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FOREWORD

Oxisols occupy about 23 percent of the land surface of the tropics and are the single most
extensive kind of soil in that region. Oxisols thus constitute a major land resource and they also
represent one of the few remaining frontiers for agricultural development. As the human-in-
duced pressure on the Earth’s land resources grows, so does the importance of Oxisols for food
production. Yet, although the knowledge of tropical soils in general and Oxisols in particular
has increased substantially in the past decades and scientific fact has gradually replaced myths,
there still prevail misconceptions and erroneous notions about the nature, properties and pro-
duction potential of these soils.

The growing interest in Oxisols has led to the greater emphasis on these soils in soil science
curricula. However, not many people have had the opportunity to travel extensively in the
tropics and study and photograph these soils in situ. The intent and purpose of the slide set
therefore is to provide teachers and students of pedology with basic information and illustra-
tions about the formation, classification, properties, management, and environmental as-
pects of Oxisols.

The text information presented is a distillation of essential characteristics of Oxisols and as
such is not exhaustive and cannot substitute for the in-depth study of these soils. Rather, the
principal purpose of the slide set is to provide teachers with access to quality visual aids which
otherwise would not be available to them.

To enhance flexibility of use, the slide set has been structured into nine independent modules.
Each of these may be used individually or in any combination with other modules of the set.
The topics of the modules are:

Module 1 Historical Background

Module 11 Concept, Definition and Diagnostic Criteria
Module IIl  Taxonomic Classification

Module IV~ Formation and Landscape Relationships
Module V Morphology

Module VI Properties

Module VII  Global Extent and Geographic Distribution
Module VIII  Use and Management

Module IX  Sustainable Development Considerations.



The text which accompanies the slides provides a brief narrative for each of the sequentially
numbered slides of the set. These statements are intended to guide the users and complement
their knowledge, if necessary. The narratives for the slides are presented in text boxes. Further
pertinent information of a more general nature and therefore not keyed to a specific slide is
inserted between the boxes and printed in italics.

Ample references are cited which may be consulted by those seeking more detailed informa-
tion. Also appended to the text are site and profile descriptions for some typical Oxisol pedons

and physical, chemical, and mineralogical characterization data.

In memoriam, we dedicate this slide set to Dr. Guy D. Smith who worked tirelessly to-
wards a World Soil Classification System.

October 1996
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PROPERTIES, CLASSIFICATION AND MANAGEMENT OF OXISOLS

INTRODUCTION

The red colors and the deep weathering profiles of some soils in the tropics are distinctive and
most classification systems in the world differentiate these soils from the soils of temperate
regions which have good horizonation and generally do not exceed a meter in thickness. Tra-
ditionally, there has also been a tendency to view the soils of the tropics differently from the
colder temperate region soils. The vegetation and land use were additional reasons for making
this distinction.

In the early literature, the highly weathered soils of the tropics were grouped under red soils,
red loams, or red earths. With the description of laterites by Buchanan (Buchanan, 1807), the
term laterite and lateritic soils become prevalent in the soils literature. With more studies,
other adjectives were added to the term lateritic soils. In 1949, a group of scientists created the
term “Latosols” (Cline, 1975) that soon became very popular despite the fact that it was not
defined in rigid terms. In the soil survey of Hawaii, the terms Humic Latosols, Hydrol-humic
Latosols, etc., were used. This was also the period when the concept of “podzolic soils” was
being accepted and the Latosols were considered as a distinct group of soils. In the fifties and
sixties, several classification systems came into vogue and other terms to describe these highly
weathered soils of the tropics were coined.

By about the mid-fifties, the concept of Latosols as a highly weathered or low negative charge
soil became firmly established and paved the way for the modern concept of Oxisols. The
decade of the fifties also saw large advances in mineralogical studies and with increasing
studies on soils of the tropics, the processes responsible for Latosol formation were better un-
derstood. During this period, the term “Ferralitic Soils” appeared in the French (Aubert,
1958) and Portuguese (Botelho da Costa, 1954) literature. The Belgians introduced the term
“Kaolisols” (Sys et al., 1961, Tavernier and Sys, 1965). Charter (1958), working in Ghana,
used the terms “Oxysols and Ochrasols.”

