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Soils of the Troj.,ics and the
World F'ood Crisis

The term "tropical soils" evokes
widely differ~nt thoughts in specialists
and scholars from sp.veral disciplines.
Overgeneralizations about soils of tropi
cal areas have led to many misconcep
tions about the potentiai of the tropics
for food production. l\~uch has been
learned in the past two decades about
the properties and management of such
soils. Ol.r purpose in this article is to
outline the salient properties of soils in
the tropics and the role of these soils
in world food production.

Trcpical soils can be quantitatively
defined only as those soils which lack
a significant summer to winter tempera
ture variation; that is, the difference be
tween the mean summer and mean win-
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ler temperature at a depth of 50 centi
meters is less than 5°C (/, 2). Aside
from this, the range of conditions re
spon'iible for soil formation is as di
verse in the tropics as in the temperate
regions. Rocks, the parent material of
soils, are the same in both regions.
Erosional and depositional patterns are
not mark~dly difft'rent between the two
geographic regions. In both iropical
and temperate regions, the time of soil
formation on any geomorphic surface
may range from yest~rday on flood
plains Or fresh volcanic ashfalls to un
determined anti'-i .lity on more stable
surfaces. Arid and humid, hot and cold
climates exist in both zones. The term
"tropical soils," therefore, is as mean
ingless in conveying most soil proper
ties as its corollary, "temperate nails,"

Although soil formation in tropical
areas is not different in kind from soil

formation in the tempcrate "lOne (3).
the areal magnitude of certain soil
forming pattcrns is significantly dif·
ferent. Much of the northern temperate
zone has had its surface .eworked by
Pleistocene glaci:ttion and carpeted by
thick loess mamies. These processes
have influenced the ag~ of ;i\e soils and
added an influentia' silt-sized com
ponent (2 to 50 milJCmeters) to the
parent material that is frequently abser.'
in tropical areas. Many more soils in
the tropics have been formed from ma
terial that ha\J been reworked since the
Precambrian by the processes of sur
face erosion and deposition, which in
tensively weather the malelial. Al
though the areal extent of recent vol
canic ash deposits is greater in the
tropics, there is a larger proportion of
relatively younger soils in the temperate
region.

Generalizations beyond these state
ments begin to lose accuracy. The state
ments that laterite and lateritic soils
are prevalent in the tropics and that
tropical soils have low organic matter
contents are two generalizations that
have tended to hinder understanding
of tropical soil conditions.

The Laterite Exaggeration

Probably no greater misunderstand
ing about soils exists than the concept
that there is a uniquely tropical soil-



forming process Ihat leads ultimately
to laterite. When European and
American soil scientists traveled to the
tropics during the 19th century, they
were intrigued by the presence of later
ite. Back home they wrote and lectured
on this phenomenon. In the process,
vast areas of the tropics with soils
similar to those found in the temperate
regions were essentially ignored. Thus,
tropical solis came to mean those soils
high in sesquioxides which harden ir
reversibly on exposure. Latosols and
lateritic seils erroneollsly became known
as soiis in the process of developing
into laterite. Even relatively recent
publications in wid,~ly read journals
(4) conclude that most tropical areas,
when cleared of vegetation, will be
come worthless brick pavement in a few
years. We have known natural scientists
to observe slightly weathered soils in
temperate desert areas and refer to
them as laterites because of their red
dish color. Many such erroneous con
clusions are based on the assumption
that Buchanan (5) adopted the word
laterite because of the red color of the
soil, whereas he actually intended to
refer to its use as building material.

In 1933, Hardy (6) emphasi<!ed that
laterites have a limited areal extent in
the tropics. Reliable estimates of soils
that will harden into laterite on ex
posure are not available for the enti! e
tropics. Regional estimates by soil sci
enl ists and calculations b'\sed on maps
provide th~ following estimates of the
areal occurrence of laterite",: 2 percent
for tiOpical America (7) , 5 percent
for central Brazil (8), 1 percent for
the tropical part of the Indian sub
continent (3), 11 percent of tropical
Africa (3), l\nd 15 percent ror sub
Saharan West Africa (9). On the basis
of these and other estimates, we ven
ture that the total area of the tropics
in which laterite may be found at or
close to the soil surface is of the order
of 7 percent. Furthermore, laterite or
plinthite occurs in predictable positions
in certain landscapes. not only in the
tropics but in the southeastern
United States as well (10), and is de
veloped in the subsoil. Ma~but (11) ob
served that "In no single case was the
horizon of iron concentration found on
the surface where the local situation
was not such as to make it clear that it
had been exposed by erosion." The vast
majority of the tropics, therefore, is not
affected by this problem, and it is not
even a problem unless the iron-enriched
plinthlte layer Is exposed by erodloo.

