MANAGEMENT OF ACID SOILS IN THE HUMID TROPICS OF LATIN AMERICAl/

Pedro A. Sanchezgf

ABSTRACT

The humid tropics of Latin America are caught between the need to
expand agricultural production and the need to nreserve an ecosystem
of extreme diversity. Scils are acknowledged as a crucial factor for
a balanced approach. The Latin American humid tropics have a higher propor-
ticn of acid soils than their counterparts in Asia and Africa, with 81%
covered by Oxisols, Ultisols and Dystropepts. The most widespread soil
consiraints in the Amazon are phosphorus deficiency (90% of area), alu-
minum toxicity (73%) drought stress {53) and ow nutrient reserves (50%) .
Concerns about laterite formation and low soil organic matter contents
are not sSupported hy data. icaditional slash and burn clearing or bull-
dozing with a shear blade are the recommended 1and clearing methods.
Long-term research suggests a series of soil management options for speci-
fic soils, lanascape positions and level of infrasiructure development.
These options include paddy rice cultivation on alluvia! soils, intensive
mechanized crop rotations in acid soils, with suitable topogravhy, low
input cropping systems for the same locations if they have poor infrastruc-
ture, legume-based pastures, and agroforestry. Without appropriate soil
management technology development of the humid tropics will fail in eco-
nomic and ecological terms. With appropriate technology and market infra-
structure development is feasible and may produce a rational balance
between cleared areas and rainforests.
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The humid tropics encompasses those areas of the world with high and
constant temperature, a dry season of less than four consecutive months
and a tropical rainforest or seasonal, tropical forest native vegetation.
About 45 percent of the world's humid tropics are located in Tropical America
(Table 1) and three-fourths of that in the Amazon. The humid tropics is
one of the world's crucial ecosystems, where the need to expand agricultural
land to relieve population pressure is in direct conflict with the need
to preserve an ecosystem of extreme faunal and floral diversity. Soil con-
straints ore acknowledged as a major limitation of the region. Knowledge
of soils and their management is crucial for a balanced approach between
these opposing forces.
During the last two decades, significant advances have been made in
the characterization and management of soils of the Latin American humid
tropics. individual soil survey reports, many of them listed in this paper's
bibliograpny, have been brought togethar under a common legend, along with
comparable data on climate, topography and vegetation (Cochrane, 1984).
Resaarch to find sound soil management systems for the raticnal use
of the humid tropics has alsn advanced in the region. This paper attempts
to summarize some of the available information about the geographicai distri-
bution of soils, some rcommon misconceptions about them, soil constraints,
land clearing methods and soil manugement options for the American humid
tropics. Emphasis is given to the Amazbn because of its size, preponderance

of acid soils and the level of research effort.
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SOIL GEOGRAPHY

Tne geographical extent of soils of the humid tropics is given in
Table 1 using soil taxonomy terminology (Soil Survey Staff, 1975). The
translation of this terminology into the FAO legend, 1938 USDA, French
and Brazilian soil classification systems is shown in Table 2.

Acid soils, classified as Oxisols, Ultisols and the Dystropepts cover
large areas of the humid tropics, but their relative importance is greater
in Latin America (82%) than in Africa (56%) or Asia (38%) as shown in Table
3. The inverse occurs with moderately fertile, high base status soils which
cover as much as 33% of humid tropical Asia, 12% of humid tropical Africa
but only 7% of humid tropical America (National Research Council, 1982).
Most of these fertile soils in Asia are already under intensive cultivation;
therefore, the potential for area expansion into good soils is very limited.
This is not the case in humid tropical America and Africa where conéiderab]e
areas of alluvial soils or other high base status soils occur within oceans
of acid soils. Representative soils profile data of experiment stations

or key areas are described in Table 4.
COMMON MISCONCEPTIONS

Three common misconceptions about soils in the humid tropics deserve
clarification at this point. They relate to laterization, organic matter
contents and the distribution of nutrients between plant bijomass and soil
under tropical rainforests.

Laterite Formation

The dangers of laterita formation after clearing tropical forests

are limited (Moormann and Van Wambeke, 1978; Buol and Sanchez, 1978). In
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the Amazon, only 4% of the region has soft plinthite in the subsoil, a
substance capable of hardening into laterite if this layer is exposed by
erosion. These soils are mainly classified as Plinthaquults or Plinthaqualfs.
Since most of these plinthic soils occur in flat, poorly drained topograph-
ical positicns, the danger of laterite formation is minimal, as it would
require massive soil erosion for exposure.

Hardened laterite of geologic origin occurs in scattered areas in
the humid tropics where it serves as excellent road building material.
In areas like the Peruvian Amazon, which is essentially devoid of these
laterite formations, low cost roads are definitely inferior in comparison
with those of the State of Para in Brazil where laterite outcrops occur.
The Taterite hazard, still frequently mentioned in the literature, is there-
fore, of Tittle importance in the humid tropics as a constraint. On the
contrary, where laterite outcrops occur they are definitely an asset to
development.

Organic Matter Contents

Soil organic matter contents in the humid tropics compare very favorably

to those found in soils of temperate forests. Soils in the humid tropics

have somewhat higher organic carbon and total nitrogen levels in the topsoil
as well as the entire solum than their temperate counterparts (Table 5).
Sanchez, Gichuru and Katz (1982) also found no significant difference in
organic matter contents between soils of tropical vs. temperate regions,
between Oxisols of the tropics and Mollisols of the temperate region or
between tropical vs. temperate Ultisols. Calculations of fresh organic

matter additions and deccmposition rates explain the lack of differences

(Sanchez and Buol, 1975). As in all forested ecosystems, soil organic matter
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is more concentrated in the topsoil than in the subsoil. This premise holds
for tropical forests as well as temperate ones.

Plant Nutrient Storage

Another commonly held view is that tropical rainforest ecosystems
hold most of their nutrients in the plant biomass component (Goodland and
Irwin, 1975). Nutrient cycling studies that include the entire soil, however,
show that most of the ecosystem's nitrogen and phosphorus is located in
the soil component (Table 6). This is not the case with potassium, calcium
and magnesium, the bulk of which remains in the above-ground biomass. An
exception to the latter statement occurs on high base status Alfisols,
which also contain the bulk of their bases in the soil. For more details,

the readers are referred to an excellent review by Salati and Vose (1984).
SOIL CONTRAINTS IN THE AMAZON BASIN

Soil classification data provide a broad geographical picture of the
kinds of soils that exist in the humid tropics but what this means in prac-
tical terms is only implied. This is because soils are mapped and classified
as natural bodies, and not directly according to what problems thev present
for a specific use. Soil survey information can be interpreted in terms
of constraints to agricultural development drawing from soil taxonomy plus
additional properties of the topsoil layer which is where most of the plant-
soil interactions take place. Soil c]aésification systems, such as soil
taxonomy, do not include many of the transient properties of topsoils because
they can be changed by management. In order to have a proper interpretation
of what are the major constraints of these soils, it is necessary to consider

the measurable parameters that characterize the kinds of problems to be
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indicated. The Fertility Capability Classification System (FCC) is one
way to quantify soil constraints (Buol et al., 1975). A rough estimate
for the humid tropics as whole is shown in Table 7.

When using a fairly detailed data base, meaningful interpretations
can be made for planning and assessment purposes. This has been done for
the Amazon by Cochrane and Sanchez (1982) at the scale of 1:1 million.

The highlights of this study appear below, as an example of what kind of
information may be useful to obtain i: other humid tropical regions. Table
8 shows a summary of the main soil constraints in the Amazon region as

a whole. The most widespread ones are cnemical rather than physical.

Phosphorus deficiency is found in 90% of the Amazon, but the severity
of such deficiency will depend on which crops are to be grown. Aluminum
toxicity, the main cause of soil acidity, covers the second largest terri-
torial extent with about three quarters of the region. It is important
also to note that about 27% of the Amazon does not have significant aluminum
toxicity problems. These are primarily in the alluvial areas and the well-
drained high base status soils. Drought stress is found in 53% of the area,
mainly in the near-ustic regions.

Low nutrient reserves are widespread in half of the region, suggesting
the need for potassium fertilization in about half the Amazon.

Poor drainage and flooding occur on one-fourth of the region, including
alluvial areas (varzeas) and inland swamps (aguajales). Many of these varzea
regions are not severely threatened by floods and have a high production
potential. This particular figure also indicates that about three-fourths
of the Amazon region has well-drained soils.

About 16% of the Amazon soils have the capacity to fix large quanti-

ties of phosphorus into relatively insoluble forms. These are mainly the
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Oxisols and Ultisols of clayey topsoil texture. Comparing this number with
90% of the Amazon that suffers from phosphorus deficiency, most soils of
the Amazon that are inherently deficient in phosphorus are not likely to
reduire large quantities of phosphorus fertilizers. This situation is cer-
tainly a less difficult one than in the acid savannas where high phosphorus
fixation is widespread. Research conducted on phosphorus fertilization
in the Amazon confirms this supposition (Serrdo et al., 1979; Benites,
1983). Nevertheless, there are 77 miilion hectares of soils that are bhoth
deficient in phosphorus and have a high fixation capacity.

About 13% (64 million hectares) of the Amazon has soils with effective
cation exchange capacity (ECEC) values below 4 meq/100 g. Many nutrient
cations can be rapidly lost by leaching, particularly in well-drained soils.
Also, low ECEC soils are poorly buffered, indicating potential nutrient
imbalance problems. In Yurimaguas, Peru, for example, potassium applications
can cause magnesium deficiency by creating a nutritional imbalance between
these two elements (Villachica, 1978).

Table 8 also indicates only about 8% of the Amazon has a severe erosion
hazard. This is partly due to the overall level to gentle (0-8%) slopes
found in 73% of the Amazon (Cochrane and Sanchez, 1982) and partly to the
favorable structure of many Oxisols and Ultisols. The 39 million hectares
of highly erodible soils are located mainly on steep slopes and deep soils
with an abrupt clay increase. These so%]s, mostly classified as Ultisols
or Alfisols, are often quite susceptible to erosion unless protected by
a plant canopy during periods of heavy rains.

The above statements should not imply that erosion is not a problem

in the Amazon, because all soils can be eroded by mismanagement and sheet
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erosion can occur in nearly level, well-drained Oxisols and Ultisols. It
implies that compared to other major regions of the world, the erodibility
of the main soils of the Amazon is not high. Most of the obvious gully
erosion in the Amazon is caused by civil engineering, rather than
agriculture--along roads, building sites and improper city sewage and drain-
age systems. This situation, however, could change drastically if the plant
cover is removed and not replaced sufficiently rapidly by another plant
canopy. This seldom happens in the forest-~d regions of the Amazon because
when crops or pastures fail, weeds and secondary forest regrowth rapidly
produce a new plant canopy. Gullying along cattle trails in overgrazed
pastures, however, is an increasingly serious concern. Alsc, sheet erosion
has been reported in poorly managed pastures at the beginning of the rainy
season in the seasonal forest region. Actual erosion estimates have been
provided by Navas, Munevar and Perea (1977), McGregor (1980) for the Colom-
bian Amazon and by Ranzani (1980) for the Brazilian Amazon.

About six percent of the Amazon has soils with no major limitations
other than nitrogen deficiency. These are the well-drained soils high in
nativé fertility classified mainly as Alfisols, Mollisols, Vertisols and
well-drained Inceptisols and Entisols. Nevertheless, they represent a total
of 32 million hectares and where they occur permanent agriculture has a
better chance of -success. This is the case in the Terra Roxa soils (Rhodu-
stalfs) which combine high native ferti&ity with excellent physical proper-
ties. Many of the successful cacao plantations are located in such soils.
High base status soils are found near Altamira, Ouro Preto (Rondonia) and
Rio Branco in Brazil, in the Oriente of Fcuador associated with relatively

recent volcanic deposits, and in the Huallaga Valley of Peru.
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LAND CLEARING METHODS

The choice of land clearing methods is the first and probably most
crucial step affecting the future productivity of farming systems. Several
comparative studies conducted in the Amazon confirm that land clearing
methods that involve burning are superior to different types of mechanical
clearing because of: (a) The fertilizer value of the ash, (b) soil compac-
tion caused by bulldozing, and (c) topsoil displacement in mechanized 1and
clearing.

Nutrient Additions by the Ash

The direct measurement of the nutrient content of the ash in the Amazan
has been determined after burning several types of vegetation in an Oxisol
from Manaus, Brazil and an Ultisol from Yurimaguas, Peru (Table 9). The
ash added significant inputs to the soil which resulted in beneficial effects
in soil chemical properties (Seubert et al., 1977; Smyth and Bastos, 1984).

Variability in the quantity and nutrient content of ash occurs because
of differences in soils, clearing techniques anc the proportion of the
forest biomass actually burned. Silva (1979) estimated that only 20% of
the forest biomass was actually converted to ash when burning a virgin
forest on an Ultisol of southern Bahia, Brazil. Silva also analyzed the
composition of ash adjacent to indiv Jual tree species and observed very
wide ranges (0.8-3.4% N, 0-14 ppm available P, 0.06-4.4 meq Ca/100 g,
0.11-21.03 meq Mg/100 g, and 34-345 meq K/100 g). This suggests the presence
of fallow species that can accumulate specific nutirients.

The fertilizer value of the ash is likely to be of less importance

in fertile soils. Cordero (1964) observed that the increases in P and K
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10
availability caused by burning a forest on an Entisol of pH 7 in Santa
Cruz, Bolivia, did not increase crop yields. The soil was already high
in these elements. In fact, ash additions to Alfisols with pH 6 have
triggered iron or zinc deficiencies in Africa (Lal et al., 1975). Similar
effects have been observed under large ash depositions in Oxisols of
Manaus.

