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Foreword

North Carolina State University, through the Soil Science Depart-
ment, entered into a contract on June 30, 1970, with the Agency for
International Development, through its Technical Assistance Bureau,
to implement a program on “Agronomic-Economic Research on
Tropical Soils”. (Contract AID/csd 2808). The broad objective of this
five-year contract is to provide relevant information to supplement
and complement the programs oi another  :tivity of the University
that is supported by AID, The Internationa. Soil Fertility Evaluation
and Improvement Program.

Recognizing that the first step in any soundly developed research
program is a thorough knowledge of the existing information on the
subjects under consideration, the first phase of the program was
designated for a review of the pertinent literature, The specific objee-
tive of the review was to provide a factual base for an analytical inter-
pretation of the present information and future needs velevant to the
characteristics and management of tropacal soils for crop production.

The details gleaned from published research reports and supple-
mented by personal experience in Latin America have enabled the
reviewers to prepare summaries related to varions topics in soil
science that are making useful contributions in developing plans for
:ipcciﬁc rescarch projects in the region. We believe the aeport can be
useful also to others with a similar interest,

C. B. McCanty, Head
Sail Science Department
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ence of allophane but better techniques are needed to sdvance evalua-
tion of such soils.

Martini (1969) has shown that many of the propertie of volcanic ash
soils associated with external factors of soil form. .ion in much the
same way as they do in other soils. However, it should be noted that
Bornemisza and Pineda (1969) found that when there was more than
15 percent alluphane present in the soil, mineralization of organic
nitrogen was retarded.

Igenous rock derived soils. There appears to be two distinct types of
situation in these areas. Low CEC values associated with kaolinitic
mineralogy is the general rule. The proportior. of bases on the exchange
sites decreases as the weathering intensity increases and since kaolinite
is a more stable mineral in soils than is montmorillonite, there is a
general tendency to find soils with low CEC, of kaolinitic type, with
low base saturation. Conversely soils with high components of mont-
morillonite, high CEC, are generally higher in base status. In the
Amazonia of Brazil, Fassbender et al. (1970) described two groups of
soils. Those low in CEC and high in Al (exchange acidity) and those
with high CEC and >55 percent base saturation. Similar observations
have been made in the Amazon Basin of eastern Peru by Sanchez and
Buol (1971).

Such a relationship is not universally true however. For example,
Moura (1968) reported 93 to 99 percent base saturation in a Eutiustox
from Central Brazil where the predominant clay was kaolinite and
CEC values were quite low. In this regard, it is important to remember
that the type of clay mineral, i.c. CEC, may be the relic of a past ciay
formation environment and the present ion population reflects the
immediate history of the soil. Ion populations aie drastically influenced
by such management practices as liming and fertilization. Also, in the
soil studied by Moura, microstructure appears to play a major role
in retaining basic ions.

Climatic influence on soil composition

Differences between tropcial and temperate areas, aside form the
isotemperature nature of the tropics, are site dependent. It would hard-
ly seem pertinent to subject the reader to lengthy reruns of desert and
humid conditions cte. to emphasize the climatic factors. One study on
this point does seem very pertinent to this discussion, however, Jenny
et al. (1948) found that in a comparison of Colombian soils and North
American soils with the same temperature and moisture values, the
Colombian soils have a much higher nitrogen and organic matter
content than Nerth American soils, These anthors expressed surprise
at not being uble to see nitrogen content expressed in soil color and
expressed agreement with Vageler (1930) who said tropical humus
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was colorless.

It is only conjecture as the part of this writer but it appears reason-
able that this phenomenon is explainable when you consider that the
temperature comparison were made on a mean annual basis. Thus, to
" have comparable mean annual temperatures in temperate and tropical
settings much higher temperatures are experienced at some time of the
year in the temperite zone than in the tropical zone. Since biological
and chemical reactions follow the often quoted Van't Hoff rule of 2-3
times the velocity for each 10°C temperature rise, the following reason-
ing seems in order.

When one considers that .nany of the savanna grasslands of South
America are dry for 3-5 months a year, thus inhibiting decomposition
as in the winter of the temperate zones, and then the remaining months
are usually lower in temperature than the summers of temperate zones
of the same mean annual temperature one may have scmewhat less
energy available for decomposition in the tropical area.

If one compares the amount of organic carbon within the top 1 m of
several well-drained profiles from Iowa, US.A. (SSIR, 1966), South-
eastern U.S. (SSIR, 1967) and Brazil (Ministério da Agricultura, 1968;
Ministério da Agricultura, 1970) some striking contradictions to com-
mon beliefs are observed. Organic carbon contents of 0.3 to 0.42 per-
cent are present in the top meter of Red and Yellow Sands, Red-Yellow
Podzolics and Dark Red Latosols in Mato Grosso, Brazil. From 0.5 to
1.0 percent O.C. is present in Latosols from Brasilia while common
well-drained upland soils in the Southeastern U.S. range from 0.1 to
0.3 percent O.C. and Prairie soils (Mollisols) in Iowa range from 0.6 to
1.0 percent O.C. in the top 1 m.

