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The participants in this conference
recommended the creation of a mechanism for
strengthening agricultural and ecological
research in the Amazon region. A small
committee was appointed to implement the
recommendation and this led to the establish-
ment of an informal cooperative research
network known as the Red de Investigación
Agraria para la Amazonia (REDINAA).
Scientists associated with REDINAA are
presently in the process of preparing
cooperative research proposals that will be
submitted to appropriate national and inter-
national agencies.

The conference sponsors are pleased with this
development and encourage others interested in
contributing to the strengthening of agricultural
and ecological research in the Amazon region to
participate in the REDINAA programs.



Preface

Agricultural and forestry development in the Amazonian Basin
have significant potential for contributing to economic growth and
improved human welfare in this vast region of South America.
Although national policies concerning colonization and the
bringing of new lands into production vary greatly, the predominant
trend in the Basin is toward accelerated development of frontier
regions. Realization of the Amazonian agricultural potential will
not, however, be an easy task, for experience has demonstrated
numerous technical, social, and economic constraints. It is now well
recognized that there is an urgent need to expand and strengthen
research programs which will generate the much greater knowledge
base necessary to ensure that agricultural development in the
Amazonia is both technically and economically sustainable.

In response to this need, national governments hope to establish
new, as well as strengthen, their existing research stations in
Amazonia. Several international technical assistance and funding
agencies have also demonstrated an increased interest in
cooperating with research programs in the region. The latter group
includes the five agencies that sponsored the International
Conference on Amazonian Agricultural and Land Use Research
which was held at CI AT in Cali, Colombia, April 16-18, 1980. The
Conference brought together about twenty distinguished scientists
and government officials from the six major Amazonian countries
and an approximately equal number of international agency
representatives. The objective was to identify and promote the most
promising research opportunities that could lead to improved
agricultural technologies appropriate for the ecological and
economic conditions unique to Amazonia.
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The presentations made and discussions held provided an
overview of national policies concerning agricultural development
in Amazonia, reviewed the current state of knowledge on alternative
agricultural and land use options, identified priority research topics,
suggested a strategy for improved cooperation amongst concerned
agencies, and led to the establishment of a steering committee
charged with formulating a mechanism for implementation ofthat
strategy. A subsequent meeting of the steering committee held in
Manaus, Brazil, resulted in the first steps being taken to form an
Amazonian Agricultural Research Network (Red de Investigación
Agraria para la Amazonia).

This publication is intended to make the results of the CIA T
Conference available to all individuals and agencies interested in the
Amazonian region and in agricultural development in the humid
tropics in general. Hopefully it will also serve as a useful state-of-the-
art document providing a base for and facilitating future research in
the region.

We wish to thank CI AT for hosting the conference and the
Rockefeller Foundation and the German Agency for Technical
Cooperation f or providing financial support. The contribution of
each author is greatly appreciated. Special thanks go to Susanna
Hecht for serving as rapporteur at the Conference and editor of this
publication.

The Conference Organizing Committee

Gary H. Toenniessen
Gustavo Nores
Pedro Sanchez
Rudolf Binsack
Kenneth King



Welcome Address

John L. Nickel*

"On behalf of the Centro Internacional de Agricultura Tropical
(C1AT), the International Council for Research on Agroforestry
(1CRAF), the German Agency forTechnical Cooperation (GTZ),
North Carolina State University, and the Rockefeller Foundation, I
have the honor to welcome you to this Center and this International
Conference on Amazonian Agriculture and Land Use Research. We
are pleased that you accepted the invitation and managed to put
aside the important issues you are dealing with daily, in order to be
able to come to this conference. It is an honor to CIAT to host so
many distinguished individuals. No doubt the success of the
conference is guaranteed by your participation.