In addition to the nutritional value of the ash, the extent to which
the ash is incorporated into the topsoil is important. Around Manaus,
shifting cultivators prefer to clear loamy or sandy Ultisols on steep
slopes than nearly level areas of clayey Oxisols. One reason is that
the ash is not incorporated well in the Oxisols, while apparently this
is not a problem in the less clayey Ultisols.

Soil Compaction

Conventional bulldozing has the clearly detrimental effect of compact-
ing the soil, particularly sandy and loamy Ultisols. Significant decreases
in infiltration rates, increases in bulk density and decreases in porosity
have been recorded in such soils in Surinam (Van der Weert, 1974), Peru
(Seubert et al., 1977; Alegre et al., in press) and Brazil (Schubart,

1977; Silva, 1979).

Topsoil Displacement

Another consideration is the degree of topsoil diaplacement by the
bulldozer blade and by dragging uprooted trees and logs. Although no
quantitative data are available, topsoil scraping in high spots and accumu-
lation in low spots is commonly observed. The better jungle regrowth
near windiows of felled vegetation suggests that topsoil displacement

can result in major yield reductions. For example, Lal et al. (1975)
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in Nigeria observed that corn yields decreased by 50% when the top 2.5
cm of an Alfisol was removed. Similar data on Oxisols and Ultisols of
the Amazon are not available.

Improved Mechanized Methods

The negative effects of bulldozer land clearing are becoming Letter
known to farmers and development organizations. Government credits for
large scale mechanized land clearing operations have been sharply reduced
in the Brazilian Amazon since 1978. Other alternatives consist of mechan-
ized clearing followed by burning, using two bulldozers dragging a heavy
chain, or large tree crusher machines which literally walk over the felled
forest (Toledo and Morales, 1979; Baena, 1985; Toledo and Navas, 1985).
The most effective method however, is the use of shear blade, followed
by burning and heavy disking. Unlike the straight bulldozer blades, the
floating-type or shear blades, cut the trees at ground level, avoiding
much topsoil carryover since no tree roots are dragged and the blade
seldom touches the soil. A comparison between clearing by slash and burn,
straight blade bulldozing by Alegre (1985) and shear blade bulldozing
in Yurimaguas shows that the traditional manual method caused the least
disruption in terms of water infiltration rates and topsoil bulk density,
mean weight diameter of aggregates or organic carbon (Table 10). The
shear blade treatment significantly decreased many of these properties
three months after clearing, but these differences largely disappeared
after two years of continuous cultivation. In terms of crop production,
straight blade bulldozing decreased yields by about half, but the differ-
ences between slash and burn vs. shear blade + burn + heavy disking were
minor (Table 1l). The use of a shear blade, therefore, is recommended

if mechanical clearing is to be practiced.
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SOIL MANAGEMENT OPTIONS

Long-term research in Yurimaguas, Peru and other areas in the Amazon
has led to the development of sustainable sojl management options for
the different soils, landscape positions and levels of infrastructure
development. Sanchez and Benites (1983) suggested several alternatives
for the Peruvian Amazon which can be made applicable to other countries
with minimum modifications (Figure 1). Not all the soil-landscape combina-
tions illustrated in this figure are likely to occur in any given area,
but they indicate the range observed in the numid tropics.

Three types of alluvial positions are indicated in Figure 1. The
"barriales" are beaches exposed during the dry seascn along the deposition
shores of large Amazonian rivers. These soils are the youngest in the
world, being formed and eruded away every year. The "bajial" and
“restingas" are the first and second flood plains, respectively. They
roughly correspond to the low and high "varzeas" of Brazil. The bajiales
are likely to be flooded every year while the "restingas" may be flooded
once every 10 years or so. Bajial soils are mainly Aquents while restinga
soils are Aquepts, Aqualfs, Udalfs or, in some cases, Udolls--all with
high native fertility. An exception to this rule occurs when the source
of sediments are other than the Andean mountains. Rivers originating
in watersheds on the Guyanan or Brazilian shields, or around Spodosol
areas within the Basin are not likely to produce alluvial soils of high
native fertility (Hoag, unpublished data).

The upland areas, called "terrenos de altura" in Peru and "terra
firme" in Brazil can be divided into high terraces, flat to gently undu-

lating and suitable for mechanized agriculture, and the hills with slopes
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of 15 to 30% which are not mechanizable. About 50% of the Amazon has
well drained, flat topographies with less than 8% slopes, while 21% of
the basin corresponds to the hill area (Cochrane and Sanchez, 1982).
The steeplands constitute about 6% of the Amazon, but are quite important
around the western end of the Amazon.

Irrigated Rice in Alluvial Soils

The Amazon has vast areas of poorly drained, high base status soils
located in topographic positions that preclude annual flooding. These
areas are commonly known as "varzeas altas" in Brazil and as “restingas"
in Peru. Given the high native fertility of most of these Entisols, Incep-
tisols and Alfisols and their proximicy to rivers, efforts have been
made to develop intensive utilization of "restingas" for irrigated rice
production. Irrigated rice is usually the best option because of the
assured market and the yield stability under a paddy rice system. An
example from Yurimaguas illustrates the point. Restingas with soils clas-
sified as clayey Eutric Haplaquepts are producing an average of 6 tons/ha
of supplementary irrigated rice per crop, with 2.5 crops per year (Table
12). No fertilizer response has been observed during the first two crops,
but nitrogen response to 50 kg N/ha is now evident from the third crop
(Arevalo et al., 1983). Fortunately Azolla has spontaneously appgared
in the paddies, and its management may contribute to decrease fertilizer
inputs. Water management trials indicate the need of irrigation to obtain
high rice yields. Rainfed rice production averaged 4.6 tons/ha while
irrigated rice averaged 6.3 tons/ha (Arévalo et al., 1983).

Transplanting, however, poses major constraints to the limited 1labor

supply of the Selva. Puddling and transplanting are convenient in order
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to obtain adequate water leveling. After two crops, broadcasting preger-
minated seed is as effective (Table 12).

This technology has been adapted rapidly by new settlers migrating
into the Amazon from rice-producing areas in the coast of Peru. Approxi-
mately 25,000 hectares of new irrigated rice land has been put into produc-
tion within the last three years in the Peruvian Amazon (INIPA, 1984).

Completely mechanized rice production has been established at the
other end of the Amazon where 4,000 hectares of paddy rice are produced
in "varzeas" off the Jar{ river (Briscoe, 1983). In these areas, sulfur
deficiency is as important as nitrogen deficiency (Wang et al., 1976).

Intensive Crop Rotations

A second option is to fully capitalize on the potential of flat,
well drained acid soils which, as mentioned earlier, cover about half
of the Amazon. For areas with sufficient road, market and credit infrastruc-
ture, the correction of nutrient deficiencies by fertilizers and liming
and the use of mechanziation is an attractive and usually highly lucrative
option.

Promising results have been obtained by growing three crops a year
in an upland rice-corn-soybeans or upland rice-peanuts-soybean rotations
at Yurimaguas. These rotations are adapted to the rainfall pattern and
keep the ground covered most of the year. Continuous monoculture of the
same crops, however, has not produced custained yields because of pathogen
buildups (Valverde and Bandy, 1982).

Thirty consecutive crops have béen harvested from the same field
since it was cleared by slash-and-burn in October 1972 and cultivated

to the rice-corn-soybean rotation in Yurimaguas. Without fertilization,
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yields dropped to zero after the third consecutive crop. With complete
fertilization, the long-term average of this rotation, which was replicated
in three fields, is 7.8 tons of grain per hectare per year (Sanchez,
Bandy, Villachica and Nicholaides, 1982).

Figure 2 shows the long-term yields of 88 harvests of these four
crops with and without adequate fertilization during eight years. Upland
rice, soybean, and peanut yields are excellent, but corn yields are moder-
ate. Figure 2 also indicates a reasonable yield stability for the four
crops. Continuous production, therefore, can be achieved in the Amazon
with adequate fertilization. A similar experiment is ongoing in Oxisols
of Manaus and is now in its eighth consecutive crop.

The term "adequate fertilization" was not arrived at lightly. It
took about four years to gather conclusive data on the changes in soil
properties that occurred after clearing and burning a 17-vear old secondary
forest and growing annual crops continuously. The nutrient dynamics have
been monitored after each harvest since October 1972 and provided the
key to continuous cultivation (Sanchez, Villachica and Bandy, 1983) .

Table 13 presents lime and fertilizer recommendations developed
during 12 years of research at Yurimaguas. Like all sound fertilizer
recommendations, they are site-specific. Nevertheless, they are represen-
tative of the level of fertilizer input required for continuous crop
production in Ultisols. These fertilizéer levels do not differ substantially
from those used to grow corn, soybeans, and peanuts in Ultisols of the
southeastern United States. On-farm trials around Yurimaguas show that
the system is economically viable under a wide range of crop and fertilizer

prices, levels of capital and labor force composition (Herndndez and
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Coutu, 1981). The practical limitation in many areas, however, is a suffi-
cient infrastructure to assure the flow of inputs and products.

Although it is commonly believed that cultivation degrades soils
in the humid tropics, cur results indicate that soil properties improve
with continuous cuitivation systems that combine intensive management
with appropriate fertilization. After 20 consecutive crop harvests at
Yurimaguas, Sanchez, Villachica and Bandy (1983) reported that the topsoil
pH increased from a very acid 4.0 before clearing to a favorable level
cf 5.7. Organic matter content decreased by 27%, but most of this loss
occurred during the first year. Exchangeable aluminum decreased from
very high levels to minimal amounts; exchangeable calcium increased 20-fold
(a consequence of lime applications), and exchangeable magnesium doubled.
Exchangeable potassium did not jincrease despite the application of large
quantities of potassium fertilizer, suggesting rapid utilization by crops
and perhaps losses due to leaching. Effective CEC doubled as a consequence
of the pH-dependent charge of kaolinite and iron oxides. Fertilization
also increased available phosphorus from below the critical level of
15 ppm (Olsen method) to substantially above it. The same trend occurred
with zinc and copper. Available manganese, however, decreased to levels
approaching deficiency. Available iron remained considerably above the
critical range of 20 to 40 ppm. On the whole, these changes indicate
improvement in the topsoil's chemical properties.

There have been no unfavorable changes in the soil's physical proper-
ties thus far because of the protection three well-fertilized crops per
year provide against the rains (Table 14). Although crop residues are

left in the field until the ewperimental plots are tilled for the next
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planting, the soil is exposed for up to 30 days before a full crop canopy
is reestablished. Occasional runoff losses have been observed, but they
have not been of sufficient magnitude to affect yields.

Yurimaguas is not the only location in the Amazon where continuous
cultivation has improved topsoil, chemical and physical properties. An
analysis of continuously cultivated farms in the Braganga region of North-
eastern Para in Brazil by Falesi, Baena and Dutra (1982) showed similar
positive results.

Acid, infertile subscils of Oxisols and Ultisols frequently act
as chemical barriers to root development. Crop roots are unable to enter
a subsoil highly saturated with aluminum ions and very low in exchangeable
calcium (North Carolina State University, 1980; Ritchey et al., 1980).
This produces shallow root systems (the subsoil may still have plenty
of water, but the plants cannot reach it). With time, however, continuous
cultivation leads to an alleviation of this problem. We obsérved significant
increases in calcium, magnesium, and effective CEC and a decrease in
aluminum saturation in subsoil 15 to 45 cms (Figure 5). Fertilization
promotes the downward movement of these basic cations, which results
in a more favorable environment for root development than before clearing.

Attempting continuous cultivation without adequate fertilization,
however, did result in soil degradation. The lack of a full crop canopy
left the soil exposed for most of the year. Fertility was so limiting
that even weed growth was supressed. Although not measured, runoff losses
from these plots must be considerable as the soil surface appears more

sandy and is highly compacted.
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Intensive continuous cropping has also been practiced on fertile
alluvial soils not subject to flooding with success by farmers. The higher
native fertility and higher ECEC of these soils precludes the need to
lime and result in lower rates of fertilizers required. Weed control,
however, becomes more critical in these better soils.

Luw Input Cropping

Intensive, fertilizer-based continuous cropping is likely to be
limited to humid tropical areas with relatively good access to inputs
and markets. Research on a second option was initiated to develop alterna-
tives that would minimize chemical input use according to low input tech-
nology concepts (Sanchez and Salinas, 1981). This option is based on
three main strategies, the use of crop varieties tolerant to acid soil
stresses maximum crop residue return to the soil, and the use of managed
fallows as an intermediate alternative between continuous and shifting
cultivation. .