Thus, although at this time extensive calculations of such values
have not been made, it appears clear that there is a much greater or-
ganic matter content in many of the well-drained tropical situations
than is present in our common southeastern U.S. soils. Although the
soils appear quite red and devoid or organic matter, there appears to
be a deceptive amount of O.M. and since C/N ratios are usually 10-15,
a great deal of N is potentially available. One possible source of error,
not considered likely because of the reasonable C/N ratios, is that
high Mn contents may create an errorously high #C readings by the
oxidation methods used.

Topographic influences

Two distinct relationships of clay mineral suites seem to be asso-
ciated with poorly drained soils. Further, these relatiunships appear
best understood when the geomorphic position of the poorly drained
soil is considered rather than only the profile characteristics of low
chroma mottles. For those poorly drained soils associated with high
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water tables the mineralogy tends to be about the same as the sur-
rounding well drained soils (Martini, 1969). However, when the poor
drainage is the result of anaerobic conditions engendered by im-
permeable subsoil horizons the mineralogy is likely to be montmoril-
lonitic (Sanchez and Buol, 1971). This relationship is understood if
one views the presence of montmorillonite, especially in high quantities
in clayey horizons, as a zone that because of its expanding nature re-
stricts leaching thus protecting itself from weathering. Such soils
take on the characteristic grey colors of poor draingage but in reality
little water is leaching and the Potential to remove weathering pro-
ducts is low.

Latosols and Laterite—“Special Tropical Soils”

Latosols and laterite are frequently erroneously taken to mean the
same thing. “Laterite is a highly weathered material rich in secondary
oxides of iron, aluminum, or both.” “It is nearly devoid of bases and pri-
mary silicates, but it may contain large amounts of quartz and kaolin-
ite.” “It is either hard or capable of hardening on exposure to wetting
and drying” (Alexander and Cady, 1962). Thus, it is a material, not
really a soil.

Latosols are a group of soils high in secondary oxides and low in
silica that may or may not contain laterite material in part of the pro-
file. Presently, Latosol is the name used by some soil taxonomists,
notably the Brazilians, for those soils that have a latosolic B horizon as
opposed to a textural B or argillic horizon.,

Modern nomenclature. Because of long standing confusion sur-
rounding these terms and lack of uniformity in defining laterite, they
have been dropped from taxonomic usage in the present United States
system. (USDA, 1970). The term plinthite, defined as sesquioxide-
cemented material that is hard, or capable of hardening upon repeated
wetting and drying, replaces the name for much of the material once
covered by the term laterite. The taxonomic order Oxisol replaces
many but not all Latosols and the oxic horizon definition has a defini-
tion comparable with and stil] being refined in conjunction with, the
latosolic B horizon of the Brazilians.

To many, this may seem as a confusion factor perpetrated by soil
taxonomists to mystify non-taxonomists.

Numerous edifices to the confusion and erroneous interpretation of
the old tenns exist, and, one bears special attention (McNeil, 1964).
From her interpretation, one can conclude that no modern agriculture
is possible in much of Florida, Georgia, Alabama and Louisiana as
well as nearly all of Hawaii, Puerto Rico or Cuba because upon culti-
vation the soil will harden.



























Table 2 (Continued)

Soil Map of the World

USDA Tth Approximation

CHERNOZEMS (12)

Haplic Charnorems

Calcic Chernorems
Luvic Chernorems
Gleyic Chernozems
PHAEQZEMS (V1))
Haplic Phaootems
Calcaric Phasuzems
Luvic Phasoren.s
Glayic thaesorems
CAMBISOLS
Hapiic Cambisols
Eutric Cambisols

Caicaric Cambisole

Vertic Cambisols
Humic Cambisols
Angic Cambisols

LUVISOLS
Haplic Luvisols

Ciwomic Luvisols

Fortio Luviaois

Albic Luvisois
Minthis Luvieols
Qleyic Luvisols

PODZOLUVIBOLE
Haplic Podioiuvisols

Gleyis Podioiuviecis

Haptoborolis
Vermiborolis
Calciborolls
Argiborolis

Calctc Argiaquolis

Hapludolls

Vetmudolls (in part, 13)
Vermudolls (in part, 13)
Arguidolls

Argiaquolls (axcept calcic ones)

Dystrochiepts (eacept andic ones)
Eutrochrepts (without carbonates In the
cambic hotizon, (exc ept the andic ones)
Futrochrepts (with carbunates ir the cambic
hotizon)

