33 f 0,24 | o,43 | 0,47 | 0,58 | 0,60 | 0,u2 0,52 | 0,68 0,53 | 0,48 | 0,34 -
Todos Santos ﬁ(is) 493 435 390 212 160 135 100 9y | 103 - 244 252 388 3711
16°- 47° 32%8m. ' _ .
65°- 10 o 207 146 179 ! 127 67 125 | ° %0 Sy 59 108 104 126
' c.v. o,42 | 0,34 | o,46 | 0,50 | 0,42 | 0,92 |0,:9 0,58 | C,u5 o, | 0,51 | 0,32
Villa Tunari #(19) 772 637 577 323 244 195 132 112 | 209 338 usy 563 4566
16°- S8' u37m, . . }
652~ 22 - 259 2Ly 207 162 118 . 179 72 66 | 120 13u 246 24y
' c.v. 0,32 1 0,38 | 0,36 | 0,50 | o,u8 | 0,91 |[0,5u 0,59 |0,57 | o,u0 | 0,53 | 2,43
Pto. Villarroel HN(¢ 511 310 | 392 124 191 98 70 96 | 103 256 215 364 2730
169~ 50° 325m. 271 233 143 66 60 | 57 32 33| 68 81 83 133
64~ 43! oc :
c.v. 0,53 | 0,912 | 0,36 | 0,53 1 0,32 |0,59 |O,ud 0,34 [0,66 0,32 | 0,39 { 0,36
Jatun Chaco E(10) 795 710 643 359 262 152 87 148 | 294 323 357 596 4646
16°- S7°¢ 397m. ' .
65°- 45° - 225 27% 229 198 103 76 62 87 | 119 172 138 182
c.v. 0,28 { 0,39 | 0,36 { 0,54 | 0,39 |0,50 |0,72 0,59 |0,58 0,53 |1 0,39 | 0,30
D
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deviation from the meau increases significantly, reaching close to one hun-.

dred percent in June, which is onc of the driest wonths. This means, of
course, that in some ycars, the winter (drier season) may cxperience lowf
ered rainfall totals approaching effective dryncss in June, Juiy, and

August. 'On the other hand, it also mecans that these months may be effpc-

tively wet, with no dry scason. Thus they rty constitute a risky period

for the farmer unless he sticks to permanent crops. Under no circumstan-

ces of rainfall does the soil dry out to thc point of harming the deeper-
p——
rooted perennials, in this climate.

—

Rainfall decrecases progressively as éné gocs northwards from the
‘rountain foothills onto the vast Anazonian plain. Only a few kilometers
north of Villa Tunari, (more to the west ana less to the east along the
main hi;hway), precipitation decrcases to less than 4,000 mm. per annum,

It reaches 3.000 mn., at Todos Santos and 2.700 nm. at Puerto Villarroel,
the last ctation providing data before Trinidad in the Beni. Vegectational
obscrvations suggest that the steady-statc climate of the outer plains is
characterized by somci:hat less than 2.000 mm, of rain and that this isohyet
may be encountered not far to the north of the northern limit of the Cha--

parc Project area, as defined. However, within the arca, only the lines

separating the Subtropical from the Tropical wet forest, and again, the

Subtropical wet forest from the Tropical moist forest (transition to Sub-

tropical), were located in the course of ficld observations during the '

present study.

The line separating the Tropical wet forest from the Subtropical wet

forest {s of major concern becausc the latter, while not the best of life

zones for agriculture, is considerably superior to the former In this re-

spect. It occupies, morcover, a rather large area directly to the north
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and to the east, in micro-regions 7, ¢, and 9 whilst the Tronical moist
o

- e ——,

forest, although the best of all for agricultural devclopment of the life
zones present in the Chapare, scarccly enters into the develonment arca

at all (Map No. 1).

Subtropic::) wet forest is perhusid, just like the Tronical vet forest,

but has somewhat jcss excessive rainf.l’ and total cloudincss, a greater

—
number of hours of full sunshine, loue: relative humidity, and a greater

daily temperature range. These chavacteristics are, other factors Dbeing

—

g— e

equal, rcfiecta in the soifls, vhich avre slirkilv less leachcd of nutri-

ent and less suhject to nutrient loss i fertilisers arce apfplied. Soils

q—

suboece tacasueatian contit fons for a shorter period of time,

ngl_ﬁgiiﬂa_———

thus extending the rrowing necasen, narticularly for scasonal crops.
D e R

The forersing remarks anply ornly %o the loularnd arcas mapped in this
6 g ) 1

1ife zone, for tempcratures are relatively higher therc than the general
average for the life zone (20 deprcec C.) and these higher temperatures
lead to a greater cvapotranspiration rote.  In the mountains betueen 800

and 1.800 meters, wherc the Subiiropica) wet forest is most widely extended

in RBolivia (MACA-0AS, 197S), humidity conditions and their effects upon
soils and agriculture arc cssentially identical to those described here-

tofore for the Tropical wet forest life zone.

The Subtropical wet forest is the comparatively best lifc zone for

agriculture in the Chapare Project arca as defined. Detter arcas, climgt-

ically speaking, lie just to the north of it (Tropical moist forest, tran-

sition to Subtropical) but these arcas are currently unreachable by road.

It would de edvisable, nevertheless, to extend the limits and the roads of

the Project area northwards,especially in micro-regions 3, S, and 7, in

order to open up and make availble the superior farming lands which hre/

P S—

\
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included in the Tropical noist forest, transition to Subtropical)., A Dbelt

at least ten kilometers wide, appcars to fall in this 1ifc zone, but is
barely included on its southernmost fringe in the prcécnt boundaries for

the Project. Further to the north, where the Tronical neist forest pives

way to the even drier Subtropical roist forest, seasonal flooding and

drainage become major obstacles to conventional agriculture. For these
rcasons, every effort should be rade to confine further suttlement and
to promote more intensive, diversified agriculture, in the areas delincated

upon the map as Subtronica) wet forest and Tropical moist forest, transi-

tion to Subtronical life zones (Map lNo. 1).

.3.2 Natural veretation and Develernent Potential

Prior to its fairly recent colonization by settler: [rom the ccolo-
gically distinctive Andcan highland valleys and slopes, the Chapare region
was covercd by a solid mantle of virgin evergrcen hardwood forest. Reports
of early scientific surveys (e. g., Gerlow, 1937 cited in Arce ct al, 1963)
indicate that the forc:t on the lowland plains and foothills, in both the

Tropical wet and the Subtropicil vct forest life zone areas, (between the

Isiboro and Chimoré rivers) was amongst the tallest, densest, contained the
: largcét trees, had the greatest variety of sbccies, and the greatest per
hectare tirber volumes of any forests to be encountered in Bolivia. This
cnormous and fast-growing biomass attested to a fact known today that these
two life zones offer probably the best conditions for nafural forest growth
in the world. As has been the case elsewhere in the tropics, this forest
luxuriance was mistakenly interprcted as agricultural (rather than forcstry)
opportunity and the entire original biomass has been falled to make room for
}he field crops of hopeful colonists.

In the process of colonization, only a small proportion of this valuable

Vi
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standing tinber was actually utilized. The ﬁrcatér part, as much'as 90
percent, was left to rot ér was burned in the process of slash-and-burn
agriculture, an agricultural systen copied from the local native communi-
ties. Inasizuch a; most of the nuirients for the natural forest system Arc
retained in the standing vegetation itself rather than in the soil, their
abrupt and total relcase by hurning only led to their loss by leaching or
vaporization and the further impoverishment of an alrcady poor ard infer-
tile soil. A further negative effect of the mis-use of this system of
farming by masses of environmentally-displaced colonists on comparutively
smail, fanily size land units, vas to totally remove the original forest
stands and thus cdeprive the natural regeneration which follows falloving
of croppel land of any secd source of thc more valuable timber treecs which
the natural forest originally contained (cee D. McCaffrey report). Sccond
grontﬁ ("chume") forests aboﬁnd in the area today but arec notable for the

abscnce of regeneration of the fast-growing heliophytes, mostly valuable

gpecies such as cedro, verdolago, almendrillo, urupi, gabtn, paquio, tarums,

laurel, and ochoo, specicswhich they would normally contain werc cven occa-

sional” largé old trces to be left scattercd about the landscape as sexd
sources. The total deforestation of this region led to the impoverishment
of both its soils and its forestry economic potential. |

In imitation of native practices, today's colonistsin the Chapare
rotate crops with natural sccond growth forest. This procesﬁ allows them

to cultivatc a piece of ground and obtain satisfactory if not high yields

1
on a periodic basic without the purchase of currently expensive fertilizersT

‘

L4

1/ Which are oddly enough, still imported into the country rather than
manufactured locally from abundant availablc national raw materials. A
fertilizer plant should be a priority iten for international or bilateral
assistance prograns in agriculture and industrial development.,

1
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Fast-growing "pioncer species" despite soil deplction, rapidly invede

g

abandoned fields and develop into a moderately tall and dense forest within
/’{-‘ 7 8 ten years time, thus_indicatipe the very hipgh potential for managed natu-
o me? 537 ' '

s g A
2;1' ‘“"72 Lo Studies reported by Dazan in OAS-GOR, 1988, indicate about 60 cubic ineters

ral forest production as on alterpcstive tg acviculiune jp the repion.

/M 4 of usable wood in a hectare of S ycar old chume. Given the exponentjial
Y 3"‘“# s
cg,aké to MYV 1 te of growth in such forests, ncarly 150 cubic meters could be expected
andem, o1 ' '
stew 1 oM in ten ycars, or i5 mcters average per year. In the current practice of
L it
o ¢ . : . .
o felling and buraing chume every thrce to five yecars to rake toom for one
ol T y ’
or two years of low-yiclding rice or a longer rotation with bananas
(lioffran, 1963), an ecnormous volume of wood suitable for such industrial
4}3 purposes as the ranufacturc of paper pulp, charcoal, or box and form lwn-
‘J*’ ber or for convérsion to cattle feced through steam or alcali hydrolysis is

J’;é going up in smoke. This amounts to a locs to the farrmer in scveral ways.

R ' First, given appropriate industrie) development (and this could be small

o
%
.1if7

local indusiry in most cascs) he loses the wood as a saleable product.
/7 Second, by burning the wood, he further depletes the soil of nutrients.

There is substantial doubt, in fact, if the present system of short-term

rotations uander forest can lc continued without drastically rcducing soil
fertility and productivity on most farms.
Viewed integrally, there is still a very high forestry potential in

the Chapare region, especially in the Tropical wet forest lifc zone area

where good, alternative opportunities to forcstry scarccly exist. Forestry,
or agro-forestry, could also be expected to yicld positive and permanent

benefits to the majority of landholders there in the Subtropical wet forest

1ife zone arca. Among the requirements for such a development to succeed

would be (i) feasibility studies for local manufacture of mechanical paper
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( pulﬁ; charcoal, boxes and yegctablo crates, trcated posts’ and boles, and
cattlo feed from hydrolyzed wood chips, (2) studies of wood &ields and
species composition-of chume at varying ages on.diffcfcnt sites (as clas-
 sificd hereir, hap Mo. 2), (3) a brogram in agro-forestry vhich would |
include provision of secd and geedlings and technical assistance for the

re-establishrent of thc more valuable native trce specics. The forestry

prospective will be dealt with further in a leter section of this report.

3.3 Snilc ané Landforms .

. Hith very few exceptions, thc‘soils which have developed in the Cha-
pare Project area are of very poor quality for agriculture or grazing.