The term Oxisol was created around 1954 during the development of Soil Taxonomy (Soil Sur-

vey Staff, 1975) and the definition was based largely on the Latosol concept. Thus the class of
Oxisols included many of the present day Andisols, some Inceptisols, and some of the Alfisols
and Ultisols. A more comprehensive definition of the term “Oxisols” was published in 1960 by
USDA and the concept, definition, and classification were gradually modified and refined until
the publication of Soil Taxonomy in 1975 (Soil Survey Staff, 1975). However, Dr. Guy D. Smith,

the principal contributor to Soil Taxonomy, felt that the knowledge and thus the classification of
soils of the tropics was incomplete and indicated that these taxa will be considerably modified.

In 1978, an International Committee on Oxisols (ICOMOX) was formed (Buol and Eswaran,

1988) to initiate discussions that would lead to an improved classification. Continued develop-

ment of Soil Taxonomy lead to refinement of the definition and the most recent Keys to Soil
Taxonomy (Soil Survey Staff, 1994) provides the current concept and definition.



MODULES

MODULE I

2. HisToricAL BACKGROUND

3. 1807 is frequently used as the benchmark year for studies on the soils of the tropics.
In that year, Francis Buchanan, a British medical doctor and naturalist published his
historical document of his travels in South India (Buchanan, 1807) wherein he de-
scribed the material used for constructions. He coined the term “laterite” which is
still used today but with a wide variety of meanings. The slide shows a monument
built by the Geological Survey of India in December 1979, to commemorate
Buchanan’s contribution (the lower part of the monument is draped in the kilt of the
Buchanan clan). The monument is built at the Government Guest House at
Angadipuram, Kerala State, where Buchanan described laterite and which is today
considered as the type locality. In modern terminology, the material is called plinthite
and when it is exposed, it hardens to a rock-like material very suitable for construc-
tion of small structures.

The current concept and definition of Oxisols is due to the work of the International Commit-
tee on Oxisols — ICOMOX — (Buol and Eswaran, 1988). More than 100 persons from
around the world contributed to the work of this committee and four international soil clas-
sification workshops — Brazil (1976), Malaysia and Thailand (1978), Rwanda (1981), and
Brazil (1986) — were organized by Dr. Fred Beinroth of the University of Puerto Rico with
funding from the US Agency for International Development. Proceedings of the workshops
are listed in the reference section.

The persons who contributed to improving Soil Taxonomy are too many to be listed here.

Some of the more prominent scientists involved in this task of not only improving the classifi-

cation of Oxisols but also soils of the tropics in general are portrayed in this module. Many of
these persons were also instrumental in the development of Soil Taxonomy itself.

4. Dr. Guy D. Smith (smoking a cigar) is considered the father of Soil Taxonomy. In
1950, Dr. Charles Kellogg, then the Administrator of the Soil Conservation Service,
charged Dr. Smith to develop a new classification system as the existing system of
Thorp and Smith (1949) was proving inadequate to meet the needs of the expanding
national soil survey program. Dr. Smith made this his life’s challenge and guided
the development of Soil Taxonomy not only to the time of its publication in 1975
but also almost until his death in 1983. The person in the red hat is Dr. Stanley Buol,
who headed the International Committee on Oxisols (ICOMOX). The person in the
blue pullover is Dr. Juan Comerma from Venezuela, who provided a South American
perspective to the knowledge of Oxisols.



10.

Major contributions to the classification of Oxisols were provided by the Brazilians
under the leadership of Dr. Marcelo Camargo*, with the blue cap, of EMBRAPA-
SNLCS and Dr. Jacob Bennema* (then working for FAO). In fact, many of the basic
concepts and definitions of Oxisols were modified from the Brazilian classification.
In the slide are Dr. Camargo and the current Director of EMBRAPA-CNPS, Dr.
Antonio Ramalho. They and their colleagues made their knowledge, experience, and
database available to ICOMOX.

In 1978, USDA-SCS established the International Committee on Classification of
Low Activity Clay soils (ICOMLAC) with Dr. Frank Moormann (then at the Interna-
tional Institute of Tropical Agriculture, Nigeria) as the Chairman (Moormann, 1985).
Later, ICOMLAC and ICOMOX, worked together. In the slide are Drs. Moormann
(white hat), Hari Eswaran (yellow hat) and Rene Tavernier® (red hat). Dr. Tavernier
of the University of Ghent, Belgium, worked closely with Dr. Guy Smith and con-
tributed to the terminology of Soil Taxonomy. His experience of the soils of Zaire
was valuable to bring the Central African experience to the classification.

Oxisols have a unique mineralogy and chemistry. Dr. Goro Uehara from the Univer-
sity of Hawaii and his students and colleagues, provided much of the basic informa-
tion to understand the properties and behavior of the colloid composition. Dr. Uehara,
with the blue shirt, also provided the basic concept and definition of low activity
clays.