Vertic | utrod hrapts

Haplumbrejits (oxtepl AnNQIC ONGS)

Andic  Dyalrochrepts,  Futrochrepts and
Haplumtrapte

Haplugails

Agrudalts

Hapionoralls

Haplustal's (eacepl OrIC ONPS)
Rhodoseralls (azceit anic ones)
Rhcxdustalls (eac ot D2IC ONES)
Osic Mapiunlalfs

Oxic. Hhwsdisatalls

Ozic Hhinlasaratte
Lutiobatla

Mithoreralfs Phnthuetalfe
Ochraguatts Umbifsqualte

Glossudails Heccudalte
Gilonaborails
Glossequaite
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Table 2 (Continued)

8oll Map of the World USDA Tth Approximation
PODZOLS
Humo-Ferric Podzols Orthods (except placic ones) (in part, 14)
Ochric Podzols Orthods (in part, 14)
Ferric Podzo!s Ferrods
Humic Podzols Humods (except placic ones)
Placic Podzotls Placorthods
Placohumods
Placaquods
Gleyic Podzols Aquods (except placic ones)
ACRISOLS
Haplic Acrisols Hapludults, fithoduduls

Haplustuits, Rhodustuits
Haploxeruits, Hhodoxerults

Humic Acrisuis Humults
Plinthic Acrisols Plinthudults, Plinthaquuits
Gleyic Acrisols Aquults (except Plinthaquults)
NITOSOLS
Dystric Nitosols Oxic Palehumults, Oxic Paleudults, Oxic
Paleustults
Oxic Palexerults
Eutric Nitosols Oxic Paloudalls

Oxic Pateustalle

FERRALSOLS (15)

Haphic ferrataols

Ochric Ferralsols Haplorthox, Acrorthox, Gibbsiorthox
Humic #'etralaols Humonx
Plinthic Forralsols Plinthaquox
HISTOS0LS
Dystric Histoaols Histosols, acid
Euttic Histosols Histosots, non acid
LITHOSOLS
Dystric Lithosols Lithic subgroups, very shallow clasass

Eutric Lithosols
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(12)

(13)

(14)

(15)

20

albaqualific natric or some argialbollic natric subgroups (e.g, within the
Xeralfs or Ustalfs) may also fit the Solodic Planosols (natric belng inegr-
stood here as subgroups with high sodium saturation but not haviiig a
natric horizon).

The non-calcic subgroups of the Xerolls correlate as a climatic variant of
the Phaeozems. The calcic subgroups, however, fall within the Chernozems
or Castanozems, depending on the color of their surface horizons.

Only the calcareous Vermudolis correlate with the Calcaric Phaesozems.
The other Vermudolis are grouped with the Haplic Phaeozems.

With the Ochric Podzols it is attempted to separate within the Orthods
the solls formerly called “Brown Podzolic”. A definition is being tried out
on the basis of the Fe/Al ratio which in “Brown Podzolic'* soils seems to
be much higher than tor other Spodosols.

The delinition of the Ferralsols matches the one of the Oxisols. The sub-
division of the Ferralsols, however, follows a different outline. The Rhodic
Ferralsols, normally formed on basic materials, cover most of the Eutrothox
The Haplic and Ochric Ferralsols cover the Haplorthox, Acrorthox and
Gibbsiorthox. The Ochric Ferralsols cover part of the kaolinitic families
generally occurring under conditions of permanent humidity in equatoria}
regions.



Table 3. 7th Approximation—1938 Correlation (after Soil Survey

Staff, 1960).

Present order

Approximate equivalents (Baldwin et al, 1938)

10/

Entisols
Vertisols

Inceptisols

Aridisols

Mollisols

- Spodosol

“ Alfisois

- Ultisols

~.Oxisola:

“Histosols

Azonal solls, and some Low Humic Gley soils.
Grumusols,

Ando, Sol Brun Acide, some Brown Forest, Low-
Humic Gley, and Humic Gley soils.

Desert, Reddish Desert,” Sierozem, Solonchak,
some Brown and Reddish Brown eoils, and
associated Solonetz.

Chestnut, Chernozem, Brunizem (Prairie),
Rendzinas, some Brown, Brown Forest, and
associated Solonetz and Humic Gley solils.

Podzols, Brown Podzolic soils, and Ground-Water
Podzols.

Gray-Brown Podzolic, Gray Wooded soils, Non-
calcic Brown soils, Degraded Thernozem, and
associated Pianosols and ecme Half-Bog soils,

Red-Yellow Podzolic soils, Reddish-Brown Lateritic
solils of the U. S., any associated Planosols and
Halif-Bog soils.

Laterite soils, Latoso!s.

Bog solls.




Table 4. Higher level soil classes recognized in Brazil (after

Bennema and Camargo, 1964).

4,

5.

10.
1.