"CIAT is an international non-profit institution dedicated to the
improvement of human welfare through increased food production.
We attempt to contribute to the resolution of the important
problems of poverty and hunger through the development and
transfer, in collaboration with local institutions, of improved
production technology. While we do not currently have any direct
activities in the Amazon Basin, we are strongly interested in the
developments there. Our interest stems from the fact that three of
the four commodities with which CIAT works (i.e., tropical
pastures, cassava and rice) are all important components of farming
systems being utilized in that region. Secondly, as an institution
dedicated to increasing production and productivity of food, we
cannot ignore the great contribution that this large and valuable
land resource can make towards food production on this continent.
We recognize that the utilization of this valuable resource must be

• Director Genera). Centro Internacional de Agricultura Tropical, CIAT, Cali, Colombia.
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accomplished taking into account fully all the technological as well
as the socioèconomic factors which will assure the productivity of
these resources for the generations to come. This is a highly
controversial issue. Thus,we believe that CIATasa technical, non-
governmental institution provides a reasonably neutral ground on
which these important issues can be discussed. We have not invited
the press to this Conference and have invited people with great
technical competence with the hope that at this meeting people will
speak freely and frankly and that more light than heat will be shed
on these crucial issues.

"In addition to providing a forum for these discussions, we at
CIAT hope to learn a good deal from the information and
discussions in this conference. We want to learn about the state of
knowledge on present land use and what the institutions conducting
research have found regarding Amazonia. We also want to learn
about your policies, programs and projects being conducted and
planned, so we can eventually plan our own within our specific
mandate.

"The job to be done is certainly extremely large and complex. It
involves many disciplines, from ecology to forestry, from soils to
economics, from physiology to agronomy, from plant pathology to
animal nutrition and husbandry. The ecological questions and
problems are large and conflicting. But very probably the answers
and the solutions would come from a joint effort of very many
disciplines.

"I am delighted that so many high level representatives of the
various countries and research institutions in the Amazon region as
well as interested donor agencies have accepted our invitation to this
conference. On behalf of my colleagues at CIAT and of the
cosponsoring agencies, I wish you every success in this conference
and a very pleasant stay in this lovely Cauca Valley of Colombia.

"I hope that during your stay here you will also be able to find
time to get to know something about the activities of our Center.

"Thank you very much."



Opening Address

John A. Pino*

"On behalf of the sponsoring agencies of this Conference and as a
representative of The Rockefeller Foundation, I would like to
indicate how pleased we are that so many distinguished individuals
have accepted the invitation to participate. This high degree of
interest on the part of national and international agencies reflects, I
believe, the importance and timeliness of the issues we will be
addressing, namely, the expansion and strengthening of agricul-
tural and land use research and development in the humid lowland
tropics of the world.

"The continent of South America contains over half of the earth's
humid lowland tropics. The overwhelming majority of this consists
of more than 600 million contiguous hectares located in the Amazon
and Orinoco river basins. This vast region, which includes over half
the land area of some countries represented here, still remains
relatively undeveloped or in its natural virgin state. The number of
people living in the Amazon region is increasing rapidly. Most
national governments are now expanding their efforts to address the
needs of this region and its people. Assessments are being made of
the natural resource base. Incentives are being provided for
industrial and agricultural development. And the movement of
people into the region through both planned and spontaneous
migration is generally encouraged. Many believed that agricultural
development in the Amazon can make a substantial contribution to
national and world-wide food production and would be the most

* Vice-Chairman. ClATs Board of Trustees, and Director, Agricultural Sciences, the Rockefeller
Foundation.
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effective means of stimulating greater economic prosperity in the
region itself. Experience to date has demonstrated, however, that
additional research and new agricultural technologies designed
specifically for the humid tropics are needed if such production is to
be sustainable, economical and in balance with the ecologically
fragile natural systems of the region.

"Everyone here is aware of the historical trends in human
population growth and the resulting stresses which have been placed
on natural resources to meet the demands of those populations. It
would be foolish for us to ignore the implications of those trends.
We have seen large land masses virtually destroyed and their
recovery for some productive purpose may be lost forever. In the
United States it is estimated that we lose over a million acres of
productive land annually. In Asia and Central America, forest lands
are beingdenuded and on hills the consequences of deforestation are
disastrous.

"All of this we know!

"Yet we seem to be impotent in the face of these relentless forces.
Few nations have addressed comprehensively the protection of their
natural resource base including the land, water, flora and fauna.
Nor have they articulated the basic principles and policies governing
the use of these resources. One difficulty is the conflict between the
"rights" of the individual to use his land as he pleases, versus the
broader social or national interest. We recognize that these socio-
economic forces are very powerful and the need to understand them
is certainly as important as scientific and technological knowledge
in making proper decisions. At some point the science and
technology must converge with the policy making apparatus so that
rational land use policies are made and followed.