This poor quality is manifest, above all in their high to gxtrcmely
high acidity, their low content: of a\ailablc plant nutrientc, and their
moderate to very high content of 1:1 latt1cc_alum1na-silicatc ninerals.
Essential elcrents for plant growth, espccially phosphorus and potassium
and some minor elencnts.are notably deficient and under the existing con-
ditions of soil acidity and aluminium toxicity cannot be efficiently
supplied through the application of chemical fertilizers.

The area's soils do vary appreciably, however, in their comparative
"noorness™, some being reasonably suited to production of specific crops
given appropriate management techniques and othcfs being cither hop.less
or extremely costly to manage for sustained production. The variation in
soil quality has been :aid out in the chemical analyses published in the

study for PRODES by SHA-TAB-PRODLS (1980).

A soils map based upon the aforementioned field and laboratory study

is available at 1:50,000 scale, This map is intensivc-reconnaissauco in
. intcnsity and shows the distribution of uoils associations by physiogra-

phic (landform) units cmploying +he U.S. Soil Taxonomy system of

-
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classification (Soil Survey Staff 1975). This map and study, after fiecld
review for general accuraéy,.ﬁas adopted as the hasis for goils evaluations
in th& present interpfetation of lﬁnd use capability.-
The physiopraphic units are broken down into (1) Regions and (2) Phys-
iographic units or landforms. FEach landform within a region is assiﬁnpd
an association-consociation namc for the soils encountered within kt, and
one or more typical profiles are completely described for each association.
.The six regions are: (1) Mountains, (2) Hills, (3) Piccnont. (n) Nigh
Ter;aces, (5) Middle Terraces, and (6) Low Terraces. These are further
broﬁen dovm as listed in ANNEX A of this rcport. There are a total of 58
Associa*ion-Consociation groups, mapped individually within the Chapare.
lost of thesc annear within the Ireject arca, as defined, aﬁd are dcliﬁcatcd

on the Land Capability Map (Map No. 2) which accompanies tne present report.

3.2.1 Land{omc and scils conscciations

It wac not possible nor is it particularly necessary, fo elaborate here
upon the many sofls encourtered in the arca. lHowvever, it may be well to
surmarize the general rclationshin between soils and landforms in order to
facilitate an understanding of the discussions which rollow resarding land
capability and crop ecology.

Areas classed and mapped in the Hount;in catepory include most of the
land above-GOO meters clevation, including the higher foothills and the Andean

mountain slopes to above 3.000 mcters elevation. Thesc higher lands lie-

mostly in micro-regions 1 and 2 and include Lntisols, Ultisols, and Incepti-

sols, mostly the former on croding surfaces, which predoninate areally, and the

latter on surfaces of accumulation, which are very limited in area. Many of

‘the soils in this gQ222_gzg_glggggg;gg_2LiLhic2,_nhich—és—%o-eay_xhcx_ann_ﬁhél’
low, stony, op both, The parent rocks in this unit are the principal source of

D
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the sediments which make up and continue to accumulate on the adjacent low-
land plains and foothills. They are mostly rocks of scdimedtary origin,
ranging fr&m Cambrian to late Tertiary in Age. derived apparontly from se-
diments eroded from old land sbrfaccs with senile soils. They lack mgﬁy
1ﬁportant basic minerals and this fact is undoubtedly at the root of the:
poverty of the soils dcrivéd from them in thc Chaparc.

Areas classed and mapped in the lilly category include the more broken

foothills slopes and outliers, very high streais terrances, sizall alluvial

o
fans, and sn2ll intersperced shallow upland valleys. Again, [ntisols (Tro-

L 4

porthents) predominate, in association with some Oxisols, on the residual
or eroding surfaces while Inceptisols (mostly Typic Dystropepts) are classed

as the major soils on the sedimentary areas of accumulation.  ‘any of these

so’ls are sardy or gravelly, excessively drained internally, and very lov in

Py

all nutrients. This and the prcceeding region is largely included in Sub-

tropical rain forest and Tropical wet forest life zones and has little eco-

nonic potential.

The Piedmont occurs wherever the larger rivers cmerge from the mountains
and deposit their coarse sediments in broad alluvial fans characterized by
very wide bedload channels with braided streams at low wétcr. These fans
may be bordered by high benches or hanginﬁ terraces and some broader, slop-
ing, - outwash plains, all interspersed between rivers with backvaters and

poorly-drained depressions. The Picdmont includes some of the best-drained

p————

solls of the region, including the rore fertile Typic Cutropepts on thf_giig:

—

vial fans, but the predominating soils arc infertile Dystropepts, with Oﬁﬁ-

sols on the bench terraces. MHost soils arc stony or infertile or both. None

gt

_of the high bench terraces are currently receiving floodwaters, so they are

particularly infertile under the very high rainfall conditions (Tropical wet



- 27 -

forest).

Spreading out northwards fron the Picdmont are a succession of pro-

g—

gressively lower alluvial plains, termed "terraces" in the PRODLS study.

/ )
In the Hirh Terrace zonc, the rivers are still well-centrenched in the

land surface and present a series of river terraces vhich are rarély if
ever in;ndated for more than a few hours. The highest arnd best drainzd

of these arc never actually flooded. The rivers run throuch them on lin-
ear, sloping courses, often with braided channcls vhere the less-heavy

* coarse materials -- and gravels of the bedload, -- are still being depos-
itcd; The nain highvay r;ns through this physiographic region along much

' ;f its eant-west section hetween Villa Tunafi'and Chimoré ard it is in this
zone that many of the problems with the.brfducs occured in the recent
floods. WHide beds of aggradation arc typical of this zone and bridges must
be built to span thc entire bed even if this is rarely occupied by flood-
waters., :

The High Terrace region falls lergely in the Dbelt of Tropical wct

forest life zone. It {s fortunate, therefore, that its soils arc predoni-
nantly Inceptisols high in sand anq uith exccllent permcability, that is to
say, frec-draining. Despite the high rainfall and great water surpluscs
which are rapidly eliminated from even the {lattest terrain, the several
terrace-type soils-groupings are about evenly divided between relatively
fertile ones (Typic Eufropcpts) and relatively infertile ones (Typic Dys-

tropepts, Orthents, Tropudults). The principal problems with the soils in

and sofl-clir

this zone are thei

especially saturation during a long period of the year. This grouping of

soils, like those that follow but to a lesser degree in terms of arca, is

{nterspersed with poorly-drained depressions and floodlands ('vegas') ulong

%
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the iiver margins.

The Middle Terrace region adjoins the foreroine on fhe porth. There is

a slight but sipgrnificant elevational differcence and the rivers enter this

zone with norral water Jlevels only slightiy below the uppermost level of the

—————

plain. The ground water table is closer to the surface even at low water
CPe—— * .

and floodwaters may in occassional years cven overflow, albeit for short pe-

riods, the best-drained ({.c., higclest) teriace surfaces. As a result, the

well-drained and maderately well-drained terraces in this zone are amoppst

\
1

the best in the rerion for apricul-ure. They include Typic Eutrorepts, which
/

are comparatively feriile. While these are perneable soils, there ic a ten-

dency for groundvaters, shen tlicue yise, <o block their deep lcaching and

:vel. A further advantare

even to bring some

* *
of this landtype is Its location in the Suh¢ronical wet ferest bLioclirate,

—

such that it berefits from comparatively lessar rainfall surnlus, rreater
-
sunchine, and gererally more faverable praving conditions.  As a liability, a

greater proportion of the lard in the repion is categcorized as flooded

backwaters, poorly drained deprcczions, lacins, and abandoned strecam meanders.
Such arcas have little or no economic potential other than forestry at pre-

vailing technological levels in the region.

The last grouping of soils,, those furthest to the north and east, are

L

the so-called low Terraces. Bioclimote is most favorable where they occur

-T—

but drainage has charged from a minor to a major problem. In the Low Terrace

zonc the rajor rivers have virtually reached hase level and meander widely
over the plain, changing couses frequently. MNormal stream levels are only
slightly below the general land surface and nearly all the land may be flood-

ed when rivers rise to full flood pecak. This mecans that new, fine sedinents

\ (silts and clays) arc deposited with somc frequency even well away from the

%
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main streams, and sands arc dcposited close io the riverbanks on slightly
.elevated natural levees. Only the interfluvial basine farthcst from the
main streams fail to receive an occassional dusting of new scdiments.
These arc consecuently both dcdply depressed, permanently wet or flooded
with shallow water, infertile, and anacrobic (hydromorphic). Other soils

tend to be relatively fertile in the surface-laycr at least, but arc some-

what shallow over the permanent ground water table. In thig category,

only the moderately vell-drained terraces, thosc subject to short-term

inundation, and the naturel lcvees hive agricultural potential and, un-
fortunately, lands in thesc categoric: represent a diminished proportion

of the total arei in the plwsiccrertiz vorion, Vast areas, despite the

-

somewhat drier climate arc commised of swamps, lagoons, abandoned mean-
der channels, flooded or sc~sonally flood deprecsions, flooded backwaters,

and poorly-drained terraces. lost of these lac) anv econoiic potential
e

other thap ac-x cntial feeding prounds for river fich at the

time of seasonal floode,fcr the nanarenent of wild animals, or for forectry.

g———

4.0 Hajor Land Use Capability

Land use capability classification is prerequisite to planning for suc-
cessful and sustainable rural land occupance. The term refers to the eco-
logical suitability of any small, plysically homogencous of land for speci-
ficd types of economic utilization on a continuous basis (without causcing
deletcrious effects iﬁ fhe short or long term in the original produétive
capacity of the land unit). Failure to plan land development upon such a
basis can, as it has already in the Cﬁapare, lcad to gross mistakes and to
eventual economic and social strees, costly or impossible to remedy.

' Scveral land usc capability classifications have been devised and

applicd to tropical conditions, but the bulk of these are not ecological

/
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in their derivation or objective in their aéplication. For this reason, the -
system devised in 1972 by.Tosi (1281) for Columbiﬁn environmental conditions
has been adaptea to the problem of classifying the Chapafe environments, in-
tegrally, for major land use capability. This classification ic based upon
the World Life Zone System of Fcolopical Classification of L. R. Holdridge
(1967), alrcady known and applied in Bolivia (MACA, 1975). A ncarly identi-
cal classification is curbcntiy used under official govcrnmont&l decree, in
PerG, where it has been found very setisfactory for the purposes outlined.
The Colombian classi‘ication by Tosi is bascd upon the prerise that bhio-
climatc as integrated in the 11fc =cne hexagons (Tigure 1), is a primary de-
" terminant of land use capability. The classification thereforc sets un  a
multi-Ffactorial integration of pioclinatié.with physiographic and cdaphic
parancters to -establish the major usé capability of land in five major or
general catcrories of land utilization. The quentitative valucs for indivi-
dual ufhyéiographic and edaphic factors arc varied to fit the specific cf-
fccts of climate upon them and upon the potential vegetative cover in cach of
the tropical and subtropical life =cnes on the diagram. Values are derived
mathematically from the Universal Soil Loss Prediction Formula of Uisch meier
and Sqith. Four different levels of 1and~using technology are recofnized and
integrated into the glassification, such that a given land unit can be iden-
tified for capability simultancously under ecach level. These levels are (i)

Pr;mitivc, (T) TPaditlondl () Advanced, hrtesanal, and (M) Mechanized All

Sacdone Nedhat

°%'categox‘ic.. of technology, land usc capability, and class divisions of the en-
vironmental parameters arc precisely definced and special keys arc provided to
be used in cach distinctive life zonc as identified upoh the ground.
This classification has been adapted for use in the Chapare bascd upon

the 1ife zone map constructed during the consultancy and upon the physingraphic -

79
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soils map of SMA-FAB-PRODLS, as Jdiscussed heretofore, Of the five regular
major use capability categories recognized in the classification, only the

ﬁ&ﬁth, (T) Production forestry, has becn subdivided into two sub-classes

for added precision in locating areas for specific uses In planning. 7The
iand in the Project Area has been classificd simultancously, as well: under
two of the four technological system catcgories, (T) Traditional and (A)
Advanced, Artcsanal.