Germplasm collected from various institutions, believed to have
high yield potential under humid tropical conditions, was tested in limed
and non-limed plots in Yurimaguas at aluminum saturation levels of about
20 and 80%, respectively. Germplasm was considered highly tolerant if
its yields in acid soils were 85% or more of those obtained in the limed
plots, and moderately tolerant if the relative yields were between 65
and 85% (Nicholaides and Piha, 1985). The overall results, shown in Table
15,'1nd1cate a high degree of acid tolerance in upland rice and cowpea,
an absence of acid tolerance in the corn, soybean and winged bean germplasm
tested and evidence of moderate tolerance in peanuts and sweet potatoes.
Some local peanut cultivars appear highly aluminum-tolerant in growth

vigor, but not in yields.
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The upland rice-cowpea rctation was selected as the basis for a
low input cropping system. It is designed to mesh with the traditional
shifting cultivation practices. After slash and burn, the traditional
upland rice variety is sown with a planting stick ("tacarpo") at conven-
tional spacing, using broadleaved post-emergence herbicides as conven-
tionally done. Improvemen s are then introduced at the time farmers nor-
mally abandon the field, after the rice harvest. All the rice straw is
cut low and spread evenly. The acid-tolerant improved rice variety
"Africano Desconocido" is planted by a "tacarpo” at 30 x 50 cm spacing.
It is then followed by acid-tolerant cowpeas (Vita 6 or Vita 7 from IITA)
planted also with tacarpo. After threshing, all rice straw and cowpea
tops are spread evenly to the field, in spite of the extra labor involved.
The results of a one-hectare field cleared of a 10-year ol1d secondary
forest on an Ultisol with pH 4.6 after burning are shown in Table 16
(Benites and Nurefa, 1985). The field included a fertilizer differential,
either zero or 30 kg N/ha, 50 kg P205/ha and 60 kg K20/ha applied to
each rice crop except the first one. The re§u1ts show high yields of
six consecutive crops harvested, without a significant fertilizer response.
Such results are quite different to the check plot yields of the intensive
rotations, where yields drop to nractically zero after the second consecu-
tive crop without fertilization (Figure 2). The combination of acid-
tolerant cultivars, no tillage and compﬁete residue return may be respon-
sible for the difference. |

There is no assurance that these yields will be sustainable and
in fact, a yield decline in the sixth crop is apparent. After about two

ears, the stumps have rotted out, providing several alternative uses.
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One is to shift to intensive, mechanized continuous cropping. Others
include established pastures, agroforestry or managed fallows. The low
input cropping system, therefore, may be considered as transition tech-
nology at this point.
Managed fallows provide another alternative, giving farmers a safe
way to rest the soil without major weed encroachment. Research with kudzu

(Pueraria phaseoloides) fallows at Yurimaguas show some advantages as

well as limitations. Kucdzu grows luxuriously in the Amazon and, contrary
to temperate-region experience, it is relatively easy tc eliminate by
cutting and burning it during the drier part of the year. Alternating
one year of cropping with one year of kudzu fa]]ow has produced respec-
table yields, while providing total soil protection during the fallow
period. Crop yields however, are declining with time (Table 17) and the
deciine seems to be related to potassium deficiency.

The effect of kudzu fallows in pumping nutrients from Ultisol sub-
soils, however, has been of little relevance (Bandy and Sanchez, 1981).
In these very acid and infertile subsoils, no significant nutrient re-
cycling occurred in contrast to areas with high base status subsoils.
Nevertheless, cutting and burning two to three years' growth of kudzu
fallow produced similar crop yields as cutting and burning a 25-year
old secondary forest fallow. Additional advantages of kudzu faliows include
the maintenance of the residual effects of previous liming and fertiliza-
tion, and its grazing potential as a "prbtein-bank" combined with adjacent
grass pastures. Also, kudzu fallows provide virtually total protection

against erosion.
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Pastures

Pasture-based beef and dairy production is the largest single activity
of cleared land in the Amazon basin, and a major source of controversy,
particularly in Brazil. There are about 3.7 million hectares of cultivated
pastures in the Amazon, according to estimates by Serrdo et al. (1979).

Most of them consist of Panicum maximum, without lequmes or fertilization,

and have a carrying capacity of one animal unit/ha, producing about 100
kg/ha of annual liveweight gain. After the first three to four years,
pasture productivity begins to decline, secondary growth invades and

the pasture slowly changes intb secondary forest fallow. Serrdo et al.
(1979) estimate that 20% of the area planted to pastures in the Brazilian
Amazon is in some state of degradation. This has raised serious questions
as to the value of this important farming system in the Amazon (Goodland
and Irwin, 1975; Schubart, 1977). The Brazilian government has reduced
credits for new land c]eéring for pasture and is concentrating its research
efforts to reclaim degraded pastures.

A series of studies conducted primarily in the ustic Eastern Amazonia
has shed light on the soil dynamics through time in pasture production
(Falesi, 1976; Baena, 1977; Serrao et al., 1979; Fearnside, 1978; Hecht,
1983). Soil samples were taken in pastures of known age in several farms.
Although the sample size is small, time and space are confounded and
variability is high, a clear trend has émerged from these studies: Pastures
retard the rate of fertility decline, maintaining for several years some
of the benefits of burning, particularly a high soil pH, elimination
of aluminum toxicity, high calcium and magnesium and, for the first four

to five years, sufficient levels of available phosphorus. Serrio et al.
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(1979) attribute this decline to nitrogen and phosphorus deficiency,

and the poor adaptation of Panicum maximum to this environment.

Figure 5 summarizes the data for a clayey Oxiscls from Paragominas
and a loamy Oxisol from Northern Mato Grosso. The data suggest a remarkable
degree of nutrient recycling and maintenance of soil fertility under
pastures in the eastern Amazon. Observations on animal pruductivity indi-
cate that its decline is associated with avajlable phosphorus levels
decreasing below 4 ppm P. Serrio et al. (1979) state that the speed of
this decline is faster in clayey than in loamy soils. Since phosphorus
fixation in Oxisols and Ultisols usually increases as a function of topsoil
clay and iron oxide contents (Sanchez and Uehara, 1980), it is not sur-
prising that the clayey Oxisols show pasture degradation symptoms earlier

than the loamy ones. Since Panicum maximum responds very strongly to

phosphorus fertilization, it is also not surprisinng that it tends to
disappear and ié overtaken by jungle regrowth. Serrdo and coworkers found
that excessively high grazing pressures also accelerate pasture degrada-
tion. A look at Figure 5 suggests that these pastures are periodically
burned as the sharp increases in bases and available phosphorus are evident.

The solution to this apparently hopeless situation is remarkably
simple: Clear the jungle regrowth ("juquira") by hand, burn the pastures,
and broadcast 25 kg P/ha, half as single superphosphate and half as rock

phosphate and plant aluminum-tolerant sbecies such as Brachiaria humidicola

and Pueraria phaseoloides. When Serrdo and coworkers (1979) did that

in a 13-year old degraded pasture at Paragominas, the pasture recuperated
with increases in carrying capacity (Serrdo, 1981; Serrao and Homma,

1982).
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In the udic Amazon of Peru, considerable advances have been made
in developing legume-based pastures to replace the degraded "torourco"

complex (Paspallum conjugatum and Axonopus compressus) which rapidly

becomes dominant once planted Panicum maximum disappears {Toledo and

Morales, 1979; Ara et ai., 1982). A wide range of grass and legume acces-
sions from CIAT's Tropical Pastures Program has been tested at Yurimaguas,
Pucallpa, Tarapoto, Tingo Maria, Puerto Maldonado and other locations

of the Peruvian Amazon (Reategui, 1984). The various accessions were
planted at Yurimaguas on Ultisols with pH 4.0 and 90% aluminum caturation
and received only 50 kg P205/ha and 50 kg K20/ha. Four grass species

and five legume species have been identified as promising for the Peruvian
Amazon (Table 18). They all combine growth and persistence under acid

soil stress with reasonable tolerance to insects and diseases.

Some of these species were combined in 0.45 ha. grazing plots, on
land previously cropped at the Yurimaguas station. Unlike temperate region
experience, the legqumes established themselves quickly but the grasses
suffered from poor establishment, partly because of excessive tillage
and partly because of vigorous weed competition. During the first year,
continuous grazing was used at an average stocking rate of 4 animals/ha.
This resulted in modest Tiveweighit gains and in some mixtures as exces-
sively high proportion of legumes. Grazing management was changed to
rotational grazing at 42-day intervals during the second year. The first
three years of grazing produced relatively modest animal weight gains
but very high annual liveweight gains per hectare due to the high stocking
rate (Table 19). More time is needed to ascertain the persistence and

productivity of these grass-legume mixtures, as well as lTearning how
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to manage them in a rainforest environment. Nevertheless, the productivity
of 200 to 700 kg/ha/year of liveweight gains underscores a significant
potential for legume-based pastures in the region, considering that annual
liveweight gains on degrading pastures is on the order of 50-100 kg/ha/year.

The maintenance of grass lequme pastures in the humid tropics is
not fully understood. Annual maintenance fertilizer applications of about
25 kg/ha of phosphorus, potassium and possibly some quantities of magnesium
and sulfur are probably needed. Grazing management is of utmost importance
to maintain an acceptable grass-legume balance. Most of our understanding
of grass-legume mixtures in the tropics comes from ustic éoi] moisture
regimes where the main objective is to maintain a supply of green forage
during the strong dry season. This is mainly accomplished by the legume
component which remains green while the grasses mature and dry out. In
the humid tropics, grasses remain green throughout the year, posing a
question of what is the role o/ legumes under this énvironment. Many
of these grasses have lower nutritional quality than expected from savanna
experience. Research is underway to provide a better understanding of
pasture quality, the role of legumes, nitrogen transfer and nutrient
recycling.

Perennial Crops and Agroforestry

Many scientists believe that the "natural vocation" of the Amazon
is trees and that ultimately a tree caﬁopy should replace crop or pasture
canobies. Experience in the Amazon on soil-perennial crop relationships
lags far behind that of humid tropical Asia. Most of the research knowledge
is based on cacao plantations in Alfisols of the State of Bahia, Brazil

(Alvim, 1979, 1982; Cabala and Alvim, 1984), although successful coffee
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and 0il palm plantations exist in the humid tropics of Colombia, Ecuador,
Peru, Brazil and Costa Rica. Knowledge and appreciation of the myriad
of agroforestry systems practiced by native tribes and settiers in the
humid tropics is increasingly becoming available (Peck, 1982; Hecht,
1982; Valencia, 1982; Denevan et al., 1983). Information on forestry
species is also emerging (Russell, 1983; Romero and Romero, 1984).

Some advances have been made on how tree plantations affect sdi]
properties in the humid tropics (Sanchez et 1., 1985). A major difference

in soil acidity and base status was observed between mature Gmelina arborea

and Pinus caribaea plantations in the Jar{ Ultiso] (Figure 6). The topsoil

under Gmelina had a nH of 5.2 while that under Pinus was about the same
as under native rainforest, pH 3.9. The rise in pH under Gmelina is accom-
panied by an actual increase in exchangeable calcium reserves of 860
kg Ca/ha as compared with 40 kg Ca/ha in the forest and 100 kg Ca/ha
for Pinus plot. Cmelina seemed to act as a calcium accumulator under
acid soil conditions while Pinus maintained the rainforest level. Gmelina
maintained exchangeable magnesium, exchangeable potassium and total nitro-
gen at pre-clearing levels, while the soil under Pinus suffered consider-
able decreases. Gmelina also tripled the available soil P contents compared
with the original forest or Pinus.

Other fast-growing tree species have also produced increases in
exchangeable bases. Silva's (1983) results on an Oxisol in Brazil indicated
a doubling or tripling of topsoil exchangeable bases after 10 years under

Cordia trichotonia and Caesalpinia echinata relative to the native forest,

but the precious wood species Dalberqia nigra did not produce significant

increases over the native forest. Silva' results are presented in Table 20.
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Leaching losses under tree plantations are also being quantified.
Russell (1983) measured negligible lossas of phosphorus and measurable
losses of potassium, calcium and magnesium at all sites, including t.e
virgin rainforest (Table 21). Large leaching losses of bases occurred
after the forest was cleared and burned, and prior to the establishment
of tree cover. This explains in part the decreases in nutrient availability
observed in some cases during the establishment phase. Leéching losses
during the mature growth stage and even 1.5 years into the second rotation
were actually lower than those under the rainforest. Consequently, the

nutrient cycling mechanism seems to work effectively under Pinus caribaea.

Nutrient inputs from atmospheric deposition were also determined
by Russell (1983). The balance between atnospheric deposition and leaching
s presented in Table 22. This calculation shows a virtual absence of

net nutrient losses from the rainforest, the mature Pinus caribaea planta-

tion, and even from the 18-month old second rotation of pine preceeded

by Gmelina arborea.

The question of leaching in perennial crops has also been examined.
Santana and Cabala (1984) developed a balance between nutrient inputs
and outputs in a high-yielding, mature i7-year old cacao plantation with
a leguminous tree shade on a fertile Alfisol in Itabuna, Bahia, Brazil
(Table 23). The balance between inputs (atmospheric and Titter) and outputs
(harvest and leaching) is positive for ‘nitrogen, phosphorus, potassium
and calcium and neutral for magnesium. The efficiency of this system
is outstanding considering it is operating at very high yield levels.
When such plantations are fertilized, nitrogen leaching losses decrease;

Santana and Cabala (1982) attribute this to a stimulating effect of NPK
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fertilization on the development of cacao rootlets, which presumably
absorb more nutrients and prevent them from leaching. The perspective
of such efficient use of nutrients under ideal conditions in perennial
crop production augurs well for the efficiency of well-managed, well-
fertilized tree plantations.

The informa.ion on agroforestry systems per se is ~at in progress
on alley cropping on acid soils, managed fallows, soil dynamics under
natural fallows and the management of promising indigenous Amazonian

palms such as Guilielma gasipaes.

Other Options

Additional options include the use of forest-agriculture mosaics,
barrial farming (Sanchez and Benites, 1983), water buffalo production
in varzeas (Nascimiento et 1., 1979), recuperation of degraded lands

(Benites et al., 1984) and others.



28
BIBLIOGRAPHY

Alegre, J. C. 1985. Effects of land clearing and preparation methods on
soil physical and chemical properties and crop performance on an Ultisol in
the Amazon Basin. Ph.D. Thesis, North Carolina State Univ., Raleigh, NC.
153 pp.

Alvim, P. T. 1977. The balance between conservation and utilization in the
hunid tropics, with special reference to the Amazonia of Brazil. Pages
347-352 in G. T. Prance and T. S. Elias (eds.) Extincticn is forever. MNew
York Botanical Garden, NY (In Portuguese: Ciencia e Cultura 30(1):9-16, 1978
In Spanish: Desarrollo Rural Americas 8:187-194, 1976.

Alvim, P. T. 1979. Agricultural production potential of the Amazon region.
Pages 13-23 in P. A. Sanchez and L. E. Tergas (eds.) Pasture production in
acid soils of the tropics. CIAT, Cali, Colombia.

Alvim, P. T. 1982. An appraisal of perennial crops in the Amazon Basin.
Pages 311-328 in S. B. Hecht (ed.) Amazonia: agriculture and Tand use re-
search. CIAT, Cali, Colombia.