"However, the objectives of this particular conference are to speed
the development and propagation of appropriate new agricultural
and land use technologies for the humid tropics of South America.
We plan to review our current understanding of the potentials for
and constraints to agricultural production in the Amazon Basin, to
characterize the necessary new technologies and review current
research on them, to identify future research needs, to formulate
strategies for expansion and strengthening of appropriate research
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programs and to discuss opportunities where cooperation amongst
various agencies might help to facilitate implementation of such
strategies.

"Any future agricultural research programs must of course be
designed within the context of established national programs and be
consistent with national development goals and policies. In
addition, much has already been learned from national programs
concerning what agricultural technologies will or will not work in
the Amazon, under what circumstances, and why. New agricultural
technologies eventually have to be fine-tuned in order to become
location and situation.specific. We, therefore, propose to begin the
conference with presentations and discussions which review
national programs and policies relevant to development in the
humid lowland tropics, including the lessons learned from
experience, thereby placing subsequent discussions and recommen-
dations within the appropriate framework.

"The second session of the conference will be a review of the state
of knowledge concerning the agricultural resource base of the
Amazon region and alternative agricultural and land use develop-
ment options.

"Systematic mapping of and scientific research on the Amazon's
agricultural resource base are relatively recent undertakings, and
much still remains unknown. Therefore, we should also discuss the
important resource topics on which further assessment is needed.

"For report preparation and discussion purposes the agricultural
and land use options have been categorized into forestry, perennial
crops, pastures and livestock, and annual crops. In the Amazon
region, research on these options and other farming systems is also
at an early stage. In fact, certain of the most appropriate agricultural
crops may be essentially unknown with little or no understanding of
their basic characteristics and production or market potentials. One
of the problems which confronts administrators of agricultural
research in the Amazon is the need to select from numerous potential
new crops those few which warrant a concerted longterm research
effort. In a difficult region such as the Amazon, it will also be
necessary to evaluate trade-offs between the high production
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potential of monocultures of the greater yield stability and
heterogeneous communities. Since it is likely that land use systems
integrating various options will be most appropriate, the last reports
address the topic of farming systems for the Amazon.

"The final session will deal with the question of "where do we go
from here?". We hope to formulate a strategy for future research
and to identify opportunities for cooperation amongst concerned
agencies. It will be largely a discussion session and we encourage all
of you to be thinking about ideas and recommendations which
should be raised. Issues identified during the first two days that are
relevant to a future research strategy should be surfaced again at the
time. A draft strategy statement will be prepared for our review
prior to Friday. Keep in mind, however, that it is just a starting
point and that we hope to develop a more substantive and broadly
acceptable set of recommendations.

"if more complex multiple use and multiple cropping
arrangements are the most appropriate agricultural development
for the Amazon, the research system necessary to design and test
them will also be more complex, no doubt involving inter-
disciplinary teams and linkages between institutions—making it all
the more important to have a clearly defined research strategy.
Hopefully we will be able to formulate a strategy that will help all of
us in making decisions concerning manpower, institutional and
financial requirements and commitments, as well as the design and
location of specific research projects."
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General Evaluation of the Agricultural Potential of
the Bolivian Amazon

Francisco Pereira*
José G. Salinas**

Introduction

The purpose of this paper is to present general information about the
agricultural potential of the Bolivian Amazon. It is necessary to emphasize
that knowledge of the Amazonian ecosystems of Bolivia and of the
alternatives for forestry, agricultural and animal production is superficial.
The agricultural-ranching development of Bolivia's tropical region
experiences difficulties that reflect the lack of detailed research and
planning. Although some agricultural studies exist, their use is limited by
technical and/ or economic constraints and the lack of clearly defined
objectives.