4.1 Happine Procedure and Tinal Product

Civen the field data on life zone distrilutions, a map was first con-
structed to show the detailcd location of life zones i{n the Projcct Area
(Map Mo. 1): -hcqlogical boundaries from'this map were transposed to scale
upon the landforms-soils map at 1:50,000 (SNA-TAB-PIODLS, 1980). Cach
soils association-consociation unit upon the latter map was thus classified
as fo its dioclimatic affiﬁity.

A parallel step in the mapping process was the classificati;n of cach
landform-soils association-consociation group in the PRODES survey as to
average slooe characteristice, micro-relief, soil depth, texture, stoniness,
permeadility, inherent fertility, pll, erosion suffered, salinity, and flood
risk. These determinations, necessary for the application of the land capa-
bi1ity classification, involved detailed interpretation and computations from
the PRODCS (1980) figld and laboratory data for representitive soil profiles.

' Finally, cach of the PRODES-unit keys was converted to an alphabetical
code (ANMEX A- This report). The lifc zone identification followed hy the
new code for landform-soil was then cntcred.into cach distinctive land unit
delineated on the PRODES map as a denominator in a fractional code systen.
Land use capability as derived from the keys in Tosi (1981) for these values

was then éatermined for cach cumbination of bioclimate and landforms-soils

/j{/é7
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( ANUEX B-Thi§ report) and subsequently entered on the map in the numerator

position of the fraction; in the following order:

L.Us Capahility: Traditional Technology-(L.U.Cap.: Advinced Tech. {f difforont)

Life Zone / Physiograrhic Rerion - landforn-Soils Sub-divigsion

The final product of this procedure, most clearly visible wien cach arca
of conterninous units having the -same land use capahility is colored differen-
ly, was a map (Ilo. 2) at 1:50,900 subsequently reduced to 1:190,CCO scalc.t |
This map retains the original divisions of the PROLES landforms-coils map and
the iifp zone map as well as showing use capability at the two tezhnological
levels. By statistical block count and planimeter, the arees of each catcgory
were then derivcd from this 17ap, by micro-region, and are presented, for cach
technological levei, as Table 6A and £

4.2 Major Land Use Capability Classes: Interpretation

Symhol A: Clean-tilled cropns is the highest level in the classificatlon.

- —

Lands in this catcgory will support contiinuous open-ficld crepping or, in

g

seasonal climates without irrigation, an annual rain-fed crov planted in bare

*

soil and cultivated for weed suppression, without loss or aecreasc of the

e
land's original productive quulitics duc to s0il erosion, leaching, or struc-

——

— ——
tural modifications due to corpaction and without resulting in off-site harm

to soils, vegetation, or the hydrographic regime. These are, by definition,

am—

the "best lands" for agriculture, (and livestock production). The physical

requirenents for inclusion will vary, however, not only in absolute terms but

also as a function of the land-using tcchnology being applied. An "Advanced”
———

technology, be it "Artcsanal" or "Mechanized", ordinarily permits poorcr grade

_—

land to come into this category as compared to a "Primitive" or "Traditional"
s -

echnological systems- - Laymi inasmuch as soil conserving practices
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are implicit in the former but not in the latter s;stcms. In most cases,
any of the lower level land uses are admi;sable as alternative usc; on lands
in this category, for which uses fhey will be éupcrior to lands classified
.directly in those uses. For exanmple, other factors Scing'cqual. forbsts
will be more productive on A-Category lands than on F-Class (Forest Produc-

- tion) lands.

Symbol P: Permanent Crops ard Pasture ic the next-to-highest level in

the classif ication. lands in this category will not, however, support con-
P e,

tinuous cultivation of clean-tillcd crops. At the technological levels of

their classification they may be used for pasturing livestoch of for the
production of any, usually semi-permanent o permanent crops which do not
require the repeated clean-tillage oflthé soil, or which lcave the soil sur-
face without a protective vegetation cover for any extended period of time.
Qualification for this category is based cn the samc criteria as in Category
A: the retention of original soil productivity potentials undcrrcontinuous
use and ahsence oé deleterious off-site effects. As in the previous cate-

gory, these lands will support, anc in fact be more productive in, forest Qr

tree crop production systems, as an alterrative land use vherc cconomics ¢o
—

not permit their hicliost-intensity utiliration,

Synbol C: Pernanent Crops Vithout Pasture ;nglndc lands with _marpinal

physical conditions for crop production. Their use for grazing of livestock

Pu—

is proscribed irssmuch as this use will lcad to site deterioration and/or

deterious off-site cffects. Mlany of these lands are either in sloping, ero-
dible areas, in seasonally-flooded flatlands, or have low inherent fertility

due to aluminium toxicity. The majority of lands in this catepory arc best

sulted to long-term perennials, and in particular to bush and trcec crops
——

which provide full soil protection at all times. The ground cover, is
Pr— ——) .




...3l|-

P ———

"pegulated by crop shade and leaf litter as a protcciive mulch. Coffe, oil
. X : <

and pcach paln, tree-shaded cacao, rubber, fruit orchards, and nut groves,

g
are the sort of production systems which fit into this category. Coca, in-

-
q—

cidentally, requires clean tillage, does not fit, and should lhe excluded
frcm areas so-classed on the map. Danana, papaya, and pinecaple require
morc-than-acceptadle tillage and lead to adverse sitc deterioration. They

are not recormended either. Agro-forestry, a tern currently in voque

amongst developrent plarners for the tropics, imnlies the sort of land-

e ;

using technologies which are applicab)e cn sites falling in this cazegory.
am————

Symbol T: Production Forestrv Insludes al) lands with site cenditions

P

adverse to any coutinuous or ¢riend apsoceultural use. These lagds will pro-
P—*g ) { o

duce accentelle cross of tir'~ o from native trec rwecies under natural con-
o

ditions vithout causing adveric soll or off-cite effects as the result of
mm—

wanarerent oneraticns, sucl uo Joprins and extraciion, at ilie technolorical

e m———

levels of their classification. In the present analysis, the T-Category

has been subdivided into 'y and T, units,

Fq includes lands too poor for agricultural production or grazing but
of comparatively high quality for forestry or a combination of forestry with
short, intermittent cycles of slash agriculture such as is practiced by na-

tive peoples, Under the latter system, however, only small ficlds may be

opened and the najor part of the land must be retained in native forest or
in forest plantations at any given time. Of the two sub-categorics, only F1
lands arc reconnended for forest tree plantations,

Fp lands have conditions gdyerse te any ficld croppinf or trce planta-

ngupm———

tions. They pay be ranaped under specificd technelorv, for the perrmanent

production of timher crops in naturally pecenerating native forpsts,

o

Syrbol X: [Protectjon (urder undintushed matural veretation) is the final

(
71
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category of the classification. It includes all lands having physical site
conditiona which are either adverse to any economic use of the soil or which
will lead to severe on or off-sitg damage {f used In any way, including for
the harvesting of natural forast trees. The’category includes lands wﬁich

arce perranently flooded or flooded for long pcriod each ycar, areas of rock
outcrop, stream overflow debris, and gravel beds, and stceply sloping lands

in hills and mountains with high rainfall and runoff. Such lands, if exploit-
ed in any way, invarielly deteriorate and do not sustain exploitation and may
cause serious off-site effects in the procesa.

4,3 Traditionel versus févanced Tochnolopical Systeis in Land Use

Current lend using ‘cchaclory in the Chapare may be classcd us "Tradi-

——

tional" ver:ing on the '"Primitive". By-and-large, farmers there have been

gu—

in the region for only about ten to fifteen yecars,coming from highland re-

glons with a totally differcnt physical environment and farminz traditions.

They have learze? what they do know akout dealing with the new environzent

by painstaking personal effort, tcking clues from the original natives, old-
— ——
timer colonistr, anc ecach other. Cfficialiy-sponsored resecrch and extension

em—

efforts have deen fumbliug, poorly oriented, and apparcntly of little posi-

tive benefit to date (sece Stansifer report). By trial-and error, under so-
vere limitations with respect to marketing of products, the typical colonist
has learned how to dealc in a modest way, with production problems on his
often arbitrarily locétéd small farm. Hoffman (1983) has identified and
docunented eight distinctive traditional system of cultivation currently
practiced by Chapare farmers. All of these systems rely upon forest fallow
periods for soil fertility restoration, and all but one system involve the
production of scmi;pcrmancnt and/or permancnt crops throughout the major

portion of time that the land is actively in crop cultivation. Annual crops

VU
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are- interplanted with semi-permancut or permanent ones for a _short term
{ncome at the beginning of eich cropping'cfclc. Txcept for coca produc-
tion, farmers do not use purctased fertilizers ov.bes: and diseasa control
chemicals, and, in no éasc, do they use improved crop';arietics. Livestock
{s of inferior quality. Iand labor is the rule in all farm operations.

There are no work animala. Soil conservation is not consclentiously prac-

ticed, or understood.
In class!fying land for use capability, .therefore, primary emphasis has
been given to the nTraditional” level of technology as set ud in the Land

Capability Classification (Tosi 19€1). Becausc it is excepted that Project

" {rplementation vill reinforce rescarch and extensicn, merketing infrastruc-

ture and processing facilities, and otherwise give impctus to adoption of
nev technolopy through economic incentivec and technical assistarce, it is
also worthwhile to secc that the repion lcoks like in terms of land capabi-
1ity under an "Advanced, artesaral" technological system. Tands have there-
fore also been clessified in thc latter context.

4.4 Land Cara®ility in the Chararcer Findinrs

Mapped distributions of the land capability classes (!an No. 2) and
Table 8 indicate a pfenerally Jow to moderate agricultural potential for tﬁc
Project Area, depending upon which level of technology is assumed.  Only

about 30 percent of the total land area is suitable for anv tvpe of agpricul-

ture, including anvo-fofcstrv, at Traditional levels of technolopy. The fo-

restry potential, however, is high.

g —

Although actual land use was not mapped (and never has been), casual ob-

ervation suggests that current use is gencrally consistent with capability

at the Traditional level except in the liills and Hountain physiographic re-

gions, particularly in Hicro-regions 1, 2, and the southern parts of 3, U,

Y [.
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Abgclute and Relotive Area by Land Use Capability

Table 8 A :
: Classcs and Micra-resion in the Chapare Project
Area under TRADICIOHAL techinologsy

Microregion A P c Fy Fp R Total

1 has. - - - 1,825 8,275 80,836 90,936
1) 0.0 0.0 0.0 2.0 9.1 68.9

2 has. - - 620 6,402 12,325 15,425 3,772
L} 0.0 0.0 1.8 18.4 35.4 uy .4

3 has. 1,625 8,950 17,550 14,075 3,250 2,600 40,250
) 3.8 18.5 36.4 29.2 6.7 5.k

4 has. - 2,522 12,227 15,992 9,437 10,547 50,825
¢ 0.0 5.0 24,2 31.5 18.6 20.7

5 has. §1,675 9,850 4,925 12,925 1,250 2,775 | 33,600
3 5.6 29.3 14.7 38.5 3.7 8.2

6 has. - 5,625 9,775 8,900 4,775 10,656 § 39,729
% 0.0 14.2 24.6 22.4 12.0 26.8

7 has. - 19,150 6,900 24,000 2,900 10,325 64,075
1) 0.0 29.9 10.8 38.7 4.5 16.1

8 has. 37s 7,200 11,57% 11,125 5,775 3,100 39,150
$ 1.0 18.4 29.6 28.4 14.7 7.9

9 has. - 2,475 11,225 5,125 425 2,125 21,375
% 0.0 11.6 52.5 24,0 2.0 9.9

Total |has. 4,075 55,772 74,897 101,169 48,12’ 138.383 422,708

t 1.0 13.2 17.7 4.0 11.4 32.7 100
31.9 35.4 32.7
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Absolute and Relative Araa by Land Capability

Classes and Micro-refiions in the Chapare Project

Area under ADVANCED, ARTESANAL technology

Micro-region A P C Fy Fy X Total
1 has. - 775 - 1,050 8,275 80,836 | 90,93¢
3 0.0 0.8 0.0 1.1 9.1 89.0
2 has. - 70 550 . 6,402 | 12,325 15,425 | 34,777
% 0.0 0.2 1.6 ! 18.4 35.4 u4.u
| i

3 has. { 6,025 25,650 6,725 5,400 3,250 1,200 | 48,25¢

% 12.5 53.2 13.9 | 11.2 6.7 2.5
o

Y has. - 15,186 6,588 | 8,767 9,437 10,547 | S0,82¢
L 0.0 30.5 13.0 | 17.2 18.5 20.8

5 has. {15,350 8,575 - 7,750 1,250 675 | 33,60¢
) 45.7 25.5 0.0 | 23.1 3.7 2.0

i .