European colleagues have a long history of soil survey and research in the tropics and
many of the European classification systems have classes equivalent to Oxisols. Prof.
Karel Sys of Belgium (whose face appears on the left of the slide), Prof. Tavernier
(blue vest), Dr. Klaus Flach of USDA-SCS, Prof. Dr. Ernst Schlichting* of Germany,
and Dr. Marcel Jamagne of France, are some of the contributors.

Dr. Lek Moncharoen (Thailand, with spear) and Dr. Fred Beinroth (University of
Puerto Rico) jointly organized the workshop held in Thailand and Malaysia. Dr.
Beinroth organized a total of 10 workshops on soil classification during the period
1976 to 1990. These workshops provided the venue for soil scientists from all over
the world to meet and discuss Soil Taxonomy. The Circular Letters of the Interna-
tional Committees provided the communication among all interested persons.

Prof. George Aubert (ORSTOM, France) is the author of the French CPCSS classifi-
cation (Aubert, 1958) and his more than 30 years of experience in the tropics pro-
vided the field information for all international classification systems. He and his
school also injected the strong genetic bias in not only the French system but in all
other classification systems.



11. Dr. Francesco Palmieri of Brazil is one of the soil scientists with a strong field back-
ground in soil survey who provided practical inputs to the system.

12.  The slide shows the participants of the 8th. International Soil Classification Work-
shop held in Brazil in 1986. A major purpose of the workshop was the discussion of
the issues that were highlighted in the Circular Letters of ICOMOX. State-of-the-art
papers were also submitted at such workshops and were included in the proceedings.
(The workshop proceedings are highlighted in the Bibliography).

MODULE 11

13. CoNcEPT, DEFINITION AND DIAGNOSTIC CRITERIA

14. In the fifties and sixties, several national and international soil classification systems
were developed. In each, the highly weathered soils of the tropics were recognized as
a unique group and the slide shows some of the names used in the other classifica-
tion systems. Many of the systems did not have a rigid definition of the class and so
with time, the systems faded away into the archives of soil science literature.

15, 16. During the historical development of the concept of Oxisols several myths were per-
petuated. Part of the reason for this was due to the absence of reliable databases and
an incomplete knowledge of the nature and properties of Oxisols. In the early years
of the use of Soil Taxonomy, persons were not rigidly using the Keys to the classifica-
tion and as a result, some soils were misclassified. This was corrected to some extent
through the training courses and workshops conducted by the USDA-NRCS/World
Soil Resources group.

The oxic horizon is a subsurface horizon that may appear at the surface in truncated soils. It
is a diagnostic horizon created originally to define the Order of Oxisols. The key properties
of the oxic horizon are the charge characteristics, and the negligible amounts of weatherable
minerals. The charge characteristic is defined by the magnitude of the pH dependent charge
(CEC NH OAc) which is less than 16 cmols* kg, and the permanent charge (estimated by
the Effective Cation Exchange Capacity — ECEC) which is less than 12 cmols* kg™ The low
weatherable mineral requirement ensures that there is only a small amount of weatherable
minerals that may alter to release plant nutrients to the soil. The low amounts of rock frag-
ments that contain weatherable minerals is part of the definition for the same reason. The
horizon has a particle size class that is sandy loam or finer which precludes coarse textured
soils from having this horizon. The diagnostic horizon has also diffuse boundaries between













































the sixties and since then, more reliable information is available for a few countries, specifi-
cally for Brazil. As the digital map is vector based, the new information cannot be incorpo-
rated unless FAO develops a new vector map. Thus, the area of Oxisols presented here is
probably considerably overestimated. It is not only overestimated in Brazil, but also in the
northern part of the Southern African Plateau. Finally, in the last two decades both Soil
Taxonomy and the Legend of the Soil Map of the World have undergone many revisions,
which introduces other sources of errors in the current estimates.

108.

109.

110.

111.

112.

113.

114.

To place the distribution of Oxisols in its proper perspective, the first global map
presented here is that of the soil moisture regimes (SMR). The tropics, for conve-
nience, is the zone between the Tropics of Cancer and Capricorn. By definition, there
is no xeric SMR in this zone which contains all the other SMRs.

The slide shows the global distribution of the soil temperature regimes (STR). The
tropics are characterized by ‘iso-> STRs. As will be shown later, the Oxisols, though
dominant in the 1s0-STRs, also extend into the non-iso thermic STR as in Southern
Brazil.