Since the potential of a given ecosystem is determined by the
characterization of its climatic, vegetative and soil resources, the purpose
of this paper is to provide general information on those factors based on the
main climatic regions identified by their total wet season potential
evapotranspiration (TWSPE), by the dominant vegetation within each
ecosystem and by the distribution of the principal soils at the levels of
order, suborder and great group, including certain edaphic properties. The
general features of Amazonia are discussed extensively in Cochrane and
Sanchez, and Salati and Schubart elsewhere in this volume. The sum of
these natural factors will generally indicate the agricultural potential of the
Bolivian Amazon. Finally, an attempt is made to assess the potential of
existing native pastures, parts of which are presently utilized, in order to
visualize the ranching exploitation of the northeastern region of Bolivia.

• Director, Instituto Boliviano de Tecnologia Agropecuaria IBTA - MACA, La Paz, Bolivia.
**Soil Scientist, Tropical Pastures Program, Centro Internacional de Agricultura Tropical (C1AT),

Apartado 6713, Cali, Colombia.



I» AMAZONIA Agriculture and Und Use Research

General Characteristics

Location and area

Ecologically, Bolivia is divided into three wide zones: (a) the altiplano,*
(b) the meso and crothermic valleys,** and (c) the tropical plains. Each of
these zones has different ecosystems so that the renewable natural
resources are heterogeneous with regard to species, quantity and quality.

Of the total area of Bolivia, two-thirds(l,098,581 km2) are comprised by
the area defined as lowlands « 1500 masl); about one third of this area
(360,000 km2) makes up the Bolivian Amazon region (Weil et al, 1974).
Specifically, the Bolivian Amazon is the northeastern region influenced by
the so-called Amazon hydrographie basin (Fig. 1). It is characterized by a
large number of rivers tributary to the Amazon, which form basically five
principal hydrographie systems: Madré de Dios, Beni, Mamore', San
Miguel and Itenez.

Figure 1. Hydrographie systems ofthe Bolivian Amazon basin. (Source: Weiletal., 1974.)

* The altiplano or Bolivian tableland is an 800 km long x 130 km wide area (3600 m average altitude)
delimited by the Cordilleras Occidental and Oriental, which extends from the Vilcanota knot in Peru to
the Argentine frontier. (Editor's note.)

** Intermediate zone between the altiplano and the Dlains (1500 - 3000 m altitude) forming the high valleys,
(2600 - 3000 masl). central valleys (2000 - 2600 masl), low valleys ( 1500-2000 masl) and the semitropical
valleys (1000 - 2000 masl) referred specifically as "yungas". (Editor's note.)
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Considering that the Amazon basin covers areas of South America from
approximately latitudes 5° N to 17° S and from longitudes 76° W (at the
most western point) to 46° W (at the easternmost point), the Bolivian
Amazon region would comprise the entire Department of Pando, the
northern part of the Department of La Paz and a great majority of the
Department of Beni, with other areas reaching into the regions of Chapare
(Cochabamba) and Yapacani (Santa Cruz).

This vast region of Bolivian territory has diverse physiographic regions,
and Bolivia's Amazonia can be subdivided into three principal geographic
units: (a) the Tertiary Plateaus of Pando, (b) the Plateaus of Guayaramerin
and (c) the Plateaus of Beni. Figure 2 shows the principal physiographic
units of northeastern Bolivia, including the three units making up Bolivian
Amazon. This map was constructed from a more detailed "Land Systems"
map drawn over images from the LANDS AT satelite at a scale of
1:1,000,000 (CIAT, 1979).

According to Cochrane (1973), the plains of Pando, located in the
extreme northwest of the country, are characterized by a slightly elevated,
level surface, dissected by erosion and forming a series of small hills
generally having flat tops. Geologically, the parent material of the soils
comes from a sedimentary deposit consisting of smooth, ferruginous
sandstones possibly originating in the Tertiary Period.

The extensive area of the Plateaus of Guayaramerin makes up a great
part of the north of the Department of Beni and a considerable portion of
the Department of Pando. It is characterized by an extensive, low (200-230
masl), almost flat plateau. In general, the parent soil material is an old
Quaternary alluvium. However, in the Guarayos region, located in the
northeast oft he country and south of the Itenez River, the Brazilian Shield
appears as occasional rocky outcropping, and the major part of the area is
covered by alluvium derived from shield rocks. In the extreme northeastern
part of Bolivia, there is a similar physiography but it is interspersed with
very low lying areas which are generally swampy (Cochrane, 1973).