6 has. - 16,450 4,375 | 3,475 4,775 10,650 | 39,72¢
t 0.0 41.4 11.0 ! 8.8 12.0 26.0

7 has. § 8,525 24,725 4,450 18,425 2,900 5,050 | Gu,07¢
% 13.3 '38.6 6.9 -28.8 4.5 7.9

8 has. 375 21,375 1,350 7,175 5,775 3,100 f 39,15C
3 1.0 54.6 3.4 18.3 14.8 7.9

9 has. } 3,775 11,225 - 5,450 42s 500 | 21,37¢
) 17.7 | 52.5 0.0 25.5 2.0 2.3]

Total has. [ 34,050 124,331 24,038 63,894 ue,u12 127,983 |u22,70¢
% H 6.1 29.4 5.7 15.1 11.4 30.3 10¢

H 43.2 26.5 30.3
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6, 5.‘und 8. In these areas, tﬁcr; has booﬁ aettlcmcht, mostly spontane-
ous, of lands classed as suitaﬂle only for forestry (F) and, in not a few
locations, only for absolute protection (X). This settlement is located
along or within walking distance of the existing high;ay and pcnetraiién
roads. It is reported that some of this cettlement and clearing took
placé in spite of oppositicn by the Mational Colonization Institute. The
National Agrarian Neform Institute actively promotes settlement as part
of a policy torusc the Chapare for the disposal of surplus people from
the overcrowded highlands.

4.4,1 Nicro-resions 1 and 2 include no significant area of land having

agricultural potcatial at either technological level. Ninety purcent of .

the land in HR-1 is clacsed as euitable only for Protsction (%), the re-
mainder for Forest Production (F). MHowever, land clecaringn for shifting
cultivation followed by grazing of livestock was observed ‘to be occuring
in this region, not only on lands classed for forestry but olso on pro-

tection-class lands. The National Agrarian Reform Institute has divided

‘up formerly large private landholdings in the arca as family;sizcd farms,

Farners arce producing locoto peppers, corn, arracacha, and some potatocs
{:.thc better T1 lands under a system of shifting cultivation, around
ablas lonte, In other areas fhc principal land use is livestock grazing
in both clcared land anq in degraded natural forest. The graziné {s lead-
ing to severe crosion and vegetational detcrioration and should be discon-
tinucd in favor of forestry or protection, as recormended on the map.
Further settlenert of people in this IR should be discouraged and strict

land use controls should be imposed on present inhabitants;

Under Advanced technological system, some 775 hectares will pass into

the Permanent Crops and Pasture (P) category. An extention =gent should
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pe assigned permancntly to promote fruit orcha“ds (pcache,. chcrimoya etc.)

3 thcse lands and to axd farmers in perfectxng their prcscnt shifting culti-

/ation systen on intencive Forest'Production (Fi) lands. Locoto, arracacha,
and green lcafy vegetahles under long-term rotation with timber plantations

could stabilize land usc and heighten productivity and human carrying capa-

ity in the region without further damaging the watershed and its hydroelec-

ric potential.

4.4.2 Micro-rerion 2 is in similar circumstances, except that .omevhat more

than onc half the total area is classed as suitcble for some form of forést
production, (nostly F2). The forestry lands are located on tiic beach ter-
races rordering the major rivers. Some but not all are currently being uti-
lized for shifting cultivation-or for permenent crops such as banana, pepa-
ya, and pincapple, which are sold to passing truckers. The transport advan-
tage being very great, there is a real danger that these scattered rcadside
.. farmers will expand clearing onto the very steep Protection category lands
uphi1] - fron their farms, causing, major landslides and problems of a similar
nature affecting the highway infrastructure and the hydrographic regime
downstream. A program to climinatc agriculturc from non-agricultural land
. along the main highway is of particular importancc. People located here
should be given preference for relocation onto the lower plains and the pre-
sent legislation dcsignating these lands-as National Protection Fﬁrcst should
be enfgrccd. |

4.4.3 Micro-region 4 is in an intermediate situation. Roughly r-

cent of its total arca of 50,000 hectarcs is totally unsuitable for agricul-
bt

o

ture, but can be used in great part for intensive forest production (FEZJ

S

—

Some thirty percent of the area on its northern borders' with well-drained

high terraces is sultable for Permanent crops without Pasture (C)_éz-gz:ifnt

m——

7
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levels of technolory and, were Liiis technology to be upgraded an additional

15 percent of land, taren frow vhat is now in the F,-class, could cunter into

-

Epis procuction gatecory. -

This is one of the most important arcas of coca production at present.
Tembe, or _pejiballe (peach palm), with its relatively high-valued palm
heait, would witheiand the high rainfall conditions of the preconinating

Tropical wet forest lifc zone Lere, and this night be.a priority area for

peach pala production as a substitute for the coca. Replaccment could be
gradual, on lancs classed as T ané C. ¥ith a high technology system of
tembe production, lands clansid In the Fi catcgory on sore soils could also

be devoted to this crop.

Few other trec crops will perform well in this micro-region but the
fol;ouing should be intrecuzed and tested at the Chipiriri Experiment Sta-
tion: breadfruit, jackfruitv, carambola, African oil palm, abaca (Fanile
hemp), rambutan, pulusan, guarand, cocona, and yautia (sec Table 9). For-
estry cystems to be recommended are considered following sections of this

rcport.

_4.4.4 Wicro-region 6 is only marginally better than LR-4 in terms of suit-

ability for agriculturc. As in the fortaer case, thcre are no lands apt for
Clean Tillage (A) but a total of 38.8 pcrccnt of the areca can be used for
Permanent Crops, 14.2 poercent falling in the higher quality B.catecofy and
the remaindc in the C or Agroforestry class. By introducing an Advanced
level of technology, and additional 13.6 percent of the area could be brought

from the Forestry category into the Permanent Crop categories (compare Table

8A and 8B).

This micro-region scarcely reaches into the Subtropical wet forest at

all and has a large arca on the south of Mountain and Hill regioh

W
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physisgraphy. much of which is in the Subtrofical rain forest. Twenty-cix

percent of the arca falls in the Protection (%) category and 34 percent in
M . —
[orest Production (F). On the Pjcdront and High Terrace sectors, coils arec
P m—

variable but suffer, as in the case of HR-4, from the excecsive rainfall

of the Tronical wet forest 1ifc zone. These conditions 1irmit the crop

choices scverely. Tembe is, araiu, the crop of choice, and other species
which should perform well with appropriate varietal . introductious and im-
proved farming practices, arc banana and pl#ntain, Indian wheat, Xola nut,
dasheen or taro, oil balm. cinnaron and cassie, ltanila hemp, and nossibly
some of the other species recomnended for trial plantings at Chipiriri in
. ﬁRfH. On very deep, well-drained soils, such as these found in the
Piedmont and lMich Terrace landfornm types (P, Pni, possibly 73), tea vould

be expected to perfera wvcll in the Tropical wet forest 1ife zonc arcas of

this and other ricro-regions. Tea {s a calcifuge and clumiriun accumlator
and requires decp, vell-drained acid soils for hest perlorance. Approxi-
mately 5.003 hectares reeting these conditions are found in MR-6.

4.4,5 HMicro-rerion 7 follows 6 in order of inereasing suitability for

agricultural ceveloprrent, Forty-point-scven percent of {tc totcl arca can

—
be.used for crops, all Permancnt under Traditional technology; and 18

m——

percent rore of the total area could be added to this if Advanced techno-

logies were instituted. This nicro-region has a decided advantage in that

— v

"

it is very large (64,000 hectarcs, approxinately) and 39 pereent of this
v"

area falls into the P - Perranent Croos with Pacsure catepory at Tradicioral

Co == s —— ———el

prmmm—

land use levels. Furthermore, so07:€ 8.500 hectares can he utilized for Clean
/‘f —
Tilled Crons (#) under Advanced technolory. The reason for this favorable

quem— T

situation {c that a very larpe part of 1Y¢ picro-repion falls in the Sub;

-

J

tropical wet forest life zone vhich. as vas dfscussed previously,. is
T .

&(7
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significantly less restrictive to agricultufe.

Of the non-agriculthval lands, the greater pa;f,'some 38.7 percent of
tbc.totai area, fall in the intensivc Forest onduction (71) category under
Traditional production metho&s: These lands arc, for the most part, elimi-
nated from a;rlculture only because of their poor drainage or seusonal flood-
ing characteristics. They will produce crops of such excellent swamp-forest

timber species as thc native sangre de toro (Virola spp.) and the exotic orey

(Campnosnersa panamencis). Under introduced Asiatic technologies, some lands

in both the Z and the F, catcgories could be converted to continuous clean

tillage for the production of paddy rice. [Ixcellent soils exist in the Hiddle

——

Terrace landforn region under synbols Tho, Tiib, and Tlm for such a conversion,

and water control is possible in all three types.

The roster of cconomic plantc which arc known to be or are probably
adépfcd to the §g§1§ggigq1'égx forest bioclimate ic much larger then that for
the wetter bioclimates, as can be appreciated from Tab}cﬁ. From the specics
on this 1ist the Chepare farmers now have commercial success in this life zonc
with pincapple, papaya, several citrus cpecies, banana anad plantain, rice,
yuca, peanut, raiz, and tomato. lHouseyard fruits of excellent quality such
as tugar apple, giant granadilla, annatto trce, water apple, ice cream and
machete bean, and guava were observed in the arca. These as well as bread-
fruit, peach palm, cepsicum chiles, citrus, taro or dasheen, squash, gruya,
éucet potato, vegetabié sponge, becans, sugarcanc, coﬁpeas and yautias arc
undoubtedly grown as an occassional subsistonco.crop or as fodder for door-
yard pigs and chickens.

But these same specics, and many others indicated in Table 9,are po-

tentially commercial crops if the economics look right. Amongst thosc for

introductory trials or limited commercial test'~g, I would suggest:

v
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economic scale of production, research requirements if any, and recommended life zones.