T 12

Soil with Latosolic B horizon (includes Latosol Roxo; most other normal
Latosols with CEC of clay below 6.5 meq/100g.).

Solls with textural B horizon with plinthite,

Solis with textural B horizon without plinthite (includes Rubrozems, Terra
Roxa Estruturada, among others).

Solls with natric B horizon.

Solls with incipient B horizon.

Solls with hardpan below A horizon.
Grumusols

Lithosols

Regosols

Sands

Podzols (including Hydromorphic Podzols).

Other Hydromorphic soils (including Organic).
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Pl4 stressed the importunce of a knowledge of soil physical and
hydrological characteristics, particularly soil mositure tension curves,
inirrigated agriculture,

In the dry arcas of South America, particularly in Venezuela, Co-
lombia, and the coast of Peru, irvigation is necessary for crop produc-
tion. One of the main problems is the salinity of the irrigation water.
Zavaleta pointed out that the salinity of the cultivated lands among
the coast of Peru has heen steadily increasing to the point that large
areas are going out of cultivation every year. A study of the occurrence
and nature of saline and alkali soils in the area showed that nearly
all of the irrigated soils of river valleys are saline-alkaline and that of
the nonirrigated desert soils only 8 percent are unaffected by salts,
the majority heing saline-alkaline. Such information on the salinity
of the soils, and of the water available for irrigation, is of considerable
importance in the development of large irrigation projects similar to
the one near Sullana in northern Pern, the Chimbote project along
the Santa River, and the Majes-Siguas project in southern Pern. As
pointed out by Israclsonand Hansen, a knowledge of the characteristic
properties of soils to be irrigated s essential to deriving maximum
benefits from the irrigation. Without a knowledge of certain soil
physical properties, efbicient water use is impossible. In addition to
physical characterization of the individual soils basic fundamental
principles of witer movement in soils must be understood.

Another important aspect of water is its conservation, Runoff, and
the accompanying soil erosion, are major problems in all humid re-
gions. Likewise wind erosion is a probleny in arid regions. According
to Fogline Luge areas of agricultural Lind in the Ecnadorian highlands
have been destroyed or seriously damaged by crosion. In some cases
remuants of the old Inea tervaces still offer some protection but in
others they mcrease the damage by channeling and, henee, accumulat-
ing the water at certain places where it is released in large masscs
producing sevious gullying. This same situation exists throughout the
Andes. Relatively little basic research has been done on runoff and
erosion i Central and South America. Bertoni and Pastana studied
the relation between rainfall and erosion losses on several soil tyves
at four localities in the state of Sao Paulo, Brazil, The soils used were
all cropped coutinuously to cotton. They found that both runoff and
erosion increased with total rainfall per shower and with maximum
rainfull intensity hut the relations were not statistically significant with
respect to vainfall characteristics, slope of the Land, or soil types. Soil
and water conservation programs have been underway in Jamaica
(McMorris), in Guatemala (Marcos), and in the West Indies Twyford
and de Freitas).
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Work by Pinto? in Venezuela on the Maracay soil series has shown .
that phosphorus increased the degree of aggregation, and the water
holding capacity, but, decreased the modulus of rupture and the
viscosity of clay suspensions. All of these changes improved the soil
for plant growth. Other studies in Venczuela have shown that many
of the savanna soils have a hard layer of gravel and conglomerates at
various depths. This layer serves as a mechanical barrier to root pene-
tration and apparently has been one of the principal factors in causing
the savanna type vegetation. Studies on the aggregation of two soils in
Puerto Rico have shown that organic matter was the principal cement-
ing agent between clay particles. The organic matter content of these
well-drained upland soils was as high as that usually found in tem-
perate zones.

As stated in the introduction, basic principles know no political
boundaries. It is not surprising, therefore, that many of the research
findings in Central and South America are not greatly different from
those reported elsewhere. The data do indicate several fruitful avenues
for research in the arca of soil physics. One of these is concerned
with the relatively low wilting point of many tropical plants. The
questions that should be answered are: Is this due to the inbalance
between root surface arca and leaf transpiring area? Is it due to a
shallow, poor root system? Is it due to slow water conductivity in the
soil?

Another major problem that needs considerable rescarch is the inter-
relation of soil physical properties (porosity, bulk density, hydraulic
conductivity, moisture content, ctc.) with soil chemical properties in
relation to plant growth. It is inconceivable that 139 years after estab-
lishment of the Rothamstcd Experiment Station, and after all of the
other field research that has been conducted throughout the world,
we are still conducting, in the latter third of the twenticth century,
soil fertility field experiments in which no effort is made to control,
measure, or in any way evaluate the effects of other factors such as
soil physical properties, climatic environment, etc.

2 Personal communication.
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CHAPTER 3

Soil Management Under
Shifting Cultivation

Pedro A. Sanchez!

