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SUMMARY 

The report which follows is part of the overall AID evaluation team 

effort to evaluate socio-economic potential and environmental problems in 

the Chapare Project Area. Work was undertaken between January 20 and 

February 17, 1983 with field trips into the region during six days. The 

bulk of the time was devoted to review of previous survey documents and to 

map construction and interpretation in the Cochabamba office of PRODES. 

This work could not/been 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 Colonizaci6n office in Cochabamba).
 

Amongst the several products of the work are the field determination and 

drawing of a detailed and reasonably accurate ecological (bioclimatic) map 

of the 422,000 hectare project area employing the Holdridge Classificaticn 

System of World Life Zone and the derivation and drawing from the integrated 

component!; of this map and a recent landforms-noils map r PRODES of a new 

land capability map of the region. The land capability map is then used to 

draw off the proportionate areas of land in each of six capability classes
 

in each of the nine micro-regions into which the Chapare has been divided 

for administrative and planning purposes. It is found that this large region 

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

microregions 3, 5, and 7 under the prevailig "Traditional':" agrarian 

technologies employed by the T .64e-i4ato this regiop Two micro-regions 

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

are recomended for protection of natural forests in order to safeguard an 

untapped but large hydroelectric potential with some limited managed fo est
 

production. 1u ± " " (--' egion in the lowlands in too w t
 



. for Agriculturo but has a high potential for managed forest production, alone 

or in combination with aciro-forestrv. 

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

nine micro-regions from the viewpint of crop ecology and land use capability, 

and discusses possible development options in view of the regios inherent 

limitations of an ecological nature, especially overly wet climates, excee

ding poor soils, and periodic or continual flooding. 

Amongst 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 serial. photography, detailed survey of soils from the fertility 

*and productivity viewpoint in areas classed as agricultural, the projection 

of new highway construction northiward into the drier climatic areas rather 

than westward or eastward, the institution of farm planning by trained teams 

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

of forestry extension).programs, agro-forestry, and forestry 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 

areas as a result of shifting cultivation. Finally, a *list is provided of 

bush and tree crops which should perform satisfactorily or better in the 

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



11. 	 ISSUES/CONrLTCTS
 

(ENVIROMHKVTAL)
 

1.0 	General Purpose and Back.round 

This land capability analysis establishes an objective foundation of 

ecological facts concerning the comparative suitability of the lands in the 

Chapare Project area for sustainable human occupance and socio-economic de

velopmcnt. Despite more than a decade of planned, purposeful settlement 

there, no full and comprehcnsivc 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 ecological limitations for agriculture. 

The analysis shows that both offici&lly-held and widely-popularized 

beliefs In a high agricultural potential for the Chapare are substantially 

in error. Positive attainments in the devo)opment process have, unquestion

ably, been significantly limited through the resultant planning failure, and 

the concommitant failure to achieve original agriculture goals may very well 

have been a major influence behind the voluntary decision by a majority of
 

the settlers to turn to coca production as a major economic pursuit.
 

The present analysis illustrates more precisely where the errox% lies
 

through a quantification and synthesis of all key environmental factors,
 

specially as these relate to crop ecology, animal husbandry, forest producti

vity, and some pertinent aspects of infrastructure and human well-being. It
 

further shows how the on-going development process might be re-oriented to 

take 	advantage of the particular opportunities which are offered by the spe

cific 	ecological circumstances of the Chapare region. These opportunities 

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

or as perceived by the majority of Bolivians. 

L 



2.0 Data lase and ProcedureR
 

In some ways, the Chapare region may have been overstudied. Recon

nalssance level soil studies, In particular, havo been undertaken repeti

tively In much of the name area (MACA, 1964 , 1974; SAI-MACA, 1973; MACA, 

1978; INC, 1976; Macias, 1970; SfA-FAH-PP.ODS, 1980). These studies 

fail-.to build up each other, are based on often disparate criteria and
 

classificatory systems, and except in one or two cases, rely upon air
 

photographic Interpretation with little or no ground truth.
 

A bloclimatic survey of Bolivia based upon the Iloldridge system of 

world life zones (HACA-OAS, 1975) includes the Chapare 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. Hlowever, in the 

monograph which describes anid discusses the life zone map, there is an 

unequivocal set of fully qualified statements to the effect that the blo

climates and soils which predominate in the Chapare are unsuited to the 

traditional agricultural purs6its. This counsel is largely overlooked in
 

several recent development studies funded by national and international
 

agencies (Wacias,1970; Multinational Agribusiness Systems, Inc., 1979';
 

OAS-GOB, 1900). 

It Is possible, if not a particularly easy 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, geomorphology, soils, and vegetation 

of the region. In the present case, due to time limitations, this course 

has been followed. Field data, particularly soil profiles and laboratory 

analyses published as part of the more recent Servicio Hacional de Aero

fotogrametria FAB-PRODES Integrated study of natural resources of the 

2 
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Chaparao (1980) have been supplemented by detailed life zone mapping and
 

other field observations of the geomorphology and soils, current land 

utilization and natural vegetation. Other team members, especially G. 

Morris and his national countcrparts, have supplied essential information 

on climatology and geomorphology for my analyses. 

3.0 Physical rnvironment
 

Essential parameters for the determination and mapping of major land 

use capability are (a) bioclimate, (b) landforns and physiography, and (c) 

soils and draina, Bloclimatc is primr3rdi l inasrmujch as it affects vege

tation and other hiota direct ly an v(.l an:; indirectly throufh its Influence 

on geomorphology and the cdap,hc factors. llioclinate is the feature of 

landscape least studied and appreciatcd in the spectrum of environmental 

factors affecting the Chapare, hence it vill be given more space and atten

tion heroin whilst soils will be viewed in the context of already published
 

and fully documented studies.
 

3.1 Bioclinate as Life Zonen
 

According to the Ecological Vap of Bolivia (!ACA-OAS, 1075), Bolivia 

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

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

in the extreme north (Pando) which fa~l in the Tropical latitudinal region. 

At lower elevations, the Subtropical basal belt, characterized by an annual 

range of mean monthly air tempetatures in excess of 5 degrees Celsius, is 

fnterspersed at some locations by life zones of the basal Tropical region. 

These life zone anomalies present in the Chapare, occur whenever mean annual 

biotemperatures, usually slightly lower than 24 degrees C., are conjolihed 

with annual precipitation totals locating them in intermediary (transition) 

positions bet.ween two Suhtropical region basal belt life zones on the Life 

/



DIAGRAM FOR THE CLASSIFICATION OF WORLD LIFE ZONES OR PLANT FORMATIONS 
by L.R. Holdridge " Figure 1. 
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Zone Diagram (rigure 1). Characteristically, areas with such climates 

resemble, in their natural vegetation, soils, and physical environment for 

living, the true Tropical region life zones. However, they ordinarily have 

a wider-than-Tropical annual range of mean monthly air temperatures and 

annual photoperiod and are similar to the Subtropical formations in this 

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

life zone theory and practice.
 

3.1.1, Latitudinal reions, a.ir temperatures, and photoperiod
 

The Subtropical latitudinal region is similar to the Tropical region
 

in many respects. Because it does not in its Basal or sea level belt, in

clude areas which experience frost or critically low air temperatures,
 

"Tropical", or frost-sensitive plant and aninal species prevail at lower
 

elevations, that is to say, below the elevation line which is taken to
 

separate the Subtropical (Rasal) belt of life zones from the Subtropical
 

Lower Montane belt, above which frost or critically low air temperatures
 

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

The Chapare region is essentially Subtropical. I!ean monthly air tem

peratures (see Table I - Table G) range somewhat more than 5 degrees C. 

over the average year. The wider-than-Tropical temperature range responds 

to latitudinal position (16 - 10 degrees South) with near coalescence of 

the overhead sun passage In the longer-day summer and significant sun-angle 

In the shorter-day, winter months, and also to the influence of "surazos" 

or cold air masses which penetrate into the eastern lowlands of Bolivia 

from the Argentina plains in the wintertime. In the lowlands, the coolest 

months, June and July, average around 21 degrees C., and nighttime tempera

tures then drop into the 10 - 15 degrees range. Extreme lows approaching 

5 degrees C. are experienced at that time.
 

ID
 



air temperatures are characteristi-A3 compared to the true Tropics, 

the summer months in the Subtropics. float may become, In
cally higher in 

upper 30-degreefact, unpleasantly high with daily r.axima in the 	mid or 

In the Southern Hemisphere,range and occassional maxima near 11O degrees C. 

the onset of the heavy"these high temperatures are reached just prior to 

the time of the overhead fron November to early Jantlary,rains, and at 	 sun, 

being ameliorated thereafter by the cooling effect of these rains. 

The more pronounced-than-Trolical range of air temperatures and photo

period in the Chapare Is a bioclimatic feature of appreciable significance 

feature has been largely overto crop performance in the region. This 

looked by the many experts who have given opinion and advice on its agri-

The somewhat longer days and higher temperatures ofcultural potential. 

the summer period favor certain short-term annuals such as maiz, rice and 

beans durin, this lonpcr-dy period. Conversely, many true tropical peren

nial species, which require uniform year-round temperatures and photoperiod 

may be adversely affected in their growth by the shorter days and loui night
 

Little research has been undertaken,
temperatures of the winter months. 


however, to establish such requiretnnts 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 production problems with soil 

amendments or enhanced cultural practices, attention should be given to the 

climatic adaptability of the species themselves. 

Life zones, humidity provinces, and precipitation3.1.2 


The Chapare has been, for administrative purposes, divided into n."ne
 

notmicro-regions, so-called. These regions do reflect any natural region

ality, however, being arbitrarily delineated. Hlicro-regions I and 2 differ 
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from all others, however, in being located in the steep and rugged mountain
 

front area along the axes of the main CochabankM-,-Villa Tunari highway (Re

gion. 2), and the highway and a side road leading to the nountain village 

of Tablas Mantes via Rancho Durazno (Repion 1). Only these two regions in

clude life zones in the Lower M:ontane and Houtare altitudinal belts of the 

Subtropical region (Figure 1). Each is dominated by superhumid climates: 

Subtropical- Lower Montane, Montane, forestand rain life zones (Hap. No. 1). 

Steep to very abrupt, nearly precipitous long slopes combine with these 

exce'sslvely wet climates nearly everywhere in region 2 and only to a some

what lesser degree in region 1. Soils are consequently shallost or stony,
 

natural landslides may occur at any time and do so with frequency, and va

lley bottoms are narrow and encumbered with the gross stony debris of mixed
 

sedimentary rocks of slides. these
such Given circumstances, plus the 

presence of excessive clouds and fog, frequent rain squalls, and Infertild,
 

shallow soils, virtually all of the land in micro-rerion 2 and very large 

parts of region I combine physcal. circum-rances totally adverse to any 

economic utilization. These areas have, on the contrary, vcry high potcn

tial for the production of hydroclectric energy, and should be set aside 

and jealously guarded a ainst any hurian use, including the harvesting of 

forest trees, in order to protect this energy resource. 

The remaining six mcro-regions a:'e comprised largely of lands in the
 

piedmont and outwash plains at low:er elevation. They comprise mostly low 

hills on the south and vast alluvial fans and terraces to the north where
 

the many rivers emerging from the superhumid mountain front deposit great 

quantities of sediment eventually baseand reach level. Iforrs (this sur

vey) has discussed the hydrology, geomorphology, and landforms of these two 

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



in considerable detail and inapped their" distribution, also, as pert of the 

soils map of the region. 

Two life zones, the Tropie1 'e__t forest, transition to Subtropical, 

foothills andand the subtropical wet forest, cover the 1greaLer part of the 

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

the 't stern and southern parts, comthe Tronfcal wet forest, prevails over 

prising Jissccted low hills, alluvial fans, high terraces, and related land-

In Region 4, perhaps a -third of the area on the south is occuped byforms. 

moderately high, very steep, deceply-dlsscctcd hills which fall In the Sub

tropical rain forest life zone. ,Rainfall there exceeds 	5.000 nMn. annually, 

of the remainder ofand soils are extremely poor as well as ercdable. luch 

.t. this mlcrregion lies totally within the Tropical wet forest, with more than 

of rain fall annually. This is the wettest, -- and agriculturally.4AW-%. 4.100 rm. 

poorest -- of the micro-regions centered on the lowlands. It is probable, 

moreover, that these very wet life zones extend northwestwards in similar 

topography to be the dominating bioclimates in the Isiboro-Scure National 

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

as they are not suited toof colonization should be avoided in both areas, 

sustained cultivation of crops other than coca. 

The Tropical wet forest life zone Is the predominant bioclimnate in 

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

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

Subtropical wet forest. ?licro-renion 6, because of a predominance of exces

sively wct climates, is also a problem area for future development. Signifi

cantly, it Includes the town of 5inahota, a major center for trade in coca and 

illicit coca processing supplies. 

This life zone Is encountered to a l.tser extent in micro-regions 3, 5, 



7, and B. It does not occur at all in micro-region 9. The southern third, 

approximately, of regions 3, 7, and 0 fall in this or the even wetter Sub

trooical rain forest. Development planning should take account of this 

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

Zone Map (Map No. 1). 

The Tropical wet forest, transition to Suhtropical, is climatically 

adverse to field agriculture or to use of the land foi pastoral purposes. 

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 effectivcly dry ronth in the average year 

while six or more months arc effectively wet, that is to say, have such 

large rainfall surpluses over evapotranspirational requirements (of even the 

full original forest biomass) that soils are saturated continuousl);. Soil 

saturation is responsible for heavy leachi-ng of nutrients, high acidity, 

aluminiu toxicity, low base exchante capacity, and while it lasts, blocks 

nitrogen formation by aerobic soil. bacter'ia and the supply of essential oxy

gen to plant roots. rrom a practical 1 l)int-of-vicw, the effectively vet 

months make all field operations difficult or irposnible. and are conducive 

to the proliferation of plant pathoenn which cannot be controlled by fungi

cidal spray inasnuch as these are washed off the leaves shortly after
 

application.
 

Many other liabilities consequent on this climate could be enumerated.
 

Among them, are tha problems engendered in animal husbandry. Pasturing of
 

livestock, in particular, leads to soil compaction, root-cutting of estab

lished forrage grasses by hooves sinking into saturated, muddy soils, &nd,
 

on hillsides, to aggravated soil erosion through the mechanical effect of
 

cattle trailing on wet soils: Nutritious pasture grasses cannot developu,
 

\\(
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or are soon replaced, due to the aggressive invasion of competitive wild
 

plants which require periodic burning for any economic control. Yet burn-


Ing of grasslands Is difficult or imposslble in this ever-wct climate.
 

Most grasses established artificially tend to overgrow, to become heavy
 

with water and develope woody, unpalatable stein. lo% in net-energy and pro

tein content. Only by regulated harvest throvuih hand cutting., carryinf, 

and the stable-feedlnn of livestock, Is It Pon::lble to obtain a r""t-nous
 

supply of nutritionally acceptablc fodder from planted grasses or legumes
 

in this (and wetter) life zones. Because water )'uffalo are adapted to ex

ploting the native wild plants of the eiir.y svcc.::,onalseres In the wet 

topics, they, alone, orfer some posii1) iy of,"..n, llve:tock produc

tion to this life zone. However, 'e> "rentalworY is still neccssry in 

this respect if econom'cally efSfLicnt syt'em of production using "water 

buffalo are to be AevgjgD
 

In addition to being overly rainy, this life zone is characterized by 

an elevated percentage of cloudy days and a reduced number of hours of full 

sunshine. This Impides evapotranspiration and photosynthesis, hence plant 

growth and productivity in general and favors the proliferation of patho

genic diseases of both the leaves and the roots of most cultivated species. 