Over 90% of the Oxisols occur in the tropics. South America and Central Africa have
large contiguous areas of Oxisols. In South East Asia, the distribution is localized
and generally confined to those areas with basic rocks. In S. America and C. Africa,
the Oxisols are found on old geomorphic surfaces and developed on pre-weathered
and transported sediments. These are referred to as allochtonous Oxisols. In S.E.
Asia and the Pacific Islands, many of the Oxisols are formed from the weathering
products of the underlying rock and are referred to as autochtonous Oxisols.

Oxisols are geographically associated with Ultisols in the tropics. This map shows
the distribution of Ultisols.

S. America has the largest contiguous extent of Oxisols, with Brazil having the larg-
est area. The western extent of the Oxisols shown on the map is in error. Recent soil
survey activities in this part of Brazil and Peru shows that the soils are Ultisols and
not Oxisols. Corrections will be made in future global maps.

Zaire has probably the largest extent of Oxisols in Africa. New surveys in Zambia
suggest that the extent indicated in the FAO-UNESCO Soil Map of the World is prob-

ably in error.

In S.E. Asia, Oxisols are present in small isolated areas. Probably the largest area is
in Borneo (Kalimantan) but even this is yet to be verified.
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115. The slide shows the distribution of soil orders globally. The area is expressed as
thousands of square kilometers. The table includes the recently established order of
Gelisols, which effectively reduced the area of the other orders.

116.  The pie chart shows the relative areas of the Suborders of Oxisols. Ustox are the most
extensive and occupy over 50% of the Oxisol area. The Aquox occupy just under 3%
while the extent of Torrox is about 0.3%. Most of the Torrox are in Brazil with a very
small area in Hawaii.

117. Over 98% of the Oxisols are found in S. America and Africa. S. America has more
than 57% of the Oxisols of the world.

118. The slide shows the relative distribution of the Oxisols in the three continents.

MODULE VIII

119. USE AND MANAGEMENT

The highly weathered soils of the tropics, specifically the Oxisols, have been perceived as
being problematic for management and unproductive. It is true that they have many con-
straints but under high levels of management and particularly for perennial crops, their
productivity is economic and sustainable. They of course share many of the management
problems of other soils and in some, such as moisture stress, they are more severely impacted
than for example some Alfisols. Under low-input agriculture, productivity is low, risk is high,
and potential for resource degradation is also high. In this module, aspects of management
are considered with illustrations of how to address some of the more important constraints.

Due to inherent difficulties of low-input agriculture, which traditional farmers are usually
aware of, Oxisols were not exploited for large scale cultivation until recently. This is despite
the fact that the land surface, tillage conditions, and other properties appear attractive for
cultivation. In fact, these same features prompted much early research on the management of
the soils. There are still many misconceptions of the management properties of these soils,

one being that they share similar yield constraining properties of other acid soils. There are
a few members of Oxisols which have soil acidity and aluminum toxicity as a dominant con-

straint. Oxisols in general are not restricted by acidity and few have Al problems. However,

that does not mean that they do not respond to liming. The response is due to the amendment
and nutritional effect of the calcium and not to neutralizing effect of soil acidity. Thus there
are some fundamental differences in management of Oxisols as compared to other soils, and
this must be borne in mind.
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120.

121.

122.

Plinthite and plinthic materials are sources of engineering materials in many coun-
tries. In a country which has practically no stones for construction, such as Bangladesh,
plinthic materials are oven-baked and used as stones for road building. The slide
shows plinthite being cut out in Kerala, Southern India, for making bricks.

The plinthite bricks are sun-dried and become very hard. Occasionally they are
oven-baked. On drying, the iron minerals, such as goethite and hematite, form a
strong cement and hold the material together.

Traditionally, plinthite bricks have had many uses and many historic buildings made
of this material still stand today. The slide shows a Portuguese fort builtin 1511 in the
town of Malacca, Malaysia. The fort not only withstood the climate but also the wars
between the various colonial powers who needed it to control the Straits of Malacca.
In the State of Karnataka, India, tombstones dating back to 600 years and made of
laterite have been found. In fact, plinthite was such an essential building material that
there are few areas in the western part (the piedmont of the Western Ghats) of India
which have not been excavated and reworked.