Nearly 20 years ago Carter and
Pendleton (12) stated

The concept of a tropical prOCt;SS came
to be focused about the term "laterite."
Laterite was and is a feature, a specific
thing, and not a process. The process was
invented by those who had never seen the
feature and who, even worse, applied it to
all sorts of phenomena sUPpost"dly, but
not really like laterite as originally de
scribed.

In an attempt to coniine laterite to
its original definition the term plinthite,
meaning iron-rich, l-':Jmus-poor soil ma
terial which will harden on repeated'
wetting and drying, is now used in soil
taxonomy (/3).

§oil Organic Matter

The red culor of soils in many tropi
cal areas is in strik:ng contrast to the
color of soils in the cooler parts of the
temperate zone. The immediate oon
clusion often made is that organic mat
tcr is lacking ie tropical soils. However,
comparing the organic carbon content
of 16 randomly chosen, well-drained
Mollisols, Aifisols, and Ultisols from the
United States and the same number of
similarly selected Oxisols, Alfisols, and
Ultisols from Brazil and Zaire, we
found some major contradictions to
common beliefs. The average organic
carbon content in the top 1 meter was
1.11 percent for the black U.S. MoIIi
sols and 1.05 percent for the red, high
ly weathered Oxisols. Mollisols and Ox
isols are, respectively, the principal soils
of temperate and tropical American
grasslands. The gray-brown Alfisols
from the United States contained 0.52
percent organic carbon, while the red
dish tropical Aliisols contained 0.54
percent organic ~arbon. The reddish
temperate Ultisols contained 0.40 per
cent Olganic carbon, and the reddish
tropical Ultisols 0.66 percent (14).
None of these differences in organic
carbon content between tropical and
temperate soils are agronomically or
statistically significant. Although the
organic matter content is low in many
African soils, in general it is higher
than that in soils of the southeastern
United States or of U.S. desert areas
of comparable mean annual temper
ature and rainfall.

This similarity between tropical and
temperate soils can be understood in
terms of the temperature and moisture
regimes and the empirical rule that for
every lOoC increase in tt:mperature, the
fate of biological activity doubk s. In

the temperate regions, low winter tem
peratures greatly reduce biological ac
tivity. In the 18 percent of the tropics
that has a pronounced dry season of at
least 90 days, the lack of moisture dur
ing this period has a similar effect.
Topsoil and air temperatures during
the tropical rainy seasons are similar
to, but seldom as high as, the cor
responding summer Lmperatures it' the
temperate regivns. For the 22 percent
of the tropical areas with heavy rain
fall and no dry season, the explanation
is somewhat different. Most of these
areas are covered by tropical rain for
ests. Neither temperatur~ nor moisture
limits organic matter accumulation and
decomposition at any time. These for
ests produce about five times as mucn
biomass and soil organic malter per
year as comparable temperate forests.
The rate of organic matter decomposi
tion, however, is also about five times
greater than in temperate forests (15).
Thus, the equilibrium contents are sim
ilar.

Soils of the Tropics

The tropics are by no means uni
form c1imaticall} or in the distribu
tion pattern of soils. Four major eco
logical zones can be distinguished: the
savannas and associated grasslands,
which cover approximately 49 percent
of the land area; the evergreen for
ests, which <x'ver 24 percent; and the
desert and semidesert areas, which
cover 16 and 11 percent, respectively
(16). Approximately 23 percent of the
tropics is more than 900 meters above
sea level; these areas constitute the
tropical highlands.

Within the ronfines of a single ar
ticle, some generalization must accom
pany a discussion of a subject as broad
as soils of the tropics. Assuming this
risk, we will point out what we think
are the major differences between soils
in the tropical zone and then give some
examples of the variations that are
found within the major types.