Shifting cultivation can be defined as a continuing ag-icultural sys-
tem in which temporary clearings are cropped for less years than they
are allowed to remain in fallow. It is the predominant practice in ap-
proximately 44 percent of the potentially arable and grazing land in
the tropics, as well as the means of - osistence of over 200 million
people (FAQ, 1957). Even the most - nsely populated tropical area,
Southeast Asia, has about one third of tne total farm land under shifting
cultivation (Dobby, 1950).

Shifting cultivation is also the predominant agricultural system in
terms of total area in Tropical America. It occurs in sparsely populated
lowlands where plowing implements and fertilizers are not available.
This practice is the main form of agriculture found in the Amazon
Basin which covers about 45 percent of Brazil, 70 percent of Bolivia,
32 percent of Colombia, 40 percent of Ecuador and 60 percent of Peru,
Significant portions of the Antilles, the Atlantic slope of Central
America and the Pacific coast of Colombia are also under this system.
Haney (1968) estimated that about 72 percent of the total farmed area
of Panama consists of shifting cultivation plots.

This practice is known by a variety of local names such as milpa in
Mexico and Central America, conuco in Venezuela, roza or monte in
Colombia, chacra in Peru, roga in Brazil and chaco in Bolivia. In Eng-
lish it is also known as slash-and-burn agriculture and as swidden
farming,

Throughout the world, however, a remarkable similarity of shiﬂing
cultivation practices exists. In Tropical America small fields are
cleared by ax and machete during : eriods of least rainfall and burned
shortly before the first rains. Without further removal of debris, crops
such as comn, rice, beans, cassava and plantains are planted in holes
dug with a planting stick. Intercropping is very common. Some degree
of manual weeding is practiced. After the first or second harvest the
fields are abandoned to rapid forest regrowth. The secondary fallow
may grow for 4 to 20 years before it is cut again.

Most soil types are uscd regardless of fertility status, Shifting culti-
vation is practiced in areas with annual rainfall ranging from 750 to
7500 mm. In the highest rainfall areas where burning is not possible,

! Associate Professor of Soil Science, North Carolina State University.
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<uch as in the Pacific Coast of Colombia, the cleared vegetation is used
as a mulch instead of burning (Snedaker and Gamble, 1989). Good de-
scriptions of shifting cultivation practices in Latin America can be

found in articles by Haney (1968), Popenoe (1960), and Watters (1966,
1971).

The literature on this subject is extensive, Conklin (1963) has com-
piled over 1,300 references, most of which are not relevant to soil
management. Extensive soils research has been conducted in Africa
most of which is summarized in two excellent publications: Nye and
Greenland (1960) and Jurion and Henry (1969). Much of the African
experience is relevant to Latin America. Studies of soil under shifting
cultivation have been conducted in several countries of this hemis-
phere. Most of the obscrvations are semi-quantitative at hest except for
studies by Popenoe and associates in Guatemala, and certain studies
in Bolivia and Peru. The following is an attempt to digest most of the
available data from the region and relate them to coneepts developed
in Africa and Asia.

Soil-Forest Nutrient Cycles

The existence of a ncarly closed nutrient cyde between a mature
tropical forest and the soil was first recognized by Hardy (1938) in
Trinidad. Since then, many studies have attempted to quantify this
phenomenon as a means for obtaining an understanding of the inechan-
ism responsible for lush forest growth in otherwise infertile soils. The
nutrient cycle has two main nutrient storages: the biomass and the
topsoil, which are connected by several pathways.

Vegetation Storage

The total biomass of mature tropical forests usually ranges between
200 to 400 tonfha of dry matter. Studies conducted in the Congo
(Bartholomew et al., 1953), Ghana (Greenland and Kowal, 1960), Pana-
ma (Golley et al., 1960), and Puerto Rico (Ovington and Odum, 1970)
indicate that the provortion of the main forests parts is fairly constant.
Approximately 75 percent of the biomass consists of branches and
trunks, 15 to 20 percent roots, 4 to 6 percent as leaves and 110 2 percent
as litter. Studies in Guatemala (Snedaker, 1970) show that the rate of
secondary forest regrowth is about 10 tonfha per year during the first
9 years. Studies in the Congo indicate that about 90 percent of the
maximum biomass is attained during the first eight ycars of regrowth.