Due to the adverse drainage conditions, annual flooding is characteristic
of this region, and low areas remain saturated for approximately six
months. On the other hand, higher areas are better-drained. Another
interesting feature of the plains is the presence of the so-called "square
lakes". While geologists still debate their origin, in practice they provide
valuable watering holes for animals.

The third physiographic unit is the Plains of Beni (Pampas of Moxos),
another extensive area occupying most of the central part of Beni with
portions stretching into the regions of Chapare (Cochabamba) and
Yapacani (Santa Cruz).
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The parent material or rock from which soils of this region are derived is
an old Quaternary alluvium, probably of a mostly sandy nature. The
surface of these plateaus varies from almost flat to slightly undulating.The
higher parts support forest growth, in sharp contrast to the native pastures
that are common in this region. Like the Plateaus of Guayaramerin,
flooding is annual because of the poordrainage of the soil, especially on the
lower areas (Cochrane, 1973).

It is important to note that along the rivers of the Bolivian Amazonia
basin are found strips of land largely originating from alluvial deposits.

72° 70° 68

-10°

16°-

18°-

72° 70° 68

Sub-Andean spurs

Sub-Andean Plateaus

Plateaus of Beni (Pampas of Moxos)

Brazilian Shield

I Tertiary Plateaus of Pando

65 64° 62°

Plateaus of Guayaramerin

Plateaus of Santa Cruz

Plateaus of the North Brazilian Shield

Chiquitana Range

Plateaus of Chaco

Figure 2. Principal physiographic units of northeastern Bolivia. (Source: CIAT,
Evaluación del Recurso Tierra, 1979-80.)
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The edaphic characteristics of the soils of the land strips depend on the
age and origins of the sediments, which, in turn, are directly related to the
origins and courses of the rivers.

Climate and vegetation

The northeastern region of Bolivia is characterized by environmental
conditions that while variable are still typical of a tropical climate. The
mean annual temperature is around 26° C without marked seasonal
changes. Annual rainfall ranges from 1300 to 1800 mm, and is concentrated
(85% of the total) between September and April.

Cochrane and collaborators (1979) determined that variations in total
wet season potential evapotranspiration furnished a means to classify the
vegetative cover existing in the tropics, based on the energy available for
vegetative development during the growing season. On the other hand, the
mean temperature during the wet season, defined as that part of the year
when the moisture availability index (MAI) is greater than 0.33, is a
satisfactory parameter to identify types of vegetation or ecosystems. In this
manner, the five principal ecosystems of the South American tropics were
identified (Table 1). Table 2 shows the principal ecosystems of Bolivian
Amazonia. They are classified in relation to the meteorological stations
considered representative of the region. It is evident that two principal
ecosystems characterize this extensive zone: The semi-evergreen seasonal
forests and the hyperthermic savannas.

Table 1. Principal ecosystems identified in the South American tropics.

Climatic

TWSPE
WS
WSMT
TWSPE
WS
WSMT
TWSPE
WS /
WSMT
TWSPE
WS
WSMT
TWSPE

characteristics*

> 1300 mm
> 9 months
> 23.5° C

1060-1300 mm
8-9 months

> 23.5° C
910-1060 mm
6-8 months

> 23.5°C
910-1060 mm
6-8 months

< 23.5°C
variable

Name of the
principal ecosystem

Tropical rain forest

Semi-evergreen seasonal forest

Well-drained, hyperthermic tropical savannas

Well-drained, thermic tropical savannas
Poorly drained tropical savanna

* TWSPE - Total wet season potential evapotranspiration
WS • Wet season, determined from the moisture availability index (MAI)
WSMT« Wet season mean temperature.

Source: ClATs Annual Report 1979.



Table 2. Geographic location, climatic parameters and principal ecosystems of some representative meteorological stations in the

northeastern region of Bolivia.