Tropical savannas are a temptation
to agronomic developlnent because they
can be easily cleared of vegetation and
they are apparently underused at pres
ent. Extensive savanna areas occur in
tropical America and Africa, with
smaller areas in Asia and Australia,
and a cursory overview indicates that
similar soil-related problems would be
encountered on all of them. A dry sea
son of at least 3 months and annual
burning are common in these savannas.

•



More detailed examination of the soils
reveals that savannas in West and East
Africa are generally well supplied with
bases, while those of South America
are generally almost dev0iri of bases.
Variations in tropical America :_
quently result in the presence of semi
deciduous forests interspersed with the
savannas in areas where parent rock is
of basic composition and abundant
ba5e" are present in the soil.

Supplemental calcium and phosphate
are almost always needed for range
cattle in tropical America to prevent
the occurrence of broken bones, since
calcium and phosphorus are deficient
in the soil and consequently in pastures.
While few large mammals evolved in
tropical America, vast herds of large
mammals have evolved in Africa and on
the temperate prairies. This suggests
that the e"ollJtion of large mammals
was precluded in the savannas of tropi
cal America by the calcium and phos
phorus defici~ncy of the soil. Projected
agricultural development of these sa
vannas will require greater attention
to supplying bases than will sill'ilai
development in Africa.

Densely forested parts of the t:-opics
are frequently viewed as pOtentially vi
able agricultural areas. Proponents
point to adequate rainfall al~rl tempera
ture l0nditions or, more naively, to the
volume of biomass present. The soils in
such areas vary widely. The density of
the humid forest tends to show little
response to soil conditions, although
compositional variation is often related
to soil variation. Depending on the com
position of the parent material, soil
conditions are very much like those
in the forested areas of the nonglaci
ated temperate zone. Where the parent
materials are acidic, the s0 ils closely
correspond to those of the southeastern
United States and have the same prob
lems of low cation retention, high acidi
ty, and high exchangeable alumi'.;Jm
content. Where soils are derived from
basic materials they tend to be less acid
and frequently neutral in reaction. In
all the forested areas the bulk of the
available nutrient elements are bound
in the biomass and tightly conserved in
a closed nutrient cycle. Recent flood
plain areas which receive additions of
fertile sediment abound but are seldom
contiguous for sufficient distances to
support more than subsistence expioita
tion.

Shifting cuItivati<?,n is common in
many of these areas. Farmers utilize the
nutritional accumulation of several

years of bIOmass in hardy noncommer
cial species to fertilize I to 3 years of
cultivated agriculture. Fire, used to
clear the land, hastens the I elease of
the organically bound nutrients, thus
providing for the farmers' needs in
i,,;;C crop production.

Troi'i<:-\ deserts and semiarid areas
with low total annual rainfall exist at
all altitudes and c,-;:, a wide range of
tCtnperatures. The sods 4~~ often quite
fertile, and \heir only outstanding need
is for irrigation systems to transmit
water. There may be some salinity and
alkalinity problems. These areas arc
sparsely populated except for the irri
gated valleys, many of which support
modern intensive agriculturf'

Recent volcanic arcas and steep
slopes arc sites of intensive subsistence
cuiIivation in the tropical highlands.
Although the processes of soil forma
tion and many of the soil properties
differ greatiy; one conlmon pedogenic
principle prevails: the soil materials
have not been subjected to intensive
weathering. Therefore, these soils pro
vide enough nutrients so that when a
crop seed is placed in the ground it will
grow. Erosion, detrimental in most
areas, is frequently the mechanism of
removing the more weathered, base-de
pleted mineral material from the soil
surface and exposing less weathered
material.

A better understanding of the sim
ilarities and differences between soils of
tropical and temperate areas is needed
for appraising their properties and for
extrapolating management practices.
This task has been greatly helped by
the development of a natural soil tax
onomy system (2, 13) akin to the
better known plant and animal taxono
mies. Soils can now be grouped and
named according to their measurable
properties, instead of the older classifi
cations based all various soil genesis
theories.