Some species, as for instance mango, do not fruit at all for lack of dry 

weather for flowering and pollination.
 

Tables I through 6 have been drawn up to show the annual march of air 

temperature and biotemperature, precipitation, and the resultant hydric
 

balance in a deep well-drained soil at six stations recording rainfall and 

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

located within the Tropical wet forest life zone. Chipiriri Experiment 

Station records the most precipitation, 4.052 mm. per year average over a 



at Chipiriri,

14 year period. With a blotenperature of 23.3 degrees C. 


mean annual evapotranspiration there amounts 
to 1.373 mm. under full high
 

cover, considerably less in successional and cultiforest vegetational 


As a consequence, there is a precipitation surplus
vated vegetations. 


least 3.179 n. per year. Thls iater must 
over water need aoounting to at 

to and so with de
pass through or over the soil on its way the sea does 

vastating effects on soil fertility and plant life. At Chipiriri, the 

effectively wet season begins in mid-October and continues uninterrupted 

until early May, over six months during which the monthly runoff is equal 

to or greater than 	two times the potential evapotranspiration 
In millimc

ters of rainfall. 	As an Experimental Station, Chipiriri 
appears to serve 

other than to prove the virtual impossibility of agri
no useful function 

culture under these conditions.
 

Slightly less rainy, Villa Tunari (Table 1) shows a similar 
pattern
 

with somewhat more 	 rainfall than 
as Chipirirl while la Jota (Table 3), 

Villa Tunarl, has a concentration of excessive rainfall in only 
four and 

A longer pcriod of record (pre'sently only four years),one half months. 


will be necessary before the longer term pattern can be established 
with
 

any certainly at La Jota. It is probably similar to Villa Tunari, how

ever.
 

Table 7 shows the monthly precipitation and standard deviation 
of
 

Three,

monthly precipitation for five long tern stations in the 

Chapare. 


Villa Tunari, and Jatun Chaco (in Micro-region 4) are Tropical
ChIpiriri, 

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


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

0.43, these months-with coefficients 	of variation ranging from only 0.24 to 

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

119 
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Table 1 Wotr. Balance In the Zonol Assoelotlon *lth Mature Natural Vegetallon " 
for .. Villa Tunari, Chapare 

' 
Elevotion 300 msnflft.ters Lotitudel 6 *58 South Longitude 65022 West PET/R 0.30 

______________ Years______of ___-Record_____ Jon. Feb.- I M or. jADpt. I Ma1y. Jun. - Jul. j ug. jSeP. I Oct. INo,.j Dec. 1Year. 

,. .ecn . Air Temr erotvr,. oc 26.9!25.1 125.31?5. 3 ?..0! 21.41 2 . 3124.4123., 26.0126.1126.5 !)4.8 
2. ,,. o° a: .M .PAufl oj 22 . 7!39 23 . 7 .24.524!2,.o 2.41 21.2- .3223.1 24.0123.9 123.4 23.4 
3. 

__. 

PCTE CL EVAPOTPANSPIRAT!ON 

4 d-sted P->Ier401, Evopolronsirot4on 
_ _ _ __,_ _ _ __,_ _ _ 

m.1113 

__-_ _ _ 1772 

09_j 118 
. 

637 577 

1119 
___I 

3 

120 

244 

s04I 106 1121 112 120 I 116 1117
I......I............
1-5 .1.32 ' 

1375 

" 

III-3 ~ 2 I -_5 121 "A12 120 116 _ j11 7 1 7 

6. SE; U--,c 

1 1 26 :,,i5I 9 7 1 +4,,65 

10. V;cier S~orcd in Soil of End of Mtonth r 145 4-57 457 4 .7 54 57 --712. Soil Moistre' R efc ier cy Enmm of 7I7. ALL RUt;OFF mm .659 528 !459 -- I_ _I_ _ _ _1204 i124 91 26 - 88 218 348 1446 1 3191 

13. Pr lpitcl n Deficit -. . 9 I . ... . 

12. Sotl lMoisttre De ictc at nfn 9i
- - - 1 181 

15. Moisurt Condition MUY HUMEDO HUMEDO MUY HUMEOI 

Lile zone :Tropoical wet forest transition to Subtropical Yocrs of Record 

7Tmperolzore89 . . 9 8 $recpltatlon A POS" 

.Observolons: Seven and one-half excessively wet months in the average year 
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Table 2 .Water.. clonce in the Zonal Assoclollon with Mature Natural Vegetation 
far .... - Estaci6n ExperimentalChtpiriri 

Elevation 411. meters Loitude 169t-55' South Longld*65 0 -19 West PET/R, 0.28 

toiA 	 eb. I Mcr. j Apr. I yJun. I Aug. Sep. Oct.'Jul.Nov. jCec. Year 

1. Mean . Air Terrperotur c 	 126.41 25.81 25.4124.81 23.] 21.2122.0_1I21. '2Z.1 25.51 25.8 26.4 124.3 
2,~. 	 130V1RAUE4-eo2. ,,,on 	BIOTYERATR oc23.5 24.21 24.4 124.5 1 23 21.?1 22.0 121.81 22. 24.41 24.2 23.5 23.3 

3. 	PCT--.,I--- Ev.PO7,PAU SPIATION ,m. 11 . 122I1 115
ed E:,,:jio~cr-SCtm 

110 1 103 110 9 110 22117 118 134. Aj:%i,. P--.:e ,;:l oifIonI 	 1II 

5. P,;::it, ..0	 717 7"0 --1 . s9' 3 i. 4 i 35 I 396 631 465232 5 

6. Atccl Evsotrcnr .I ion mmI 
97 .	 I'181;' 1 -. 8 	 I O9 110 122 1117 1118 1373 

7. ;:,e r S j5 t 	 q !qi' In0 7 1! '1. .3 79 513f1 	 1i8 '8 


a. So, ?,.od,.JC ooh.,o, ,,,,. 	 I _ . _ _ _ _ I_ I ._Mn I 	 I I 

9. Soil l/.oisjre Oipetion Mtn ______ ___I____ 

_ 
______ 

_ __ 

10. Wowe Stored in Soil End of, Month 10 485 P85 1485 [485 I485 11 5 485 1485 1485 485 1485 1485 
II. ALL RUNOFF n. 599 6601497 1230 1o210 1. 21 40! 84 238 279 513 3479 

12. Soil M~oisture! Deficiency at End ofI 
1.'.nth mmI 

13. PreciplItoin Oeficit mm 
14. Tocl :.: ure O.ficit mm '
 

15. , e Co.',tion 	 MUY HUF-EDO H U M E D 0. muY HUMEDO 

Life 	 Zone Bosque muy humedo Tropfcal transici6n a Subtropical Year: of Record
 

Tomparotur8-y.ears Precipitation .1.4.years
 

Observations: Relaci6n Escorrentia a ETP - 2.54 

http:25.4124.81


Table 3 Water . Balance -In the Zonol Association with Mature Noturcl Vegetation 

I for ....La, Jota. Chapare 
Elevation 235. meters Lotituee 16*.-59' South . Longitude 65010' West PET/R, 0.30 

Avro;e Yeor a Rcord . Fb. or Apr. ItMoy. IJun. Jul. Aug. SepI Oct. Nov. Oec. year. 

SMeon. A, Tenperalure c • 26.5 126.5 26.21 25.9123.5121.9 21.8123.0123.3125.3126.2 '26.7 24.7 

2. Meen 8,C'T,,7ERA o1 23.4,23.41 23.8 24.1 23.5121.9 21.8123.0123.3 24.5123.81, 23.1 23.3
 
3. POTE:JT1L EVAPOTRA:JSP:RATION mm. 117 117 119 I117 117 106 ,109 i 1113115 _372
 

"4 . A v s d- Pot -E vOpotro n piroaion - I I I I I 

5. Pr,-i'~otn RI7M. 
 852 793 213 1177 167 
 90 _138 1182 307 382 626 4628
6.=p~~m tv.i nm E c ot cm1 7 ! 7 !_i 7 11 7 !106 _ 109 1115 113 1122 115 115 11372
6.______rofm~icto II 11 7 117 1 9 11 17 __ 1__ __ 1-
7. w;:,-r SiP:U3 MM .
584 1 6 75 95 61 - 23 69 185 267 511 
e. S:,, .ci r'Oc,:hc n: In -......- . " .... 

9. Soil .s .,lcticn 11MI . . - -- - - - -
10. "%;'c~er S:'-d in Soil ct End of haon;,i r." 463 k63 1 63 453 6.3 1g63 444 463 43 453 -3 463 
II. ALL RUJNOFF 8m54 74 5 95 60 61 23 69 1 18 1267 311 3108 
12. Soil - Mcislurel: Deficiency at End of . . . 1- . . . . 

M/onth m m - - 1 

i3. Pr ;cipl:vi 

14. Tc ,ci 

on 

oo~si 

Deficit 

e o cit 

g m 

mm 

. 

. .. . . 1 , 
19 

a 
..... 

- - - , - -
15. oaisoure Condition MUY HUMEDO H U M E D 0 [ uy. 

Li. Zone Tropical wet forest transition to Subtronical Yorsa of R-icord
 

Tcnporojure 4.y2arsPr:clpiloton .4.years
 

Observo~lons:
 

http:24.5123.81
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fTable 4 	 Woter . Science in the Zonal Association with Mature Natural Vegetation 

for ...Sb.i.more, Chapare 

Elevation 235 meters Lotitudt'16°42' South Longitude 64049 ' West PET/R 0.34 

Averege aYears of Record-	 - - -

Jan. I Feb . -C. Apr. I 
-4 

o .	 I . I o. . YorJul. iAug. jN-ov 
n , IZ. 25..26.5 2.3122.4 122.0124.31 26.5128.0 I27. 25.0 

2. 	 V-.on 13IO7EF-TUfE C .3.5 23., .CC 3, 2.4 22.124.31 23.4 120.. . 

8 1103. 110 i973. E.;, T 'S , TC , .i 11':,:tL l1'a7 11z9 1115 103128 :] 118 1117 11:2 11351 
e, Cjusled Psemliol Evopor nspirotocn M.gK ~I1 !18Ii iouS~ 711in8 	 1 
5. Pf,!..i; ':'i * 5 	 3 3 1123 I ~~~~~~1-1.I 198 1 1 1 87 313 14 7 i 7S, .-, -):Z-

_ 
7__L~__ __I_ 

En at m1 mm 1977 	 1-77 112 3-)51
7.. m 	 2i .. . . 90 1 9 1 3 196 1330 61 

:. Soilm i ';r Re.. rse fin ~ ,11	 312 
9. sii o, i,c , De:e.ton M11 	 - I - I - - .- 3 

10. W.cte, store in Soil at Ernd of ,Month rim 1335 5 1393- 3 36 13-)63 9 3. 3; 6 !365 395 3 5 T 396396 5 

it. AL.L RLJZ;CFF Vnn 42 3 306 1171 25 90 I19 3.2I....- 16 33 6,, 12606 
12. Soil ?.oislure: Deficiency at End of 

Mo nth 	 m 
13. Precail'i lonOeficit mm 	 31 
14. To'cl M.c:s21-re Oeficil mm 	 62 

1S. Moilr* Condition 	 MUY HUMEDO I H U M E 000 UY HUDE 

Life Zone: Subtropical wet forest 	 YceCr of Record 

Temperature .19476 8'recipitalio.n . -67 

OsIfotlons: 

a... : 

http:22.124.31
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Table 5 	 Water.. Bolonce -in thq Zonol Associotion with Mature Natural Vegetation 

for ....To.dos Santos, 	Chapare
 

Elevotion 329. meters Ltoitude 160-47'South Longilud,65°-lO' West PET/R• 0.45. 

Average s Years of Record ,,. u.,Aug.. ep
.n ,Fe. 1'.!o . VoIn. . t- o. Dec. Yo,
 
.o 1Jn' 	 - 7TI 

23. 3 27. 126 2 27.3 -24.521 4. 21.6i. 8I 26.4124.6122.2122.3
2.. M n. Air3 Te ,p 	 - ,.ure .Wec e!07EIrAPCRA-*R 	 23.6 123.4 I 23.7! 24.512222.3 21.4 121.5 123. 3 22. 3 23. 8 21.8 22.8 

_. _____*1 .- .0 :oR",7 ' J;I!115 I109 11345_ 	 I)O1 ui M. 

5. i c .' ' 93 k3_35 I390212 160 1135 100 94 12 22 388 _1083011 
S. 

7. 

S. _ 

9. 

10. 

E 

:,,r Sv.,us r' , 

S.I rAoilsure Rec?.orce 
_ _ _ __ _ _ 

_ __ 

Soil ciur Dep!ction 

Wcer Stored in S,si, at End 

rim~ 

RM 
_ _ 

_ 

nM_ 

a, Month 

_ 
__ 

_ 

,IM, 

37:) :323 

___j 

__ 

301 1301 

' 2 72 

1___ 

301 

93 

301 

',9 

1 
!301 

27 

___1__ 

3mo1 j 

07 1107. 

01 0I ' 1 
7__11 

1280° 

:1 1 1. 2 1115 

1 C :32 37 

26 
I It _ 

1__5 1 

1275 01 130 1 

109 13tI5 

27? 
_ _ i 
01.] 

11. 

12. 

ALL 

Soil 

RUNOFF 

?Aoiture' 

mmn 

oeficiency at 
Month 

End of " 
MM 

375 328 j272 193 

I 
49 27 0 

7. 

G1
21 

0 

26 

'1106 

-

'137 1279 11666 

13. Precipi~itom Deficitm 1 1 i 7 14 5 -

14. Total M*:°reOclio mm I I14 j 35 311.
15. Moistur cindition MUY HUMEDO i H U M E D 0 d 

Lift Zone* Subtropical wet forest* Years of Ricord
 

Tempcrclurt . PrOcIpl:tlo...]A .
 

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

Ratio of Runoff to PET = 1.24 



Table 6 Water: Balance in the Zonol Association with Mature Natural Vegetation 

for .... Pto.. Villarroel 

Elevotion 325 meters Lotitude 16o_50 ' Sou'th Longitude 640-43 , West PET/R 0.50 

Average ' Years of Record -I 
aon. IFeb. I or. Apr. I May. Jun. Jul. Aug. ISe. IOct. No. Dec. Year 

o,,,, oc 2 . o 22.1 71 24.7124.71. Mean,.,Air , ,,, 26-5125.1126 .11.121,2 1,1 1J I 0 - j 25.1 2 .6 
2. MeCn 1!1OTE*Z7-flA--unE oc23 .3!24 .5123.9 1 22.91 21.11 193121.0 72.1123.7124.4124.4 24.5 23.01 
3. Pe-7ENTIAL EVA OTRt.%SPIRAT:01 rm. I16 !11212O , 5 • G6 93 105 I110 I115 1122 II18 !122 1355 

0 3 9 2511e~~cnm1 1 124 191 198 70l 95 103 1256 1215 1364 2730 

Iv: 12 1120 I 105 1118 1355S. M I115!;,r--.cn 1 1 1106 93 110 [15 1 122 1122 
T. Sv,*sM.127 :~*: 85 '13, 97 12427. V.c':r Svr;.s rmm J ': :2"2 l i 5 . I 

e. Soil :cis%.r ;z,:ctcr;e mmI _ I 61 

O/c~ etloft9. Sci! tpr~~e Mtn __5_ ____I_______ 14 12 ___ 

10. Wicl.r Stored in Soil ct End of Month mm 273 1273 273 i273 127" 273 -233 ?' 21?i273 273 1273 -

It. ALL RU;.:FF r M395 198 1272 8 SS 51- -73 97 1242 1375 

12. Soil IMoisture. Deficiency ot End of i
V1Mon:.' Mn 35 49 61 

13. Precipi'-clor. Oefici" mm _- 35 12 

14. Totcl t..o:s&ure Oe.icit mm 7 
IS. 1t-.,-0r e Condition W E T M 0 1 S T- iWET 

Lile Zone Subtropical Wet forest* Yocr of Record
 

Temperature b6. ye..rSPracipitotlan .6.years
 

Observotons: 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 Precipitation for Most Reliable Chapare Stations
 

Millimeters per Month Year 

St2on 3 4 5 6 7 8 9 10 11 12 

Chipiriri M(8) 
16"- 55' S. 411m. 
650 - 19' I. 

c.v. 