Meteorological
station

Cobija

Guayaramerin

Riberalta

San Joaquln

Magdalena

San Ignacio de Moxos

Santa Ana

San Boija

South
latitude

ll°01'

10°48'

ll°00'

13°04'

13°21'

14°53'

13°45'

14°49'

West
longitude

66°44'

65°22'

66°05'

64°48'

64-08'

65°36'

65° 35'

66° 35'

Altitude
(m)

280

172

172

202

235

220

220

226

TWSPE*
(mm)

1022

772

902

995

865

791

1109

1155

WSMT**
(°C)

25.3

26.7

26.9

27.0

27.2

25.1

27.0

25.4

Wet
season***

(mo)

9

7

8

8

7

9

9

9

Principal ecosystem

Semi-evergreen seasonal forest

Hyperthermic savanna

Hyperthermic savanna

Hyperthermic savanna

Hyperthermic savanna

Hyperthermic savanna

Semi-evergreen seasonal forest

Semi-evergreen seasonal forest

Source: Hancock and Jargreaves, 1979; Cochranc el al, 1979; Cochrane, 1973.

* TWSPE» Total wet season potential evapotranspiration
*• WSMT« Wet season mean temperature
••* Wet seasons MAI>0.33, where MAI is the moisture availability index.

N
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Approximately 75 percent of the total Bolivian Amazonia region is
within the semi-evergreen seasonal forest ecosystem and the other 25
percent is hyperthermic savannas (Table 3). Due to adverse drainage
conditions, around 44 percent (16 million ha) are poorly drained lands.
Fifty-six percent of poorly drained areas (9 million ha) are covered by
native savannas and the rest (7 million ha), by seasonal forests. Of the total
area of Bolivian Amazonia (36.4 million ha), 56 percent (20.5 million ha)
are well drained with a seasonal forest, vegetation; no well-drained
savannas have been detected.

Soib

The distribution of soils at the level of order in the Bolivian Amazonia is
shown in Table 3. Of the 10 orders considered in the United States soil
taxonomy, four are identified in this region (Oxisol, Ultisol, Entisol and
Alfisol). Table 3 also shows the locations of these soils" within the
ecosystems. Under conditions of the well-drained zones with seasonal
forests, Oxisols predominate (67%) with Alfisols (18.5%), Entisols(l 1.0%)
and Ultisols (3.5%) making up the remainder. This approximate
information seems to indicate that the majority of the seasonal forests are
on well-drained, low-fertility acid soils/Conversely, the seasonal forests on
poorly drained lands have soils characterized as Ultisols, Entisols and
Alfisols. These three orders make up 90 percent of the area of poorly
drained soils with forest vegetation, where the Ultisols predominate (42%),
followed by the Alfisols (32%).

In relation to the savannas of the Bolivian Amazonia, available
information indicated that practically all have very poor soil drainage.
Alfisols (68%) predominate with the remainder being Ultisols.

Table 4 provides more detailed information on soil distribution of the
region. The majority are classified as Oxisols and Ultisols, which together
make up 57 percent of the total. This high percentage indicates that, in
principle, the soils have a low natural fertility. The rest of the region is
covered by Alfisols (26%) and Entisols (17%), many of which are of alluvial
origin and are found on the land strips along the rivers. Among the Oxisols
and Ultisols, three important great groups are represented: The
Haplorthox (27%), the Acrorthox (12%), and the Tropaquults (13%). The
first two are well-drained soils with profiles uniform in depth and of low
natural fertility. These soils are found primarily in the seasonal forest, as
indicated in Table 3. As for the Tropaquults, they are found in the seasonal
forest and the poorly drained savannas which remain flooded for a
relatively long time during the wet season. Also important but within the
Alfisols are the Tropaquaifs which comprise 25 percent of the poorly
drained savannas.



Table î . Distribution of soil orders and vegetation types as a ftinction of soil drainage conditions in the Amazon region of Bolivia.