Arevalo, L. A., Benites, J.R. and Bandy, D. E. 1983. Paddy rice in the
alluvial soils of the Peruvian Amazon Basin. INIPA, Yurimaguas, Peru. 25 pp

Baena, A. R. C. 1977. The effect of pasture (Panicum maximum) on the chem-
ical composition of the soil after clearing and burning a typical tropical
highland forest. M.S. Thesis, Iowa State Univ., Ames. Iowa.

Baena, A. R. C. 1985. Some aspects of land use in the Amazon Basin. 1985.
In Land clearing symposium. IITA, Nigeria (in press).

Bandy, D. E. and Sanchez. P. A. 1981. Managed kudzu fallow as an alterna-
tive to shifting cultivation in Yurimaguas, Peru. Agronomy Abstracts 1981:4{

Bastos, T. X. 1972. Zoneamento agricola da Amaania. IT. Estado atual
dos conhecimentos das condigo climaticas da Amazonia brasileira. Inst.
Pesq. Agropec. Norte Bol. Tec. 54:68-122.

Beck, J. and Bennema, J. 1966. Soil resources expedition in western Brazil.
FAO World Soil Resources Reports 22, Rome, Italy. 77 p.

Beek, J. and Bramao, L. 1969. Nature and geography of South American soils.
Biogeography and ecology in South America. N. V. Junk Publisher, The Hague,
Netherlands. Vol. I. p. 87-112.

Benavides, S. T. 1973. Mineralogical and chemical characteristics of some
soils of the Amazonia of Colombia. Pn.D. Thesis North Carolina State Univ.,
Raleigh, NC. 216 p.

Benites, J. R. 1983. Manejo de fosforo en suelos acidos e infertiles de la
Amazonia Peruana. 1lra. conferencia Latinoamerican: de roca fosforica.
Cochabamba, Bolivia. pp. 471-500.



29

Benites, J. R. and M. A. Nurena. 1985. Integrated low input cropping
system. In: TROPSOILS Triennial Technical Report 1981-1984. pp. 149-151.
North Carolina State Univ., Raleigh.

Briscoe, C. B. 1983. Integrated forestry-agriculture-livestock land use
at dari Florestal e Agropecuaria. pp. 63-70. In: P. A. Huxley (ed.):
Plant Research in Agroforestry, ICRAF, Naircbi.

Bersier, A. 1979.  Etude petrographique d'echantillons de roche et de
gravier_ptovenant des environs de Jenaro Herrera (Perou). Ecole Polytech-
nique Federale de Lausanne, Switzerland. 39 p.

Blacameaux, P., Poyllau, M., Hernandez, S, and Araujo, J. 1976. Estudio
pedogecmorfologico sobre las formaciones graniticas de la region de Puerto
Ayacucho, Territorio Federal Amazonas. IV Congreso Venezolano de la Ciencia
de Suelo, Agosto 22-27, Maturin, Venezuela.

Blasco, M. 1970. Formas del fosforo en los suelos del Amazonas colombiano.
Anal. Edafol. Agrobiol. 29:643-648.

Brinkmann, W. L. F., and de Nascimento, J. C. 1973. The effects of slash
and burn agriculture on plant nutrients in the Tertiary region of Central
Amazonia. Turrialba 28:284-290.

Buol, S. W. and P. A. Sanchez. 1978. Rainy tropical climates: Physical
potential, present and improved farming systems. Proc. 11th Int. Soil Sci.
Congress (Edmonton) 2:292-312.

Buoi, S. W., Sanchez, P. A., Cate, R. B. and Granger, M. A. 1975. Soil
fertility capability classification. Pages 126-141 in E. Bornemisza and
A. Alvarado (eds.) Soil management in Tropical America. North Carolina

State Univ., Raleigh, NC., USA.

Camargo, M. N. and Falesi, I. 1975. Suelos del Planalto Central y la
carretera transamazonica del Brasil. Pages 24-44 in E. Bornemisza and

A. Alvarado (eds.) Manejo de suelos en la América Tropical. North Carolina
State University, Raleigh, NC., USA.

Camargo, M. N. and Rudrigues, T. E. (eds.). 1979. Guia de excursdo XVII
congreso Brasileiro de cieneia do solo (Manaus). Servico Nacional de
Levantamento e Conservagao de Solos, Rio de Janeiro, Brasil. 71 p.

Cochrane, T. T. 1973. E1 potencial aérTco]a de las tierras de Bolivia:
Un mapa de sistemas de tierra. Min. de Agricultura, La Paz, Bolivia.

Cochrane, T. T. 1984. Amazonia: a computerized overview of its climate,
landscape and soil resources. Interciencia 9:298-306.

Cochrane, T. T. and Jones, P. G. 1981. Savannas, forests and wet season
potential evapotranspiration in Tropical South America. Trop. Agric.
Vol. 58, No. 3.



30

Cochrane, T. T., Porras, J. A., de Azevedo, D., Jones, P. G. and Sanchez,
L. F. 1979. An explanatory manual for CIAT's computerized land resource
study of Tropical America. CIAT, Cali, Colombia. 131 p.

Cochrane, T. T. and Sanchez, P. A. 1982. Land resources, soils and their
management in the Amazon region: a state of knowledge renort. Pages 137-209
in S. B. Hecht (ed.) Amazonia: agriculture and land use research. CIAT,
Cali, Colombia.

Cordero, A. 1964. The effect of land clearing on soil fertility in the
tropical region of Santa Cruz, Bolivia. M.S. Thesis. Univ. of Florida,
Gairasville, FL., USA.

Correa, J. C. 1984, Recursos edaficos do Amazonas. EMBRAPA-UEPAE, Manaus,
Brazil. 34 p.

Cruz, E., de Sousa, G. F. and Bastos, J. B. 1971. Influencia de adubagao
NPK no miTho em Terra Roxa Estruturada, Altamira. Zona do Rio Xingl. IPEAN
Serie: Fertilidade do Solos 1(3):1-17.

Custode, E. and Sourdat, M. 1978. Suelos del nor oriente. Caracteristicas
fisico-quimicas y su fertilidad. Ministerio de Agricultura y Ganaderia and

Office de la Recherche Scientifique et Technique Outre-Mer, Quito, Ecuador.

28 p.

Day, T. H. and dos Santos, W. 1962. Levantamento de solos e classificagao
dos terras-Fazenda Sao Salvador, Marajo, Para. Bol. Tec. Inst. Agron. Norte
42:57-76.

Drosdoff, M., Quevedo, F. and Zamora, C. 1960. Soils of Peru. Proc. 7th
Inter. Congress of Soil Sci. (Madison) 4:97-104.

Dudal, R. 1980. Soil-related constraints to agricultural development in
the tropics. Pages 23-37 in Soil-related constraints to food production in
the tropics. IRRI, Los Banos, Laguna, Philippines.

Dynia, J. F., Moreira, G. N. C., and Bloise, R. M. 1977. Fertilidade de
solos da regiao da Rodovia Transamazonica. 2. Fixacdo de fosforo em
Podzolico Yermelho-Amarelo e Terra Roxa Estruturada Latossolica. Pesq.
Agropec. Bras. 12:75-79.

Estrada, J. A. 1971. Mineralogical and chemical properties of Peruvian
acid tropical soils. Ph.D. Thesis. Department of Soil Science, Univ. of
California, Riverside. University Microfilms, Inc., Ann Arbor, MI.

Ewel, J. et al. 1981. Slash and burn impacts on a Costa Rican wet forest
site. Ecology 62:816-829.

Falesi, I. C. 1972a. 0 estudo atual dos conhecimentos sobre os solos da
Amazonia brasileira. Bol. Tec. Inst. Pesq. Agropec. Norte 54:17-67.

Falesi, I. C. 1972b. Solos da Rodovia Transamazonica. Bol. Tec. Inst.
Pesq. Agropec. Norte 55:1-196,



31

Guerrero, R. 1977. Anotaciones sobre las caracteristicas y el manejo de
suelos amazonicos. Suelos Ecuatoriales 8:22-29.

Hecht, S. B. 1979. Spontaneous legumes on developed pastures in the
Pmazon and their forage potential. Pages 65-79 in P. A. Sanchez and

L. E. Tergas (eds.) Pasture production in acid soils of the tropics.

CIAT, Cali, Colombia.

Hernandez, D. and Coutu, A. J. 1981. Economic evaluation of slash and
burn cultivation options in Yurimaguas, Peru. Agronomy Abstracts 1981:42.

Hidaigo, R., Fernandez, 0., and Siefferman, G. 1976. Estudio de suelos
preliminares de las sabanas de los rios Manaplare y Parucito, Territorio
Federal Amazonas. Division de Edafologia. Ministerio de Obras Piblicas,
Caracas, Venezuela.

Instituto Nacional de Investigaciones Agropecuarias. 1977. Breve diagnos-
tico Agro-socioeconomico de la region oriental, para la ubicacion de un
centro experimental agropecuario del INIPA. Quito, Ecuador. 67 p.

Irion, G. 1978. Soil infertility in the Amezonian rainforest. Natur-
wissenschaften 65:515-519.

Jordan, C. F. and Herrera, R. 1981. Tropical rainforests: Are nutrients
really critical? Am. Nat. 117:167-180.

Kirk, M. and Bravo, 0. 7974. Mapa cel estudio de suelos a gran vision.
Margen sur del Rio Orinoco entre San Fernando de Atapabo y Santa Barbara
del Orinoco, Territorio Federal Amazonas. Ministerio de Agricultura.
Division de Edafologia, Caracas, Venezuela.

Klinge, H. C. 1965. Podzol soil in the Amazon basin. J. Soil Sci. 16:
95-103.

Klinge, H. C. 1971. Mateéria orgdnica e nutrientes na mata de terra firme
perto de Manaus. Acta Amazonica 1(1):69-72.

Klinge, H. C. 1975. Root mass estimation in lowland tropical rainforests
of central Amazonia, Brazil. III. Nutrients in fine roots from giant
humus podsols. Trop. Ecol. 16:28-39.

Klinge, H. C. and Rodriguez, W. A. 1968. Litter production in an area
of terra firme forest. [I. Litterfall, organic carbon and total nitrogen
contents. Amazoniana 1:287-302.

Lal, R., Kang, B. T., Moorman, F. R., Juc, A. S. R. and Moomaw, J. C.
1975. Problemas de manejo de suelos y posibles soluciones en Nigeria
Occidental. Pages 380-417 in E. Bornemisza and A. Alvarado (eds.) Manejo
de suelos en America Tropical. North Carolina State Univ., Raleigh, NC.,
USA.

Leao, A. C. and da Silva. L. F. 1976. Levantamento detalhado dos solos
da Estagao Experimentai Gregorio Bondar. Boletim Tecnico Mo. 40. CEPEC,
Bahia, Brazil. '



32

Ledo, A. C. and Carvalho Filho, R. 1977. Solos da area do Projeto
Burareiro, Rondonia. CEPLAC Bol. Tec. 52. [Itabuna, BA, Brazil. 31 p.

Lima, J. J. de, Corsini, P. C. and Politano, W. 1978. Water balance in
a toposequence of soils localized in the State of Acre. Cientifica 5(6):53.

Marbut, C. F. and Manifold, C. B. 1926. The soils of the Amazon basin in
relation to agricultural possibilities. Geogr. Rev. 16:414-442.

diregor, D. F. M. 1980. An investigation of soil erosion in the Colombian
rainforest zone. Catena 7:275-273.

McNeil, M. 1964. Lateritic soils. Sci. Amer. 211(5):96-102.

Moorman, F. R. and van Wambeke, A. 1972. The soils of the lowland rainy
tropical climates, their |nherent lTimitations for food production and re-
lated climatic restraints. Trans. 11th Congr. Ing. Soil Sci. (Edmonton)
2:292-312.

Moran, E. F. 1977. Estrategias de sobrevivencia: 0 uso de recursos ao
longo da rodovia Transamazonica. Acta Amazonica 7:363-379.

Moreira, G. N. C., de S. Britto, D. P. P., Dynia, J. R., and Oloise, R. M.
1977. Fertilidade de solos da regiao da Rodovia Transamazonica. 3.
Ensaios de adubagao. Pesq. Agropec. Bras. 12:81-89.

Munévar F., Lora, R., Perea, J., Navas, J., and Escobar, C. 1981. Utili-
zacion de] bosque humedo trop1ca1 Informe de Progreso, Proyecto Especial
OEA-ICA. Instituto Colombiano Agropecuario, Bogota. 108 p.

Murc, J. C. 1966. Naturaleza y fertilidad de los suelos de la region
trop1ca1 humeda en el Peru. Reunion Internacional sobre los Trop1cos
Humedos de America Latina, Ministerio de Agricultura. Lima, Peru. 18 p.

National Research Council. 1982. Ecological Aspects of Development in
the Humid Tropics. National Academy Press, Washington, D. C. 297 p.

novas, J., Munevar, F., and Ponce, J. 1977. Utilizacion del bosque
humedo trop1ca1 Levantam1ento deta]]ado caracterizacion y clasificacion
taxonomica de perfiles de suelos se]ecc1onados de la Intendencia del
Caqueta. Informe de Progreso 44. Programa Nacional de Suelos, ICA.
Tibaitata, Colombia.

Navas, J., Munevar, F., and Perea, J. 1977a. Uti]izachn del bosque
tropical: Erodibilidad y manejo de algunos suelos amazonicos. Informe
de Progreso 46. Programa Nacional de Suelos, ICA. Tibaitata, Colombia.

Navas, J., Munévar, F., and Perea, J. 1977b. Ut111zac1on del bosque
htumedo trop1ra] Transformac1ones de la materia organica y el n1trogeno
en suelos bajo diferentes sistemas. Efecto de las quemas en las propie-
dades del suelo. Aporte de nutrimentos para la hojarasca del bosque.
Informe de Progresc 52. Programa Nacional de Suelos, ICA. Tibaitata,
Colombia.