718 

236 
0,33 

770 

184 
0,24 

614 

265 
0,43 

%348 

162 
0,47 

326 

188 
0,58 

238 

142 
0,60 

131 

55 
0,42 

149 

88 
0,59 

194 

131 
0,68 

360 

214 
0,59 

396 

195 
0,49 

631 

217 
0,34 

4875. 

Todos Santos M(16) 
160- 471 329m. 
650 - 10 _ 

c.v. 

493 

207 
0,42 

435 

146 
0,34 

390 

179 
0,46 

212 

127 
0,50 

160 

67 
0,42 

135 

125 
0,92 

100 

40 
0,49 

914 

54 
0,58 

108 

50 
C,4;5 

.244 

108 
0,I;L 

252 

104 
0,41 

388 

126 
0,32 

3011 

Villa Tunari M(19) 
160- 58' U37m. 
650 - 22' ,_ 

C.v. 

772 

250 
0,32 

637 

244 
0,38 

577 

207 
0,36 

323 

162 
0;50 

244 

118 
0,48 

195 

. 179 
0,91 

132 

72 
0,54 

112 

66 
0,59 

209 

120 
0,57 

338 

13u 
0,40 

454 

246 
0,53 

563 

244 
0,43 

4566 

Pto. Viflarroel m(6) 
160- 50 325m. 

640
- 431 , 

c.v. 

511 
271 

0,53 

310 
283 

0,91 

392 
143 

0,36 

124 
66 

0,53 

191 
60 

0,32 

98 
57 

0,59 

70 
32 

0,46 

96 
33. 

0,34 

103 
68 

0,66 

256 
81 

0,32 

215 
- 83 

0,39 

364 
133 

0,36 

2730 

Jatun Chaco 
160

- 571 
650 - 45' 

9(10) 
397m. 

c.v. 

795 

225 
0,28 

710 

274 
0,39 

643 

229 
0,36 

359 

198 
0,54 

262 

103 
0,39 

152 

76 
0,50 

87 

62 
0,72 

148 

87 
0,59 

204 

119 
0,58 

323 

172 
0,53 

357 

138 
0,39 

596 

182 
0,30 

4646 



deviation from the meati Increases significan.tly, reaching close to one hun

dred percent In June, which is one of the driest months. This means, of 

course, that in some years, the winter (drier season) may experience low

ered rainfall totals approaching effective dryness in June, July, and 

August. On the other hand, it also means that these months may be effec

tively wet, with no dry season. Thus they may constitute a risky period 

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

ces of rainfall does the soil dry out to the point of harming tht deeper

rooted perennials, In this clitc. 

RaInfall decreases progressively as one goes northwards from the 

mountain foothills onto the vast Amazonian.plain. Only a few kilometers 

north of Villa Tunari, (more to the west and less to the east along the 

main highway), precipitation decreases to less than 4.000 m. per annum. 

It reaches 3.000 =n. at Todos Santos and 2.700 nm. at Puerto Villarrool, 

the last station providing data before Trinidad in the Beni. Vegetational
 

observatlons suggest that the steady-state climate of the outer plains is 

characterized by somcihat less than 2.000 mm. of rain and that this isohyet 

may be encountered not far to the north of the northern iimit of the Cha-" 

pare Project area, as defined. However, within the area, only the lines
 

separating the Subtropical from the Tropical wiet forezst, and again, the 

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

tropical), vere located in the course of field observations during the
 

present study.
 

The line separating the Tropical wet forest from the Subtropical i'et 

forest Is of major concern because the latter, while not the best of life 

zones for agricultire, Is considerably sup.:rior to the former In this re

spect. It occupies, moreover, a rather lairge area directly to the north 
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and to the east, in micro-regions 7, C, and 9 whilst the Tronical moist 

althourh the best of all for aricultural development of the lifeforest, 

zones present in the Chapare, scarcely enters into the development area 

at all (Yap No. 1).
 

Subtroic::). wet forent iS perhu:-S> just like the Tronica] vet forest, 

but has somewhat 'ess excen, ive rnnf,'.V" a.ud 'total cloudiness, a Freater 

number of hours, of full surbine, 2o,:" velative humidity, and a greater 

daily tcneratu:'. range. Thr-e chat-atcri:;t.icn are, other factors being 

equal, reflect'. Ii the so-!': vhcl, 'iirhtlv 1' s leach(:d of nutri

ent and less s.,j'" ' to nutrien:t lo!; ";. fcr'L.:,ern arc applied. Soils 

are, a n""ain. ". *.. .'.., r -i , for a r;!o:'tcr perloc of time, 

thus extend--inr the rro,'in .r.c-'v. u2.)'lx fnr Seasonal crops. 

The forec.in, remarks apply or.ly to the lot:lard areas mapped in this 

life zone, for te.ycraturc are relatively higher therc than the general 

average for the life zone (20 degrees C.) and these higher temperatures 

lead to a greater evapotranpiration ri'te. In the mountains between 000 

and 1.000 meters, where the Subtropical wet forest is most videly extended 

In Bolivia (?VACA-OAS, 1975), humidity conditions and their effects upon 

soils and agriculture are essentially identical to thosc described here

tofore for the Tropical wet forest life zone.
 

The Subtropical wet forest Is the comparatively best life zone for 

agriculture in the Chapare Project area as defined. Better areas, climNt-

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

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

It would be advisable, nevertheless, to extend the limits and the roads of 

the Project area northarxis,especially in micro-regions 3, 5, and 7, In 

order to open up and make availble the sup.rior farming lands which -are 

90K
 

http:forec.in
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transition to Subtroical.). A belt
Included In the Tropical noist forost 

at least ten kilometers wide, appears to fall in this life zone, but is 

barely included on Its southernino:;t fringe in the present boundaries for 

the Project. rurther to the north, whcre the Tropical moist forest gives 

way to the even drier Subtropicnl --oint forest, seasonal flooding and 

drainage become major obstacles to convcntional agriculture. ror these 

c to confinc further suttlement a.d
reasons, every effort should be ,.-t 


to promote more intensive, divernified agriculture, in the areas delincated
 

upon the wpap as Subtrt-c'.al wet ferett and Tropical noist forest, transi

tion to Subtronical life zonen (N!aP ?lo. 1). 

3.2 flatural ve.etation and feve -.ent Potential
 

Prior to its fairly recent colonization by settler:, from the ecolo

gically distinctIve Andc:an highlaind valleys and slopes, the Chapare region
 

was covered by a solid r.tantle of virgin evergreen hardwood forest. Reports
 

of early scientific sur.v,.ys (e. g., Gerlow, 1937 cited in Arco at al, 1963)
 

Indicate that the forcst on the lowaland plains and foothills, in both the
 

Tropical wet and the Suhtropice:l vet forest life zone areas, (between the 

Isiboro and Chimor6 rivers) was amongst the tallest' densest, contained the 

largest trees, had the greatest variety of species, and the greatest per 

hectare timber volumes of any forests to be encountered in Bolivia. This 

enormous and fast-growing biomass attested to a fact known today that these 

two life zones offer probably the best conditions for natural forest grovrth
 

In the world. As has been the case elsewhere In the tropics, this forest 

luxuriance was mistakenly interpreted as agricultural (rather than forestry) 

opportunity and the entire original biomass has been felled to make room for 

the field crops of hopeful colonists. 

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

http:sur.v,.ys
http:Subtrt-c'.al
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standing timber was actually utilized. The Greater part, as much as 90 

percent, was left to rot or was burned in the process of slash-and-burn 

the local native co.-nunifromagriculture, an agricultural system copied 

ties. Inasmuch as most of the nutrients for the natural forest system are 

itself rather than In the soil, theirretained in the standing vegetation 

abrupt anid total rel,:a:;o by burnng only led to their loss by lea'ching or 

vaporizatio:n and the further impoverishment of an already poor and infer

tile soil. A further negative effect of the mis-use of this system of 

farming by masses of environmentally-displaced colonists on comparativcly 

small, family size ldn, units, was to totally remove the original forest 

stands and thus deprive the natural regene.-ation which follows fallo '-'ng 

of cropped land of any seed source of the more valuable timber trees which 

Second
the natui'al forest originally contained (see D. McCaffrey report). 


growth ("chume") fo-csts abound in the area today but are notable for the 

of regeneration of the fast-growing heliophytes, mostly valuableabsence 

species such as cedro, verdolago, almenc-rillo, urupi, gabin, paquio, tarums, 

laurel, and ochoo, rpecicwhich they would normally contain vierc even occa

sional large old trces to be left scattered about the landscape as %,!d 

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 

Srotate crops with natural second growth forest. This process allows them 

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

on a periodic basis without the purchase of currently expensive fertilizers7
 

I/ Which are oddly enough, still imported Into the country rather than 
availahie national raw materials. Amanufactured locally from abun(lant 

fertilizer plant shotild he a priority item for international or bilateral
 

assistance programs in agriculture and industrial development.
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Fast-growing "pioneer speic." despite soil depletion, rapidly invade 

abandoned fields and develop into a roderately tall and dense forest within 

ten years time, thus -indcating he very high ]otcntial for managed natu. . .11", ' , 
ral forest production as an ate "r., i" r - ,e he region. 

r -- Studies reported by Dazan in OAS-GO, 1900, indicate albo,it 60 cubic meters 

./ 4 of usabe wood in a hectare of 5 y ar old chu,.e. Given the exponential 

' ¢e' rate of growth in such fovests, neaely 150 cubic meters could be expected 

fj.A*AA in ten years, or 15 meters average por year. In the current practice of 

4 6 1-4 	 felling and burning chume evcry twhcc to five years to rake toom for one 

or two years of low-yielding rice or a longer rotation with bananas 

(lioffir.an, 29C3), an cnor-.!u3 volume of wood suitable for such industrial 

puiposes as the ranufacture of paper pulp, charcoal, or box and form lun

40ber or for conv0rsion to cattle fend through steam or alcali hydrolysis is 

going up in smoke. ThiL arnournts to a loss to the farrer in several ways. 

rn. First, given app:.opriatc industria3 development (and this could be small 

local industry in mrost cases) he lo-ses the wood as a saleable product. 

-- Second, by burning the rood, he further depletes the soil of nutrients. 

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

rotations under 	forest can L-e continued without drastically reducing.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 life zone area
 

where good, alternative opportunities to forestry scarcely exist. Forestry, 

or agro-forestry, could also be expected to yield positive and permanent
 

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

life zone area. Amon& the requirements for such a development to succeed 

would be Wi feasibility studies for local manufacture of mechanical .paper 

http:lioffir.an
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and 
pulp, charcoal, boxes and qegetablo crates, .treated posts' and poles, 

cattle feed from hydrolyzed wood chips, (2) studies of wood yields and 

at on different sites (as clao
species composition of chume varying ages 

a program in agro-forestry which would slficd hereir., Map No. 2), (3) 


include provision of seed and seedlinzs and technicLI 
assistance for the
 

The forestry

re-establishrent of the more valuable native 

trce specics. 


a L:1.cr section of this report.
prospective will be dealt with further in 


3.3 Soils and Lndfoms
 

With very few exceptions, the soils which have developed in 
the Cha

pare Project area are of very poor quality for agricultire 
or erazing. 

* 

This poor quality is ranifest, above all, in their 
high to extremely
 

high acidity, their low content.of available plant 
nutrients, and their
 

moderate to very high content of 1:1 lattice alumina-silicate 
minerals.
 

Essential elcm.ents for plant grow:th, especially phosphorus 
and potassium
 

and some minor elements are notably deficient and under 
the existing con

ditions of :oil acidity and aluminium toxicity cannot be efficiently
 

supplied through the application of chemical fertilizers.
 

The area's soils do vary appreciably, howevcr, in their comparative 

being reasonably suited to production of specific crops"poorness", sone 

given appropriate management techniques and others being either hop.less 

or extremely costly to manage for sustained production. The variation In 

In the chemical analyses published in the 
soil quality has been -aid out 


study for PRODES by SHA-rAB-PRODES (1980).
 

A soils map based upon the aforementioned field and laboratory 
study
 

This map is intensive-reconnaissanco in
 Is available at 1:50,000 scale. 


Intensity and shows the distribution of toils associations 
by physiogra

of

phic (landform) units employing the U.S. Soil Taxonomy system 
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Staff 1975). This np and study, after field
classification (Soil Survey 

for 	soils evaluationsreview for general accuracy, was adopted as the basis 

in tho present interpretation of land use capability. 

do;;n into (1) Regions and (2) Phys-The physiographic units are b-o):en 

rich landfom within a region is assignediographic units or landfors. 

name for the soils encountered within it, and an association-consociation 


one or more typical profiles are completely described for each ansociation.
 

The 	 six regions are: (1) M11ountains, (2) Hills, (3) Piednont. () 1lgh 

(6) 	 Low Terraces. These are furtherTerraces, (5) Middle Tcrraces, and 

broken doir as listed in AN:X A of this report. There are a total of 58 

Assocfat ion-Consocntion groups, rnppnd individually within the Chapare. 

Host of these appear ,ithin thc Tiojcct area, ns defined, and are delireatcd 

on the Land Capability Hap (Olap No. 2) which accompanies the present report. 

3.2.1 	 Landfo-ns and soils conscciatrons
 

It was not possible nor is it particularly necessary, to elaborate here
 

upon the many soils encotinc.red in the area. Ifo-ever, it may be %':ell to 

surmarize the general relationship between soils and landfor.s in order to 

facilitate an understanding of the discussions which iollow regarding land 

capability and crop ecolory; 

Areas classed and ,npped in the tHountain category include most of the 

land above 600 meters elevation, including the higher foothills and the Andean 

mountain slopes to above 3.000 meters elevation. Thei;e higher lands lie. 

mostly In micro-regions I and 2 and include Entisols, Ultisols, and Incepti

sols, mostly the former on eroding surfaces, which predom.inate areally, and the 

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

u1 h -'_ tz =ay theay are sbalclassed .as "a~the"the 	soils in this gnoup are 

The 	parent rocks In this unit are the principal source of
low, stony, or both, 
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the sediments which mike up and continue to accumulate on the adjacent 
low

land plains and foothills. They are mostly rocks of sedimentary origin,
 

to late Tertiary in age, derived apparently from soranging from Cambrian 

diments eroded fronm old land surfaces with senile soils. They lack many 

this undoubtedly at the root of theimportant basic minerals and fact is 


poverty of the soils derived from them in the Chapare.
 

Areas classed and mapped in the |ill.; category include the more bro)ken 

foothills slopes an3 outliers, very high stream tcrranccs, sttal! alluvial 

(Trofans, and sall interspersed shallo: upland vdlleys. Again, Entisols 

porthents) predominate, in associatIon with none Oxisols, on thc residual 

or eroding surfaces while Inceptisols (mostly Typic Dystropepts) are classed 

as the major soils on the sedimentary areas of dccumulation. .:any of these 

so'ls aro sandy or gravellY excessively dra'ned internally, and very lot in
 

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

nomic potential.
 