The first year of forest regrowth is similar to crop growth in terms
of dry matter production. Tergas and Popenoe (1971) found the dry
matter production of a 10-month-old forest to be 9.7 ton/ha while un-
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fertilized corn produced 9.9 tonfha near Izabal, Guatemala. When
corn was adequately fertilized it produced 30 ton/ha during the same
period. Results of longer term comparisons in Nigeria showed that the
secondary forest produced 40 ton/ha after six years of regrowth while
stargrass pasture established at the same time produced 17 ton/ha
(Jaiyebo and Moore 1964). The biomass of mature forests in the Congo,
Ghana, Panama and Puerto Rico provided the following nutrient
ranges:

kg/ha kg/ha
N 701 to 2044 S 196 (one observation)
P 33to 137 Fe 43 " "
P 600 to 1017 Zn 13 "
Ca 653 to 2760 Mn 5 " "
Mg  3S81to 3890 Cu 3 " "

The accumulation rates as a function of age of secondary forests vary
substantially among nutrients. Most of the N, K, Ca and Mg is accumu-
lated linearly (Bartholomew et al., 1953).

These figures indicate that tropical forests accumulate more nutri-
ents at a faster rate than temperate forests. Relatively young secondary
tropical forests (18 years) accumulate more nutrients than 50-to 100-
year-old temperate coniferous or hardwood forests (Greenland and
Kowal, 1960).

Only about 40 or 50 pereent of the total biomass is available to soil
additions, mostly leaves, small branches and roots. The nutrient ac-
cumulation pattern in these parts is faster than in the rest of the vege-
tation. Leaves accumulate about 94 percent of their maximum uptukc
within two years of forest regrowth, About 80 percent of the maximum
litter production and 64 pereent of the maximum root production is
achieved within the first five years in the Congo.

Soil Storage

The magnitude of the nutrient storage cupacity of tropical soils
in equilibriuny with a inature forest was established by Greenland and
Kowal (1960). The top 30 e layer of a Latosol contained 2.6 times as
much total N as the biomass and about the same amount of exchange-
able Ca and Mg as the total plant Ca and Mg, The topsoil contained
75 percent of the biomass K as exchangeable K but only 9 pereent of
the biomass P as available P.

The African data also shows that 68 to 85 percent of the root system
of mature forests is found within the top 25 to 30 ems (Greenland and
Kowal 1960), which gives the subsoil a secondary role in the nutrient

cycle.
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Nutrient Transfer from the Vegetation to the Soil

The recognized mechanisms are rainwash (stemflow and thorough-
fall), litter fall, timberfall and root decomposition. Although rainwash
data varies considerably with seasons and species its contributions are
considerable. Nye (1961) estimated it to be in the order of 12 kg N,
3.7 kg P, 220 kg K, 311 kg Ca and 70 kg Mg per hectare per year.
Sollins and Drewry (1970) observed that the concentration of NO;, K,
Na, Ca, Mg and S in rain water incrcased from 2 to 6 times as it passed
through a rain forest in Puerto Rico.

The annual rates of litter fall range from 5.5 to 15.3 tonfha in the
tropics as compared with 1.0 to 8.1 ton/ha in temperate forests (Ewell,
1968). The nutrient composition of the litter is similar between tropical
and temperate forests except for a substantially higher N content in the
tropics. The nutrient composition ranges in litter layers in Guatemala
(Ewell 1968), Puerto Rico (Odum 1970), Ghana (Nye 1961) and the
Congo (Bartholomew et al., 1953) is as follows:

kg/halyr kg/halyr
N 74-199 Ca  45-220
P 1.7 Mg 10-94
K 8-81 S 9-10 (onesiteonly)

The relationships between litter production, accumulation and de-
composition have been studied by Jenny et al. (1949) and Sudrez de
Castro and Rodriguez (1955) in Colombia; Ewell (1968) in Guatemala;
Weigert (1970) and Weigert and Murphy (1970) in Puerto Rico, as well
as by Nye's and Bartholomew’s groups in Africa. Although considerable
argument exists about which are the proper parameters, litter decom-

osition rates vary from 50 to 500 percent per year (McGinnis and

Golley 1967). Decomposition studlies with time in the Congo (Bartholo-
mew et al., 1953) and Guatemala (Ewell 1988) show very similar trends.
Approximately half the dry matter in the litter is mineralized within
the first 8 to 10 weeks, after which the rate decreases. About 80 percent
of the X is mineralized within the first month. P, Ca, Mg and S are
mineralized at a faster rate than dry matter, but N is mineralized more
slowly.

The only estimate in the available literature that includes all four
sources of nutrient transfer is that Nye (1961). Assuming that 10 percent
of the roots are decomposed per year the annual rate of nutrient trans-
fer from the vegetation to the soil is as follows:



kghafyr a::yttor. | VN K

o i
Rainwash — 12 3.7 S IR )
Litter fall 10528 199 73 208 45
Timber fall 11200 38 2.9 82 8
Root decomp. 2576 21 11 15 4
Total added 24304 268 15.0 304 332 75

% Total biomass 7 13 1 33 12 19

This extraordinary natural fertilization program is what keeps tropical
forests so we.! supplied with nutrients.