In this system, many similar temper
ate and tropical soils fall into the same
dasser through the fifth hierarchical
level (the soil family), where soil tem
perature criteria separate them. Early
observations-such as those of Marbut
and Manifold (17), who asserted that
the predominant soils of the Amazon
Basin are similar to those of southeast
ern United States-can now be quanti
tatively prove<J (18). A more ahbrevi
ated system has been developed by the
Food and Agriculture Organization of
the United Nations (19) in preparation
for the U.N.-sponsored world soil map.

The nomenclature is somewhat different
to accC'mmodate different national pref·
erences, but the effect is similar. It is
possible now to have a reasonably well
quantified estimate of the geographical
extent of the main soils of the tropics
based on small-scale maps (20, 21).

High Base Status and Low Base

Status Soils

Agriculture in the tropics first devel
oped in areas of high base stalUs solis.
These soils-now called Alfisols, Verti
sols, Mollisols, and certain Entisols aad
Inceptisols (/3) -cover approximately
18 percent of the tropical land area
(16). The centers of population in the
tropics are in areas having these soils.
The impact of the Green Revolution
programs is very much limitcd to areas
with high basc stuus soils, p~rticularly

those that arc irrigatcd. These SOils have
generally developed from alluvium,
sediments, or volcanic ash rich in cal
cium, magnesium, and potassium. They
present slight to no acidity problems
and therefore require practically no in
vestment in lime. Nitrogen is the most
commonly limiting nutrient. Phosphorus
deficiency, micronutrient disturbances,
and moderate salinity problems occur,
but these can be r.:orrected at low cost.
In other words, high base status soils
are almost <,ynonymous with high na
tive soil fertility and a relatively low
cost of supplying additional nutrients.

A larger group of soils in the tropics
are of low base status and are highly
leached. They are now classified mainly
as Oxisols, Ultisols, some Inceptisols,
and sandy Entisols. They cover approxi
mately 51 percent of the tropics (16)
in vast areas in the interim of South
America and Central Africa and small
er areas of the hill country of Southeast
Asia. These soils are commonly uefi
cient in bases and often present alumi
num toxicity problems. Deficiency of
phosphorus is often difficult to correct
because phosphorus fertilizers react
with iron and aluminum oxides and are
fixed in slightly soluble forms. Micro
nutrient and sulfur problems are com
mon. Correcting these nutritional
problems usually involves substantial in
vestments in fertilizer and lime. On the
positive side, many of these low base
status soils, especiaIly the Oxisols, pos
sess exceIlent physical prop~rties which
facilitate tillage and reduce erosion haz
ards, The fact that no great centers of
population are found in these areas can



be related to the Infertility of such
soils, es well 1\8 other factors. Similar
soils, r,ialnly the Ultlsols, are found in
the temperate region in areas such as
southeastern United States and south
eastern China, where they support large
populations. They were Intensively
cropped after correction of their low
fertililv with rnanures, fertilizer, and
limr.

\ third major grouping consists of
11Igh base status soils called Aridisols,
which occur in tropical deserts and
occupy about 14 percent of the tropics.
The availability of irrigation and nitro
gen arc the principle limiting factors.
When properly irrigated, and thus free
of salinilY problems, these soils can
hecome extremely productive.

A fourth group consists of shallow
soils and dry sands, which occupy the
remaining 17 percent of the tropical
land mass.

Our uiscussion will be Iim:ted to the
fir'lt two groups only, the third heing the
domain of irrigation specialists and the
potential of the fourth being severely
restricted.

There is no need to remind the read
l'r of the dismal statistics on the subject
of world food shortages. Massive food
exports from the developed countries
into famine areas should only be con·
sidered as short-run measures. In the
long run, political and practical consid
erations dictate that developing coun
tries must feed themselves. Is this likely
to happen in the remainder of this
century? Assuming significant gains in
birth control, there is increasing evi
dence that, in certain tropical countries
blessed with some high base status soils
and cursed with vast areas of low base
,tallls soils. this i, agronomically pos
sible.

We submit two fundamentalIy differ
ent strategies to achieve this goal: in
tensive agriculture in high base status
soils and extensive agriculture in low
b9~e status soil.,.