The Piedmont occurs wherever the larger rivcrs emerge from the mountains
 

and deposit their coarse sediments in broad alluvial fans characterized by
 

very wide bedload channels with braided streams at low water. These fans 

may be bordered by high benches or hanging terraces and some broader, slop

ing, •outwash plains, all interspersed between rivers with back6waters and 

The Piedmont includes some of the best-drainedpoorly-drained depressions. 

soils of the region, including the rorc fertile Typic Lutropepts on the allu

vlal fans, but the predominating soils are infertile Dystropepts, with Oxi

sols on the bench terraces. Most soils are stony or infertile or both. None 

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

wet
particularly infertile under the very high rainfall conditions (Trocal 
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forest). 

Spreading out northwards from the Piedmont are a succession of pro

gressively lower alluvial plains, termed "terr-aces" in the PRODES study. 

the rivers are still well-cntrenched in theIn the Hijrh Terrace 7.one, 


land surface and present a series of river terraces ihich are rarely 
If
 

ear, sloping courses, 

ever Inundated for more than a few hours. The highest and best drai.6-d 

of these are never actually flooded. The rivers run throu!!h then on lin

often with braided channels w-here the less-heavy 

coarse materials -- and gravels of the bedload, -- are still being depos

ited. The main highway runs through thin physioraphic region alonv much 

of Its eant-west section between Villa Tuntrisand Chimor6 and It is in this 

zone that many of the problems with the bridges occurecd in the recent 

floods. Wide beds of aggradation are typical of this zone a::d bridges must 

be built to span the entire bed even if this is rarely occupied by flood

waters. 

The !!gh Terrace region falls largely in the belt of Tropical wct 

forest life zone. It Is fortunate, therefore, that it! soils are predorai

nantly Inceptisols high in sand and %.ith excellent permeability, that is to 

Despite the high rainfall and great water surplusessay, free-draining. 


which are rapidly eliminated from even the flattest terrain, the several
 

terrace-type soils-groupings are about evenly divided between relatively
 

(Typic Dysfertile ones (Typic Eutropepts) and relatively infertile ones 

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

this zone are t eir s,, eopt-hility tn leachin and soil-climcitc nrnh s, 

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


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

interspersed with poorly-drained depressions and floodlands ("vegas") along
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the river margins.
 

The Middle Terrace region adjoins the foreron on thenorth. There is 

a slight but si.if'cant elevational difere.ce and the rivers enter this 

zone with norral watcr levr' onl, sli.h-1)V below the uppermost level of the 

plain. The ground water table is closer to the s'urface even at low water 

and floodwaters may in occausional years cvcn overflow, albeit for short pe

riods, the best-draincd (i.e., highest) teri.ace surfaces. As a resul', the 

well-drained and mncleratelv we) -eirainod t(:rraces In this zone Lire amonpst 

the best In the rcKioui fo- apricul..ure. T;icv include Typic Eutropepts, which 

are comparatively fc:iile. .hi)c thcse We permeable soils, there is a ten

dency for rroundvater. .'en th.. 'e, '. block thefir deep leachir, . and 

even to bring so-T. -r again t oh* " g. .vc.. A further advantage 

of this landtye *s its* location wervica]forert !,iocuir-atc.,in the 'ct 

such that it beef.ts from co..--r.ivcly 3ez':;r rainfal su-lun, creater 

sunsilne, and generally more ,vc,.le ,rc'in. conlitions. As a liability, a 

greater proportion of the land n 1!e reFIon is catcorized as flooded 

backwaters, poorly drained dep."cs-ions, basin:;, and abandoned stream meanders. 

Such areas have little or no economic potcntial other than forestry at pre

vailing technological levels in the region.
 

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

the so-called Low Terraces. Bioclimte in most favorable where they occur 

but drainare han charged from a minor to a major problem. In the Low Terrace 

zone the rajor rivers have virtually reached base level and meander widely 

over the plain, changing couses frequently. Normal stream levels are only
 

slightly belou the general land surface and nearly all the land may be flood

ed when rivers rise to full flood peak. This means that new, fine sedinents
 

(silts and clays) are deposited with some frequency even well away from the
 

http:difere.ce
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main streams, and sands are deposited close to the riverbanks on slightly 

elevated natural levees.- Only the interfluvial basins farthest from the
 

main streams fail to receive an occassional dusting of-new sediments. 

dceply depressed, permwinently wet or flooded
These are consenruently both 

with shallow water, infertile, and arac obic (hydro:,*rphic). Other soils 

tend to be relatively fertile In the surface.l-ayer at least, but are some

table. In this category,what shallow ovcr the perir-anent ground water 

only the moderately well-drained terraces, those suhiject to short-term 

and the naturdI cvees h:-vc agricultural potentLial and, un
inundation, 

a dim.nished proportion
fortunately, lands in tl;e:;e cz:e.gorc:. r'(!rcsent 

> r,; ion. Vast areas, despite the o..the total ie ... 

meansomewhat drier climate arc conmpinsed of swamps, lagoons, abandoned 

der channels, flodetd or seasonally flood depressionn;, flooded backwatcrs, 

eco:o:.ic potcr.tlaand poorly-drained terrace;. ?lost of thene la.c: an 

othr h c,:e '~d tia,. feeding' glrouni5s for river fish at the 

of wild anirals, or for forestry.time of seasonal floods, for tl.c .vzn.gfcnent 

4.0 llajor l-nd -Use Capability 

Land 	 use capability classification is prerequisite to planning for suc-

The term refers to the eco" 	 cessful and sustainable rural land occupance. 


of land for specilogical suitability of any small, physically homogeneous 

fled types of economic utili7ation on a continuous basis (without causing 

short or long term in the original productivedeletirious effects in the 

railure to plan land development upon such a
capacity of the land unit). 

tobasis can, as it has already in the Chapare, lead to gross mistakes and 

eventual economic and social strees, costly or impossible to remedy.
 

Several land use capability classifications have been devised and
 

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

http:eco:o:.ic
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in their derivation or objective in thcir aplicatlon. ror this reason, the 

system devised in 1972 by Tosi (1901) for Columbian environmental conditions 

of classifying the Chapare environmcnts, in
has been adapted to the problcm 


use capability. This classification Is based upon

tegrally, for major land 

the World Life Zone System of Ecological Classification of L. R. lloldridge
 

(1967), already knowin and applied in 	Bolivia (MACA, 1075). A nearly identi

under official governmental decree, in
cal classification is currently used 


outlined.
found very satisfactory for the purposesPerfi, where it has been 


that bio-

The Colombian classification by Tosi is based upon the prerise 

is a primary de
climate, as integrated in the life 7cnc hcxo.,onn (rigure 1), 


terminant of land use capability. The classification thcreforc sets up a
 

of bioclinatic i:ith physiographic and eda1rhicmulti-factorial integration 


or
para-meters to establish the major use capability of land in five major 


general categories of land utilization. The quantitative values for indivi

fit the
dual .,ihysiographic and edaphic factors are varied to specific cf

fects of climate unon them and upon the potential vegetative cover in cach of
 

the tropical and subtropical life :.ones on the diagram. Values are derived 

mathematically from the Universal Soil Loss Prediction rormula of U'isch meier
 

Four different levels of land-using technology are recognized and
and Smith. 


integrated into the classification, such that a given land unit can be iden

tified for capability simultaneously under each level. These levels are (1)
 

and (i) Iechanzed. All

Prmitive, (T) Tadtonal / cl rtesanal 

4 categories of tec.hnology, land use capability, and class divisions of the en

arevironmental parameters are prucisely 	defired and special keys provided to 

be used in each distinctive life zone as identified upon the ground.
 

This classification has been adapted for use In the Chapare based upon 

the life zone map constructed during the consultancy and upon the physiographic
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soils map of SNA-rAB-PRODES, as 	discussed heretofore. Of the five regular 

recognized in the classification, only themajor use capability categories 

forth, (r) Production fo.str', has been sulxlivided" into two sub-classes 

for added precision in locating area-- for specific uses in planning. The
 

land in the Project Area has been classificd simultaneously, as well', under
 

two of the four technological system catcgories, (T) Traditional and (A)
 

Advanced, Artesanal.
 

4.1 Nappin! Procedure and rinal Product 

Given the field data on life zone distributions, a map was first con

structed to shot the detailcJ location of life zones in the Project Area 

(Hap No. 1). Ecological boundaries fromn this map were transposed to scale 

upon ;he landforms-soils i.kp at 1:50,000 (SNA-rAB-PPODrS, 1980). Each 

upon the latter map was thus classifiedsoils association-consociation unit 

as to its bloclimatic affinity.
 

A parallel step in the mapping process was the classification of each 

landform-soils association-con.ociation group in the PP.ODES survey as to 

average slope characteristics, riicro-rolief, soil depth, textire, stoniness, 

permeability, Inherent fertility, p1l, erosion suffered, salinity, and flood 

risk. These determinations, necessary for the application of the land capa

bility classification, in~olved detailed interpretation and computations frov 

the PRODES (1980) field and laboratory data for reprcsentitive soil profiles. 

Finally, each of the PRODES-unit keys was converted to an alphabetical 

code (PEX A- This report). The life zone identification followed by the 

new code for landform-soil was then entered into each distinctive land unit
 

delineate on the PRODES map as a denominator in a fractional code system.
 

Land use capability as derived from the keys in Tosi (1981) for these values
 

was then dntermlned for each ccmbination of bloclimate and landforms-soils
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the rap in the numerator 
(ANNUX B-This report) and subsequently entered on 

position of the fraction, in the following order:
 

Ac',v: ned Tech. If diff-'rnnt)Technology-(L.U.CaP.:L.U, Capability: Traditional 

Life Zone / PhysiographiC Re--ion - Landfor.-.Soils Sub-division 

The final product of this procedure, most clearly visible whcn each area 

units having the same land use capablity is colored differen
of conterminous 

ly, was a map (:o. 2) at 1:50,000 subsequently reduced to 1:100,CO0 scale. 

original divisions of the PRODE landfoi'ms-soils map d-,d
This map retains the 

the life zone rep as well as showing use capability at the two technological 

r, the areas of each catc,-ory
levels. By statistical bloc). count and planimet 

were then derived from this i;ip," by micx-o-region, a;id are presentee,, for each 

technological level, as Table CA and M). 

4.2 Mlajor La::d Use Capabili:y Classes: i1erpret'ation 

Syidbol A: Clean-tilled cron. is the highest level in the classificat-on. 

Lands In this category will support cont.uo.. open-feld crc-,.iu or, in 

an annual raiti-fed crop planted in bare
seasonal clitrrzte. without irrigation, 

soil and cultivatei for weed suPpres:;ion, withou loss or ejecxase of the 

duC to soil erosion, leaching, or rtruc
land's original productive quiticb 

tural modifications due to co.:action and without resulting in off-site harm 

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

Ihe physicalthe "best lands" for agriculture, (and livestock production). 

not only in absolute terms butrequirements for inclusion will vary, however, 

An "Advanced"
also as a function of the land-using technology being applied. 


he it "Artesanal" or "Ifechanized", ordinarily permits poorer grade
technology, 

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

e "'-'"n-' inaismuch as soil conserving practicesfiogical systems-l w' 

T?
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in the latter systems. In most cases,are' implicit in the former but not 

any of the lower level land uses are admiscable as alternative uses on lands 

in this category, for which uses they will be superior to lands classified 

forests
directly in those uses. For example, other factors being equal, 


will be more productive on A-Category lands than on F-Class (Forest Produc

tion) lands.
 

Permanent Crops and Pasture is the next-to-highest level in
Symbol P: 


con
the classif ication. Lands in this category ill not, however, support 


tinuous cultivation of clean-tillc.d crops. At the technological levels of
 

or for the
their classification they may be uned for pasturing livesto.* 


production of any, usually seni--pe.rmanent or permanent crops which do not
 

require the repeated clean-tillagc of the soil, or ,hich leave the soil sur

face without a protective vegetation cove' for any extended period of time.
 

the same criteria as in Cat'.?ory
Qualification for this category is based c.n 


A: 	 the retention of original noil productivity potentials undcr continuous 

As in the previous cateuse and absence of deleterious off-site effects. 


gory, these lands will support, ane infact be nore productive in,forc.t g"
 

tree crop production system., an an alternative land use %.here economics do
 

not permnt their h.irl;, t-inte'nsity utilization.
 

Syr)'ol C: Pernnent Crops Vthout _Pastur include lands with Mar.1nal 

Their use for grazing of livestockphysical condition,. for crop production. 

Is proscribed inzsnuch as this use will lead to site deterioration and/or
 

lany of these lands are either in sloping, erodeterious off-site effects. 


dible areas, in seasonally-flooded flatlands, or have low inherent fertility
 

due to aluminium toxicity. The "ajorityof lands n this ateory are best
 

suited to long-tirmn perennials, and in ?artlcular to bush and tree crops
 

The ground cover, is
which provide full soi protection at all times. 
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regulated by crop hade and leaf litter as a protcctlive mulch. Coffe, oil 

and peach pain, tree-shaded cacao, rubber, fruit orchards, and nut groves, 

are the sort of production systems which fit into this category. Coca, In

cidentally, requires clean tillage, does not fit, and should le excludcd 

frcm areas so-classed on the map. Banana, papaya, and pineaplc require 

more-than-acceptable tillage and lead to adverse site detcrioration. They 

are not recorrended either. Aro-forcstry, a tem currently in voque
 

amongst develop.ient planners for the tropics, implies the sort of land

using technolo-ies iihich are aplicah}- c:i sites falling in this category. 

.. Production !'enu-P a lands 11ith site cordi'ions 

adv:rse to any co::tinuo o, (> .on.. ,"¢tuV3l use. TheCe 2-13,!'- v'll 1:"'

duce accc.tal.le c:uo- of t,,' -.--fre. . tr..c !,)ec.cs undo" natural con

ditions 'ithout C,uLfn ae1vevc-. :¢ 1 0.' frz-1t, cU.t. z the rcu!-tlt Of 

iwran.cr~ent eer-tz.cns. s - )op.iT.- an:1. cxtraction. at tle tec1h.moo;t,:c 1 

levels of their clas;c'fication. Irs tc. present analysis, the r-Catcgory 

has been subdivided into r, and r2 units. 

r, includes lands too poor for aricultural 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 fields may be 

opened and the major part of the land must be retained In native forest or 

In forest plantations at any given time. Of the two sub-categorles, only r" 

lands are reconnended for forest tree plantations. 

r.2 lands htve condition; v'co_.p field cronnr or tree planta

tions. They r,' ?'e t for the pcr-.anentrnapr,,! .!re'r :pecif'd ~cholo[', 
r-

in,- nat ive forests. 

S.inol X: Protection (urder undi;.t"-.,' rau,-al veret,.tion) Is the final 

production of tinber crop: in natur.-iy r "-rd".! 

http:accc.tal.le
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category of the classification. It includes all lands having physical site
 

conditions which are either adverse to any economic use of the soil or which 

will lead to severe on or off-site damage if used In any 'ay, Including for 

the harvesting of natural forest trees. The category includes lands which 

are permanently flooded or flooded for long period each year, areas of rock 

outcrop, stream overflow debris, and gravel beds, and steeply sloping lands 

in hills and mountains with high rainfall and runoff. Such lands, if exploit

ed in any way, invariably deteriorate and do not sustain exploitation and may 

cause serious off-site effects in the proces. 