Zconomic Plants with probable adaptation to Chapare climates and soils with notes on product,

SCIENTIFIC NAME

COMMON NAME

PRODUCT ECONGMIC REQUIREMENT LIFE ZONES
SCALE

Anacardium Occid;ntalc Cashew Fruit, Nut, 0Oil c Test plantings bh~-T4; bmh-ST
Ananos comosus Pineapple Fruis C,S Plant Out bh-Te; bmh-ST
.Annona reticulata Custard Apple Fruit c,S Plant Out bh-Te; bmh-~-ST
Annona muricata Soursop Fruit Cc Test plantings bh-T4; bmh-ST
Annona squarosa Sugarapple Fruit S Plant Out bh-TA; bmh-ST
Az achis hypogaea Peanut Vegetakle C.S Plant Out bh-T4; Exh-ST
Artocarpus altilis Brcadfruit Vegeteble S,F Plant Out bh-To; bah--S'r;. To
Ar tocarpus integrifolia Jackfruit Vecetabie S,F Pla;r\t Out bh-Té; bmh-ST; To
Averrhoa carambola Carambkola Fruit C.,S Plant Cut bh-T#; kah-ST; To :-:
Bactris utilis Peach palm Fruit, Vegétablc TC,S, F Plant Out bh-Ts; bmh-ST; T f
Bixa orellana Annatto trece Lye ' C,s Plant Out bh-Ta; 'hnh-S‘r. .
Cajanus cajan Pidgeon pea Vegetable S Plant Out bh-Ta4a; bnh-ST
Calocarpum viride Green Sapote Fruit C,S Plant Out bmh-ST; bah-T <o
Camelia Sinensis Tea Bcverage Cc Teat Planting Ekmh-ST; T ; bp-ST
Canarium ovatum Pili Nut Edible Nut c,S Trial Planting bh-T4; bmh-ST .
Canavalia gladiata Sword bexn Vegetadble S,F Test Planting bh-Ta; bmh-ST
Canna ecdulis . Gruya Vegetabie S,F Plant Out bh-Ta; mh-ST
Capsicum annuum Hot pepper Spice C,S Plant Out bh-T4; bmh-ST
Carica papaya Papaya Fruit c.s Plant Out bh-T&; bmh-ST
Caryocar nuciferum Sauri-nut Edible Nut -C,S Trial Planting bh-To; bmh-ST
éhrysophillum Cainito Star Apple Fruit C.S Plant Out bh-T¢; boh-ST; T
Cinnanomum zeylandicum Cinnamon Spice (o Test Planting bmh-ST; bmh-To.

—
r—
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SCIENTIPIC NAME

COMMON NAME

PRODUCT - ECONOMIC  REQUIREMENT LIFE ZONES
SCALE

Cinnamomum cassia Cassia Spice C Test Planéing bmh-ST; !nh-‘rf
Citrus aurantifolia Lime Fruit c,S Plant Out bh-T4A;" bmh-ST
Citrus limonia Lenon Fruit C,S Plant Out bh-T4; Lkmh-ST
Citrus paradisi Grapefruit Fruit c,Ss Plant Out bh-Ta; bmh-5T
Citrus nobilis Tanger ine Fruais c,S Plant Out bh-T<; bmh-ST
Citrus reticulata x paradisi 'I‘migclo Fruis c.,S Test Plant bh-T4; bmh-ST
Citrus sinenis Sweet Orange Fruit Cc,S Plant Cut bh-To; Emh-ST; MB
Cocos nucifera Coconut Fruit, Oilseed C,S,F Test Plant bh-Ta; bmh-ST
Coffea robusta Congo or Robusta Coft’ce Beverage ) C,S Test Plant ‘bh-Ta¢ bah-ST
Coix. lacruma-jobi Job's Tears-Indian Wheat Greain, Forrage C.S,F Plant Out bmh-ST; bmh-T & '
Cola acuminata Kola nut Bevecrage (o Trial Planting brh-ST; bmh-T& S
Colocasia esculcnta Dashecen, ‘Taro Vegctable c,S,F Plant Out bah-ST; bah-T o '

. Corchorus spp. Jute Fiber (o Trial Planting bh-‘Db} bmh-ST
Cucurbita spp. Sguash-Pumpkin Vegetable c,S Plant Out- bh-Ta; bnmh-ST
Curcuma longa Tumeric Spice o] Trial Planting bh-T<; bmh-ST
Cyperus esculentus Chufa Yagetable S Trial Planting bh-Te; bah-ST
Dioscorea spp. Yam Vegetable c,s Trial Planting bh-Ta; bmh-ST
Diospyros discolor Mabola, Velwet apple Fruit c,S Trial Planting bh-Ta; bmh-ST
Elaeis quincensis African oil palm Oilsoed c Plant Out bh-To; bnh-ST; TA
Eteocharis dulcis Water chestnut Vegetable C Trial Planting bh-Ta; bmh-ST .
Elettaria Cardomomum Cardamon Spice o Trial Planting bh-T<; bmh-ST
Eugenia aguea Water Apple Fruit c,S Plant Out bh-Te; bmh-ST; To
Eugenia cuminii - Jambolan Fruit c,S Trial Planting bh-T4; bmh-ST

. Eugenia. Jambos Rose Apple Fruit ‘C,S Plant Out bh-T4; bah-ST

(s
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COMMON NAME

SCIENTIFIC NAME PRODUCT ECONOMIC  REQUIREMENT LIFE ZONES

SCALE .
Eugenia. javanica Java apple Fruit c.Ss Trial Plant bh-Ta; bmh-ST
Garcicia mangostana Mangosteen Fruit c,s Trial Planting bmh-ST; bmh-T
Hevea brasiliensis Rubber Latex c Plant Out bh-T4; bmh-ST
Hibiscus Cannabinus . Kenaf Fiber, Forrage c.,s,pP Trial Plani:ing bh~Ts; bmh-ST
Hibiscus esculenta Okra Vegetable c,s Trial Planting bh-Ta; bmh-ST
Inga edulis Ice crecam bean Fruit, Vegetadble C,S Plant Out bh-Tea; bmh-ST
Inga heterophylla Machete beaw Fruit, Vegetable c.S Plant Out . bh=-Ta; bmh-ST
Iporoea batatas Sweet potato Vegetable C.,S Trial Planting bh-Te¢ bmh-ST
Lecythis zapucajo Sapucaya nut Edible Nut c,s Trial Planting "bn-Te; brh-ST
Luffa cylindrico Vegctable cponge Vecetable, Other c,S Plant Cut bn-Ta; bxh-ST '
Macadamia spp. Macadamia nut Edikle Nut c,S Trial Planting - bah-ST &
Malphigia glabra Barbados cherry Fruit c,S Trial Planting , brah-ST v
Marrmea americana Maney apple Truit c,s Trial Planting bh-T4; boh-ST
Maranta arundinacea Arrowroot Vegetable C.,S,P Plant Out bh-Te; bmh-ST; To
Mucuna deeringrana Velvetbean Fodder S,F Trial Planting bh-Ta; bmh-ST; To
Musa x paradisica Banana, Plantain Fruit c,s,F Plant Out bh-T4; bmh-ST; To
Musa acuminata Red-lcaved banana Fruit C,S,r Plant Out bh-Ta; bmh-ST; TS
Musa textilis Abaca, Manila Hemp Fiber C Plant Out bh-T4; btnh-S'I:: T
Myrciaria cauliflora Jaboticaba Fruit c,s Trial Planting bh-Te; bmh-ST
Myristica fragrans Nutmeg; Mace Spice o] Trial Planting bh-T4; bmh-ST; To
Nephelium lappaceum Rambutan Fruit c,Ss ' Trial Planting bh-'ra; bnh-ST; To
Nephelium mutabile Pulusan Fruit c,Ss Trial Planting | bh-Te; bmh-ST; Ta °
Oryza sativa Common Rice Grain C,S Plant Qut bh-Ta; bmh-ST
Passiflora quadrangularis Giant granadilla Fruit c.S Plant Out ‘ bh-Ta; bmh-ST

AN
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SCIENTIFIC NAME

COMMON NAME

' ECONOMIC  REQUIREMENT

PRODUCT LIFE ZONES
SCALE
Passiflora edulis Maracuya Fruit c,s Plant Out bh-T6; bmh-ST
Paullinia cupana Guarani Becverage c,S Trial Planting bh-Ta; bmh-ST; Tdh.
: Varietal '

Phaseolus vulgaris Common Bean Vegetable c,s Sclection Trials Dbh-T4; bmh-ST; MB
Pimenta officinalis Ailspice Spice c Trial Planting bh-T4; bmh-ST
Pimente ucris Bay run tree " Essential 0Oil C Trial Planting bh-T4; bnh-ST
Piper nigrum Black pcpper Spice c Trial Planting bh-Ta; bmh-ST

- Psidium quajara Guava Fruit c.,S,F Plﬁnt Out Emh-ST; Te; bp~-ST
Sacc harum officinarum Sugarcane Other Cc,S,F Plant Out bh-T&; bnh-ST
Solanum hyporhodium Cocona Fruit c,S Plart Out ban-ST; Tey bp-ST
Spondias mombin Hog plﬁm Fruit c,S Plant Out \ bh-T4; bah-ST ;
Spondias purpurea Red mombim Fruit c,Ss Plant Out 'bh-Te; bah-ST :{
Theobrara bicolor White cacao Beverage S Plant Out bh-T4; bah-ST; T
Theobroma cacao Cacao Beverage c,s Plant Out bh-T4; bmh-ST
Vigna: sinensis Cowpea Vegetable c,S,F Trial Planting bh-T4; bmh-ST. .
Xanthosoma sp. Yautia Yecetable c,S,F Plant Out bn-T&; bmh-ST; TA%‘

Key to Economic Scale:

C = Commercial or Industrial

S = Subsistence

F = Forrage

NUIN

Key to Life Zoncs:

bh-T =
brh-ST =
bah-T =

co—-ST -

bmh-i4B =

Tropical moist forest transition to Subtropical
Subtropical wet forest

Tropical wet forest transition to Subtropical
Subiropical rain forest .

Subtroopical iLcwor Montane Wet forest

;\;idst does not include pasture or forrage grasses or garden vegctables. Plants not on list are not recommended for

the Chapare.
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sugarapple and soursop, peach paln, pili nut, robusta coffec, swamp taro,

rangosteen, rukber, macadania nut, jaboticaba, rarbutan, pulusan, maracuyd,

black pepper, and allspice. It will be noted that wizb_ihg exception of the

taro, pepper, and maracuyd all are perennials and cither large bushes or

-
treec. They would,therefore, £is well into the pernmanent crops-tree nlanta-

- L —

tion matrix which is implicit as a cvops production systcn in the P and C
— —

l1ané. use canability cateenries In this and other micro-rerierns with larre

e ————

areas of Sut‘ronical wel foresnt. Swamp taro, @ giant varjety of dasheen,
W -

and vater chestrut should be testcd as specialized crops fer pernancntly

:et deprescsions and scascnally flcoded lands. VYherever these ar2ds re-
ceive annurl overflew of cedirent-lacen river water, soil fertility is high
and these specics should prosper. facheen is excellent fecd for both he-

mans and hogs, vater chesinuts arc a choice itenm in Chinesc cockery ané

are canned for export.
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4.4.6 Micro—rcgion 8 turns out to have about 49 percent of its total land
e e

area in land capability catcgories A, P, and C. It is roughly similar to

Micro-regions 7 and S in this respect. But this region has a somewhat
difforent combination of soils and bioclimates whilst achieving the same
averages. For one thiﬁg, it has a subtantially large area of aaverse
climates in Subtropical rain and Tropical wet forest life zones in its
southern extremity, but these negative biclimatcs are combined with cxcep-
tionaily deep and well-drained, occasaionally-fertile soils of the Piadmont

and High Terrace landform types. This is ore of the few arcas where cattle

raisirg under pasture systems are ain!‘ed. P category lands are the only

-3:;;“ﬂ og;s suitable for this purpes2 in the ivicro-region. Land units in the P,

-— a, and TA landform types in tubtropical wet forest would be the lands of
cheice for experiments of the modular type sujgested by linojosa. About

4~uu))“JA' 3,500 Hectares in these types arc available in a belt near the Satja River

from which to select a trial zrea. Some of this land is alrcady in cattle

roduction under tr~diticna’' ygrazing cystems; results do rot ap;--ar
rade-acha, g i

outstanding.
Micro-reg!on 8 has a rather large area in lands of the F category.
There is already a sawmill near Ivirgarsama and these lands could be put

into sustained yield managcment for sawlog production as most 6f them arc

\@,ug conveniently located in the northern part, near the town. Current use of
ZZ { these lands for shifting cultivation and cattle raising is causing serious
s0il erosion and rural proverty is manifest.