Intensive Production 10

High Bose Status Solis

The productivity of high base status
soils has been proved; for centuries they
have SUI 'orted dense human popula
lions and large animals. Application of
d technological package consisting of
new high-yield varieties of wheat and
rice, nitrogen fertilization, chemical
weed and pest control, and very often
irrigatinn ha'J provided dramatic sus·

tained increases in production (22).
The spread of the Green Revolution

is very much limited to high base status
areas of tropical Asia and tropical
America. Further progress ~:.n be ex
pected when high-yielding varieties of
other cereals, grain legumes, and par
ticularly root crops are developed. Soil
management adaptations to future vari
etal breakthroughs arc bound to be rela
tively straightforward. The value of the
crops and land will probably justify
substantial investm~nts in fertilizer, in
spite of the current high prices.

Research on more effident use of
nitrogen fertilizers, through either slow
release sources or improved manipula
tion of rates, placement, a,' d timing of
applications, is of high priority and has
already prodl!ced significant results (23).

An intriguing possibility is to im
prove the intcrcroppipg systems prac
ticed for centuries by subsistence farm
ers, in which a number of crops are
grown at the same time in the same
field. Such practices were regarded as
primitive by agronomists and soil scien
tists until original research by Bradfield
and associates (24) attracted interna
tional attention. The shift of the soil
scientist's focus from supplying nutri
('nts to a single crop to supporting two
or more interacting root systems and
harvesting two or sometimes four crops
a year will require a major effort in
fundamental and practical research.
The first results of this effort show that
certain intercropped systems use ferti
lizers much more efficiently and eco
nomically than would the separate crops
grown on an equivalent area (25).

The food production increases in
high base status soils will be limited by
their relatively small area and already
intensive exploitation. It is doubtful
whether the world food crisis can be
solved if development is limited to these
soils.

Extensive Production In

Low Baile Status Soils

An appraisal by Kellogg and Orvedal
(26) indicates that the vast tropical
jungles and savannas constitute the larg
est block of potentially arable soils in
the world. What has been done about
them? The first research efforts, by
European colonial governments in Af
rica, attempted to replace the seemingly
primitive system of shifting cultivation
by intensive mechanized farming sim
Ilar to that of Europe. These efforts

failed because of inadequate knowledge
of both the physical and the social en
vironment. Later efforts in ZaIre con
centrated on rationalizing the pattern
of land dearing, using corridors to
preserve the ratio of years in crops and
years in fr 1I0w essential for the main
tenance of shifting cultivation (27). In
sharp contmst, the state of Sao Paulo
in Brazil has developed modern agri
cultural practices on low base status
soils basically no different from the
soils of ZaIre. Research in Sao Paulo
(28) led to fertilizer, lime, and energy
inputs similar to those used in the
southeastern United States. These dra
matically different approaches deserw
some examination. The low base stalu'
soils of ZaIre, Sao Paulo, and the south·
eastern United States have similar lim
itations of high exchangeable alu,\1inUlll
contents, low phosphorus contents. an,'
associated problems. Direct transfer o!
U.S. or European principles and prac
tices to Za'ire and Sao Paulo was pos·
sible at experiment stations, where 1:1\)1'

production exceeded that in the Unil":U
States because of the year-round warm
climate. In Za'ire, lack of transportation.
industry lind market infrastructure, and
century-old social customs prevented
their adoption. In Sao Paulo, adequa;e
transportation, industry (including fer
tilizer production), markets, and sparse
population permitted their adoption.
The high levels of investments in fer
tilizer and lime paid handsomely in Sao
Paulo.

With the advent of t:le protracted
energy shortages and the continued
high cost of petroleum and fertilizers,
some modifications of the method ap
plied successfully in Sao Paulo are
needed. A strategy based on minimum
inputs is gradually taking form within
the tropical agronomy research com
munity.

The first consideration is an aware
ness that shifting cultivation is an effi
cient soil management system, consid
ering the resources farmers have l\t their
disposal in sparsely populated forested
areas (29). However, population pres
sures are reduc ing ratios of cro~ years
to fallow years to the point where shift
ing cultivation is degenerating into a
downward fertility spiral in many areas.
The need for continuous cropping is
acute and systematic research efforts
are required. In the vast savannas of
South America, where extensive cattle
grazing is virtually the only form of
agriculture, the opening of new roads
and markets carries with it an infusion



of new settlen. For example, within 10
years after the ISOO-kilometer road be
tween Belem and Brasflia wcs con
structed, 2 million people have settled
along it. They are, however, dependent
to a large extent on food transported
from other areas.