4.3 Traditional ,ersuz !.cv, nced_?,hchno]op.Aca] Syste;.,s in Tnd Usc 

Current lend using ch;,c1;or.y iii the Ch,;par'e may be classcd as "Tradi

tional" ver,-. ng on the "rirntivc". ly-and-large, farnerf, th re have been 

in the region for only -!bout ten to fifteen years, coming fron highrland re

gions with a totally different p:ysical environment and farming iraritions. 

They have lcrnced what "hcy do ).now about dealing with the new environent 

by painstaking p,,onal efro ,t, tak"n1 clues from the original natives, old

timer colorist:', and eac: othc,. Cfficialiy-sponsored research and extens'on 

efforts have been fumbli ig, poorly oriented, and apparcItly of little posi

tive benefit to date (see Stausifer report). By trial-and error, under se

vere limitations with respect to marketing of products, the typical colonist 

has learned how to deal, in a modest way, with production problems on his 

often arbitrarily located small farm. HIoffman (193) has identified and 

documented 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 semi-permanent and/or permanent crops throughout the major 

portion of time that the land is actively In crop cultivation. Annual crops
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ones for a short termpermanentwith semi-permaneut or are interplanted 

Except for coca produc
income at the beginning of each cropping cycle. 

or pest and disedso control do not use purclased fcrtilizerstion, farmers 

no case, do they use improved crop varieties. Livestock 
chemicals, and, in 

Hand labor is the rule in all farm operations.Q bkL is of inferior quality. 


Soil conservation is not consccentiously prac-
There are no work aninals.
04. 


ticed, or understood.
 

In classtfying land for use capability,.therefore, 
prlmary emphasis has
 

Land
 
been given to the "Traditional" level of 

technology as set up in the 


io Because it Is excepted that Project
n (Tosi 100).
Capability Classificat


irplementation %!ill reinforce rescarch and 
extensicn, merkcting infiastruc

give impetus to adoption of
 
ture and processing facilities, and otherise 


technolofy through economic inccntives and teclhnical 
assistarcc, It 
 is
 

newi 


in terms of land capabi
also worthwhile to see v:bat the rcgion lcoks 

l.ikc 


Lands have there
"Advanced, artesaral" technological system.
lity under an 


fore also been classificd in the ).atter context.
 

r the Charercr rindinr.
iar.-tV 

No. 2) and 

4.4 Land 


flapped distribution3 of the land capability classes 
(?'!.n 


Table 8 indicate a nenerally low .to modcrate 
agricultural potential for the
 

Project Area, depending upon which level of technology is assumed. 02]2 

type of agricul
and area is suitable for any 

about 30 oercont o, the ttax 

The fo
ture, including aro-fo'.estrv. at 7raditioVal 

levels of technology. 


restry potential, hovwever, is high.
 

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

that current use is generally consistent with capability
ervation suggests 

at the Traditional level except in the hills and 
hountain physiographic re

gions, particularly in Hicro-regions 1, 2, and the southern parts of 3, 4, 
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Table 8 A Abcclute and Reia-'Jve Area by Land Use Cepability 

Class(-- and Micro-rer.ion in the Chapare Project 

Area under TRA'ICIO;AL technology 

Microrgion A P C I r2 x Total 

1 has. - - - 1,825 0,275 80,636 90,936 

t 0.0 0.0 0.0 2.0 9.1 00.9 

2 has. - - 620 6,402 12,325 15,425 34,772 

1 0.0 0.0 1.0 18.4 35.4 44.4 

3 has. 1,025 8,950 17,550 14,075 3,250 2,600 40,250 

% 3.8 18.5 3G.4 29.2 6.7 5.1: 

4 has. - 2,522 12,327 .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 

5.6 29.3 14.7 38.5 3.7 0.2 

6 has. - 5,625 9,775 8,900 1,775 10,650 39,72', 

0.0 111.2 24.6 22.4 12.0 26.8 

7 has. - 19,150 6,900 24,000 2,900 10,325 64,075 

% 0.0 29.9 10.8 38.7 4.5 16.1 

8 has. 375 7,200 11,575 11,125 5,775 3,100 39,150 

% 1.0 10.4 29.6 28.4 14.7 7.9 

9 has. - 2,475 11,225 5,125 425 2,125 21,375 

t 0.0 11.6 52.5 24.0 2.0 9.9 

Total has. 4,075 55,772 74,897 101,169 48,412" 130.303 422,700 

1 1.0 13.2 17.7 24.0 11.4 32.7 100 

31.9 35.4 32.7 
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Table 8 B : A.lnolute and Relativo Area by Land Capability 

Cl.ases ani Hicro-rerionn in the Chnpare Project 

Ar'ea under ADVANCED, ARTC.SAIAL technology 

Micro-region A P C r, X Tot ! 

I has. - 775 - 1,050 8,275 80,836 90,93E 

% 0.0 0.8 0.0 1.1 9.1 0.0 

2 has. -
0.0 

70 
0.2 

550 6,402
18.4 

12,325
35.4 

15,425
44.41 

34,M7 

3 has. 6,025 25,650 6,725 j 5,400 3,250 1,::00 48,25C 

1 12.5 53.2 13.9 11.2 6.7 2.5 

4 has. - 15,806 6,588 I 8,767 9,437 10,547 50,82! 

% 0.0 30.5 13.0 I 17.2 18.5 20.8 

5 has. 15,350 0,575 - 7,750 1,250 675 33,G0C 

4 5.7 25.5 0.0 23.1 3.7 2.01 

6 has. - 16,450 4,375 1 3,475 4,775 10,650 39,72! 

1 0.0 41.4 11.0 8.8 12.0 26.S 

7 has. 8,525 24,725 4,450 18,425 2,900 5,050 G4,07! 

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 39,15C 

1 1.0 54.6 3.4 18.3 14.0 7.9 

9 has. 3,775 11,225 - 5,450 425 500 21,37 

% 17.7 52.5 0.0 25.5 2.0 2.3 --

Total has. 34,050 124 ,331 24,038 63,894 48,412 127,983 422,70E 

1 6.1 29.4 5.7 15.1 11.4 30.3 10C 

43.2 26.5 30.3 
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6, 7, and 8. In these areas, there has boon settlement, mostly spontane

ous, of lands classed as suitable 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 existinC highway and penetration 

roads. It is reported that some of this settlement and clearing took
 

place in spite of opposition by the National Colonization Institute. The 

National Agrarian Inefor.m Institute actively promotes settlement as part 

of a policy to Use the Chapare for the disposal of surplus people from 

the overcrowded highlands. 

ar.ea of lard !-aving4.4.1 Micro-:'e.-uns I and 2 include no significant 

agricultural potential at either tcchnological levcl. Ninety percent of 

the lind in I1.-1 is clas ed as 6uitable only for Protection X), the re

inainder for Forest Production F). 1owever, land clcaring for shifting 

cultivition followted by grazing of livestock was observed to bc occuring 

in this region, not only on lands classed for forestry but also on pro-

Reform Institute has dividedtection-class lands. The National Agrarian 

up fornerly large private landholdings in the area as family-sized farts. 

Farse~are producing locoto peppers, corn, arracacha, and some potatoes 

on the better F lands under a system of shiftine cultivation, around 

ablas lionte. In other areas the principal land use is livestock grazing 

in both cleared land and in degraded natural forest. The grazing is lead-

InS to severe erosion and vegetational deterioration and should be discon

tinued in favor of forestry or protection, as recormended on the map. 

Further settlement of people in this HR 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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assigned permanently to promote fruit orchards (peaches, cherimoya, etc.)
 

n these lands and to aid farwecs in perfecting their present shifting culti

ation system on intensive rorestP.oduction (F1 ) lands. Locoto, arracacha,
 

and green leafy vegectahlcs under long-term rotation with timber plantations
 

could stabilize land use and heighten productivity and human carrying capa

ity in the region stithout further damaging the watnrshed and its hydroelec

:tic potential.
 

4.4.2 ?Ucro-re.ion 2 is in similar circumstances, except that ,o.ewhait more 

than one half the total area is classed as suitable for some form of forest 

terproduction, (nostly F2 ). The forestry lands ire located on the lxench 

races lorde'ring the major rivers. Some but not all are currently being uti

lized for shifting cultivtion-or for permanent crops such as banana, papa

ya, and pineapple, i:hich are sold to passing truckers. The transport advan

tage being very great, thre is a real danger that these scattered rcadside 

•farmers will expand clearing onto the very steep Protection category lands 

bptlll. fron their farns, causing major landslides and problems of a similar 

nature affecting the highway infrastructure and the hydrographic regime 

downstream. A program to eliminate agriculture from non-agricdltural land 

'along the main highway is of particular importance. People located here
 

•""shouldbe given preference for relocation onto the lower plains and the pre

sent legislation designating these lands as National Protection Forest should
 

be enforced.
 

4.4.3 Ificro-region 4 is in an intermediate situation. ouy seventy per

cent of its total area of 50,000 hectares is able for agricul

ture, but can be used in great part for intcnsivw, forest production ()
 

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

high terraces is suitable for Permanent crops without Posture (C) at pre t 

L(J 



to be up,-raded an additional
levels of technolo'y a:d, were this technology 

now in the T1 -class, could enter into 
15 percent of land, taken fro:-. 'at is 

this proxhiction c'tero'v 

This is one of the most imiuirtant areas of coca poduction at present. 

Tembe, or .pejiballe (peach palm), with its relatively hieh-valued palm" 

heart, would withstan-d the hig, rainfall conditions of the prcdo.,inating 

and this miiht bc.a priority area for Tropical wet fo-ezt lifc zone 1-.61c, 


peach palm proju:tion as a su'Ostitute for the 
coca. Replaccment could hc
 

and C. With a higl, technology system
gradual, on lands classed as r of 

"nthe r. category on sore soils could also tembe production, lands clast;d 


be devoted to this crop. 

Few other tree crops will 1jcrform well in this dicro-rezion but the 

and tested at the Chipiriri Experimcnt Sta
followinS should be iut-'edu:ed 


(Manil&

tion: breadfruit, jachfruit, caranbola, African oil palm, abaca 

Table 9). For
hemp), rambutan, pulusan, guara1S, cocona, and yautia (see 

sections of this 
astry systems to be recommended arc considered follo'inug 

report. 

terms of suit
4.4.4 	 Iicro-re.io. 6 is only marginally better than NR-4 in 


lands apt for

ability for agriculture. As in the fori.cr case, there are no 


be used for
a total of 30.8 percent of the area canClean Tillage (A) but 


falling in the higher quality P category tind

Permanent Crops, I1.2 percent 

the rcmaindc- in the C or Arroforestry class. By introducing an Advanced 

of the could be brought13.6 percent arealevel of technology, and additional 

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

SA and 81). 

into the Subtropical wet forest at
This mcro-reCion scarcely reaches 


all and has a large area on the south of Hountain and Hill region
 

http:Iicro-re.io
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Tventy-Cix
 
physiography, much of which is in the 

Subtropical rain forest. 


percent of the area falls in the Protection 
(X) category and 34 percent in
 

Terralce sectors, scoils arc
 On the Picdmont and High
ror st Production (F). 


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

These conditions lin.it the crop
 
of the Trotncal wet forest life zone. 


and oth'cr species
choices severely. Ten!bc is, aCai;a, the crop of choice, 

varietal Introductio:1s and im
w:ell with appropriatewhich should perform 

arc banana and plantain, Indian wheat, Kola nut, 
proved farming practices, 

dasheen or taro, oil palrm,, cinna-on and cassia, 11anila hemp, and possibly 

trial plantings at Chipriri in 
some of the other species recor~mended for 


WR-4. On vr deep, wcll.-dr'ne(c soils, such as thcso found in the 

:oula
Tc 'rct lan4forn types (P,Pp.i, possibly 7.), teA 

Piedmont and 1!ir.h 

v:ll in the Tropical wet forest life zone areas of 
be expected to perfci', 

m
and ;h-.inuiiu acc,.unil1tnra calcifugethis and other rtcro-rcrions. Tea Is 


per.ori!ancc. Approxi
and requires deep, %cl)-drained acid soils for best 

matnly 5.000 hectares r.eeting these conditions are found in ?!!,-6. 

for6 in ordcr of increasing suita1'Lty
4.4.5 	}icro-reFion 7 follows 


of its total area can
 
agricultural developtrent. rorty-point-scven percent 


be.used for crops, all Permanent under Traditional technolo.'; and %.
 

percent more of the total area could be ad.ed 
to this if Advannced techno

in that 
logles were instituted. This nicro-rerion has a decided advantage 

it is very large (64,000 hectarc, approxim.ately) and 30 pc:-cent of this 

Pa.!ture category at Tradicioral 
area falls into the P - Pct-ra,'et Crons vith 

0.500 hectarcs can hn utilize. for Cle.n
 land use levels. Furtlcrnor', so.c 


The reason for this favorable
 (A) undcr A(lva.nced technolog'.
Tilled Cr-'.Ms 


of 1he nicl'o-region falls in the Sub
situation is that a very larre part 


i:hh- a.,. dscussed prcviouslYis.wastropical 'et forest life zone 
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significantly less restrictive to agriculture. 

Of the non-agricultui-al lands, the greater part*, some 30.7 percent of
 

t:e total area, fall In the intensive rorest Poduction (F 1 ) category under 

Traditional production methods. These lands arc, for the most part, elimi

nated from agriculture only because of their poor drainage or seasonal flood

ing characteristics. They will produce crops of such excellent sviamp-forast
 

tirber species as the native sangre de toro (IVroJa spp.) and the exotic orey
 

(Campnospe.n;,a panamennsis). Under introduced Asiatic technologles, ,o.e lands 

in both the :,and the r, catcgor is could be converted to continuous clean 

tillage for the production of padc,'y vice. Excellcnt soils exist in the ,-d'Jle 

Terrace landfo:'r region . T-Mb, W:m for aunder : ibo1.n To, and such conversion, 

and water control is po-s.ibe in all three types. 

The roster of economic plants which are known to be or are probably 

adapt1d to the tRp~qi vat.f=.11 bioclimate is much larGer tlwn that for 

the wetter bioclimates, as can be appreciated from Tableg. Fro, the species 

on this list the Chapare farmers now have cor ,ercial success in this life zo.

with pineapple, papaya, several citrus species, banana anad plante.in, rice, 

yuca, peanut, maiz, and toirato. Jouseyard fruits of excellent quality such
 

as sugar apple, giant granadilla, annatto tree, water apple, ice cream and 

machete bean, and guava were observed in the area. These as well as bread

fruit, peach palm, capsicuin chiles, citrus, taro or dasheen, squash, gruya, 

sweet potato, vegetable sponge, beans, sugarcane, cowpeas and yautlas are
 

undoubtedly prown as an occassional subsistence crop or as fodder for door

yard pigs and chickens.
 