33

WNorth Carolina State University. 1972, 1973, 1974, 1975, 1976/77, 1978/79,
1980/81. Research on Tropical Soils. Annual Reports. Soil Science Depart-
ment, Nerth Carolina State University, Raleigh, NC., USA.

Nurzna, M. A. and Sanchez, P. A. 1970. Cultivo continuo de arroz secano
en la selva baja del Peru. Progr. Nac. Arroz. Inf. Tec. 25. CRIA 1,
Lambayeque, Peru.

Nicholaides, J. J. and M. I. Piha. 1985. A field method for selecting
cultivars with tolerance to Al and high yield potential. Conference on
Alumimim Tolerance in Sorghum, CIAT, Cali, Colombia (in press).

ONERN (Oficina Nacional de Evaluacion de Recursos Naturales). 1966.
Inventario, evaluacion e integracion de los recursos naturales de la zona
del Rio Pachitea. Lima, Peru.

ONERN. 1967a. Estudio de potencial de los recursos naturales de la zona
del Rio Camisea. Lima, Peru. 46 p.

ONERN. 1967b. Estudios de suelos de la zona de Yurimaguas (Reconoci-
miento sistematico). Lima, Peru.

ONERN. 1968. Inventario, evaluacion e integracion dé los recursos natu-
rales de la zona del Rio Tambo-Gran Pajonal. Lima, Peru. 340 p.

ONERN. 1970. Inventario, evaluacion e integracion de los recursos natu-
rales de la zona Villa Rica-Puerto Pachitea. Lima, Peru. 450 p.

ONERN. 1972. Inventario, evaluacion e integracion de los recursos natu-
rales de la zona de los Rios Inambari y Madre de Dios. Lima, Peru. 369 p.

ONERN. 1975. Inventario, evaluacion e integracion de los recursos natu-_
rales de la zona de Iquitos, Nauta, Requena y Colonia Angamos. Lima, Peru.
333 p.

ONERN. 1976. Inventario y gga]uaciBn de los recursos de suelos y forestales
de la zona Cencapa-Alto Maranron. Lima, Peru. 107 p.

ONERN. 1977, [Inventario, evaluacion e intggraciEn de los recursos natu-
rales de 1z zona Iberia-Inapari. Lima, Peru. 376 p.

ONERN. 1978. Inventario, evaluacion e integracian de los recursos natu-
rales de 11 zona Pucallpa-Abujao. Lima, Peru. 261 p.

Pazos, P., Vicura, L., Legarda, L., and Arias, A. 1978. Propiedades
fisicas de algunos suelos del Putumayo, Amazonas Colombiano. Facultad de
Ciencias Agricolas, Universidad de Narino, Pasto, Colombia. 1€1 p.

Peters, W., Urdaneta, I., Materano, G., and Alvillar, E. 1971. Estudio de
suelos en algunas areas en los alrededores de Puerto Ayacucho y en San Juan
de Manapiare, ubicados en el Territorio Federal Amazonas. Universidad del
Zulia, Maracaibo, Venezuela. 47 p.



34

Ponte, N. T. and Libonati, V. F. 1964, Influencia do esterco de curral
e da ca]agem na producao de feijao vigna Latossolo Amarelo, da regiado de
Belem. IPEAN Circ. 9. 19 p.

Pouyllau, M. and Blancaneaux, P. 1976. Inventario geomorfoldogico del
Territorio Federal Amazonas y Estado Bolivar. Cuenca del Ventuari y
Orinoco medio. IV Congreso Venezolano de la Ciencia del Suelo, Agosto
22-27, Maturin, Venezuela.

Projeto Radambrasil. 1972-1978. Levantamento da Regiao Amazonica.
Vols. 1-12. Ministerio das Minas e Energia, Departamento Nacional de
Produgao Mineral, Rio de Janeiro, Brazil.

Ranzani, G. 1978. Alguns solos da Transamazonico na regiao de Maraba.
Acta Amazon1ca 8:333-335.

Ranzani, G. 1980. Erodibilidade de alguns solos do Estado do Amazonas.
Acta Amazonica 10:263-269.

Rego, R. S., Vieira, L. S., do Amaral Filho, Z. P., dos Santos, P. L.
et al. 1974. Estudio deta]hao de uma area de mun1c1p1o de Capitao Pogo.
Inst. Desenv. Economico-Social Pam. Cadernos paraenses 9. 119 p.

Rodrigues, T. E., da Silva, B. N. R., Araujo, J. V., Falesi, I. C. et al.
1971. Solos da area do projeto de co]on1zagao do A]to Tur1, Norte do Rio
Turiagu, IPEAN Serie: Sclos da Amazonica 3(1):1-110.

Rodrigues, T. E., Morikawa, I. K., ¢us Reis, R. S., Falesi, I. C. et al.
1971. Solos do distrito agropecuario de Suframa. Trecho km. 30-79. Manaus.
[PEAAOc Serie Solos 1(1):1-99,

Rodr1gues, T. E., Baena, A. R. C., Lopes, E. C. Bastos, J. B. et al. 1973.
Solos da area para 1mp1antagao do projeto ser1ngue1ra SAGRI-SUDHEVEA.
IPEAN, Belem, Brazil. 69 p.

Rodrigues, T. E. and Baena, A. R. C. 1974, Solos da rodovia PA-02, trecho
km. 65 ao km. 111, Tome-Agu-Paragominas. Bol. Tec. Inst. Pesq. Agropec.
Norte 59:1-88.

Rodrigues, T. E., Morikawa, I. , dos Reies, R. S., Freire, E. M. S. et al.
1974. Levantamento sem1deta1hado dos solos da Estagao Exper1men al de
Tracuateau. Bol. Tec. Pesq. Agropec. Norte 58:89-146,

Rodrigues, T. E., da Silva, B. N. R., Falesi, I. C., dos Reis, R. S.,
Morikawa, I. K., and Araujo, J. V. 1974. Solos da Rodovia PA-70. Trecho
Belem-Brasilia-Maraba. IPEAN Bol. Tec. 60:1-192.

Sakamoto T. 1960. Rock weathering on "termas firmes" and deposition on
"varzeas" in the Amazon. J. Fac. Sc1 Tokyo Univ. Sec. II 12(2):155-216.

Salas, G. de las. 1978. El sistema forestal Carare-Opon. CONIF. Ser. _
Tec. 8. Corporacion Nacional de Investigacion y Fomento Forestal, Bogota,
Colombia.



35

Salas, G. de las and Folster, M. 1976. Bioelement loss on clearing a tropical
rainforest. Turrialba 26(2):179-186.

Salati, E. and Vose, P. B. 1984. Amazon Basin: a system in equilibrium.
Science 225:129-137.

sanchez, P. A. 1976. Properties and management of soils in the tropics.
Wiley, NY. 619 p.

Sanchez, P. A. 1977a. Advances in the management of Oxisols and Ultisols
in Tropical South America. Pages 535-566 in Proceeding Int. Seminar on

Soil Envirorment and Fertility Management in Intensive Agriculture. Society
of Soil Science and Manure, Tokyo.

Sanchez, P. A. 1977c. Manejo de solos da A@azanica para produgao agro-
pecuaria intensiva. Bol. Int. Soc. Bras. Ciéncia Solo 2(3):60-63.

Sanchez, P. A. 1977d. Manejo de suelos tropicales en la Amazonia sur-
americana. Suelos Ecuatoriales 8:1-11.

Sanchez, P. A. 1979. Soil fertility and conservation considerations for
agroforestry systems in the humid tropica of Latin America. Pages 79-124
in H. 0. Mongi and P. A. Huxley (eds.) Soils research in agroforestry.
ICRAF 00Te. 1Inst. Council Res. Agrofor., Nairobi, Kenya.

Sanchez, P. A. 1980a. A legume-based pasture production soil management
strategy for the acid infertile soils of Tropical America. In Symposium
on soil erosion in the tropics. American Society of Agronomy (in press).

Sanchez, P. A., Bandy, D. E., Villachica, J. H. and Nicholaides, J. J.
1982. Soils of the Amazon basin and their management for continuous crop
production. Science 216:821-827.

Sanchez, P. A. and Buol, S. W. 1974. Properties of some soils of the
Amazon Basin of Peru. Soil Sci. Soc. Amer. Proc. 38:117-121.

Sanchez, P. A. and Buol, S. W. 1975. Soils of the tropics and the world
food crisis. Science 188:598-603.

Sanchez, P. A. and Cochrane, T. T. 1980. Soil constraints in relation to
major farming systems in Tropical America. Pages 197-239 in Priorities for
alleviating soil-related constraints to food production in the tropics.
IRRI, Los Banos, Laguna, Philippines.

Sanchez, P. A., Coutc, W. and Buol, S. W. 1982. The fertility capability
soil classification system: Interpretation, applicability and modification.
Geoderma 27:283-309.

Sanchez, P. A., Gichuru, M. P., and Katz, L. B. 1982. Organic matter in
major soils of the tropical and temperate regions. In 12th Int. Congr. of
Soil Science (New Delhi) 1:99-114.

Sanchez, P. A. and Nurena, M. 1972. Upland rice improvement under shift-
ing cultivation in the Amazon Basin of Peru. North Carolina Agr. Exp. Sta.
Tech. Bull. 210.



36

Sanchez, P. A., Salinas, J. G. 1981. Low input technology for maraging
Oxisols and Ultisols in Tropical America. Advances in Agronomy 34:279-206.

Sanchez, P. A., da_Silva, L. F. 1984. Proyecto de Investigacion en suelos.
Red de Investigacion Agroecologica para la Amazonia (REDINAA). Apartado 248,
Lima, Peru. 37 p.

Sanchez, P. A. and Tergas, L. E. (eds.). 1979. Pasture production in acid
soils of the tropics. CIAT, Cali, Colombia. 488 p.

Schargel, R. 1978. Soils ur Venezuela with low activity clays. Ph.D.
Thesis. North Carolina State Univ., Raleigh, NC., USA.

Schubart, H. 0. R. 1977. C(riterios ecologicos para o desenvolvemento
agricola das terras firmes da Amazonia. Acta Amazonica 7:559-567.

Scott, G. A. J. 1975, Soil profile changes resulting from a conversion of
forest to grassland in the Montana of Peru. Great Plains-Rocky Mountain
Geographic Journal 4:124-130.

Serrao, E. A. S., Falesi, I. C., Veiga, J. B. and Texeira, J. F. 1979.
Productivity of cultivated pastures in low fertility soils of the Amazon
of Brazil. Pages 195-226 in P. A. Sanchez and L. E. Tergas (eds.) Pasture
production in acid soils of the tropics. CIAT, Cali, Colombia.

Serrao, E. A. S. and A. K. 0. Humma. 1982. Recuperagao e melhoramento de
pastagens cultivadas em area de floresta Amazonica EMBRAPA-CPATU Documento

17. 21 pp.

Seubert, C. E., Sanchez, P. A. and Valverde, C. 1977. Effects of land
clearing methods on soil properties and crop performance in an Ultisol of
the Amazon Jungle of Peru. Trop. Agr. (Trin.) 54:307-321.

Silva, B. N. R., Araujo, J. V., Rodrigues, T. E., Falesi, I. C. et al.
1970, 0s solos da area Cacau Pirera-Manacapuru. IPEAN Serie: Solos da
Amazonia 2(3):1-189. '

da Silva, J. M. L., Lima, A. A. C., Soares, A. F., Silva, R. C. et al.
1975. Zoneamento agricola da microrregizo 12. EMBRAPA, Belem, Brazil.
171 p.

da Silva, L. F. 1979. Influencia do manejo de um ecossistema nas propie-
dades edaficas dos Oxisols de "Tabuleiro." ResUmenes de Ponencias X

Reunion ALCA, Acapulco, Mex. Centro de Pesquisas do Cacau, CEPLAC, Itabuna,
Bahia, Brazil. -

da Silva, L. F. 1981. Alteragoes edaficas em "Solos de Tabuleiro" (Hap-
lorthox) por influencia do desmatamento, queima e sistemas de manejo. Rev.
Theobroma 11:5-19,

da Silva, L. F., Filho, R. C., and Santana, M. B. M. 1973. Solos do
Projeto Ouro Preto. Bol. Tec. 23. CEPLAC. Itabuna, Bahia, Brazil. 37 p.



37

Singh, R. 1984. Disponihilidade de micronutrientes em classes dominantes
de solos do tropico Umido Brasileiro. 1II. Manganes. Boletim de Pesquisa
No. 62. EMBRAPA-CPATU, Belem, Brazil. 42 p.

Singh, R., and Moller, M. R. F. 1984. Disponibilidade de micronutrientes
em classes dominantes de solos do tropico umido Brasileiro. I. Zonco.
Boletim de Pesquisa No. 55. EMBRAPA-CPATU, Belem, Brazil. 43 p.

Singh, R., Moller, M. R. F., and da A. Ferreira, W. 1983b. Cinetica da
sorgao de fosforo em solos dos tropicos Umidos da Amazonia. R. bras. Ci.
Solo 7:227-231.

Singh, R., Moller, M. R. F., and da A. Ferreira, W. 1983a. Caracteristicas
da sorkao do fosforo relacionadas com propriedades selecionades de solos
dos tropicos Umidos da Amazonia. R. bras. Ci. Solo 7:233-241.

Sioli, H. 1951. Snbre a desimentacao na varzea do Baixo Amazonas. Bol.
Tec. Inst. Agron. Norte 24:45-65,

Smith, N. J. H. 1978. Agricultural productivity along Brazil's Trans-
amazon highway. Agro-Ecosystems 4:415-432.

smyth, T. J. and Bastos, J. B. 1984. Alteragoes na fertilidade em um
latossolo amarelo alico pela queima da chetagao R. Bras. Ci. Solo 8:
127-132.