Oxisol

Ultisol

Alfisol

Entisol

Totals

Proportion of
total area of
28.5 million ha (%)

Area

(millions
of ha)

10.64

0.58

1.78

2.97

15.97

56

Forests

Well-drained

Proportion

(%)

67.0

3.5

18.5

11.0

100.0

Poorly

Area

(millions
of ha)

0.54

2.25

0.91

1.72

5.42

19

drained

Proportion

(%)

9.9

41.5

31.8

16.8

100.0

Savannas

Well-drained Poorly

Area

(millions
of ha)

-

-

-

-

-

Proportion Area

(%) (millions
of ha)

-

2.28

4.85

-

7.13

25

drained

Proportion

(%)

-

32.0

68.0

-

100.0

Source: OAT, Evaluación del Recurso Tierra, 1979-80.
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Table 4. Distribution of »olb of the northeastern region of Bolivia, at the great group
level. Tentative classification.

Order Suborder Great Group Area
(millions of ha)

Proportion

Oxisol Orthox Haplorthox
Acrorthox

7.68
3.50

26.9
12.3

Total Oxisols

Ultisol

Total Ultisols

Alfisol

Total Alfisols

Entisol

Total Entisols
Total

Aquults
Ustults
Udults

Aqualfs
Ustalfs
Udalfs

Aquents

Fluvents
Orthents
Psamments

Tropaquults
Tropustults
Tropudults

Tropaqualfs
Rhod ustalfs
Tropudalfs

Tropaquents
Psammaquents
Tropofluvents
Troporthents
Tropopsamments

11.18

3.59
0.20
1.32

5.11

7.14
0.23
0.17

7.54

1.10
0.16
3.13
0.22
0.08

4.69
28.52

39.2

12.6
0.7
4.6

17.9

25.0
0.8
0.6

26.4

3.9
0.6

11.0
0.8
0.3

16.5
100.0

Source: CIAT, Evaluation del Recurso Tierra, 1979-80.

Table S presents a summary of some chemical characteristics of the soils
of northeastern Bolivia. With respect to soil acidity, 35 percent of the
Bolivian Amazonia is characterized by having pH values below S .3, which,
besides indicating acidity, also suggest the presence of toxic levels of Al.
Approximately 29 percent of the soils are either classified as having high
(40-70%) or very high (>70%) Al saturation, in the 0-20 cm depth. It is
important to note that the majority of the soils are slightly acid (5.3-6.5)
both in the plow layer (64%) and in the subsoil (51%). Due to this situation,
the Al saturation condition is medium (10-40%) in 42 percent of the soils.
Similarly, phosphorus availability is medium ( 3 - 7 ppm, Bray II) in
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approximately SO percent of the soils and less than 3 ppm (Bray II), which is
considered as low P availability, in 27 percent of the soils. From this
general information, it can be inferred that for the soils of this region, most
of which are classified as Oxisols and Ultisols, their degree of fertility
ranges from medium to low. The majority of these soils are under the
seasonal forest type of vegetation and, therefore, would be maintaining this
soil fertility level by recycling the nutrients existing in that type of forest.
However, the area is highly susceptible to a rapid degradation of soil
fertility due to the fragility of the ecosystem.

Table S. Summary of some parameters for soil fertility in the northeastern region of
Bolivia.

Parameter and range

pH:

Very acid « 5.3)

Acid to neutral (5.3-7.3)

Alkaline and/or saline (>7.3)

% Al saturation:

Very high (>70)

High (40-70)

Medium (1O40)

Low « 10)

Cation exchange capacity (meq/100g):

Low (<4)

Medium (4-8)

High (>8)

Available P (ppm, Bray II):

Low (<3)

Medium (3-7)

High (>7)

0 - 20

Millions

of ha

14.5

26.8

0.4

1.1

6.9

17.6

16.0

9.7

17.5

14.0

11.3

20.7

9.6

Soil

cm

%

34.9

64.2

0.9

2.7

16.5

42.3

38.5

24.4

41.9

33.7

27.2

49.7

23.1

depth

21 - 50

Millions

of ha

20.2

21.1

0.4

8.3

10.4

12.5

10.6

21.2

9.9

10.6

35.4

4.2

2.1

cm

%

48.4

50.7

0.9

19.9

24.8

29.9

25.4

51.0

23.7

25.3

85.0

10.0

5.0

Source: C1AT, Evaluation del Recurso Tierra, 1979-80.

Agricultural and Forestry Potential

The most important forest resources are found in the seasonal forest
ecosystem, primarily in the Department of Pando and northern portions of