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

tentially commercial crops If the economics look right. Amongst those for
 

introductory trials or limited commercial test 'g, I would sug.est:
 

http:plante.in


TAPLF C Economic Plants with probable adaptation to Chapare climates and soils with notes on product, 
economic 

SIENTIFIC NAME 

Anacardium Occidentale 


Ananos comosus 


Annona reticulata 


Annona muricata 


Annona squarmosa 


Aaachis hypogaea 

Artocarpus altilis 


Artocarpus integrifolia 


Averrhoa cara.b)ola 

Bactris utilis 

Bixa orellana 


Cajanus cajan 


Calocarpum viride 

Camelia Sinensis 


Canarium ovatum 


Canavalia gladiata 

Canna edulis 


Capsicum annuum 


Carica papaya 

Caryocar nuciferum 


Chrysophillum Cainito 


Cinnamomum zeylandicum 

scale of production, 

CCMMON NAME 

Cashew 


Pineapple 


Custard Apple 


Soursop 


Sugarapple 


Peanut 

Breadfruit 


Jackfruit 


Carambola 

Peach palm 

Annatto tree 


Pidgeon pea 


Green Sapote 

Tea 


Pili Nut 


Sword been 

Gruya 


Hot pepper 


Papaya 

Sauri-nut 


Star Apple 


Cinnamon 

research requirements if any, and 

PRODUCT ECCNUC41C 
SCALE 

Fruit, Nut, Oil C 

Fruit CS 

Fruit CS 

Fruit C 

Fruit S 


Vegetable CS 

Vegetable S,F 


Vegetable SF 


Fr-it CS 

Fruit, Vegetable T CS, F 


Dye CS 


Vegetable S 


Fruit CS 

Beverage C 


Edible Nut CS 


Vegetable S,F 

Vegetable S,F 


Spice CS 


Fruit CIS 

Edible Nut CS 


Fruit CIS 


Spice C 

recommended life 

REQUIREMENT 

Test plantings 


Plant Out 


Plant Out 


Test plantings 

Plant Out 


Plant Out 


Plant Out 


Plant Out 


Plant Out 

Plant Out 


Plant Out 


Plant Out 


Plant Out 

Teat Planting 


Trial Planting 


Test Planting 

Plant Out 


Plant Out 


Plant Out 

Trial Planting 


Plant Out 


Test Planting 

zones. 

LIFE ZONES 

bh-TA; bmh-ST
 

bh-TA: bmh-ST
 

bh-T6: bmh-ST
 

bh-TA; bmh-ST 

bh-TA; bmh-ST
 

bh-T4; bmh-ST
 

bh-T&; bmh-ST; TA
 

bh-T,; bnh-ST; TA6
 

bh-T-; tmh-ST; T-A-

bh-TA; bmh-ST; T . 

bh-TA; kMh-ST 

bh-T; bmh-ST 

bmh-ST; bmh-TA. 

bkmh-ST; T ; bp-ST 

bh-T6; bmh-ST
 

bh-T-; bmh-ST 

bh-T&; bmh-ST
 

bh-Th; bmh-ST
 

bh-Tk,& bmh-ST 

bh-T- bmh-ST
 

bh-T-&; bhh-ST; T-&
 

bmh-ST; bnh-Te. 



SCIENTIFIC NAME 

Cinnamomum cassia 

Citrus aurantifolia 

Citrus limonia 

Citrus paradisi 


Citrus nobilis 

Citrus reticulata x poradisi 

Citrus sinenis 

Cocos nucifera 

Coffea robusta 

Coix lacruma-jobi 


Cola acuminata 


Colocasia esculcnta 


Corchorus spp. 

Cucurbita spp. 


Curcuma longa 


Cyperus esculentus 


Dioscorea spp. 


Diospyros discolor 


Elaeis quineensis 


Eteocharis dulcis 

Elettaria Cardomomum 


Eugenia aquea 

Eugenia cuminii 


,.Eugenia.Jambos 


COMMON NAME 

Cassia 


Lime 

Lemon 

Grapefruit 


Tangerine 

Tangelo 


Sweet Orange 


Coconut 


Congo or Robusta Coffee 


Job's Tears-Indian Wheat 

Kola nut 

Dasheen, Taro 


Jute 

Squash-Pumpkin 

Tumeric 

Chufa 

Yam 

Mabola, Velvet apple 

African oil palm 

Water chestnut 

Cardamon 


Water Apple 

Jambolan 


Rose Apple 


PR(ODUCT 

Spice 


Fruit 

Fruit 

Fruit 


Fruit 

Fruit 


Fruit 


Fruit, oilseed 


Beverage 


Grain, Forrage 


Beverage 

Vegetable 


Fiber 

Vegetable 


Spice 


V'getable 


Vegetable 


Fruit 


Oilseed 


Vegetable 

Spice 


Fruit 


Fruit 


Fruit 


ECONOMIC 

SCALE 

C 


CS 

CS 

CS 


CIS 


CS 


CS 


C,S,F 


CS 


C,S,F 


C 

C,SF 


C 

CIS 


C 


S 


CS 


CS 


C 


C 


C 


CS 

CS 

"C,S 

REQUIREMENT 

Test Planting 


Plant Out 

Plant Out 

Plant Out 


Plant Out 

Test Plant 

Plant Out 


Test Plant 


Test Plant 


Plant Out 

Trial Planting 

Plant Out 


Trial Planting 

Plant Out. 


Trial Planting 


Trial Planting 


Trial PLanting 


Trial Planting 


Plant Out 

Trial Planting 


Trial Planting 


Plant Out 


Trial Planting 


Plant Out 


LIFE ZONES 

kmh-ST; kbh-T6 

bh-T '"bmh-ST 

bh-T4; hkm.-ST 

bh-Ta; bmh-ST 

bh-T6; bmh-ST 

bh-T-6.; hmh-ST
 

bh-T0; bmh-!ST; MB
 

bh-T-; both-ST
 

bh-Taq bth-ST
 

bmh-ST; bmh-T.A6
 

bmhr-ST; b-h-T-m u 

bmh-ST; beh-TO-


bh-TO; bmh-ST 

bh-Ta; bmh-ST
 

bh-T-; bmh-ST
 

bh-T&; boh-ST
 

bh-T&; bmh-ST
 

bh-T-& bmh-ST
 

bh-TO; bnh-ST; T4. 

bh-T&; bmh-ST
 

bh-T,; bmh-ST
 

bh-TA; bmh-ST; T0
 

bh-T&; bemh-ST
 

bh-T W bmh-ST
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SCIENTIFIC NAME 


Eugenia. javanica 

Garcicia mangostana 

Hevea brasiliensis 

Hibiscus Cannabinus 

Hibiscus esculenta 

Inga edulis 

Inga heterophylla 

Ipor-oea batatas 

Lecythis zapucajo 

Luffa cylindrico 

Macadamia spp. 

Malphigia glabra 


Ma.nea americana 


Maranta arundinacea 


Mucuna deeringrana 

Musa x paradisica 

Musa acuminata 

Musa textilis 

Myrciaria cauliflora 


Myristica fragrans 

Nephelium lappaceum 


Nephelium mutabile 


Oryza sativa 


Passiflora quadrangularis 


COMMON NAME 


Java apple 

Mangosteen 


Rubber 


Kenaf 


Okra 


Ice cream bean 


Machete beaw 


Sweet potato 


Sapucaya nut 


Vegetable sponge 


Macadamia nut 

Barbados cherry 


Mamey apple 


Arrowroot 

Velvetbean 

Banana, Plantain 

Red-leaved banana 

Abaca, Manila Hemp 

Jaboticaba 


Nutmeg; Mace 

Rambukan 


Pulusan 


Common Rice 


Giant granadilla 


PRODUCT 


Fruit 

Fruit 


Latex 


Fiber, Forrage 


Vegetable 

Fruit, Vegetable 


Fruit, Vegetable 


Vegetable 

Edible Nut 


Vegetable, Other 


Edible Nut 

Fruit 


Fruit 


Vegetable 

Fodder 

Fruit 

Fruit 

Fiber 

Fruit 


Spice 

Fruit 


Fruit 


Grain 


Fruit 


ECONOMIC 


SCALE
 

C.S 

CS 


C 

CS,F 


CS 


CS 


CS 


CS 

CS 


CS 


CS 

CS 


CS 


C',S,F 

SF 

C,S,F 

C,S,F 

C 

CS 


C 

CS 


CS 


CS 

CIS 


REQUIREMENT 


Trial Plant 

Trial Planting 


Plant Out 


Trial Planting 


Trial Planting 

Plant Out 


Plant Out 


Trial Planting 

Trial Planting 


Plant Cut 


Trial Planting 

Trial Planting. 


Trial Planting 


Plant Out 


Trial Planting 

Plant Out 

Plant Out 

Plant Out 

Trial Planting 


Trial Planting 

Trial Planting 


Trial Planting 


Plant Out 


Plant Out 


LIFE ZONES
 

bh-TA; bmh-ST 

bmh-ST; bmh-T
 

bh-Ta: bmh-ST
 

bh-T&; bmh-ST
 

bh-T; bih-ST 

bh-T ; bmh-ST
 

bh-Ta., bmh-ST
 

bh-T- brh-ST 

bh-T-.; b.h-ST
 

bh-Ta.; b=h-ST
 

bmh-ST 

brmh-ST
 

bh-T&; bmh-ST
 

bh-Tf, bmh-ST; T

bh-T&; bmh-ST; T-. 

bh-TA; bmh-ST; TL 

bh-T.; bmh-ST; Tc 

bh-T6.; bmh-ST; Ta 

bh-T; bah-ST
 

bh-T&; bmh-ST; TO, 

bh-T^; bmh-ST; T-. 

bh-T',; bmh-ST; T,. 

bh-T&; bmh-ST 

bh-T&, bmh-ST 



SCIENTIFIC NAME COMMON NAME PRODUCT ECONOMIC REQUIREMENT LIFE ZONES 
SCALE 

Passiflora edulis Maracuya Fruit CS Plant Out bh-T&; bah-ST 

Paullinia cupana Guarani Beverage CS Trial Planting bh-TA; bmh-ST; T.1 
Varietal 

Phaseolus vulgaris Comon Bean Vegetable CS Selection Trials bh-TA; bmh-ST; MB 

Pimena officinalis Allspice Spice C Trial Planting bh-T&; bmh-ST 

Piment- cris Bay run tree Essential Oil C Trial Planting bh-TA; bmh-ST 

Piper nigrum Black pepper Spice C Trial Planting bh-T&; bmh-ST 

Psidium quajara Guava Fruit C,S,F Plant Out tnh-ST; T&; bp-ST 

Sacc harum officinarum Sugarcane Other CS,F Plant Out bh-T&; bmh-ST 

Solanum hyporhodium Cocona Fruit CS Plant Out bmh-ST; TO bp-ST 

Spondias mobin Hog plum Fruit CS Plant Out bh-T&; brnh-ST 

Spondias purpurea Red mombim Fruit CS Plant Out bh-T,; bmh-ST a 

Theobrcxna bicolor White cacao Beverage S Plant Out bh-TA; bcsh-ST; T, 

Theobroma cacao Cacao Beverage CS Plant Out bh-T-; bmh-ST 

Vignat sinensis Cowpea Vegetable C,S,F Trial Planting bh-TA; bmh-ST 

Xanthosoma sp. Yautia Vegetable CS,F Plant Out bh-T&; bmh-ST; T.-

Key to Economic Scale: 
Key to Life Zones: 

C - Cocrercial or Industrial bh-T = Tropical moist forest transition to Subtropical 

S - Subsistence bnh-ST - Subtropical wet forest 

F - Forrage brnh-1! = Tropical wet forest transition to Subtropical 

co-ST - Subtrooical rain forest 

nbIh-AB = Subtrooical Lower Montane Wet forest 

kList does not include pasture or forrage grasses or garden vegetables. Plants not on list are not recoamended for
 
the Chapare. 
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robusta coffee, swamp taro, 
suarapple and soursop, peach palm, pill nut, 

pulusan, maracuyS,
ruh.ber, macadania nut,. jaboticaba, rarhutan, 

maneosteen, 

the exception or the It will be noted that with 
black pepper, and allspice. 


or
 
taro, pepper, and maracuy.i all are pe-..nnials and cther large btishe3 

into the percanent crops-trec nlantafit welltrees. They would,thererorC, 

-nrthe P and C 
aia cr-ops production systc'

tion matrix wihich is irp.c'-t -r e ' r .. 
 w'th !.arFre .. ::andother"ricro
 

lane. ise ca.ailkty catr,-:.'S in 'L0;- and th 

a giant variety o' danhocn, 
areas of Su..ovca. wet fo'c.t. Swanp taro, 

fr. perancntlybe testcd as specializcd crops
and water chestrut shoilc1 

arcas re-Vhexver tl:eso 
Wet depressions and seasonally flooded landc. 

ceive annurl overflew of cdr.'en:t-lae(Tn river water, soil fertility in hi-h 

pro.per. r nheen is excellent feed for both hand these pecics should 


itcn. in Chinec coc.ery and
 
mann and hogs, iater ches'nuts are a choice 

are canned for emport.
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4.4.6 Micrc-r 4ion 8 turns out to have about 49 percent of its total land 

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

Micro-regions 7 and 5 in this respect. But this region has a somewhat 

different coabination of soils and bioclimates whilst achieving the same 

averages. For one thing, it has a subtantially large area of adverse 

climates in Subtropical rain and Tro,ical wet forest life zones in its 

southern extremity, but these negative biclimates are combii~ed with excep

tionally deep and well-drained, occasnionally-fertile soils of thle Piedmont 

and Iiqh Terrace? landform type. This is one of the few areas where cattle 

raisi.q under systers ; " .isture:. P catcgory lands are the only 

ones suitable for this purlo:-2 in th" r.;cro-regio;. Land u::iL" in the P, 

A " ) a, ;ind TA landform tyipes in " ''L fore , : would )e the lands of 

chc e for experiments of thet moular type suggested by 1Hinojosa. About 

4 3,500 Hectare: in these typews are av.ilThl¢: ini a belt near the Satja River 

fron which to select a trial area. Some of this land is already in cattlc 

production under trg.di: i,:'__* grazing cystems; results do not apr,:-ar 

outstanding. 

Micro-region 8 has a rather largo area in lands of the F category. 

There is already a sawmill near Ivirgarsama and these lands could be put 

Ne conveniently located in the northern part, near the town. Current use of 

these lands for shifting cultivation and cattle raising is causing serious 

soil erosion and rural proverty is manifest. 

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

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

is of agricultural Qcuality at Tradition1a levels and 71 percent if Advanced 

techniques are enpioyed. It also ha!; the largest area of land in the 



- 50 

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 tillage is available if advanced 

technologies are applied: 15,350 hectares shifting from P to A in stbtro

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

most part. So.e of the accretion (5,650 Ha.) comes,however, from the in

clusion of depressed terrace areas with only forest production capability 

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

adequate water oontrol on these lands. The Clc.:-*-till.:g.. (A) lands ae 

otherwise the lands which could be devoted to -o:r,.'rci.al dyltrad rice pro

duction, in the S-abtropical wet• for-'t life .. ,. area a!: ah"n Q-,t. nnp 

-(Map N* 2), and to pf.dItUt prcviuctio:n, rice, maize, or suqarcane in t-

Troical nio..t forest life zoiie area. llowcvc::, th~e . lands in 01Z 

Tropical moist forn';L are. (;_bout 1,875 ha.), and on another 1,825 huctares 

in adjacent MR-3, might more advanit.ously be devoted to the production of 

chcao, inasmuch as they are 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 high terraces (TAsi) in the Subtropical 

wet forest life zone area of this and adjacent MR-3. Almost 7,000 hectares 

are 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 there would be a sigr.ificant positive response to re

search and extension efforts concentrated there for the promotion of both 

P traditional Lnd new permanent and cropping systems. Working on" the 

http:o:r,.'rci.al


bas of established agroforestry practice as outlined by Hoffman and dos

cribed by Pool (this survey), research and extension personnel should 

attVwpt to introduce new cultivars of higher-than-average economic potential 

into the existing systems, to modify those systems over time, and to enhance 

their overall productivity and output through on-farm testing of modified 

production practices.
 