Soil Survey Staff. 1975. 3011 Taxonomy: A basic system of soil classifi-
cation for making and interpreting soil surveys. U.S. Dept. Agr. Handbook
436. Washington, DC, USA.

Sombroek, W. G. 1966. Amazon Soils. A reconaissance of the Brazilian
Amazon region. Center for Acricultural Publications and Documentation,
Wageningen, Netherlands. 292 p.

Sombroek, W. G. 1979. Soils of the Amazon region. International Soils
Museum, Wageningen, Netherlands. 15 p.

Soudart, M. and Custode, E. 1977. Reconocimiento morfologico y edafologico
de 1a Amazonia Ecuatoriana, zona nororiental. Ministerio de Agricultura y
Ganaderia, Programa Nacional de Zonalizacion Agraria, Quitc, Ecuador. 15 p.

Stark, N. 1970. The nutrient content.of plants and soil from Brazil and
Surinam. Biotropica 2:51-60.

Stark, N. 1971a. Nutrient cycling. I. Nutrient distribution in some
Amazonian soils. Trop. Ecol. 12:24-50.

Sta%k, N. 1971b. Nutrient cycling. II. Nutrient distribution in Amazonian
vegetation. Trop. Ecol 12:177-201.

Stark, N. 1978. Man, tropical forests and the biological life of a soil.
Biotropica 10:1-10.



38

Struchtemeyer, R. A., Chaves, D. M., Bastos, J. B., de Souza, G. F. et al.
1971. Necessidade de calcario em so]os da Zona Bragant1na [PEAN Serie:
Fertilidade de Solo 1(1):1-21.

Toledo, J. M, and Ara, M. 1977. Manejo de suelos para pasturas en la
selva amazonica. In FAOgSIDA Reunion taller scbre ordenicion y conserva-
cion de suelos en América Latina. Lima, Peru. 46 p.

Toledo, J. M. and Morales, V. A. 1979, Establishment and management of
improved pastures in the Peruvian Amazon. Pages 177-194 in P. A. Sanchez
and L. E. Tergas (eds.) Pasture production in acid soils of the tropics.
CIAT, Cali, Colombia.

Toledo, J. M. and Navas, J. 1985. Land clearing for pastures in the
Amazon. In Land clearing symposium. IITA, Ibadan, Nigeria (in press).

Toledo, J. M. and Serrao, E. A. S. 1982. Pastures and animal production
in Amazonia, pp. 281-309. 1In S. B. Hecht (ed.) Amazonia: Agriculture and
land use resea-ch. CIAT, Cali, Colombia.

Tranarg, C. A. 1970. Informe del estudic agrologico de reconocimiento de
la zona San Juan de Manaplare. Departamento Atures, Territorio Federal
Amazonas, Instituto Agrario Nacional. Caracas, Venezuela. 42 p.

Tranarg, €. A. 1971. Informe del estudio agrologico de reconocimiento
Amazonas, Territorio Federal Amazonas, Instituto Agrario Nacional, Caracas
Venezuela. 90 p.

Turenne, J. F. 1969. Deforestation et preparation du sol brulis. Modifi
cationes des caracteres physico-chimiques de 1'horizon superieur du sol.
ORSTOM Centre, Cayanne, French Guiana,

Turrenne, J. F. 1977. Culture interant et jachare forestiérg. Evo]ution
de la matiere organique. IV Simposio Internacional de Ecologia Tropical,
Panama, ORSTOM, Fort de France (Mimeo). :

Tyler, E. J., Buol, S. W. and Sanchez, P. A. 1978. Genetic associa@ion 0
properties of soils of an area in the upper Amazon of Peru. Soil Sci. Soc
Amer. J. 42:771-776.

Valverde, C. S. and Bandy, D. E. 1982. Production of annual food crops
in the Amazon. Pages 243-280 in S. B..Hecht (ed.) Amazonia: agriculture
and land use research. CIAT, Cali, Colombia.

Van der Weert, R. 1974. The influence of mechanical forest c]eqring on
soil conditions and resulting effects on root growth. Trop. Agric.
(Trinidad) 5:325-331.

Van der Weert, R. S. and Lenselink, K. J. 1972. The influence of mechan-
ical land clearing of forest on some physical and chemical soil properties
Surinamse Landbouw. 20:2-14,



39

Van der Weert, R. and Lenselink, K. J. 1973. The influence of mechanical
clearing of forest on plant growth. Surinamse Landbouw. 21:100-111.

van Wambeke, A. 1978. Properties and potentials of soils of the Amazon
basin. Interciencia (Venezuela) 3:233-242.

Vieira, L. S. 197la. 0 conteudo de fosforo de alguns solos da Amazonia.
Inst. Desenv. Economico-Social Para. IDESP Serie Monografias 6. 21 p.

Vieira, L. S. 1971b. Laterita hidromorfica. Inst. Desenv. Economico
Social Para. IDESP Serie Monografias 5. 38 p.

Vieira, L. S. and dos Santos, W. H. 1962. Contribugdo ao estudo dos solos
Breves. Bol. Tec. Inst. Agron. Norte 24:33-55.

Vieira, L. S. and Bornemisza, E. 1968. Categorias de fosforo en los prin-
cipales grandes grupos de suelos en ]a Amazonia de Brasil. Turrialba 18:
242-248,

Vieira, L. S. 3 011v1era, N. V. C., and Bastos, T. X. 1971, 0s solos do
Estado do Para. Inst. Desenv. Economico-Social Para. IDESP Cadernos
Paraenses 8. 175 p.

Villachica, J. H. 1973. Respuesta del sorgo al encalado y fertilizacion.
II. Concentrac1on de calcio, magnesio y microelementos. Fitotecnia Lat.
9:74-81.

Villachica, J. H. 1978. Maintenance of soil fertility under continuous
crepping in an Ultisol of the Amazon Jungle of Peru. Ph.D. Thesis, North
Carolina State Univ., Raleigh, NC., USA. 269 p.

Villachica, J. H., Bornemisza, E., and Arca, M. 1973. The effect of lime
and phosphate treatments on yield and macronutrient content of pangola grass
grown on a soil from Pucallpa, Peru. Agrochimica 18:344-353,

Villachica, J. H., Bornemisza, E. and Arca, M. 1974. Efecto de la ap]1ca-
cicn de cal, fosforo y zinc en el rendimiento y l1a concentracion de zinc,
magnesio y h1erro en el pasto pangola. Turrialba 24:132-140.

Villachica, J. H. and Cabrejos, 0. 1974, Efecto de la cal, nitr69en9 y
magnesio en el rendimiento y la concentracion de nutrimentos en el maiz.
Turrialba 24:319-326.

Wang, C. H., Lieru, T. H. and Mikklesen, D. S. 1976. Development of
sulfur deficiency as a limiting factor for rice production. [RI Tech.
Bull. 47,

Watters, R. F. 1971. Shifting cultivation in Latin America. FAO Forestry
Dev. Paper No. 16.

Zamora, C. 1972a. Esquema de los podzoles de la region selvatica del
Peru. Oficina Nacional de Evaluacion de Recursos Naturales, Lima, Peru.



40

Zamora, C. 1972b. Regiones edaficas del Perd. Oficina Nacional de Eval-
uacion de Recursos Naturales, Lima, Peri. 15 p.

Zamora, C. 1975. Los suelos de las tierras bajas del Peru. Pages 45-60
in E. Bornemisza and A. Alvarado (eds.) Manejo de suelos en America Tropical,
North Carolina State Univ., Raleigh, NC., USA.

Zevallos, A. C., da Silva, L. F. and Lobdo, D. E. P. 198]. Alteragoes
edaficas provocados por um sistema de agricultura itinerante na sua fase
inicial de implantagao em solos de tabuleiro do sul da Bahia. In C.
Brasileiro de Ciencia do Solo, XVII, Salvador, Bahia, Brazil.

Alvim, P. T. y Cabatla-Rosand, P. 1984, Proyectode investigacion en cultivos
parmanentes. REDINAA, Lima, Peru. 73 p.

Ara, M. A., Sanchez, P. A., Bandy, D. E. and Toledo, J. M. 1981. Adapta-
bility of grass-legume pastures in the Amazon of Peru. Agronomy Abstracts
1981:82.

Arevalo, L. A., Benites, J. R. and Bandy, D. E. 1983. Paddy rice in the
alluvial soils of the Peruvian Amazon Basin. INIPA, Yurimaguas, Peru. 25 p.

Bandy, D. E. and Sanchez, P. A. 1981. Managaed kudzu fallow as an alternative
to shifting cultivation in Yurimaguas, Peru. Agronomy Abstracts 1981: 40.

Bandy, D. E., Benites, J., and Sanchez, P. A. 1982. Irrigated rice potential
of alluvial soils in the Amazon of Peru. Agronomy Abstracts 1982: 43.

Benites, J. R. 1983, A]ternativgs para terrenos abandonados de la coca en
el Alto Huallaga, CIPA XVI-Estacion Experimental de Yurimaguas, Serie de
Separatas #4, Yurimaguas.

Benites, J. R. 1983. Soils of the Peruvian Amazon: their potential for use
and development. Pages 85-93 in J. F. Wienk and H. A. de Wit (eds.) Manage-
ment of low fertility acid soils of the American Humid Tropics, IICA, San
José, Costa Rica.

Benites, J. R., Ibazeta, H. y Schaus, R. 1984. Recuperacion de laderes
erosionadas por el cultivo de la coca. Estacion Experimental Tulumayo,
INIPA, Tingo Maria, Perdq.

Bishop, J. P. 1982. Sistemas agroforestales para el tropico hiimedo al Este
de los Andes. Pages 423-437 in S. B. Hecht (ed.) Amazonia-Investigacion sobre
Agricultura y uso de Tierras. CIAT, Cali, Colombia.

Denevan, W. M., Treacy, J. M., Alcorn, J. B., Padoch, C., Denslow, J.,
Flores-Paitan, S. 1983. Indigenous agroforestry in the Peruvian Amazon:
Bora Indian management of swidden fallows. In J. Hemmings (ed.) Change in
the Amazon Basin: man's impact on forests and rivers. Univ. of Manchester
Press, Manchester, U. K.

Fearnside, P. M. 1982. Deforestation in the Brazilian Amazon: how fast is
it occurring? Interciencia 7:82-88.



41

Hecht, S. B. 1982. Los sistemas agroforestales en la cuenca amazonica:
practica, teoria y 1imites de un uso promisorio de 1a tierra. Pages 347-390
in S. B. Hecht (ed.) Amazonia-investigacion sobre agricultura y uso de
tierras. CIAT, Cali, Colombia.

Hecht, S. B. 1983. Cattle ranching in eastern Amazonia. Ph.D. Thesis.
Department of Geography, Univ. of California, Berkeley. 455 p.

INIPA. 1984. Fundamentos para el cambio tecnologico en la agricuitura
peruana. _Instituto Nacicnal de Investigacion y Promocion Agropecuaria.
Lima, Peru. 18 p.

Nascimento, C. N. B., Moura Carvalho, L. 0. e Lourenco, J. B. 1979. _
Importancia do bufalo para a pecuaria brasileira. EMBRAPA-CPATU, Belem,
Brazil. 31 p.

Peck, R. B. 1982. Forest research activities and the importance of multi-
strata production systems in the Amazon basin. Pages 373-386 in S. B.
Hecht (ed.) Amazonia: agricultural and land use research, Cali, Colombia.

Pulver, E. R. 1983. Plan para la implementacion de practicas agronomicas
mejoradas para la produccion de arroz en la zona del Huallaga Central,
Peru. Programa Nacional de Arroz-Seiva, CIPA X, Tarapcto. 7 p.

Romero, R. y Romero, M. 1983. Utilizacion y manejo forestal REDINAA,
INIPA, Lima, Peru. 180 p.

Reategui, K., Ibazeta, H., Cardenas, E. y Schaus, R. 1984. Avances en la
investigacion de pastos: Tingo Maria. Estacion Experimental Tulumayo,
CIPA XI, INIPA, Tingc Maria, Perd. 10 p.

Russell, C. E. 1983. Nutrient cycling and productivity in native and
plantation forests in Jar7 Florestal, Para, Brazil. Ph.D. Thesis.
Institute of Ecology, Univ. of Georgia, Athens. 133 p.

Sanchez, P. A. and Uehara, G. 1980, Management considerations for acid soils
with high phosphorus fixation capacity. Pages 471-514 in F. E. Kashwney (ed.)
Phosphorus in agriculture. Soil Sci. Soc. Amer., Madison, WI., USA.

sanchez, P. A., Villachica, J. H. and Bandy. D. E. 1983. Soil fertility
dynamics after clearing a tropical rainforest in Peru. Soil Science Society
of America Journal 47:1171-1178,

Santana, M. B. M. and Cabala-Rosand, P. 1682. Dynamics of nitrogen in a
shaded cacao plantation. Plant and Soil 67:271-281.

Santana, M. B. M. and Cabala-Rosand, P. 1984. Reciclagem de nutrientes em
uma platagao de cacau sombreada com Eritrina. Paper presented at IX Inter-
national Cocoa Research Conference, Lomé, Togo. CEPLAC, Itabuna, Brazil.
12 p.

Serrao, E. A. S. 1981. Pasture research results in the Brazilian Amazon.
Proc. 14th Int. Grasslands Congress. pp. 746-750. Westview Press, Boulder,
Colorado.



42

Silva, L. F. 1982. Manejo del ecosistema tropical humedo y sus conse-
cuencias en el complejo suelo-plantas-organismos. Suelos Ecuatoriales
10:316-324,

Silva, L. F. 1983. Influencia de cultivos e sistemas de manejo nas modi-
ficagoes edaficas dos Oxissnls de tabuleiro (Haplorthox) do Sul da Bahia.
CEPLAC, Departamento Especial da Amazonia, Belem, Brazil. 18 p.