A second considl:ration is that, in
stead of manipulating the soil to meet
plant demands, the opposite strategy
should be favored, that is, adapt.ing
plants to low base status soil conditions
(30). Certain crop and pasture species are
more tolerant than others to high levels
of exchangeable aluminum, low levels
of availD,ble phosphorus, and other soil
problems. Examples of the more toler
ant species are upland rice, cassava,
sweet potatoes, cowpeas, and several
grass and pasture legumes (3J, 32).
Significant differences in tolerance to
these limitations are also known to exist
between varieties of rice, wheat, dry
beans, and soybeans (30,33). Tolerant
species and varieties evolved in low
base status soils and thus arc a result
of natural adaptation to such condi
tions. These differences have been traced
to specific gem~s in certain crops (33).
Tolerance to exchangeable aluminum
and low available soil phosphorus can
become a major component of breeding
programs. The nutritive value of these
varieties, however, should be consid
ered. Plant breeders and lloil scientists
working together on these problems
should be able to produce more tolerant
species with other desirable properties
such as high yield potential and grain
quality. As Jennings (22) commented,
it is necessary to stop selecting future
varieties under optimal soil, water, and
pest control conditions.

There is increasing evidence for a
quasi-symbiotic nitrogen fixation be
tween bacteria that thrive in acid soils
and certain varieties and species of
tropical grasses. Dobereiner and Day
(34) indicate that selection of species
and varieties of such grasses could add
a significant amount of nitrogen, when
the conditions on which these organisms
thrive are better understood.

Adaptation of crops to lo\\' base
status soils cannot be viewed as a sub
stitu~e for fertilizer applications. How
ever, it would significantly decrease the
quantity of fertilizer and lime net:ded
to obtain optimum yields. The question
that ~"auld be considered is what are
optimum yields under these conditions.
Economists and soil scientists are
trained to consider an optimum yield
as the point in the fertilizer response
curve where the marginal revenue from

an added yield equals the marginal cost
of the las~ input of fertilizer. This con
cept may prove to be another casualty
of the energy crisis.

In the areas we are consideri:lg land
is relatively cheap, while the cost of
fertilizer and its transportation from the
factory to the farm are expensive. Op
timum yields should be consiJe~ed those
which optimize the usc of tile scarce
resources: fertilizers and other energy
based inputs. Maximum fertilizer em
ci(~ncy is reached in the steep initial
part of the fertilizer response curve.
Marginal analysis, however, recom
me'nds fertilizer rates in the relatively
flat later part of the curve. When the
fertilizer response curve is I epresented
by two straight lines, i'l the linear
response and plateau mod·el (5), the
recommended rate is that at which
maximum yield is attained at the point
of maximum fertilizer etfIcier..:y. The
rates recommended by the linear re
sponse and plateau model arc usually
lower than those recommended by mar
ginal analysis. Considering the residual
efl"ect of many inputs, particularly li'lle.
phosphorus, and 80me micronutr'~nts,

and the possibility of obtaining two or
three crops a year in many of these
areas, the use of lower fertilizer rates
is not bound to decrease food produc·
tion. Together with the usc of adapted
species and varieties, it represents an
adjustment to the new economic realities
and, in the long run, a means for con
serving resources such as phosphates.

A third consideration is devising a
means for increasing the etliciency of
the fertilizer and lime that are applied.
The usc of methods for evaluating soil
fertility, including soil tests, plant anal
ysis, correlation studies, and interpreta
tion, has substantially increased the
efficiency of fertiliza:iCln and liming in
tropica: America (36).

Many low base status soils h~ve an
extremely high "apability to "fix" phos
phorus in relatj'lely insoluble forms.
The quantities o'i water-soluble super
phosphates needed to provide adequate
yields are oflen ~neconomical, unless
ample credit is available to depreciate
the cost as a capital investment for
several years (37). Attention has re
cently been directed by the Tennessee
Valley Authority and its cooperators
toward direct application of water-in
soluble rock phosphates (23). Many
rock phosphates of high reactivity are
soluble in acid soils, and are cheaper
than superphosphates, because they are
the raw materials from which the latter
are produced.