The high aggregate stability, generally good internal drainage, and favorable landscape
makes Oxisols less erodible than other soils. Under natural vegetation, erosion is minimal.
With improper management, the soil is subject to erosion just like any other soil. The effort
required by farmers to minimize erosion is less than most other soils and even under low-
input agriculture, soil degradation can be contained.

123.

124.

125.

Large scale land clearing, as in Brazil, Indonesia and Malaysia is frequently done
with heavy machinery. The timber-tracks as shown in the slide become the main
arteries for land-settlers to invade the land. Land clearing is the first cause of land
destruction in these tropical forest areas. Further soil degradation ensues after the
forest undergrowth is burnt and the land is cleared for agriculture. The slide is from
Acre State, Brazil, where a pasture of Brachiaria is being established. A few Brazil
Nut trees are the only remnants of the former forest.

Sheet erosion is not readily apparent on the field but gullies, as shown in this slide
from the savanna region near Brasilia, Brazil, are ample evidence that erosion is ac-
tive in this landscape. Soil erosion caused by land clearing has removed the top soil
in the area and with this all the sustaining nutrients are also gone. If these nutrients
are not replenished, the soil becomes non-productive very quickly.

The slide demonstrates the consequence of large scale land clearing. The slide shows

the Iguassu Falls at the border of Argentina and Brazil. The water is red due to the
very high sediment load resulting from land clearing activities in Brazil.
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126.

127.

128.

129.

130.

131.

132.

133.

A scene similar to slide 125, is seen in this photograph of the Blue Water Falls in
Kenya. The picture was taken in 1992 and the water was loaded with sediment. The
second author had visited the falls in 1982, when the water was really ‘blue.’

Pressures of modern society are frequently the root cause for resource exploitation.
The picture shows intensive tomato cultivation on sloping Oxisols, near Rio de Janeiro.
The land form is not suitable for this type of cultivation. The farmers are aware of this
but would rather make a ‘quick-buck’ when the price is right than invest in other
technology.

A gully formed by rill erosion (at the same area in slide 127) is developing at the point
where the irrigation and rain water is seeking a channel to move downslope. Sheet
erosion is also rampant and this piece of land had to be abandoned after two or three
Ccrops.

Even if the land is abandoned, the consequence of misuse is not over. Land-slips and
landslides continue for a long time. Because top soil is gone, vegetation cannot
reestablish and so erosion continues until bare rock is exposed. The slide was taken in
the same area as slides 127 and 128 near Paty do Alferes near Rio de Janeiro, Brazil.

Under plantation or cash-crop forms of agriculture, farmers make investments in some
form of soil conservation practices. This picture is from Londrina, Parana State, Bra-
zil, where corn was planted as an inter-row crop with coffee. The corn is harvested
but the straw has been plowed in leaving the soil surface susceptible to erosion.

In an adjoining area in Londrina, the farmer practices no-till soybean after a preced-
ing crop of wheat. This system of crop production, which is increasingly being
practiced in Brazil, keeps the soil well protected against heavy rainfall, thus dimin-
ishing problems of soil erosion.

Due to the nature of the colloid aggregation, soil compaction is not easily achieved
and was also not a major problem in many Oxisols. However, due to introduction of
heavier machinery, compaction results, as shown in the slide. Clayey soils with low
sesquioxide content are more prone to compaction.

Hand-clearing procedures for land clearing, though not as efficient as mechanized
clearing, are generally less taxing on the soil. This method is sometimes referred to
as ‘slash and burn,’ as shown in the picture from Cameroon. The vegetation is
allowed to dry out and then it is burned. The ash that accumulates on the soil is a
concentrated source of nutrients. The emission of carbon dioxide to the atmosphere
contributes to global warming and this is one of the negative consequences of burn-
ing.
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134.

135.

136.

137.

138.

After a complete burn there are still stumps and large logs on the ground. These will
take a few years to rot. In the meantime, the farmer has his first crop of upland rice as
shown in the picture taken along the Trans-Amazon highway between Itaituba and
Altamira Counties, Para State, Brazil.

Depending on the country and region, the second and successive crops vary. In the
Amazon region, pasture establishment is a general practice. In southern Brazil,
wheat is planted as shown in this picture from Cascavel, Parana State, Brazil. After
harvest, the straw is burned. Farmers believe that burning provides the nutrients and
reduces insect pests and also weeds. Burning also facilitates subsequent soil tillage.

Establishment of a good crop on Oxisols requires good nutrient management. Nu-
trients must be applied in small amounts and periodically to counteract leaching losses
and fixation. This is particularly true for phosphorous as shown in the picture. In the
absence of P, as in the foreground, the maize does not grow.