Valencia, J. E. 1982. Investigaciones siliculturales y agroforestales
adelantadas_por CONIF. Pages 407-412 in S. B. Hecht (ed.): Amazonia-
investigacion sobre agricultura y uso de tierras. CIAT, Cali, Colombia.



43

Table 1. Geographical distribution of soils of the humid tropics based on
dominant soil in FAO maps at a scale of 1:5 million.

Humid ‘ )
Humid Humid Tropical  World's Humid
Soil Order Tropical Tropical Asia Tropics

and Suborders  Americal/ Africa2/ and Pacific3d/ Total %

--------------- million hectares ------cccemauoo-

Oxisols 332 179 14 525 35
Ultisols 213 69 131 413 28
Inceptisols:
Aquepts 42 55 23 120 8
Andepts 2 1 9 12 1
Tropepts 17 19 58 94 6
Total 61 75 90 226 15
Entisols:
Fluvents 6 1 34 50 3
Psamments 6 67 17 90 6
Lithic groups 19 14 39 72 5
Total 31 91 90 212 14
Alfisols 18 20 15 53 4
Histosols 4 4 23 31 2
Spodosols 10 3 6 19 1
Mollisols - .- 7 « 7 -
Vertisols 1 2 2 5 -
Aridisolsd/ 3 1 1 5 -
TOTAL 673 444 379 1,496 100

1From Sanchez and Cochrane (1980) plus recent adjustments.
2From FAO-UNESCO (1975) and Dudal (1980).

3From FAO-UNESCO (1877, 1978). Includes 46 million has of the humid
tropics of Australia and Pacific Islands.

4Sah‘ne soils only (Salorthids).



Table 2.

sification systems.

Translation of soil taxonomy terminology used in the humid tropics into the other clas-

Soil 1938 USDA
Taxonomy FAO Legend System French Brazilian
Oxisols Ferralsols Latosols Sols ferraltiaques, Latossolos, Terra Roxa
fortement désaturés, Legitima
typiques ou humiferes
Ultisols Acrisols and Red Yellow Sols ferralitiques, Podz61ico Vermelho-
Dystric Nitosols Podzolics lessivés Amarelo
Inceptisols: various various Sols peu évolués Solos com horizonte B
Aquepts Gleysols Low humic gleys Sols hydromorphes Solos hidromdrficos
Andepts Andosols Andosols Andosols -—-
Tropepts Cambisols - Brown Forest Sols brunifies Solos com horizonte B,
tropicaux incipiente
Entisols: various various Sols minéraux bruts -—-
Fluvents Fluvisols Alluvials
Psamments  Arenosols and Regosols Regosols Regossolos, Areias
Regosols Quartzisosas
Lithic Lithosols Lithosols Sols lithiques Litossolos
groups
Alfisols Luvisols, Eutric Red Yellow Sols ferrigineaux Podz61ico Vermelho-
Eutric Nitosols, Podzolics, Terra tropicaux lessivés Amarelo equivalente
Planosols Roxa, Planosols eutrdfico, Terra Roxa

Estruturada, Planossolos
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Table 2 (Continued).

Soil 1939 USDA

Taxoncmy FAO Legend System French Brazilian

Histosols Histosols Peats and bags Sols Organiques Solos oraanicos

Spodosols Podzols Podzols Podsols Podzols

Mollisols Rendzinas, Rendzinas Brunizems
Phaeozems Chernozems

Vertisols Vertisols Grumusols Vertisols Grumusols

Aridisol Solonchaks Solonchaks Sols halomorphes Solonchak

(Saline)
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Table 3.

General distribution of main kinds of soils in the humid tropics. Calculated from Table 4.1.

Humid Humid Humid World's
Trepical Tropical Tropical Humid
General Soil Grouping America Africa Asia and Pacific Tropics
1. Acid, low native fertility soils (Oxisois,
Ultisols, Dystropepts). 81 56 38 63
2. Moderately fertile, well-drained soils (Alfisols,
Vertisols, Mc1lisols, Andepts, Tropepts, Fluvents) 7 12 33 15
3. Poorly drained soils (Aquepts) 6 12 6 8
4. Very infertiie sandy soils (Psamments, Spodosols) 2 16 6 7
5. Shallow soils (1lithic Entisols) 3 3 10 5
6. Organic soils (Histosols) 1 1 6 2
Total 100 100 100 100
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Table 4. Some representative profiles of soils of the Latin American Tropics. From Sanchez and Silva (1984).

Org. ' Exchangeable : Al Available Mod. -
Horizon Clay Silt  Sand pH c Al Ca Mg K~ ECEC sat. p 7n Mn Fe Cu
o e % ~mmmmmeme- H20 g el meq/100 g -==-=ne-e- A PPM ====m-meeo

1. FLORENCIA, Colombia. Typic Tropudult, clayey, kaolinitic, isohyperthermic (FCC=Cak)

0-16 37 16 47 4.8 2.0 3.60 0.95 0.80 0.23 5.58 6 14.5 4.3 299 - 1.7
16-85 52 18 30 4.7 0.5 7.76 0.22 0.43 0.03 8.44 g2 2.0 4.3 26 - 1.1
85-173 49 21 30 4.9 0.2 6.50 0.10 0.47 0.08 7.15 9] 2.0 4.0 48 - 1.2
173-208 23 31 41 4.9 0.1 7.00 0.10 0.41 0.13 7.64 92 | - - - - -
208-228 20 24 56 4.5 0.1 6.80 0.20 0.56 0.11 7.57 89 - - - - -
2. NAPO, Ecuador. Orthoxic Tropudult, clayey, kaolinitic, isohyperthermic (FCC=Ca)

0-13 51 38 11 4.7 1.0 0.30 2.06 0.50 2.15 5.0 5 1.6 3.1 26 111 4.6
13-25 61 30 9 4.3 0.6 1.97 0.20 0.09 0.64 2.90 68 0.7 3.9 31 82 4.0
25-40 64 27 8 4.0 0.5 2.07 0.20 0.06 0.18 2.5] 82 0.0 3.8 26 44 3.7
40-60 71 23 6 4.2 0.2 2.27 0.22 0.17 0.04 2.70 84 0.0 5.4 13 21 2.5
60-120 50 41 9 4.1 0.1 1.8¢ 0.26 0.19 0.13 2.38 76 0.0 3.4 10 17 1.9
3. YURIMAGUAS, Peru. Typic Paleudult, fine loamy, siliceous, isohyperthermic (FCC=Leak)

0-10 6 21 73 4.4 1.7 1.29  1.13 0.60 0.28 3.30 39 9.5 1.7 8 934 1.3
10-30 13 21 66 4.4 0.5 3.31 0.29 0.14 0.08 3.82 87 2.5 0.9 2 544 1.0
30-50 16 24 61 4.6 0.4 3.87 0.29 0.22 0.07 4.45 g7 4.1 0.8 1 494 1.3
50-70 16 22 62 4.5 0.3 4.26 0.29 0.16 0.07 4.78 89 1.6 1.1 0 309 0.7
70-100 22 21 56 4.4 0.4 4.80 0.29 0.13 0.14 5.36 90 0.0 2.0 0 83 1.5
100-150 23 19 57 4.3 0.1 6.15 0.16 0.05 0.09 6.45 95 0.0 2.6 0 23 C.7

4. IQUITOS, Peru. Typic Paleudult, clayey, kaolinitic, isohyperthermic (FCC = LcCak)

0-16 30 36 34 4.0 2.4 5.9 1.0 0.2 0.20 7.30 81
16-35 40 30 30 4.5 1.0 6.7 0.4 0.1 0.08 7.28 92
35-70 54 26 20 4.3 0.5 9.5 0.2 0.1 0.08 9.88 96
70-100 54 26 20 4.5 0.3 11.6 0.2 0.1 0.06 11.96 97
100-150 46 34 20 4.5 0.3 10.9 0.2 0.1 0.08 11.28 97
150-240 28 20 52 4.7 0.2 5.4 0.2 0.1 0.08 5.78 93
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Table 4 (Continued).

Org. Exchangeable Al Available Mod.
Horizon Clay Silt Sand  pH C Al Ca Mg K cec St P Zn Mn Fe Cu
o A HoO g e meq/100 g ~===-~==nw ¥ mememmmmee- PPM ======mmmee

5. PUCALLPA, Peru. Aquic Paleudult, clayey, mixed, isohyperthermic (FCC = LCga)

0-3 27 38 35 5.2 3.7 0.2 4.2 2.1 0.52 7.02 3 2 - - - -
3-21 45 38 17 4.3 1.1 4.0 2.2 1.2 0.40 7.80 5 ] - - -
21-62 59 26 15 4.2 0.6 8.7 0.8 0.9 0.32 10.72 8 ] - - -
62+ 57 22 21 4.1 0.3 11.6 0.4 0.7 0.24 12.94 99 ] - - - -

6. TINGO MARIA, Peru. Fluventic Eutropept, fine loamy, mixed, isohyperthermic (Lk)
0-17 29 40 31

5.7 1.8 0.44 16.61 1.86 0.14 19.05 2 26 2.1 87 511 3.6
17-40 23 43 34 5.7 0.3 0.06 13.81 1.86 0.14 15.87 0 18 0.6 16 121 1.5
40-60 16 48 36 5.5 0.3 0.33 14.58 1.93 0.12 16.96 2 33 1.0 9 125 1.8
60-78 15 50 35 5.5 0.1 0.45 13.81 1.78 0.14 16.18 3 28 0.7 11 150 1.3
78-100 31 50 19 5.5 0.3 0.75 19.15 2.61 0.12 22.63 3 29 1.5 14 196 2.6
7. MANAUS, AM, Brasil Typic Acrorthox, clayey, kaolinitic, isohyperthermic (FCC = Ceaix)

0-8 76 9 15 4.6 3.0 1.1 1.7 0.3 0.19 3.29 33 2 - - - -
8-22 80 8 12 4.4 0.9 1.1 0.2 0.09 1.39 79 1 - - - -
22-50 84 8 8 4.3 0.7 1.2 0.2 0.07 1.47 82 1 - - -
50-125 88 5 7. 4.6 0.3 1.0 0.1 0.04 1.14 88 1 - - - -
125-265 89 6 5 4.9 0.2 0.2 0.1 0.11  0.31 65 - - - - -

8. BARROLAWDIA, BA, brasii. Typic Paleudult, fine loamy, siliceous, isohyperthermic (FCC = Leak)

0-10 10 13 77 4.7 1.3 0.7 0.8 1.3 0.07 2.87 24 - - - - -
10-23 16 14 70 4.7 1.0 0.9 0.0 0.6 0.06 1.56 58 - - - - -
23-49 23 14 63 4.8 0.5 1.0 0.0 0.6 0.04 1.64 61 - - - - -
49-79 34 14 52 4.6 0.3 1.1 0.0 0.3 0.03 1.43 77 - - - - -
79-150 49 8 43 4.8 0.3 1.0 0.0 0.6 0.02 1.62 62 - - - - -

150-175 49 11 40 4.8 0.3 1.0 0.0 0.5 0.02 1.52 66 - - - - -
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Table 4 (Continued).

Org. Exchangeable Al Available Mod.
Horizon Clay Silt  Sand py C Al Ta Mg K ECEC Sat. p n Mn [ Cu
cm  mmeeeeeeo A HoO g e meG/100 g -~===m---- A PPM —-===mmmmen
9. PARAGOMINAS, PA, Brasil. Typic Acrorthox, clayey, kaolinitic, isohyperthermic (FCC=Cdhik) .
0-6 88 10 1 4.2 2.8 1.45 2.08 0.88 0.14 4.55 32 1 - - - -
6-23 88 10 1 4.1 0.9 1.86 0.64 0.56 0.07 3.13 59 1 - - - -
23-60 96 4 0 4.7 0.7 1.03 0.48 0.48 0.04 2.03 51 2 - - - -
60-107 89 11 0 5.1 0.5 0.41 0.32 0.32 .03 1.08 38 - - - -
107-155 84 16 0 5.4 0. 0.41 0.32 0.32 0.03 1.08 38 - - - -

10. PORTO VELHO, RO, Brasil. Orthoxic Palehumult, clayey, xaoiinitic, isohyperthermic (FCC=Ceak)
N —

0-5 54 17 29 4.5 3.1 2.2 0.6 0.20 3.00 73 .2 - - - -
5-20 63 12 25 4.2 1.3 1.4 0.1 0.08 1.58 93 1 - - - -
20-40 68 11 21 4.4 1.0 1.1 0.1 0.05 1.25 88 1 - - -
40-60 70 1 19 4.7 0.7 1.0 0.1 0.04 1.14 88 tr. - - - -
60-80 79 11 20 4.3 0.8 0.3 0.2 0.07 0.57 53 1 - - - -

11. OURO PRETO, RO, Brasil. Ultic Tropudalf, fine loamy, mixed, isohyperthermic (FCC=L)

0-12 18 32 50 6.5 1.3 0 6.5 1.6 0.31 8.41 0 6 - - - -
12-32 22 26 52 6.3 0.9 0 2.6 1.6 0.24 4.44 0 - - - -
32-47 22 29 49 6.2 0.5 0 3.1 2.1 0.15 5.25 0 - -
47-70 26 30 44 5.8 0.3 0 3.1 2.1 0.17 5.37 0 - -
70-112 34 24 42 5.8 0.2 0 3.1 2.1 0.24 5.44 0 - - - -

112-125 36 23 4] 5.7 0.2 0 5.0 1.9 0.28 7.18 0 - - - - -
125-200 49 30 21 5.3 0.2 0 0.8 0.6 0.08 1.48 0 - - - -

12. ALTAMIRA, PA, Brasil. Oxic Rhodic Paieustalf, very fine, kaolinitic, isohyperthermic (FCC=Cdik)

0-20 48 18 34 5.9 1.5 0 5.59 1.20 0.16 6.95 0 - - - - -
20-40 57 19 24 5.8 1.1 0 4.40 0.62 0.06 5.00 0 - - - - -
40-60 69 12 19 6.0 0.6 0 2.62 0.58 0.04 3.24 0 - - - - -
€0-80 62 22 16 5.9 0.5 0 2.30 0.82 0.04 3.16 0 - - -
80-100 71 14 15 6.1 0.4 0 2.13 1.06 0.04 3.28 0 -

6V
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Table 5. Mean organic matter contents of soils from tropical and tem-
perate forests. Source: Sanchez, Gichuru and Katz (1982).