Nutrient Losses from the System

The nutrient additions from the vegetation to the soil are nicely
balanced with the nutrient uptake by the vegetation from the topsoil.
Apparently the shallow nature of tropical forest roots provide a very
effective means of maintaining a nearly closed nutrient cycle. (Nye and
Greenland 1960). Nevertheless, nutrient uptake from the subsoil
accounts for 20 percent of the total which undouttedly contributes to
the efficiency of the system. Data on leaching lssses are almost non-
existent. An analysis of Amazon river water provided the following
leaching estimates: 0.5 kg NOs, 4.4 kg K, 37 kg Ca, 5 kg Mg, and 5 kg
SOq per hectare per year. (Russell, 1950)

The Cycle as a Whole

A quantitative study of nutrient cycling was attempted in Puerto
Rico (Odum 1970, Edminsten 1970, Luse 1870, Jordan 1970). Unfortu-
nately the quality of the dat. is questionable in many of their reports.
The following generalizations, however, may be of value. The N cycle
consists of an annual flow of 102 kg N/ha per year. This element is
tightly held in the cycle. Additions from the rain wash and biological
fixation plus possible denitriication losses in the soil are thought rele-
vant (Edminsten 1970). The P cycle is restricted to the superficial soil
layer. P32 release from decaying leaves is almost quantitatively held
by the surface roots in the top 5 cm of soil and subsequently taken up
by plants. P is strongly held in the cycle (Luse 1970). K is cycled at
very high rates but it is loosely held. Ca, Mg, Mn, Fe and Cu are cycled
slowly and bound very tightly (Jordan 1970, Odum 1970).
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Changes in Soil Properties Under
Shifting Cultivation

When the nutrient equilibrium described in the previous section is
destroyed by clearing, the soil undergoes a series of changes caused by
burning, cropping and regrowth.

Soil Physical Properties

Soil temperature. Air temperatures during the burning of a tropical
forest may reach 450 to 650° C at 2 cms above the soil surface. Air
temperatures decrease at the rate of 100 C per cm below the soil sur-
face for the first 5 cm (Zinke et al., 1970). Below this depth, Sudrez de
Castro (1957) found no changes in soil temperature during burning in
Colombia.

After the burning process is over, cleared areas have higher mean
air and soil temperatures than before (Budowski 1956). Maximum air
temperatures increased from 25 to 32° C after a forest was cleared in
Thailand (ASRCT, 1968), but no change was registered in minimnum
air temperatures. Maximum soil temperatures at 7.5 cm depth in-
creased from 27 to 38 C when a forest was cleared in Ghana (Cunning-
ham 1963) while the minimum temperatures remained at 24 C.

In a virgin forest of Guatemala only 4 percent of the total solar radi-
ation reaches the soil surface (Snedaker, 1970). The first year of forest
regrowth decreased incoming radiation to 35 percent of that of the
cleared land. In older secondary forests only 5 to 10 percent of the solar
radiation reaches the soil surface. The solar radiation and temperature
data suggests that when a soil is cleared, the biological processes will
be considerably stimulated but that after the second year of forest re-
growth a situation similar to the virgin forest is attained.

Soil moisture. A mature 40-year-old forest canopy intercepts and
evaporates about 16 percent of the total rainfall, It's leaching potential,
therefore, increases by that amount.

Forested soils have a uniform soil moisture profile with deep water
tables (if present) due to high transpiration rates from difrerent soil
layers (Budowski, 1956). After clearing a forest in Thaitand, daily
evapotranspiration increased eight times (ASRCT, 1968). Most of
evapotranspiration losses then affect the top horizons which result in a
disuniform moisture supply. Fluctuating water tables may be caused
by clearing (Firth 1955, Budowski 1956). Soil moisture contents may in-
crease in the B horizons with clearing (ASRCT, 1968). Budowski fur-
ther believes that this is why iron pans, when present, are almost
always found in savannas, rarely under forest and never in virgin
forests.
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Soil structure. It is widely believed that burning and clearing causes
a deterioration of soil physical properties. Sudrez de Castro (1957),
however, observed that burning increased the infiltration rate and the
soil aggregate fraction larger than 0.25 mm in a volcanic ash soil of
Colombia. Popenoe (1957) observed that the bulk density of the 5 to
10 cm layer of Guatemalan soils increased from 0.56 to 0.66 glcc
after clearing and decreased from 0.74 to 0.70 after 3 or 5 ycars of forest
regrowth in another observation. The overall low bulk density values
also suggest the influence of volcanic ash. These differences are proba-

ly not significant enough to affect plant growth. Popenoe (unpub-
lished) reports cases of irreversible dehydration in the soil surrounding
long burning logs or stumps.