In addition to nutrients, water is the other essential input. Hawaiian sugarcane plan-
tations receive drip irrigation to provide the moisture needed for growth. Oxisols are
sometimes referred to as ‘droughty’ soils as they suffer from moisture stress earlier
than other adjoining soils.

On a Eutrustox in Puerto Rico, up to 10,000 kg/ha of maize have been produced
under optimum water and nutrient management conditions.

A large range of crops are grown on Oxisols. Examples are shown in the following slides
and, where possible, aspects of management are presented.

139.

140.

Plantations of rubber (Hevea brasiliensis) are the most profitable land use on Oxisols
in Malaysia and some other S.E. Asian countries. The rubber tree with an economic
life of 35 or more years is adapted to the low nutrient content soils. It does best on
soils with udic soil moisture regimes; from a plant physiology plant of view, a perudic
SMR is also desirable. However, as tapping of the tree is done in the morning, the
rainfall pattern should be such that the rain is during the late afternoon or at night. If
rain occurs after tapping, the latex is washed out of the tapping cut and does not
accumulate in the collection cups. The tree is very susceptible to moisture stress.
Yield decline commences after more than a few days of moisture stress. The ustic
SMR is not suitable for rubber though it is grown under such SMRs in southern India
and West Africa.

Young rubber is planted on contour terraces and a cover crop (Centrosema pubescens
or Pueraria spp.) is planted for soil conservation purposes. The slide shows a typical
rubber plantation in Malaysia. The houses of the workers are strategically placed
around the plantation for ease of transit.
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141.

142.

143.

144.

145.

Oil-palm (Elaeis guinensis) is also grown on Oxisols. It does very well on moder-
ately to poorly drained soils and Oxisols are not the best soils for oil-palm. Oil-palm
also requires better nutrient supply and, like rubber, is susceptible to moisture stress.
When there is moisture stress, the fronds droop as shown in the slide.

This slide shows mature oil-palms in a plantation of about 12 years. Cover crops are
maintained as in rubber plantations. The cover crops die out when the canopy of the
palm closes and cuts out the light. Decay of the cover provides nitrogen and other
nutrients to the feeder roots of the rubber tree or oil-palm.

A crop that adapts to low nutrient and soil moisture stress conditions is pineapple
(Ananas sativus). This is a pineapple plantation at the north coast of Puerto Rico.
Though the crop requires moisture stress at maturity of the fruit, during the vegetative
growth stage, supplementary irrigation ensures a good crop.

It is significantly more risky to grow annual crops on Oxisols. Many of the resource
poor farmers of the tropics, who have to live on Oxisols, have to be supported and so
research is conducted by national and international institutions around the world. The
slide shows experiments at Isabela, Puerto Rico, evaluating the nutrient and moisture
requirements of many food crops.

Understanding the moisture variability in this unique soil has been a challenge for
many soil scientists and agronomists. Piezometers in the soil are monitored daily to
provide data which are then used in a model to evaluate moisture supply and retention
patterns. This slide illustrates the work of a USAID funded project in Jaiba, Minas
Gerais, Brazil.

Brazil has the largest extent of Oxisols. The next set of slides illustrates land use on Oxisols
in this country. Examples from low-input colonizing agriculture to large scale plantation
type management are provided.

146.

147.

The shifting cultivator opens small (less than 0.25 ha) tracts of land to establish his
farm. The slide shows a cleared tract of land in Itaituba, Para State, Brazil. The
clearing is done with machete and burning.

A range of crops is planted in the first season after clearing. The photograph taken
along the Trans-Amazon Highway between Itaituba and Altamira in Para State shows
an inter-cropping of cassava with maize. All kinds of combinations of crops may be
seen along the highway.
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148.

149.

150.

151.

152.

153.

154.

155.

156.

Within a year or two, beside the plot of land with food crops, the farmer sets up a
pasture. The picture, taken in Assis, Acre County in Brazil, shows degraded pas-
ture. Cattle is an important component of the farming system in this part of the
country.

Once the farmer is established on the land, he starts to plant perennials. The picture
shows a stand of babacu palm (Orbygnia martiana) which is a native palm of the
northeastern part of Brazil. The nuts are used as food, or oil is extracted for use as a
lubricant in precision machinery. The fronds and trunk can be used for fuel.

In Yurimaguas, Peru, farmers plant the peech palm (Guilierma especiasa) which
produces a very nourishing drink and food. Cattle is kept under the palms and the
cover crop is maintained for the cattle.