A major recomrendation can be m?.e in this regard; forest fallow cycle 

(chume) should be lengthened to at least ten years in all Eystr,- wher,- such 

a fallow is used at all; at the time of clear-fell ing, th, woody bioriass 

should be harvested as a crop, all woody small, non--.-- rchantable debr.., 

and left to descom'including bark, smal branches, etcetera bving chopped 

pose as an orj,,iz mulch en the soil surface rather than being burned; 

and occassional large tree! of timber quality species in the chu.'e should be 

left standing both as a seed source for nearby second-gioath an,! to comc to 

full econonic stature and volne prior to harvest. This reco. -nd,-.ti'n 

requires rnother: that a fore:;t industrial component for the local conver

sion of the woody biomass into paper pulp, hydrolyzed stock fecd, treated 

sts and poles, and small dimension stock and lumber products be included 

the agro-industrial development aspects of the Project.
 

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

larger ajd has an appreciably greater total area of the poorer, C-category
 

lands. Also, its southern half, more or less, is occupied by Iroical 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 deep and well-drained internally. Under
 

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

used for agroforestik in the C Category, and this raises the total agricul

tural area frm 59 to almost 80 tpcrcent of the total land area of 48,250 

hectareasin the micro-re-

Truly, this is the aoro-foresLry area of greatest potential in the 

Project Area, while there is a ; c ' a a-ca for Clean

tillage and for Perranent Cro:.'; with Pa.tu'e on the no,.thern half, where 

both .,ubtropical vet forest ;,,t' Trirn 1 -- O_Cmlife zones provide 

greatly innroved -li-atic conition.; fo. %:ricu)tu,:o.Remarks concerning 

these climates and crop ada-;t:.bility made in cotinect ion with the IR-5 and 

MR-7 areas are gen-r;-,lly applicable here a!; well and will not be repeatod. 

The micro-region is app0rtly fully settled at the present time. It 

has one of the best sece.dary roads of the region running through it via 

Sau r.iguel, 14 de Septierbre an' , St.n Franci-cc. Thii7 and other !.co:dary 

roads should be. e:tendeei nortlwn_'d; into the Tronical moist forcrnt life 

zone areas just be-yond the n,'e.'^,nt h!undtries of thc MIR in orc'-.r to ope. up 

these cliwitically niit, poe-.tia ly richer agricult ,:ra] regjons to settle

ment. New 1W' 'roject" should be d u'cted in thisroad construction lhe 

way rather than -e.-twards (in MR-4) or southwards (in K-1-8) if ecologically 

(and economically) rational ex..,sion of colonization is to be ac!Iieved. 

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

regions (only 21,375 ha.). Under Trad i onal t~hnnlngy is has the largest 

total percentam.e of its area in lands suitable for agriculture, but the bulk 

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

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

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

part of the area. Soils, conversely, are rather poor, being Low Terrace 

9-09
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landforms between the Ivirgarsama and Ichilo Rivers. They are subject to 

frequent and rather deep flooding, have high grotud water tables, and are 

not particularly fertile. Crop production potential is therefore limited 

to species which can tolerate wet feet: breadfruit and jackfruit, possibly 

rubber and cacao -- on sites where floodwater keeps moving to provide soil 

oxygen. These conditions are met on the natural levees, moderately well

drained low terraces, floodable low terraces, and riverbank complex (T1d, 

Tkm, TBi, and T8c) in this micro-region. On the rorth, particularly, in the 

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

sites. Rubber eight be grown given attention to dra.*saage, on hic ncderatcly 

well-drained 1l;: and mediun. terraces in the. SubtoJnical wet torest lifo zone 

area uhich occupies the entire mticro-ro.'i.on :,,uth of Puerto Vi]l irroel. 

Evaluation of the performauce of exin:i:,g plantati.a:'s there and t., Ial plant

ings should preceed any large coinmerci.. Promot.io;., however. 

MR-9 is a problem regiu:n h>e~au.;, of the f]xxiing ptrob]c:,i. On land! 

clased for Perraiient Cror-s aid PasLuw (P), howcver, a water buffalo option 

might be extended over z. very large area of lands along thc highway 'C-catqe

gory under Traditional techn ology). Buffalo, un]ikc cattle, are able to 

prosper. on the poorer forrage and inte)-mittent flooding conditions which 

occur on these lands. 

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

sia esculentA). Giant swamp variLties are available from the Southeast Asia 

and Pacific regions. Dasheen is an excellent, easily digested starchy food 

suitable for local and regional human consumption and can be used as a main 

food source f(.r swine production. By. adding tembe as the main protein 

source, plus plantain, breadfruit, jackfruit, and kudzu, swine may be raised 

efficiently to good size entirely on locally produced rations. 

http:Promot.io
http:mticro-ro.'i.on
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Away from the highway, much of the flooable land in MR-9 is still in 

forest today, apparently because people have not been able to learn how to 

cope with the flooding. This land has appreciable stands of second-growth 

and some virgin timber but the timber trecs are dispersed, being intermixed 

with very large nwt>crs of wild palms and some bamboo (Guadua sp.). Attempts 

should be made to devolope theso lands wit~lour just wiping out the original 

standing biomass. Many of the pdlns, such as the chonta (Astrocary', . sp.) 

and the pachuba (Iriatea cxorcisa) are valuable for their fruits or palito 

and many other species are also present-:, which :ould be in,:L:;tig.tLed. The 

o .bamboo, of 	coursc, highly tulc.ran. Lhe f]oodint2, is eiriinf-Ltly suit;ble 

for many farm constructi(,) r'w'o;c', el a:s i a-n -n.-r-r;11 LclrcC of 

long-fibe: 	 rapa,r nu.n. 

These rcmaining forests in tibe .loodable lari.- should the.' fore bx, 

studied furthr and a program rhould be set up for their ration:11 utiliz;'

tion prior to or in connection with future farr devtlopwent wherever higheu

than-forestry uses arc recceovnded on the land capability !-.3p. For the 

~t( 	 Forest Production lands (F), explitation might be best regulated thtough 

the establishment of coi, ially-ovncd and operated forests, with technical 

assistance 	provided initially by the Project.
 

(III ECOfiENDATIONS) 

5.0 Actual Land Use Survey and Continuing Land Use Surveys 

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

spontaneous colonies, and although the general location df specific types 

of production is known to PRODES experts-(e.g., Hoffman), actual land use 

and its extention-at a detailed level is unknown a ,d untrapped. A detailed 

map and objectively-derived field data on area-by-area crop location a:d 

productivit), species, and varieties grown, areas occupied, production systems 
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employed,. and related social and economic factors simply does not exist for 

the Project Area. Yet this typo of information is essential to rational 

planning for further development there. 

An actual land use map, once prepared, can be compared by overlay with
 

the land capability map (Map N* 2) to determine areas of appropriate and
 

inappropirate land Vses under existing technologies and to identify areas 

with advanced technology already in place, if any. The comparison will 

identify especially those areas whe-c actual land use is not consonant with
 

capability, both those over-used (indicating a need for withdrawal or rca

justment in use) and thosc not uscd up to capability, (indicating an oppor

.tunity for new developr _nt or increase in the levels of farming or forestry,
 

inteasity). These are en;'.ential invosti.gations for the orientation of an 

extension (and certain asj.cts of a related rcsearch)program. 

An actual land use r..oppirng project is recor.j3.ded, thcrLrcre. Exint

ing, nest-recent acrial photographs ,,' available to be used as a basi; for 

pr-rnapping by photo-int:r-prutation, followed by field grou-d c..cks of 

actual land use in the Project Area. Crop, pasture, and forestland boun:d

aries and vegetational cover" upon each field, indicating crop andcrop-r.ix

tures would be identified. Notes on crop quality and productivity would be
 

added. From the photographs, a final map at 1:50,000 scale would be
 

compiled for use by farm planning teams (see 7.0). The work would be cen

tered in PRODES and some of their field staff would assist in mapping, under
 

an AID-designated project leader especially trained in the mupping techniques.
 

In order to monitor progress of the project, it will be desirable to
 

repeat the actual land use mapping at least once every two or three yetirs.
 

Changes in land use, crop area and location, farming etensity and practice,
 

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

pD
 

http:andcrop-r.ix


photographs should be taken. Budget provisions shouldbe made for this 

photography. (Satellite imagery is not suitable for this type of inventory,
 

lacking the resolution needed for derivation of detail). The initial survey
 

should take place before the Project itself is fully de!signed or initiated.
 

6.0 	Detailed Study of Soil Fertility'.'n Awometcorology in Production Areas 

The existing PRODES (SAN-PAB, 1980)r-oilz map is at a too general levela 

for farm planning purposes. It is therefore essential that a more accurate 

and detailed soils map be prepared .or all areas shown in the Clean-tillagu, 

Permanent Crop, and Intensive Forestry (A,P, C, Fl) category art-as on the 

Land Capability Map. This mapping wor:k should begira with cxisti.:g colonies 

and settled at -s as indicated by the A ta]. Laud Usc Hap. (reeoTr.-.endad above) 

and proc:-:ed subsequently to coer those arcear design)ated for future coloni

zation. Farm plnx.:,in and e.xtcn':ion cannot proceed without such a base. 

It is suaggested that r.t'J!*: practica] and technologically anp j'riate pz

rameters than hz.ve been used hcrotoforc he applied in the soi)rc survey work. 

The methodolog- and focu,: of f uA ct al (1975) according to fertility is sug

gested for a map at a semi-deti-iled to detailed level-of-obse.vation nnd 

scale.
 

In addition, in order to attain a better stratification of environments 

for planning production objectives and farm design, there is a need for a 

denser and more systematically distributed network of agro-reteorological 

At least five major and ten minor (precipistations in the project area. 


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

7.0 	Farm Plannin? Teams 

The improvement of agriculture, ever. on small farms in the ten to 

S.' tuenty hectare range, requires as a pre-condition, the preparation of a 

fa an ud ama o fture production subdivisionls a i 
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and rotation schedule. Such a plan should 'be based upon a detailed survey 

and map of tho physical conditions present on the farm, individually. The 

survey need not enter into academic-type details on soils but rather indi

cate the soils, slopc, drainage unit-combinations and their inherent indiv

idual production possibilities, crop idaptations, requirements as to farming 

practices, and calendar of synchroniized annual activities. 

The U.S.D.;.. Soil Conservation Service pioneered the farm planning 

technique in the U.S. and Wieir mcxel is still the best known for tho sort 

of extension activity anywhere. Teams of planners including a soils con

servation-plant nutrition expert z-::d a farm ronagerient-cconomist vinit 

individual fa.ri- en invI..-"-on of t],.. p-oprc~ors and cover hin terrain on 

foot to prepare such a p]a:i and r . . It. i. )cco-.:'nd,_-d that a silni)'.r pro

cedure be folced in T',a Chapare Project. Jf a detailed soil. majl is prc

pared for entire com.i:-uni-y areas before |oni,, (tgeo 6.0 aLove), then thi,: 

process might be 6ffected more rispidly and efficiently. This v.ould be ail 

integral part of the ivnc.:'ch a:d ,-:tension acLivities of the Project. 

8.0 Forestry E:tension d Fore.t I ndu tri;O1)asc 

Almost 150,000 hecl..rus are c~a.cd as !;uitable only for forestry 

P•p" in the Chapare Project area (Table 6A). Thin is somewhat mrore land than 

./e I~ all land of agricultu:al IMLential taken together at Traditional levels of 

. - ' farming technology. A furth,.: large area of land, used in shifting culti\,a

tion on agricultural qiiality land for soils fertility restoration reasons, 

is in secondary natural forest (chume) at any given time. Probably close 

to 200,000 ha. in ai l jc produci' aril will abprybvcontinue to produce 

woody bio-&-iss utider all forestry and aio-f rbstr% productions systems 

throughout the irmediate future. This large area and its forest cover re

L(2/
 



preseAts 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). In order that this resource be efficiently 

utilized rather than vasted as is currently occuring, two things are neces

sary, (1) a forestry extension p-'ocdimn to teach farr,, s how to get the most 

out of their woodlots, c:nx.:u.nity iit.miv-f.etry ras, and natur'al 

sustained-yie Id forests, and (2) thc cration of a locazl indusLr-a] base' for 

.
the elaborat ion of wox pn:oducts f";-, thc- rai,' r.aterial %.hich thou.-nds o' 

sall farri'; and' forest.,; can. !;tp "', 

McCafi[rey has sucj:t;ted the dct.,iils of !;vc:, prok''ra.i.. The land capab.4

lity survey sup1 -orts h4:aCO nt.'Li, I.I:,It it is J'eCSniry ZLnd wouhk be 

econonically and t.-hn m]y fea::i ic.I. IiitiLlly, a sttjdy sh-l1d IX, com.. 

missioned t- determicr' the most ¢.c:):,c-..ic-. mix:< of foCest indu,.triO einter

prises to be foste:c/. 

Foresir ' - terll-] ' with agricul turals.r I, 


extension, as shou].! it.,, resvarc', f true acao-foreFtrY projucto', 

systems are to be evlo}Pcd in th'" Project Area. 

((i'
 

http:c:):,c-..ic
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,
9.0 	 Ago-forentir- as a 1!njor Produrtion Tr.h 

rarmers In the Chaparc are today practicing a rudimentary for-m of 

agro-forestry. It has been their experience that clean-tillcd. annuals 

small scala componentsand pasturlr..- of livestock are uneconomic excc,t 	as 

tree cropping systemsof semi-permenent and pe,.-:,ancnt, mostly bush and in 

rotation with naturally regencrated. fcrest fa.flowz. The land capability 

analysis indicates that their experience i.i va;Jd and 	 that vl'ie j'.-ra1.cr 

crop. can pr.,.ablyproductivity and an enlarged at.bortment of cor.'ercial 

to alter thi: essntial a'-fo'sry focus.be rrohfl, It is not adviscable 

the lirger fruit, gin, nut, oil, and latcx trees :eayA crop tratrix of 

desined to obviate the p.s...t .cc sslty or alo t tci neventually be 

,
rotationn vith for(:nt, hoevea, at lea.-.!: upon tl:c bettzn' 7ii.,a 

a..in..
svstem of .ve , -'ve - ' : odu , . "T..7 t 2: in the ,;,o , : 

should n,)- 1,.' o.. ., 

.':; 	d t- ' t * r .2-. ... -,.,Farm 	 e:.:c .':; , :-, , " ,:..-:; v.. . a :.n: 


plantinr> 5'. ,J.'c Le co:I:': atcd :i , ;.rth'r:, 	area in Su'tIa :c. . 

forest lift! z:.c .'nd :jcntcd -,-',- t,u 't'inr upo:- th ..es r.t a.nI ci'. pp:ig 

y ran (W '3). Tr, in,:.' arro-rurc:"; tech.;'cS,.assystems as cutii-,n€ le,* 

' the . c1.n c .ivity pers;,'rel an.d
should 1,e tb c.:.stl,] ) e::. t:; 


should lead tie .iay to curir'n,.:, de:; g. m .h* best b.
tiial of "r.

.ic&" :;y:;tcr.s of preducing such per.-ancntcalled "enhznccd" and ",iorc-f.ic.y 

and citru., vhile do:nplay ig coca crops as banaiia, plata~iu, papay., yuca, 

and replacing it progressively i th hiJh yielding and profitable trec crops 

such as peach palm, robusta coffee, rubber, tea, and others named in this 

Both 	mixed and single specics plantinrgs should be tested to doterreport. 