4.4.7 Micro-region 5 is onc of the two micro-regions with the highest

agricultural potential in the Project Arca. 1In it, 50 percent of all land

is of agriculiiral ) jtional levels and 7) percent if Advarced

techniques are emploved, It also has the largest area of land in the

a——

4
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Clean-tillage category (A):. 1875 hectares. This land comprises well-

. drained middle terraces in the Tropical moist forest transition to Sub-

tropical life zone.

A much larger area suitable for clean tillagc is available if advanced

ap—

technologies arc applied: 15,350 hectares shifting from P to A in subtro-

——

pical wet forest life zone on high, well-drained terrace soils, for the

most part. Some of the accretion (5,650 Ha.) cowes, however, from the in-
PR iy

clusion of depressed terrace arcas with only forcst production capability

(F1). Clean-tillage would only be for the prciduction of paddy rice, with

adequate water oontrol on these lands. The Clean-tillegz (A) lands ore

—

otherwise the lands which could be devoted to corncreial dryland rice pro-
am—
duction, in the Subtrcpical wet forest lifc wonc area ax shovgl oo the pap

—

(Map N° 2), and to pednut production, rice, maize, or sugarcene in th-

mm———

Tropical noivt forest lifle zoune area. Howcvey, thele sioc lands sn the

Tropical moist forrst area (zbout 1,875 ha.), and on another 1,825 huctares

in adjacent Mik-3, might more advantaccously be devoted to the production of
cacao, inasmuach as they arc the lands best-suited for this crop in the
entire Chapare Project Area. Cacao might also be tried, but only experimen-
tally at first, on the well-drained, subelevated high terraces (TAs) and
moderately well-drained subelevated gigh terraces (TAsi) in the Subtropical
wet forest life zone area of this ana adjacent MR-3. Almost 7,000 hectares
arc available.

The very large area of land in the P and C categories in region 5 and

the fact that the bulk of this land is in the Subtropical wet forest life

zone indicates that therc woulid be a sigrificant posjtive response to re-

search and extension efforts concentrated there for the promotjon of both

”~

traditional and new permanent crops and cropping systems. Working on' the
e

m—

5
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base of established agroforestry practice as outlined py Hoffman and des-
cribed by Pool (this survey), research and e;tcnsion personnel should |
attempt to introduce new cultivars of highe}-than;avetagc economic potential
into the existing systems, to modify those systems over time, and to enhance
their overall productivity and output tﬁrough on-farm testing of modified
pto@uction practices. .

A major recommendation can be mxde in this regard; forest fallow cycle
(chume) should be lengthened t& at least ten vears in all gystems where« such
a fallow is used at all; at the time of clear-felling, tha woody biorass

should be harvested as a csrop, all woody small, non--sarchantable debrfs

‘including bark, small branches, ctcetera being chopped and left to descom-

pose as an organic nulch cn the =oil surface rather than being hurned;

and occ;ssional large trees of timber quality species in the chune should be
left standing both as a seed sowrce for nearby sccond-growth and to come to
£ull econonic staturc and volunc prior to harvest. This recore<ndaticn
requires another: that a forest industrial compoaent for the local conver-
sion of the wocdy biomass into paper pulp, hydrolyzed stock fecd, trcatcea
posts and poles, and small dimencion stock and lumber products be included
ln the agro-industrial developmcnt aspects of the Project.

4.4.8 Micro-region 3 is similar in many respects to MR-5 except that it is

larger and has an appieciably greater total area of the poorer, C-category

lands. Also, its southern half, more or less, is occupicd by Tropical wet

forest, part of which overlies Hill landforms and these hills are extremely

steep and dissected. Northwards, however, the Tropical wet forest overlies
mostly well-drained High Terraces, compensating in part for the excessive

rainfall, for these soils tend to be dcep and well-draincd internally. Undcx

Traditional technology, most of this southern area is of only intensive
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forestry capability (Fl) but with Advanced ‘technology, the land might be

Q—

used for agroforestiy in the C Category, and this raises the total agriéul-

tural area from 59 to almost 80 percent of the total land area of 48,250

hectareas in the micro-regica.

~—'
Truly, this is the agro-forestry arca of greatest potential in the

——

Project Area, whilc there is a subetantingl additional area for Clecan-

———

tillage and for Peranent Cro:.s with Pacture on the no:thern half, where

—

both Subtropical vet foregt oud Toopicel zaist f(arest life zones provide

greatly inmproved rliratic conditions for agricultyre. Remarks concerning

these climates and crop adoptability made in connection with the iR-5 and

MR-7 arcas are generally applicabie here as well and will not be repeated.
The micro-region is apparcntly fully settled at the present time. It

has onc of the best seccadary_roaés of the region running throush it via

San Miguel, 14 de Scptiembre and Sun Franciicc. Thic and other recondary

roads should be extended northwards into the Tronical moist forent life

zone areas just beyond the preo-ant boundaries of tic MR in ord~r to opew up

these climatically rmoict, potertially richer agricultural regjons to settle-

ment. New road constriuction under the Project should be d:vected in this

way rathcr than westwards (in HR-4) or southwards (in MR-8) if ccologically
——
(and economically) rational ex:unsion of colonization is to be achieved.

p—
4.4.9 Micro-region 9 occupies a smaller area than any of the other micro-

regions (only 21,375 ha.). Under Traditional technalagy is has the largest

total percentage of its area in lands suitablc for agriculture, but the bulk
—

of these are C-catcqpry lands: 52.5 percent. These lands enter into this

category largely because of their morc favorable climate: there is no Tro-

pical wet forest at all and Tropical moist forest occupies the northernnost

part of the area. Soils, conversely, are rather poor, being low Terrace
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landforms between the Ivirgarsama and Ichilo.Rivets. 'Th;y are subject to
frequent and rather deep flooding, have‘hiéh ground water tables, and are
not particularly fertile. Crop production potential is thércfore limited

to species which can tolerate wet fect: breadfruit and jackffuit, possibly
rubber and cacao -- on sites where floodwater keeps moving to provide soil
oxygen. These conditions arc met on the qatuxal levees, moderately well-
dra;nad low terraces, floodable low terraces, and riverbank compley (TRA,
TBm, TBi, and TRc) in this micro-reyion. On the nrorth, particularly, in the

Tropical moist forest,conditions are optimal for cacao on the better-drained

cites. Rubber might be grown given attention to drainage, on the mcderately

well-drained 1o« and mediun terraces in the Suht£9p1c31 wet forest lifo zome

area vhich occupies the entirc micro-r.zion snuth of Puerto Villirroel.
Evaluation of the performance of exinling plantaticns there and t.fal plant-
ings sliould preceed any largce commercial promotioi, however.

MR-9 ic a prodblem recgich because of the flooding problem. On lands

clasved for Perranent Crorc and Pasture (P), however, a water bBuffalo option
might be extended over ¢ very large arca of lands along thc highway {(C-cate-

gory under Traditional technology). Buffalo, unlikc cattle, are able to

prosper.on the poorer forrage and intermittent flooding conditions which

—

occur on these lands.

——

Another possible crop for these lands is swamp taro or dasheen (Caloca-

sia esculenta). Giant swamp varictiec are available from the Southcast Asia

and Pacific regions. Dasheen is an excellent, casily digested starchy food
suitable for local and regional huran consumption and can be uscd as a main
food source €rr swine production. By adding tembe as the main protein
source, plus pl&ntain, breadfruit, jackfruit, and kudzu, swinc may be raised

efficiently to good size entirely on locally produced rations.
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A.vay froa the highway, much of the floodable land in MR-9 is still in
forest today, apparcntly because people havé not been able to learn how to
cope with the flooding. This land has appreciable stands of second-growth
and some virgin timﬁcr but the timber trecs are disnersed, being intermixed
with very large nunbers of wild palms ;nd some bamboo (Guadua sp.). At;cmpts
should be made to deveiopc these lands withour just wiping éut the original
standing biomass. Many of the pdlms, such as the éhonta (Astroéggxga sp.)

and the pachuba (Irjatea cxorcisa) are valuable for their fruits or palmito

and many other species are also present, which sould be invistiguted. The

barboo, of coursc, highly toulerant of the f£looding, is emninenily suitable

. \

for many farnm construction prrvrposcs as well as being a poteatial gource of

long-“ibes papey oulp.

These rcmaining forests in the floodable lande should ther:ifore be

studicd furth>r and a program chould be set up for thejr rational utiiizs-
tion prior to or in connection with future farm devclopment wherever highex-

than-forestry uses are reccrcended on the land capobility rap. Tor the

w‘rorest Production lands (F), explitation might be best requlated through

the establishment of cogrunally-owned and operated forests, with technical

assistance provided initially by the Project.

(III RECOMMENDATIONS)

5.0 Actual land Usc Survey and Continuing Land Use Surveys

Although much of the Chapare lowlands are settled in either planned or

_ spontaneous colonies, and although the gencral location df specific types

of production is known to PRODECS cxperts-(e.q., Hoffman), actual land use
and its extention-at a detailed level is unknown zi.d unmapped. A detailed
map and objectively-derived field data on arca-by-area crop location a:nd

productivity, species, and varicties grown, arcas occupied, production systems
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employed, and related social and cconomic_f;ctors simply does nbt.oxist for
the Project Arca. Yet ;ﬁis type of information is essential to rational -
planning for further development there.

An actual land use map, one; prcpared, can be compared by overlay with
the land capability map (Map N° 2) to dcterminc arcas of appropriate and
inapptopitate land yses under cxisting technologics and to identify areas
with advﬁnced technology already in plac?, if any. Thé comparisbn will -:.
identify especially those arecas wherc actual land usec is not consonant with
'cap&bility, both those over-used (incdicating a nced for withdrawal or rca-
‘justmcnt in use) and thosc not uscd up to capability, (indicating an cpnorx-
tunity for new developmcont or increase in the levels of farming or forestry,
inteasity). These are esscential investigations for the orientation of ;n
extension (and certain aspects of a related rcsearch)proyram.

: An actual land usc mupping project is recomaended, thercicre. Exint-
ing, moat-reccent acrial photographs are available to be used as a basiu for
pre-mapping by photo-interpretation, followed by field grouwnd cliacks of
actual land use in the Project Areca. Crop, pasture, arnd forcstland bound-
aries and vegetational cover upon each field, indicating crop and crop-mix-
tures would be identified. Notes on crop quality and ptoductivigy would be
added. From the photographs, a final map at 1:50,000 scale would be
compiled for usc by farm planning tcams (see 7.0). The work would be cen-
tered in éRODES an8 some of thcir field staff would assist in mapping, under
an AID—dcsigngtcd project leader cspecially traiﬁed in the mapping techniques.