Papaya (Carica papaya) and other crops are grown for cash on the Oxisols of Peru.
If a market is readily available, papaya is an excellent cash crop for Oxisols. With
some supplementary nitrogen and phosphorous fertilizers, it is a lucrative crop.

Apart from food crops, a whole range of economic crops can be grown in the tropics.
The slide shows an anatto plantation in Belem County, Para State, Brazil. The red
fruit of Annatto (Bixa orellana) produces a dye used in the cosmetic industry.

In the Amazon jungle, an important second story crop is gurana (Paullinia cupania)
which produces bright red fruits, the size of cherries. Each fruit contains a large
number of seeds which is ground to a paste and used for medicinal purposes. The
pulp is also squeezed for a drink which has a very high ascorbic acid content. (Lo-
cally, gurana juice is spiked with vodka or other alcoholic beverages which results in
a refreshing drink that is said to make life easier in the hot, humid, insect-ridden
tropical forest.)

Mango (Mangifera indica) is a good cash crop. The quality of the fruit improves in
areas with prolonged moisture stress (ustic SMR).

Another secondary story crop in the tropical jungle is cacao (7heobrama cacao) which
is now successfully cultivated in plantations. The ripe pod is split open and the large
chestnut-sized seeds covered with mucilage is scraped out and stored in a box for
fermentation. After fermentation, the seeds are cleaned, dried, and powdered for
chocolate making.

Cropping systems vary with the climatic endowments of the land. Soybean is an
important crop in the thermic soil temperature regime areas. The picture shows a
farm with cassava (Manihot utilissima) in the foreground and soybean (Glycinia
max) in the background in Londrina, Parana State, Brazil.
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157. Complex inter-cropping systems can be seen as farmers attempt to reduce their risks.
The picture shows such a system. Maize is planted 20 days after common beans,
which is an inter-crop. After the harvest of beans, oats are the subsequent crop. Later,
the maize is manually harvested and the stalk is used as support for a later pea plant.
This is an example of multiple cropping at its best.

158. This is an example of inter-cropping of coffee (Coffea arabica) with rice (Oriza sa-
tiva). The 2.5 year old coffee is intercropped with three rows of rice. Inter-cropping
is done until the coffee is about 5 years old. In the last year of the inter-crop, the rice
may be replaced with a bean crop.

159. Mulching is a common land management practice in coffee plantations. The 6-year
old coffee was planted with mucuna preta (Stizolobium aterrimum) which is used as
green manure. The mulch also helps to conserve the soil moisture. The mucana plant
further has nematocoidal properties.

160. This is a close-up of the mucuna mulch plant (Stizolobium aterrimum). This le-
gume is capable of fixing 150 kg of N per hectare per year and also offers good
protection against raindrop splash erosion.

161. Summary of fertility and management related properties I

162. Summary of fertility and management related properties II

MODULE IX

163. SUSTAINABLE DEVELOPMENT CONSIDERATIONS

The humid tropical forest ecosystem, with Oxisols as the dominant soil, is a pristine environ-
ment and serves as an enormous reservoir of sequestered carbon, biological diversity with a
wide array of plants and animals, in addition to being a resource of food, timber, medicine,

and other products for people. Plantation agriculture with localized small farmer use did
minimal disturbance to the natural equilibrium. With population increases, the fragility of
the ecosystem is being tested. Over 15 million hectares of forests are now being destroyed
annually with little or no effort to regenerate. Resilience of such ecosystems is so low that
complete regeneration may not be achieved. In addition, some plants and animals adapted
to unique niches in this ecosystem are lost permanently when their habitat is destroyed. Al-

though there are many attempts, particularly in the Amazon Basin to understand the system,

there are few efforts to develop remedial measures to reduce the negative impacts.
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The limited resource farmers of the tropics, who are the silent majority in this ecosystem,
practice shifting cultivation and their sheer numbers have made the slash-and-burn form of
agriculture the most extensive form of agriculture in this ecosystem. The consequence is that
forests are decreasing in area, forest resources are decreasing in amount and composition,
and in the process of performing this form of agriculture the farmers are not only reducing
the quality of the resource base but also impacting the quality of the global environment,
primarily through the release of carbon dioxide and other greenhouse gases. The challenge
is then to develop a viable alternative to the slash-and-burn form of agricultural system. If
successful, the rewards are not only to provide a mechanism for the millions of people to
extricate themselves from the poverty trap they are in today but also to ensure the survival of
the forest ecosystem and reduce the negative environmental impacts that are already well
entrenched.