Depth
Parameter (cm)  Tronical Forests Temperate Forests Significance

%z C 0-15 1.89 1.35 **
0-50 1.14 0.56 *kk
0-100 0.70 0.33 *kk

% N 0-15 0.182 0.082 *
0-50 0.122 0.046 *x
0-100 0.086 0.030 *kk

C/N 0-15 11.3 17.6 *
0-50 10.3 13.2 ns
0-100 9.0 11.3 . ns

*P =5-10%; **p = 1-5%; ***p <%,
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Table 6. Proportion of ecosystem nutrient storage in biomass and soil
comportments under native humid tropical forests.

N p kb catt  mgttt
Location Soil % of total in the soil
Manaus, Brazi]l/ Oxisol 73 69 11 0 8
Merida, Venezuela?/ Inceptiso]l 81 91 14 31 31
Carare, Colombias! Oxisol 71 85 28 5 21
Kade, Ghana®/ A1fiso] 81 - 56 6 6l

3

Sources: l-/Fittkau and Klinge (1973); g/Fassbender (1977); ~ De las Salas

(1978); ¥/ Greenland and Kowal (1960).
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Table 7. Area distribution of soil constraints in humid tropical regions.
Calculated according to Sanchez, Buol and Couto (1982).

_ Tropical Tropical Tropical Humid
Soil Constraint America Africa Asia Tropics

---------------- % of region -----eccccmmmaaon

Low nutrient reserves 66 67 45 64
Aluminum toxicity 61 53 4] 56
High P fixation 47 20 33 37
Acid, not Al toxic 11 22 33 18
Slopes steeper than 30% 18 5 33 17
Poor drainage 11 14 19 13
Low ECEC 8 20 5 11
Shallow depth 7 4 12 7
No major limitations 3 2 2 3
Shrink-swell 1 1 2 1
Allophane 1 - 2 1
Acid sulfate soils - 1 3 1
Grave] - 1 1 1
Salinity - - 2 -
Sodic soils 1 1 - -

Total 100 100 100 100



Table 8. . Summary of main soil constraints in the Amazon under native vegetation.
( Based on Sanchez and Cochrane, 1982. )

Millicn % of
Soil Constraint Hectares Amazon
Phosphorus deficiency 436 a0
Aluminum toxicity 353 73
Drought stress 254 53
Loss potassium reserves 242 50
Poor drainage and flooding hazard 116 24
High phosphorus fixation 77 16
Low cation exchange capacity 64 13
High erodibility 39 8
No major limitations 32 7
Steep slopes (> 30%) | 30 6
Laterite hazard if subsoil exposed 21 4

Also nitrogen, sulfur, magnesium and zinc deficiencies are very widespread.

€9



Table 9. Nutrient levels in the ash from burning three types of vegetation at two locations in the

Amazon.
Location Ash Dry :
and Soil Vegetation Weight N Ca Mg K P 1In Cu Fe Mn S B
tons/ha  memmmee Kg/ha =—ee e
MANAUS, Brazil Primary 9.2 80 82 22 19 5 0.2 0.20 58 2.3 - -

(Typic Acrorthox) forest

Secondary forest 4.8 41 76 26 83 8 0.3 0.10 22 1.3 - -
(12 years ol1d)

Kudzu fallow 1.5 24 16 6 15 3 0.1 0.03 7 0.4 - -
(4 years old)

YURIMAGUAS, Peru Secondary forest 12.1 127 174 42 131 17 0.5 0.24 4 11.1 24.2 0.3
(Typic Paleudult) (25 years o1d)

.Secondary forest 4.0 67 75 16 38 6 0.5 0.30 8 7.3 - -
(17 years old)

Kudzu fallow 1.2 6 18 15 77 17 0.7 0.07 3 2.3 2.5 0.1
(4 years oid)

Sources: Seubert et al. (1977), Smyth and Bastos (1984), Bandy and Sanchez (unpublished data).

4
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Table 10. Effects of land clearing methods on topsoil physical properties and
organic carbon on a continuously cropped Ultisol in Yurimaguas, Peru.
Adopted from Alegre (7985).

Mean

Clearing Months Infiltration Bulk Weight Organic
Methods after clearing rate density diameter C
mm/hr, g/cc mm %
Before Clearing 0 324 1.16 0.48 1.04
Slash & burn 3 204 1.27 0.42 1.05
‘Straight blade 3 14 1.42 0.29 0.82
Sheer blade 3 22 1.28 0.36 0.87
Slash & burn 23 107 1.32 0.38 1.03
Straight blade 23 15 1.42 0.36 1.02

Shear blade & disk 23 110 1.32 0.36 0.89
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Table 11. Effects of land clearing and post clearing management on the
relative yield of five consecutive crops after clearing a 25
year old secondary fallow on an Ultisol of Yurimaguas, Peru.
Source: Alegre (1985).

Clearing Method No tillage Tilled,
No fertilizer fertilized

-=-- % cumulative maximum yields*.__.__.

Slash and burn 27 93
Straight blade 7 47
Shear Blade 14 65

Shear Blade and burning
and heavy disk 28 89

* Maxinum yields of 5 consecutive crops in tons/ha: upland rice, 4.0;
soybean, 2.3; corn, 5.2; upland rice 2.5, corn 3.3.



Table 12. Performance of flooded IR4-2 rice in different land preparation systems in an Futric Haplaquept
at a "restinga" in Yurimaguas, during the first 26 months after clearing.

Mean

Land Planting First Second Third Fourth Fifth Mean per  Annual
preparation system crop crop crop crop crop crop Production
---------------------------- Grain Yields (ton/ha)--=emm-ecommommo .
Puddled: Transplanted 7.9 5.2 7.1 6.0 6.8 6.6 15.2
Broadcast* 3.2 4.9 6.4 4.8 6.7 5.2 12.0
Cry: Transplanted 8.3 6.7 6.2 5.6 6.3 6.6 15.3
Broadcast* 6.3 5.6 4.9 4.6 6.0 5.5 12.6

LS

Source: Arevalo et al., 1983.



Table 13.

Fertilizer requirements for continuous cultivation of annual rotations of
rice, corn, and soybeans or rice, peanuts, and soybeans on an acid Ultisol
in Yurimaguas. Source: Sanchez, Villachica, Bandy and Nicholaides (1982).

Input* Rate Frequency

Lime 3 tons/ha Once every 3 years

Nitrogen 80 to 100 kg N/ha Rice and corn only

Phosphorus 25 kg P/ha Every crop

Potassium 80 to 100 kg K/ha Every crop, split application
Magnesium 18 kg Mg/ha Every crop (unless dolomitic lime is used)
Copper 1 kg/ Cu/ha Once a year or once every 2 years
Zinc 1 kg Zn/ha Once a year or once every 2 years
Boron 1 kg B/ha Once a year

Molybdenum 20 g Mo/ha Mixed with legume seeds only

* Calcium and sulfur requirements are satisfied by 1ime, simple superphosphate, and

magnesium, copper and zinc carriers.

()]
(0]
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Table 14. Effects of completely fertilized continuous cropping
on selected soil physical properties.

Years Infiltration Bulk
after cropping Rate density
(15 cm)
(cm/hr) (g/cc)
0 (1 month after clearing) 10.6 --
1 year 9.6 1.51
4 years 12.7 1.44
6 years 10.0 1.55

Adapted from Subert et al. 1977; NCSU 1980.
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Table 15. Summary of varietal testing for acid tolerance at

Yurimaguas
Acces- Very
Species sions tolerant* Tolerant Sensitjve

tested (RY> 85%) (RY=65-85%) (RY<65%)
Rice 32 8 16 8
Cowpeas 30 22 7 11
Soybeans 22 0 0 22
Corn 20 0 0 20
Winged beans 16 0 0 16
Sweet potato 10 0 2 8
Peanuts 10 0 1 9

* Tolerance based on relative yield = Yields at 80% Al satn.
Yields at 20% Al satn.

Source: Nicholaides and Piha (1985).
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Table 16. Productivity of a low input system after slash burning a 10-
year old secondary forest in a Ultisol of Yurimaguas during
the first 29 months (September 1982 - January 1985).

Planting No fertilizer Fertilized
Crop Sequence date or lime crops 2, 4, 6
cv. L Grain Yielids (ton/ha)---c-ae--
1. Rice cv. Carolino Sept. 1982 2.44 2.44
2. Rice cv. Africano Feb. 1933 2.99 3.11
3. Cowpea cv. Vita 7 Sept. 1983 1.09 1.24
4. Rice cv. Africano Dec. 1983 2.77 3.22
5. Cowpea cv. Vita 7 May 1984 1.19 0.94
6. Rice cv. Africano Sept. 1984 1.84 2.02
Total grain yield in 29 months 12.32 12.98

Source: Benites and Nurena (1985 and unpublished data).



Table 17. Performance of minimum input system with kudzu fallow rotation
with no lime or fertilizer addition.
%orn Yields Rice Yields
1st crop (2nd crop
Year Management after burn) after burn)
---------- tons/ha ~-==-=====r=cw--
1977 Burn 20 yr. old 4.0 3.3
secondary treat., plant
1978 First kudzu fallow - --
1979 Burn kudzu, plant 1.1 1.7
1980 Second kudzu fallow -- --
1981 Burn kudzu, plant 0.7 1.5
Source: Bandy, unpublished.
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Table 18. Promising pasture accessions for the Peruvian Amazon based on
tolerance to acid stresses pathogens and adaptability.

Grasses Legumes
Andropogon gayanus 621 Desmodium ovalifolium 350
Brachiaria decumbens Stylosanthes guianensis 136,184
Brachiaria humidicola Centrosema hybrid 438
Brachiaria dyctioneura Pueraria phaseoloides

Centrosema macrocarpon
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Table 19. Productivity of mixed pastures in Yurimaguas. Source: Redtegui
et al.,1985.
gr/animal/day kg/ha/year
e year year

Grass/Tegume associations T 3 T 2

A. gayanus / C. pubescens - 435 553 - 884 449
A. gayanus / S. guianensis 219 402 570 390 773 689
B. decumbens / D. ovalifolium 398 419 316 639 846 513
B. humidicola / D. ovalifolium - - 453 - - 735
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Table 20. Effects of 10-year growth of various timber species on topsoil
(0-30 cm) properties of an Oxisol from Porto Seguro, Bahfa,
Brazil. Adapted from Silva (1983).

Ca Mg K
Plantation % C (meq/100 g)
Native rain forest 1.65 0.70 0.50 0.05
Cordia trichotonia 2.18 1.70 0.95 0.12
Caesalpinia echinata 1.40 1.75 1.00 0.13
Dalbergia nigra 1.92 0.95 0.60 0.07
LSD 0.23 0.90 0.35 0.03

.05 .
CV (%) 12 35 28 23
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Table 21. Annual leaching losses from different stages of tree plantations
in a sandy Ultisol of Jari, Pard, Brazil. Source: Russell
(1983).

' P K Ca Mg

Site kg/ha

Rainforest (virgin) 0.04 12.7 16.7 8.1

Rainforest, logged 0.08 37.1 39.1 16.1

Rainforest logged and burned 0.21 199.5 103.7 146.6

Pine I - 6 mos. old 0.16 89.9 89.4 74.7

Pine I - 10.5 years old 0.05 9.6 12.1 6.1

Pine Il - 1.5 years after

8.5 years of Gmelina [ 0.08 Q.9 17.5 6.3

Table 22. Net annual gain or losses of nutrients to the ecosystem. - Balanc-
ing atmospheric input with leaching losses in a sandy W1tisol of

Jari, Para, Brazil.

Source: Russell (1983).

P K Ca Mg

Site kg/ha

Rainforest +0.10 -2 -0.3 -5
Rainforest logged +0.06 -25 -22 -12
Rainforest logged and burned -0.06 -181 -84 -137
Pine I - 6 mos. old -0.02 -80 -73 -71
Pine I - 10.5 years old +0.06 +1 -1 -3
Pine Il - 1.5 years after

8.5 years of Gmelina I +0.09 +1 +1 -3
Mean atmospheric input: 0.14 10 16 3
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Table 23. Nutrient inputs and outputs of a high-yielding 17-year old cacao

plantation shaded by
alf of [tabuna, Brazi

mean of 2 years).

Erythrina fusca on a fertile Typic Tropud-

T_¥____

N p K Ca Mg
kg/ha/yr
Inputs:
Rainfall 23 3 21 .18 12
Litter 112 13 25 162 53
Total 135 16 46 180 65
Outputs:
Harvest 1 ton/ha of
wet beans + 1 ton/ha
of pods 44 10 20 1 3
Leaching 68 0.5 2 38 63
Total 112 10 22 39 66
Galance +23 +6 +24 +141 -1

Calculated from Santana and Cabala (1984).
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Soil management options for the Peruvian Amazon. Source: Sanchez and Benites (1983).
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Figure 2. Crop yields as a function of time after clearing with (0)
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Bandy and Nicholaides (1982).
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Improvement in subsoil chemical properties after 7% years of continuous
cultivation of a rice-corn-soybean rotation in an U]t1so] of Yurimaguas,
Bandy and Nicholaides (1982).-

Peru.

Source: Sanchez, Villachica,
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Topsoil fertility dynamics within eight years after clearing an
Ultisol in Yurimaguas, Peru and grown to a three crop per year
rotation without fertilization or Timing (check, or with complete
fertilization. Source: Sanchez, Villachica, and Bandy (1983).
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Adapted from Russel (1983).