In order to monitor progress of the project, it will be desirable to
repeat the actual land usc mapping ag least once every two or three yeurs.
Changes in land use, crop arca and location, fatmingg%%tﬁvq%ty and practice,

will emerge from comparison of the maps. Before each new survey, new aeridl

|,
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photographs should bc taken. Dudggc provisions should be m;de for this
photography. (Satellite imagery is not.suitable for this type of inventory,
lacking the resolution needed for derivation of dctail);: The initial survey
should take placc before the Pr;jcct itself is fully dcsignod or initiated.

6.0 Detailed Stwlv of Soil Fertility'ond Aqrometcorology in Prod duction Areas

The existing PRODES (SAN-IAB, 1980)ccilc map is at a too gencralfn level
for farm planning purposes. It is thercfore essential that a more accurate
and detailed soils map be prepared or all areas shown in the Cleun-tillage,
Permanent Crop, and Intensive Forestry (A, P, C, Fl) category arcvas on the
¢
Land Capability Map. This mapping work should begin with existi.g colonics
and scttled ar~:5 as indicated by the actual Land Usc Map (recom:ended above)
and prca=ed subseaquently to cowver those arcas designated for future coloni-
zation. Farm plan:ing and extention c%nnot proceed vithout such a lLase.

It is sugcested that rore practical and techrologically appropriate po-
rameters than hzve been used herotofore be applied in the soi)s survey work.
The methodology and focu: of kuol ct al (1975) according to fertility is sug-
gested for a map at a semi-dctai)ed to dectailed level-of-observation and
scale.

In addiﬁion, in order to attain a better stratification of cnvironments
for planning production objectives and ferm design, therc is a need for a
denser and more systematically distributed network of agro-metoorological
stations in the projeét ;rca. At least five major and ten minor (precipi-

tation recording) stations should be added to the exi:iting network.

7.0 Farm Planning Tecams

-
v

The 1hprovemént of agrizulture, ever on small farms in the ten to

w&tu’enty hectare range, requires as a pre-condition, thc preparatxon of a

#'})-’ IM a map of future production SUW

oy

novale Ui [/l
o fohfarina_ |
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and rétation schedule. Such a plan should be based upon a dct;ilgd survey
and map of the physical conditions present on the farm, individually. The
survey need not enter into academic-type details on soils but rather indi-
cate thq soils, slopc, drainégo.unit-combinations and their inheraent indiv-
idu§1 production possibilities, crop idaptations, rcqpircmcnts as to farming
practices, and calendar of synchronized annual activities.

The U.S.D.:.. Soil Conservation Service pioreered the farm planning
technique in the U.S. and their model is still the best known for the sort
Qf.extension activity anywhere. Tcans of planners including a soils con-
servation-plant nutrition expert «i:d a farm nanagcnent-cconon:vg viait
individual farme on invitation of the proprictors and cover his terrain on
foot to prepare such a plan and wmor-. It is jccore:'nded that a simi)er pro-
cedure be folloved in Thz Chapare Project. Jf a detziled soil. may is pre-
parca for entive cortuni'y arcas before hand, (xce 6.0 alove), then thi«
process might be éffected more rapidly and efficiently. This would be an
integral part of the rueccarch and cxtcnsioﬁ aclivities of the Project.

8.0 Forestry Extension and Forest Industrial Nacc

Almost 150,000 heclares are classcd es suitable only for forcstiry

/l/)‘lg’ in the Chepare Froject arca (Table 8A). This is somewhat iwore land than

—

lgEpr \lball land of agvicultiral potential taken togcther at Traditional levels of

7/ ’ié{ forming technology. A furthers large arca of land, used in shifting cultiva-
tion on agricultural quality land for soils fertility restoration reasons,

is in secondary natural forest (chumc) at any given timc. Probably close

to 200,000 ha. jin all is producing and will probably coptinye to produce

woody biomass under all forestry and aqro-forestyy productions systems

,;hroughout the irmediate future. This laryc area and its forest cover re-

—
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praesents an enormous under-exploited raw material base for the eventual sup-
ply to local industries, as has been pointed out previously in this report
and_by McCaffrey (this survey). 1In ofder that this recource be efficiently

utilized rather than vasted as is currently occuring, two thihgs arc neces-

sary, (1) a forestry extension procram to tecach farmers how to get the most

S

out of their woodlots, ccormunity intensive-forastry arcas, and natural

Pr—

sustained-yicld forests, and (2) thce creation of a local industr.a) hase for

the elaboration of woo! products fron Lhe raw raterial wivich thousands of

small farrns and forests can. supplvw.

R

McCaf?rey has suqeuested the details of such prodgrams. The land capabi-
‘lity survey supports hiz contestion that it is necessary and would be
econonically and tezhnizally feanible. ;niiiully, a stuly sheuld be coun -
missioned to determine the most ceoncrical mix of forest industria! enter-

prises to be fostercl.

Foreslry exter o «lavld Lo coadycted ipteqrell)v with agricul tural
) 1y

— ——

extension, as should its rescarc™ aspects, 3f true agro-forestry prcoduction

systims are to be ceveloped in the Projcct Area.

S

[
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9.0 Apro-forestry as a lajor Preduction Frphasis

Farmers in the Chapare are today practicing a rudimentary form of
agro-forestry. It hzs been their exnerience that clean-tilled, annuals
and pasturire of livestock are uneconomic excent as small scale components

of semi-permanent and pernancat, mostliy hush and tree cropping systens in

UV);\b4J>' rotation with naturally regeneratcd. ferest fallows. The land capability
[ 4
)P B/r‘“&txa analysis indicates that their expericnce iz valid and that vhile greaser

productivity and an enlarged assortment of corsercial crops can protatly

be frown, it i5 not adviscable to alter thic cusential agre-forestiry focus.
A crop matrirx of the larger fruit, pun, nut, o{l, and latex treas ray

cvertualiy be designed to obviate the precent necossity for shovt tein

rotations wish foresnt, however, at least upon the bettar lands. Tradicnal

A ———————————

cyctend of heef £ 5n the repici anyuhs, and

should not lo rrotatad,
—

Farm extension sroprans and telr related wiosite renaarch and fraa

—

plantings s'culd be consentrated o the northern area in Sulitraplcal vet

qu—

forest lifc sonc and oviented tovasds Luilding wvpon the preosent Tara croppiag

———

systens as cutlined by Halfman (1603).  Traine! agro-foresiry techniciaus
- O =

~
cliorld be the cantra) lements aswnpet the extens’-.n activity perscrnel and
/
should lead the way o c¥derirents) deuipn and trial of vy micht lLest b
p— ——
called “enlicnced" and "nmore-fiaely tuned” systens of uroducing such perranent
S

crops as banana, plantain, papays, yuca, and citruz, vhile dounplaying coca
and replacing it progressively with high yielding and prolitable trce crops
such as peach palm, robusta coffee, rubber, tea, and others named in this

report. Both nixed and single specics plantinfc shouid be tested to doter-

mine the be.t types for given Jand and soil situations. Under intensive

Wy
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forestry, the prefered activity in "much of the southern arca (Tronical wet

forest 1life zone), emphasis should be placed on systems under which sccond

growth stands are held'long cnough betweecn schort term open-field croppings
of subsictence crops to provide a pood cconomic timler crop upon {elling.
Farmers should be cencouraged 1o hasvest =nd deliver their own wood té road-
side. Yo-burn systems of greund preparation, including the Central American
"tapado" systen of hear and carn produaticn under brush mulch, should be

Introduzed. ‘llcre hcans ohouid Le grown In the repicn: people are badly

nourichzd in cenewel and beans are rhe hest vegetable source of protein.
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- ANUEX A
* (AMEXO A)

TABLE OF NQUIVALENTS /3D SYMBOL: DHPLOYLD Od LAHD CAPARILITY MAD -

(TABLE DL LOUTVALLEGES Y STHBCLOSL USADOS Tti Tl HAPA DL CAPACIDAD
DL USO MAYDR i LA TTERRA)

- PRODIS Soil Land’ Capability
Map Symhol Hap Symbol
(Simbolo cn el (Simbolo en el

Physiographic Unit
Hapa dec Suelos Mapa Presente)

(Unidad Fisiogrdfi Loca). Landforn

ca) (Forma Terrcstre Local) de PRODES)
lountains High hills A.1.1 MCA
(Montaiias) (Colinas fltas)
" .Dissected nigh hills h.1.,2 MCAd
Colinas altus disectadas)
" Long sloper. h.1.3 1S
(Pondientes)
" Dissected loun nlopes A;1.3.1 14Sd
(Pendientes ¢iacctadas)
" Very stecp Jonrn slopes h.1.3.2 MSvs
(Pendieites v escarpadas)
" Steep leag slopen A.1.3.3 M5s
(Pendientes cscovpadan)
" Midds with shart and disuected
sloyaes A.1.3.h HCAsd
(Colinas con peadientes cortas y
discctacan)
" Vallevs vith Colluvial and Alluvial
Sedinents A.1.3.5 HCAvV
(Valles con Sedimentos Coluvio-Alu-
viales entra Colinas)
" Steep stream banks A.1,3.6 MCAL
(Interfluvios)
Low Hills Low hills A2.1 CB
(Colinas Bajas) (Colinas Bajas)
" Dissected Jow hills A.2.2 CRd
- (Colinas bajas ¢isectadas)
" Deeply dissceted Jow hills A.2,3. CBdd
(Colinas hajas fuertemente disecta-
das)
" Very dissccted Slopes A2.4 CBsvd

(Fendientes muy disectadas)



Physiographic Unit
. (Unidad Fisiogra-

fica)

Local Landform .
(Forma Terrestre Local)

01d Symbol

(Simbolo Vicjo)

Symbol
(Simbholo Nuevo)

Low rillls

(Colinas Bajas)

"

Piedmont

(Pie-de-lonte)

Hipgh Terraces
(Terrazas Altas)

Sliphtly dissccted slopes ‘
(Penc¢icntes ligeramente disectadas)

Deeply dissected slopes
(Pendicntes fuertomente Gisectadas)

- Platcau
(Mesetas)

Slopiug plateau .
(Vesctes con pendientes lipgevanente
inclinradas)

Slightly slopins slopes
(Pencientes ligeramente inzliaadas)

AlLluvial terroces
(Terraszas Aluviales entre colinac)

Valleys with Celluvio-alluvial
Sedinuents

(Valle: «an sidincatos coluvic-alu-
vialee) ’

Severely eroded low hills
(Colines Bojas fuertemenic erosiona
das)

Piccdinont
(Pie-Ce-monte)

Alluvial Fan
(Abanico Aluvial)

Sloping platcau
(Meseias con Pendientes ligeramente
inclinados)

Poorly-drained terraces
(Terrazas mal drenadas)

Upland depressinns
(Bajios)

Well-drained high terraces
(Terrazas altas bien drenadas)

Modcrately well-drained hipgh ter-
races : '

(Terrazas altas moderadaniente bien .

drenadas)

A.2.5
‘A.2.6.
A2.7

A.2.0

A.2.9

A.2.10
A.2.11

A.2.12

A.3.1
6£.3.2.1

A.3.2.3
n.1.1
B.1.2
B.1.3.1

B.1.3.2

CBsd
CBdd
CBp

Chpi

CBs

CBt
CBv

Chse

Paa

Ppi

Ptind

Pth

" TA

TAm

V]



Physiographic Unit
‘(Unidad Yisiopra-
_fica)

Local Landform
(Forma Terrestre Local)

0ld Symbol
(SSmbolo Viejo)

Symbol
(Simbolo Nuevo)

High Terracces
(Terrazas Altas)

"

tt

113.3d1¢ Tervaces

(Terrazas lVedias)

Poorly-drained high terraces
(Terrazas Altas mal drenadas)

Slipghtly sloping hifh terraces
(Terrazas Altas ligeramente incli-
nadas) '

Well-drained, subelevated high ter
races '

(Terrazas altas subelevadas bien
drenadas)

Hoderately well-drained subelevafcd

hipgh terraces
(Terrazas altas subelevedas modera-
damente bien dranedas)

Sverbank Complew
(Conpleio de oriliares)

Floodable Laocheaters
(Veras de Inmuicacién) |

Nocerately well-drained middle
terraccs _

(Terrazes nedsas moderadanente
bien drenadan)

Poorly-drained middle terrices
(Terrazes medias deficientemnente
drenadas)

Well-drained middle terraces
(Terrazas nedias Liecn drenadas)

Floodable middle terraces
(Terrezas medi~s con influencia:
de inundacion)

Floodable hackwaters
(Vegas de inundacioén)

Poorly-draincd deprensions
(Depresiones mal drenadas)

Riverbank Comples
(Complejo de orillares)

MNatural leveces
(Diques naturales)

B.1.3.3

B.i.s.u

B.1.3.5

B.1.3.6

B.1.4

[84)

B.1.