164. Asshown earlier, large areas of Oxisols of the world are still under forest. The hostile
environment of the tropical forests helped preserve and protect them from human
onslaught. However, due to pressures on land resulting from the ever-increasing
population, they have become a new frontier to conquer. Forest fires now light the
skies of the humid tropics, destroying biodiversity, and increasing the atmospheric
carbon dioxide.

165. The slide shows a two year old pasture in the foreground and new forest being cleared
in the background.

166. Tropical forests yield a number of forest products. The picture shows cane rattan
being harvested for furniture making. Rattan furniture is popular in the tropics be-
cause it is not eaten by termites.

167. Other forest products include fuel wood. Difficulties in obtaining fuel for cooking
and other household uses is one of the factors that lead to slow deforestation. This
picture from Pucalpa, Peru, shows boys harvesting wood for sale. Agroforestry can
be developed to provide the necessary wood and this could reduce the pressures on
the forest ecosystem.

168. In the great plains of Africa, wildlife is under threat as populations compete for land.
Some countries, like Kenya, have established national parks to protect this biodiversity.
In others, poaching is a way of life. Rhinos are endangered because their horns have
medicinal value. The elephant is hunted for its ivory tusks.

169. Zebras and other wild animals are being stressed as wildlife refuges become reduced
in size. These animals have adapted to the ecosystem. The wild-life areas have a
range of soils, each with its own animal population supporting capacity. Competition
for the good land for agriculture relegates the poorer land to wild animals and this is
also an indirect impact on biodiversity.
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170. Sustainability and environmental considerations I.
171.  Sustainability and environmental considerations II.

172. These children may suffer because of our lack of understanding of the soil resource
base.

173. Concluding statement I.
174. Concluding statement II.

175. Concluding statement II1.
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Concluding Remarks

In 1993, the global distribution of food amounting to about 17 million tons (or about 34
billion worth) was a record for the transfer of food from industrialized to developing coun-
tries. Much of this was in response to national crises as in Somalia, Rwanda, and a few of the
former Soviet countries, while the remaining was mainly to support weak economies. In an
analysis of such assistance, Webb (1995) indicates that the total distributed was about 50%
of the actual requirements of these countries, and also that in 1994, there was a decline (14
million tons) and further that with economic constraints in many of the industrialized coun-
tries, the decline may increase.

Although self-sufficiency in food and fiber production is the stated goal of practically all
countries of the world, the magnitude of food-aid suggests that many countries do not have
the capability and/or technology to meet this goal by the year 2020. To attain some sem-
blance of sufficiency will require an annual rate of growth in yield of major cereals of about
1.5 to 2 percent. For some countries, this rate has to be much higher. This is a major
challenge which appears insurmountable for various reasons. The world food crises of
1973 drew attention to the delicate balance of the food supply situation and there was much
apprehension for the immediate future. However, the situation changed in the eighties with
surpluses being produced by many industrialized countries and with a concomitant drop in
prices. With a more constrained budgetary situation in the industrialized countries, the nine-
ties saw drastic reductions in support for international agricultural research and develop-
ment activities. The focus on environmental concerns and the commitment to produce a
healthier environment has been at the expense of productivity increases. The situation is
serious enough to warrant a comment by FAO (1993) that by the year 2010, many developing
countries that were hitherto net exporters will have become net importers of agricultural
products.

The physical limits of the land resource base was known even to the earliest societies. But the
notion of the ability of the land to feed and clothe the population is only recently being widely
appreciated. In addition, the ability of the land to perform its functions (in addition to pro-
ducing food) is also being continuously reduced. These functions include partitioning pre-
cipitation into infiltration and runoff, biochemical cycling of organic materials and buffering
against rapid changes in the habitat provided by soil for roots and organisms. Apart from
assessing the productivity of the land, there is now a demand for determining how well soils
perform ecological functions, such as rate of cycling, buffering against pollutants and rapid
changes in water content and temperature, and infiltration to limit erosion and improve wa-
ter quality.

Oxisols, are in a sense the last frontier for conquest of land in the tropics. Their generally
favorable topographic attributes and the advances in soil management technology have
made them candidates for agricultural expansion. Oxisols now support the largest extent
of tropical forests and so any conversion to agricultural land will be at the expense of
forests, biodiversity, and the consequent impacts on global climate. Understanding these
soils helps to protect the environment and at the same time makes agriculture sustainable.
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