In certai~l low base status Oxisols,
silicates arc applied commercially as
fertilizer (38). The silicate anion reacts
similarly to the phosphate anion in
these soils, and thus silicates can also be
fixed by iron and aluminum oxides.
Although silicon is not officially ac
cepted as an essential element for crops,
favorable agronomic responses to sili·
can applications ,He known to occur
ill crops like sugar cane and rice (iSj.
A further combination is abo possible.
Rock phmphates of low reactivity can
be thermally fused with inexpensive
magnesium ~ilicate to provide a source
of more soluble phosphorus with silici:
and other elements in it. These products
were studied In the 1930's and 1940's
in Europe and the IJniteJ States. but
were abandon,:d when they could oot
CClmpete with superphmphatcs. The old
literature is litcral;y being (Allied from
the shelves and the findings adapted
to these tropical soils. Research on
these and uther ur ~onvcntional fertilizer
sources. such a' slow-release nitrogen
products, is ,l" exciting activity at many
expeflment stations in the tropics.

The con':l'pt cf maximizing the em·
ciency of energ} rl'lated inputs in trop
ical areas is not nl'.:essarily limited to
fertilizers. For example, research on
land-clearing methods in the Amazon
jungle indicates that the traditional
slash-and-burn method with hand labor
produced higher yields at a !ower cost
than docs mechanized dearing with
bulldozers (39). The main factors are
the high cost of operating and main
taining machines in tropical rain forests
and the free fertili7:er obtained from
the ash. Also, with smaller clearings
the transition from shifting to con
tinuous cultivation cun be made grad
ually. Clearings of several hundred hec
tares, a:though allractive to develop
ment omcials, create hnvoc for farmers
when they have to cope with vigorous
jungle regrowth, fertilizer shipments,
and other severe management problems
on a large scale. Very often such areas
are eventually abandoned.

Prognosis for Increasing Food

Production in the Tropics

We are cautiously optimistic that soils
of the tropics can make a major and
sustained contribution toward world
food production when they arc well
characterized and. understood and eco
nomically realistic management systems
are used. Most of the improvements in
the near future can be expected from



increasing yields in the high base status
soils, but in the long run the conquest
of the low base status soils is the larger
issue. Ongoing research projects in
various regions of the tropics support
these statements. Unlike classi\,; plant
breeding problems, many problems con
cerning soils are site-specific, and rec
ommendations have to be compatible
with practices at the local levels. There
fore, more sites are needed for practical
soil management research. This was
demonstrated at a recent seminar on
soil managemcllt in Colombia (40) ,
when a delegate from Nigeria recom
mended that burning should be elim
inated in clearing tropical forests, while
work in Peru demonstrated the dra
matic fertilizing benefits derived from
burning. This apparent discrepancy was
explained by the fact that the ash raised
the soil pH from 6 to 8 in Nigeria,
causing iron deficiency, while in Peru
the ash raised the soil pH from 4 to 4.5,
supplying needed bases to the soil.

Pronouncements concerning tte ef
fectiveness of soil-related practices have
to be' carefully evaluated according to
soil :)roperties. A single tropical soil
elixif is not available.

Summary

The properties and potential of soils
of the tropics are poorly understood.
The old idea that laterite is formed when
tropical soils arc cleared is true of
only a small proportion of the area. In
most feature~ ~flils in the tropics are
similar or equivalent to soils in the
temperate regions. Specifically, soil or
ganic matter contents, commonly be
lieved to be low in the tropics. are
essentially 3imilar to those of the tem
perate regions. While the basic concepts
about physical and chemical behavior
developed in the nonglaciated temperate
regions are directly applicable to the
tropics, the development of soil man-

agement practices for sustained food
production involves different strat0gies
because of euvironmental and economic
constraints. A major distinction is made
between the development of high base
status and low base status soils. With
the former, soil management practices
should be aimed at maximizing the po
tential of high-yielding varieties and
improving intercropping systems with
relatively intensive fertilizer inputs.
With the low base status soils of the
vast savanna and jungle areas energy
related inputs should be optimized by
(i) selecting of crop varieties and
species more tolerant to nutritional de
ficiencies or toxicities, (ii) applying fer
tilizers at lower rates than those recom
mended by classic marginal analysis,
and (iii) increasing the efficiency of
applied fertilizers in such seils.
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