B.2.1.1
B.2.1.2

B.2.1.3

B.2.1'u

B.2.2
B.2.3

1‘.2.“

B.2.5

TAp

TAt

TAs

TAsi

Thc

Tho

T

THp

TH

THi

Tlo

.TH

Tlic

TMd

0



Physiographic Unit ' '
(Unidad Fisiogra- Local Landform 0ld Syrbol Syubol

fica) (Forma Terrestre Los.il) ' (Simbola Viejo)  (&imbolo Nueve
iiddle Terraces Basins . B.2.6 . TMbs
(Terrazas Medias) (Bacines) -
" ' Depressions . ' . - B.2.7 _ - THb .
: (Bajios) ‘ : S ‘
" "~ Abandoned meanders . B,2.8 " THm
- (Keandros Abandonados) .
Low Terraces Albandoned reanders . B.3.1 ',‘7 TBm
(Terrazas Bajas) (¥eandros abuandonudos)
" Frequently Cleoded deroessions B.3.2.1 ' - -TBb
(Bajios con Fusvie Tnulluencia
de Inundaciinu)
" : Lepressions widh low vepetation B.3.2.2 TEbi
(Bajies con vepetacidn baja)
" E Depressicis with low end sparse I :
vegetation . B.3.2.3 TBbp
(Bajios cor ve;utacion baja vy rala) . ‘
" ) Swanns . n.3.3 "TRh-
" (Pantanos) g :
" _ Flcodlands B.3.4 TBo
(Vepas de lnundecion) 4
" ' Nstural levees _ . D.3.5° TRd
' (Diques Naturales)
" " Dasins 'B.3.6 “IBbs
(Bacines) '
" Poorly~-drained low temraces ' B.3.7.1 - TBp
- (Terrazas bzjas mal drenadas) g - :
" I Moderately well-drained low ter- , - ,
races - B.3.7.2 " Thm
(Terrazas bajas woderadamente bien
drenadas)
" Floodable low terraces 'B.3.7.3 © TBhi
o ' ‘ (Terrazas bajas con influencia de .
inundacioncs)
" ‘ Riverbank Complex B.3.8 . TBe
: : (Complejo de orillares) = '
" Floodable backwaters ' . B.3.9 " TBo’

(Vegas de Inundacién)
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EX B L
ANKEX. B'. “SUMMARY - RESUMEN

ANEXO B
' —IAND US:. CAPABILITY CLASSIE‘T" TION FOR CHAPARE REGIONS FOR TWO M.M\AG" MENT INTENSITIES' )
- T = Traditional ani A = Advanced Artesanal PR
(Capacidad de Uso Mayor de= la Tierra en ia Regicn del Chapaze ve;erlda a dos Intens:l.dades
ée Manejo Teenoldgico) T = Tradicicnal y A = Artcsanal.avanzado : . : :
simbolos Unidad Fisiografica . Zonus de Vida e Intensidad
1 1 ==t ” R B PR Y
Symbols . Physiographic Unit bp-4 bp-43 hmi=-¥2! bp-8T | brh-T bmh-—ST; bh-T | o - ..Observaciones
T Iy L A T P TTTTR TTIT TR T~ iy Iy : ;
(Mountains)
(Montahas)
A.I.1 (MCA) Colinas Altas : x| x| x{=xiF2ypr2lx {x |r2fF2l-|-~]-| -
- ] " Colinas altas .
A.1l.2 (Mcad) Disectadas XX X} X | x| 2% (X P2y 72i-]| ==} =
L . Pendientes B . S I T B S I
A.1.3.1 (Msd) Disectadas s l=-{ X | X |- -jF2iF2il- - {-1=-1-} -1

. Colinas con Pendien- : ) . S I
A.l.3.4 (MCAsd) tes Certas Disectadas | = | =} -~ | - |- |- |- i{=- XX |~-}| ~0-| -}

Valles con Sedimentos

e Coluvio-Aluvizles en- - 4 S DR N C
A.1.3.5 (MCAv) tre colinas - = == ]=1=!PLiFl |[FL1FL}l-}|-|-1:=
Bt (Hills) -

S (Colinas Bajas)

A.2.1(CB) Colinas Bajas

R T Colinas Bajas . 8 I R R
A.2.2(cBd) Disectadas ' R I e T B B AT B R 5 S - B e N B B

S P Colinas Bajas . .
“A.2.3 (CBad) - Fnte. Disectadas - -1 -t=-31-1=-i¥

»
|
|
!
|
|
!

e Pendientes Ligera-
+- A.2.5 (CBsd) . Mente Disectadas . - =1 = }=1- 1= |F2

hy
3¢
hy
N
23]
N
I
}
1
i

e L Pendientes Ligera- ) .
. §.2.9 (CBs) mente Inclinadas : - |-t =-1=-1-{-iF1iFr iFrlF1l |- |- | -] -

? .Terrazas Aluviales - ' N o
. K.2.10 (CBt) entre Colinas A A R e T AT B R 1 e (R B B




Simdolos Unicdad Fisiografica Zonas de Vide e intensidad
B P . P

L brr-Y51 L2=-5T | 2eh-T
Py \

T T 1 g

Observaciones

Symbols Physipgraphic Unit J ko-M

r:\

[$)

(6}

]
A

-

—_———
~
.

Coluvio-Aluviales en-
A.2.11 {(TBvV) tre Colinas - -

A - - - -

Colinas Bajas Fucrte- | '

!
|
Valles con Sedimentos ‘
A.2.12 (CBse) menatc Erosionrnadas - -

!

1

!
0
0
>

{(Picdront)
(Pie de Montc)

A.3.1 (P) : Fie cde Mente . - - - - - - ? 2 | P

"

)

el
!
|

A.3.2.1 (Paa) Abanico Aluvial - - - - - - C C o - - - -

Mesetas con Pendien-

tes Ligeramente _ . o !

A.3.2.3 (Ppi) Inclinadas - -1 - - |-, - - - y7l:rl|cC P |- -
: |

Tcrrazas mal ' | ! ' Pastcs solanente O Arros
B.1.1 (Ptnd) Drenadas - - ! - - - - - - rl}| ? Fl| P*{ - - finundado

(High Terraces)
(Terrazas Altas)

. Terrazas Altas Bien :
B.1.3.1 (TA) Drencéas - - - - - - -

Tcrrazas Altas Mode- : |

radanent2 Bien . i !
]

B.1l.3.2(TAm) Drenadas - - - - - - -

e . m— momaw

Terrazas Altas con l i
Pcndicntes Ligeraren-— ! :
B.1.3.4 (TAt) te Inclinadas - - - - - - - - rl:cC c.|P - -

Terrazas Altas ! l
o subelevadas S8ien ! l ' I .
B.1.3.5 (Ths) Drenades - - - l - - - - - D P ;P HE-Y - -
]
}

‘\::5 Terrazas Altas subele-
vacas Moderadarmente
B.1.3.6. (TAsi) Bien Drenadas - - I -




Simbolos

Unidad Fisiografica

Symbols rhysiographic Unit
B.1l.4 (TAc) Complejo de Orillares
B.1.5 (TAo) Vegas de inundacién

(Middle Terraces)
(Terrazas Medias)
Terrazas necdias Mocde-
radament2 Bien
B.2.1.1 (TMm) Drenadas
T ) Terrazas Medias Defi-
B.2.1.2 (TMp) cientcmente Dxrenadas
) Terrazas Medias
B.2.1.3 (T™) Bicn Drenadas

' Terrazas Medias con

. influencia de
B.2.1.4 (TMi) inundacidén
'B.2.2 (TMo) Vegas de inundacidn
B.2.4 (TMc) Complejo de Orillares
B.2.6 (TMbs). Bacines

" B.2.7 (T™Mb) Bajios
Meandros
B.2.8 (TMm) Abandonados

. Meandros

B.3.1 (TEm) Abandonados

Observacicnes

N

n}
4

'd

Fl

A*

F2

Fl

A*

F2

A*

Af

h* Arroz inundado o bfifalo
e agua :

F* Arroz inundado, Bifalo di
tgua (Fl) Virola Campnospe:
* Arroz Inundaco, 34falo a:
N gqua

(F1) Virola Campnosperna

F1* ®lantaciones e Virola
Carmpnosperma




Zcnas c¢e YVida ¢ In

Obseorvaciones

Simpbolos Unidad Fisiografica tensicad
-Svabols Physioncraphic Unit Ep-M .l Tp-Z i b~h~vz? on-IT i Hoh-T ! =xn-ST | bh-T
TIA 1T T TR iy TR T A | T R
o T
(Low Terraces) | | ! i i :
(Terrazas Bajas) - ! | | |
Bajios con Vegeta- ‘ i
B.3.2.2 (TBbi) cidn Baja - |l=-1=-1-d=-]J==4-t=-}t=- 1- |~ X 1- 1-
_ ' Bajios con Vegeta-
B.3.2.3 (TBbp) cidn Baja y Rala - {=-1- - - - - - |- - - - F2 | F2
B.3.6 (TBbs) Bacines - - - - - - - - - - X {FI*i{x (T
' . oo Terrazas Bajas
B.3.7.1 (TBp) Mal Drenadas - - - - - 1= - - - - F1 |A* | F1 | A*
Tarrazas Bajas Mode- .
radamenkte Bien
B.3.7.2 (TBm) ~ | Dresadas - {=-1-1=- - {-q4-t{t-|=-"1-1c j@ |- |-
Terrazas Bajas con
_ influencia de inun- , .
B.3.7.3 (TBi) daciones - - f{=-{=-!l=-j=- 1= 1= |- - (P (A* |P |A*
B.3.8 (TBc) Complejo de Orillares | - {- (- |- |- |- 1- |- |- j- |F2}F2}{- |-
Vegas con influencia
B.3.9 (TBo) de Inundaciones - d-1=-{t=- 3= 1= {=-1- 1- |- |FL{F¥*|- |~

S
Fi* Plantaciones de Virola,
Campr.osperma )

A* Arroz inundado - Bifalo
de Agqua

.

A* Arroz inundado -:.
N

P tHg

S

F1* Plantaciones de Virola.
Campnosperma ' '