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

http:tech.;'cS,.as
http:j'.-ra1.cr
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forestry, the prefered activity in "'much of the southern area (Tronical yet 

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

growth stands are held long cnough betwrc. nhort term open-field croppincs 

of suhistence crc'pD to prov dco a good ccono..ic ti:b'er crop upon felling. 

rers should he cricouraCee. to :ve: .nd deliver their own wood to road

ote prnar-'vion, the Central Americanside. n*o-burn ofr- . includin 

"tapado" system of !ean anO. m prod ctrn u.der brush mulch, s.*:ould be 

Introdu!:e'. .!cre ans Lc gro-. . n the regicn: people are badly 

nouriie in Ccn",:. and bc.s arc tl-e .,,.: ,eetiblc source of protein. 
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S'AIIMX A 
(ANEXO A) 

TABLE OF EQUIVALENITSD .. 2'PLOYI:D 0:4 IAtND CAPABIIL TY tIAP 

(TABL DI: 1QUIVA,!LM7:1" Y SY,, J ,.DOS ;flN 11, MAJA DE CAPACIDAD 
bo ISO ;'"ITIFIORRA) 

PRODES Soil Land* Capability 
Map Symbol fap Symbol 

(Simbolo Ce el (.1mbolo ell elPhysiographic Unit 
Mapa Presente)(Unidad Finiogrfi Local. Landform Mapi de Suelos 

ca) (Forra Terro.-tre Local.) de PRODIS) 

llountailns i gh h il ]s A.1. 1 YjCA 

(Montafia.-,) (Colinas Alta-) 

MCAd.Di.sectedhifgh hills A.1.2 
(Co l-,j a r,'I dli,,ectlaas 

Long slope. 14S 

( PolluMent.er) 

Dissected io, :.nnes A,..3.1 14Sd 

(l'ei,,di ntes (i.,e ,dt 

Vcry stee p , opo.olro A.1.3.2 M-Svs 
(Jend 5eu~tec :Y:'" :c.,, .) 

IStoep ic'; , ~'P::" A.1.3.3 MSs 
,(en 1. s:,t - -'..c,: ,.'Pd : 

Hll n z :::, zmJ dc,.-.cctedwi. i: 
r.l10.!;4 s A.1. 3. 4 MlC sd 

(Coldin:; co:I ,'CnOd.'.rtes cortas y 

Valleys vitlh Colluvi,-.l and Alluvial 
Se,.'ents A.1.3.5 tlCAv 

(Valles cmi Ff;,,ii',nton Coluvio-Alu
viales entr, Colinas) 

" Steep str'eam1 bank; A.1.3.6 MCAI 
(Onter fluvi o.; 

Low Hills Low hills A.2.i CD 
(Colinas Bajas) (Colinas bajas) 

Dissected low hil.ls A.2.2 CBd 

(Colinas bajas disectadas)
 

H Deeply dlis(.cted low hills A.2.3 CBdd 

(Colinin bajas fuertemente disecta
das)
 

CBsvd
Very dissccted Slopes A.2.4 


(r'endientes muy disectadas)
 



Physiographic Unit 
(Unidad Fisiogr0i-

Local Landform 
(orma Terre,;trc Local) 

Old Symbol 
(Simbolo Viejo) 

Symbol 
(Simbolo Nuevo) 

Low Hills Slightly disscct'cd slopc A.2.5 Clsd 

(Colinas Bajas) (Pendicntes l5meramcnte disectadas) 

Deeply dissected slopes A.2.6. CBdd 

(Pandiicntes fuert ,I.ente disectadas) 

t*Platcau A.2.7 CDp 

(Kc~es as) 

Sloping plateau - A.2.0 Cnpi 

(Mesc 's con p.nmlicntes ISf,.t-'.-amnte 
inclii~adas) 

slsltl;h y slop.Sn l opes A.2.9 CBs 

Al.uiv\i. t~r.',.c,: A.2.10 CBt 

(7',atds ""A.u,,.,..ntrc colina-) 

* Valleys with C1'.'o- .. "" 
Sod...,t.,(Vallc.:-:f*n .sidir,: . os.. . t. vi.6 A.2.11 CM v 

vialc"') 

" Sevcr,..ly erodcd .oit hij._n A.2.12 CDse 
(Colia-, Bzajas fcu-o ..r. n c. .L' ona 

Picdont Piccont A.3.1 P 

(HPie-de-Montc) (Pl-_--mon te) 

Alluvia! Fan A.3.2.1 Paa 
(Abanico Aluvial) 

" Slouing platcau A.3.2.3 Ppi 
(Mcsetnsi con Pecnd.iontes ligeramente 
inclinados) 

Poorly-drained. teriaces B .1 Ptm:d 
(Terrazas ra. dronadhds) 

Upland depress'ms D.1.2 Ptb 
(Bajios) 

High Terraces Well-drained high terraces B.i.3.1 TA 
(Terrazas Altas) (Terrazas altas bien dreradas) 

Moderately well-drained high ter
races B.1.3.2 TAm 
(Te',razas alitas moderadanaente biendre6adas) 



Physiograiphic. Unit 
(Unidad Yiriograi- Local Landfoin 
fica) (Forma Tcn'rcntre Loci.).) 

High Terraiccs Poorly-drained high tclrraces 

(Terrazas Altas) (Terrazas Altas ma). drciiadcs) 

U Slightly sloping- high tci'races 
(Terrazas Altais ligeraIe.rte incli
nadas) 

Wcl 1-drained, subclevatc'd high ter 

races 
(Terra:zas altris subelevadas bien 
dreriadas) 

Mo~erately wc3 .- draifiec s'ubelcvated 
hir,! terraces, 

(Ter-a-Zas tl~;~~1ce')5n)dera

(Cu--:phjo de eri L.ires) 

).oo.'abil~]~1P 
(Vc{,-aws dc ~r~d: 

Miidli. Terraces lie trdtc)y :c] .1-.drained rniddle 
terac 

(Terrazas Medias) (Terrazas md 

Poorly-dri-ner' ddI''Jl tcri~ccs 

drenadas) 

Wel.-O'a iiicc! -ii dd lo terraices 
(Tcrrazas ned.31U L.Iczi (]X'eas) 

'lod'.ible lniddln tcrracer. 
(Terraz;as mci ;con in1.uencia.: 
de inuridacidn)) 

Floodabic NicJ-,waters 
(Vegas de inun.'aci6n) 

*Poorly-drained dep"e.sions 
(Deprosiones nil drenadas) 

Riverbank Coiiip].e 
(Complcjo de orillarcs) 

V1atural levees 
* (Diqucs naturales) 

old Symbol Symbol 
(Simbolo Viejo) (Siibolo Nluevo) 

Dl.1.3.3 TAp 

B.34TAt 

B.1.3.5 TAs 

D.1.3.6 TAsi 

B.1.5 TAo 

.2.1.1 T1lni 

B. 2. 1.2 Tl 

13.2 .1 .3 TH1 

B.2.1.4 T11i 

D.2.2 Tl',o 

B.2.3 TM 

1:.2.4L T14c 

B.2.5 TMd 



Pys-ographic Unit 
(Unidad FisiogrA-
fica) 

Middle Terraces 
(Terra'.as Medias) 


" 


Low Terraces 
(Terrazas 13ajas) 

* 


Local Landform 
(Forina Trreutre Lol) 

Old Symbol 
(Simbolo Viejo) 

Syibol 
('imbolo Nucv, 

Basins 
(Bacines) 

Depressiois 

B.2.6 

B.2.7 

TMbs 

T11bl 

(Dajios) 

Abandoned m.e..nders 

(Meandros Abandonados) 

B,2.0 TlM 

Abandoiied r..,_-mtdcr, 
(.-eandros a!b,1ido;iaeos) 

B.3.1 TBm 

'rcquent.y floodi dcp1_,,.ssjons 
(Bajios col. lu'.ZtJ JIf].uLIcia 

de Inundoc.,S.:) 

B.3.2.1 .TBb 

"lpressioi; .':i: lo;; vB.3etatior
(j,;,jies Col , ,u ,.~ baja) 

B.3.2.2 T1b 

Derpresui.I:r; with low and sparsex'e~etl i:,B.3.2.3 
(Bajios con v:,.%tacion baja y rala) 

1131p 

(Ol:ntaro, ) B.3.3 TBh" 

'l.oodl ands B.3.4 TBo 

Na6tural levees 
(1'.iques Natu,'alios) 

D.3.5 TBd 

Dasins 
(Bacines) 

B.3.6 TBbs 

Poorly-drained low terraces 
(Terrazas baJs aeal drenadas) 

B.3.7.1 TBp 

Moderately v.eJ1l-drained low ter
races 

(Terrazas bajas moderadamente bien 
drenadas) 

B.3.7.2 Tim 

rloodable low terraces 
(Terrazas bajas con influencia de 
inuindaciones) 

B.3.7.3 TBi 

riverbank Complex 
(Complejo de orillares) 

B.3.8 TBc 

Floodable backwaters 
(Vegas de Inundaci6n) 

B.3.9 TBo 

http:Terra'.as


- -

ANNEX B -


ANFEXO B
 •XBSU1I-RY 	 - PSUYIEN 

lND USE CAPABILITY CLASSIFICATION FOR CHAPARE REGIONS FOR TWO YANAGEMENT INTENSITIES: 
T = Traditional and A Advanced Artesanal. 

(Capacidad de Uso Mayor de la Tierra en !a Region del Chapare referida a dos Intensidades 
de Manejo Tecnol6gico) T =Tradicicnal y A = Artesanal.Avanzado 

Simbolos Unidad Fisiografica, Zonas de Vida c Intonsidad 

Symbols Physiographic Unit bp-. r ' h -' bh-T Observaciones 

(Mountains) 	 I t
 

A. 1. (MCA) 	 Colinas Altas X X X X F21 F21 -

Colinas Altas 	 I
 
A.1.2 	(MCAd) Disectadas X X X X X X X F2 F2 - . - -


Pendientes , .
 
A1.3.1 (MSd) Disectadas - - X F2 F2- -- -


Colinas con Pendien- 

A.1.3.4 (ICAsd) 	 tes Cortas Disectadas . .... X - - -

Valles con Sedimentos • 
Coluvio-Aluviales en- TL 

A.1.3.5 	(MCAv) tre colinas F1-F- F1 -l 


(Hills)
 
(Colinas Bajas) " *1
 

.2.1 	 (CB) Colinas Bajas .-


Colinas Bajas
 
A.2.2 (CBd) Disectadas - - 2 F2
 

Colinas Bajas -


K'A.2".3 (CBdd) nFmte. Disectadas '- ' X X. -

Pendientes Ligera- I 
A.2.5 (CBsd) 	 klente Disectadas -~ I F2 2F ~2 F 

.. .29 ) + 	 ! l!"
.(C_ Pendientes Ligera-


mente Inclinadas 	 II Fl Fl F! 

Terrazas Aluviales 
.2.0 (CBt) entre Colinas I i F F',
 



Simbolos 


Sy.Lbols 

A.2.11 'CBv) 


A.2.12 (CBse) 


A.3.1 (P) 


A.3.2.1 (Paa) 


A.3.2.3 (.Ppi) 

B.1.1 (Ptmd) 


B.1.3.1 (TA) 

B. . 3.2 (TAm) 

3.1.3.4 (TAt) 


B.1.3.5 (TAs) 


B.1.3.6.(TAsi) 


Unidad Fisiografica' 

PhysipgraphiL Unit bn-Y. ,

{1 AJffl 
Valles con Sedimentos" 
Coluvio-Aluviales en-
tre Colinas . . 

Zon.s de Vida e Tntensidad 

zo-;, b;.'.-3i -ST I _ . -

.t 'rJ _1'_A_ 
i " J 

I 1 
. . . . C C A A 

_ 

IJ-

-

!._ 

-

bh-T 

-

Observaciones 

Colinas Pajas Fucrta
mentc Ero-ionadas - - - x " X -

(Piedmont) 
(Pie de Monte) 

i 

Pie de Mente 

Abanico Aluvial 

. 

. 

. 

. 

. 

.. 

. . 

-
. P 

C 

P P p 

C-p 

P 

--

P - -

Mesetas con Pendien
tes Ligeramente 

Inclinadas .F1 F1 C P -

Tcrrazas mal 
Drenadas - -. F1 P F1 -

.astcs solamente o Arro: 
Lundado 

(High Terraces) 
(Terrazas Altas) 

lerrazas Altas 
Drenada 

Bien 
. .. . . . 

I 
C. P P p -

Tcrrazas 
rada.ent 
Drenadas 

Altas Mode-
Bien 

-- I- - - Fl C -

Terrazas Altas con 
Pcndicntes Ligera-men
te Inclinadas .. C C P 

Terrazas Altas 
subelevadas Bien 
Drenadas 

-

. p P a 

Terrazas Altas subele
vadas !oderada.ente 

Bien Drenadas - - -A 



Simbolos Unidad Fisiografica 
S 

I - ""-":d '-- "' 
,.... bservaciones ' 

Symbols Physiographic Unit I b--1i 

"T A 
b--T2 

T 
-- , - -

i iT A 

B.1.4 (TAc) Complejo de Orillares - - - .2 -2 F L 

B.l.5 (TAo) Vegas de inundacicr. I 

(Middle Terraces) 
(Terrazas Medias) 

I 

Terrazas rndia3 Mode
radaumente Bien 

E.2.1.1 (TMm) Drenadas- . . . . F! C P P. A A 

Terrazas Medias Defi

B.2.1.2 (TMp) cientcmente Drenadas - . . . .. . Fl Fl Fl Fl 

Terrazas Medias I 

B.2.1.3 (TM) Bien Drenadas . . . . . F1 C C P p A 

Terrazas .-.cdias con 

influencia de 
B.2.1.4 (TMi) inundaci6n -- - -. ... -.- . FlF1 

B.2.2 (TMo) Vegas de inundaci6n -. - X X X A* X * A* A* Arroz inundado o b~falo 
e agua 

I 2 
B.2.4 CTMc) Complejo de Orillares . . . . . . . -. 2 F2 F2 F2 FZ F2 

B.2.6 (TMbs). Bacines . . .. . . . . . X x - -

k*Arroz inundado, BU'falo d: 
B.2.7 (TMb) Bajios . . . . . - - - - Fl A* F1 A* '.ua (Fl) Virola Campnospe: 

I Arroz Inundado, B'.falo di 

B.2.8 (TMm) MeandrosAbandonados .Fl A* Fl .gualA* (F) Virola Campnosperna 

Meandros I Fl* Plantaciones de Virola. 

B.3.1 (TBm) Abandonados - - - ,.-arpnosperma, 

fiIPo~rn
•I " 




Simbolos 

Symbols 

B.3;2.2 (TBbi) 


B.3.2.3 (TBbp) 


B.3.6 (TBbs) 


B.3.7.1 (TBp) 


B.3.7.2 (TBm) 


B.3.7.3 (TBi) 


B.3.8 (TBc) 


.B.3.9 (TBo) 


Unidad Fisiogr-fica Zonasc Vida c Intansided observaciones 

Phvsiocrainhic Unit ho-M 0I: b7-,-T h

(Low Terraces) ! 

(Terrazas Bajas) 

Bajios con Vegeta
ci6n Baja . . . . . . . . . . x X -

Bajior. con Vegeta- I 
c-i6n Baja y Rala - F2 ,F2 

FI* Plantnciones de Virola, 
Bacines 
Terrazas Bajas 

X Fl* X F.* Campnosperma 
A* Arroz inundado - Bdfalo 

Mal Drenadas Fl. A* Fl A* de Agua 

Terrazas Bajas Mode
radamente Bien 
Drenadas C P 

Terrazas Bajas con 
influencia de inun
daciones P A* P A* A* Arroz inundado-'.* 

Complejo de Orillares F2 F2 -'-

Vegas con influencia I Fl* Plantaciones de Virola: 
de Inundaciones - - F1IFI* Campnosperna 