Watters and Bascones (1971) showed that bulk dencity increased
from 1.08 to 1.14 g/cce and total porosity decreased from 59.5 to 57
percent in a yellow brown clay loam of the Venczuelan Andes with
clearing. They did not consider these differences important. In
Africa, Nye and Greenland (1964) observed visual soil compaction
with clearing, but no change in bulk density within two years, Cun-
ningham (1963) observed a decrease in total porosity from 52 to 43
percent and a similar decrease in water stable aggregates with three
years of clearing in a latosol of Ghana without cropping. Friese (1934,
1939) reported that total porosity in some soils of southcastern Brazil
decreased from 51 percent in a virgin forest to 12 percent in a savanna,
He attributed the decrease to clay shrinkage and cracking, suggesting
the presence of montmorillonite.

These results suggest that compaction occurs in mild degrees in vol-
canic ash soils and Latosols, but it may be an important factor in soils
with less desirable physical propertics.

Runoff and crosion, Popenoe (1957) found little surface erosion in
cleared fields with steep slopes in Guatemala and attributed it to the
low soil bulk density. He observed that most of the erosion takes place
as land-slides during heavy rainfall. Sudrez de Castro (1957) showed
that runoff decreases after clearing in Colombia and attributed it to
increases in permeability due to burning, Both sites were affected by
volcanic ash. The effects of clearing on soil runoff and crosion losses
may be severe in other soils.

Soil chemical Propertics

Soil acidity. Ash additions containing large amounts of huses in-
crease the pll of most soils after burning. Nye and Greenland (1964)
estimated that the ash contained about 5.3 ton Cuha, 0.7 ton Mg/ha
and 1.6 ton K/ha in Ghana. Leaching of these bases during cultivation
results in a subsequent pll decrease. The magnitude of these changes
varies with soil properties. In soils affected by volcanic ash, Sudrez de
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Continuous cropping experiments have provided some surprising
results. Cordero (1964) grew upland rice and sugar cane for five con-
secutive years on an Alluvial soil near Santa Cruz, Bolivia without
fertilization. Rice yields were primarily dependent on rainfall and no
fertility decline with time co1ld be observed. Actually, the highest
yields were obtained in the fourth year. With sugar cane, the original
planting produced the highest yields but the four consecutive ratoon
crops did not show significant yield differences. Sanchez and Nurefia
(1972) grew three continuous crops of upland rice on a Tropaqualf
near Yurimaguas, Peru. No yield declines were observed and the third
crop was actually superior to the previous ones, probably because of
better rainfall distribution. With a total N application of 20 kg Njha,
the cumulative yields were 8.5 ton/ha. The fourth consecutive crop
also yiclded well but the fifth began to develop certain nutrient defi-
ciencies which reduced yields considerably. The Bolivian and Peru-
vian experiments were conducted with adequate but probably uneco-
nomical weed control.

Fertilizer Responses

After " the second crop, responses to fertilizers are commonly
observed. Urrutia (1967) obtained significant yield increases of corn
in a Rendzina of Guatemala and Sanchez and Nureiia (1972) with rice
in the Selva of Peru with N applications during the third consecutive
crop, but no responses to added P and K were found in cither cases
in spite of relatively low soil test levels of these nutrients.

These three studies suggest that the fertility decline after clearing
these soils is relatively slow. In all cases none of the soils were highly
weathered or of coarse texture. Pendleton (1954) observed that nutri-
ent leaching is so fast in certain sandy soils of Trinidad that no second
cropping is possible on them. Similar situations may exist in other
well-drained sandy areas,

Management Practices

An interesting experiment was conducted for several years by Sudrez
de Castro (1957) in a voleanic ash soil of Chinchina, Colombia on the
effect of buming com residues under continuons cropping. In a plot
where corn yiclds did not deeline for four years under conventional
cultivation, the camulative yield was 9.2 tonfha. When corn stubble
wis bumed, the cumulative yield increased slightly to 11.8 ton/ha. In
another plot where the conventional treatinent resulted in sharp yield
decreases with time, a total of four crops yiclded 5.4 ton/ha while
burning the corn stubble yiclded 8.9 tonfha, Burning crop residues
might be a feasible means for adding P and hases to the soil in places
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where fertilizers are unavailable or expensive.

Land clearing methods have recieved keen attention from govern-
ment planners and large private operations in shifting cultivation areas
of the Amazon Basin. The effect of land clearing methods on costs,
yields and soil properties was studied by Cordero (1964) in Santa
Cruz, Bolivia. Clearing, burning and planting by hand was compared
with mechanized clearing, vegetation removal, plowing and leveling
with bulldozers and root rakes. Cordero found that the clearing costs
tripled with mechanization while no significant yield differences were
observed with four consecutive crops of upland rice or five crops of
sugar cane, and that mechanized land clearing decreased the soil
organic matter content from 4.6 to 3.6 percent as compared with the
conventional way due to the topsoil removed by the bulldozers. A
series of huge land clearing machines have been developed in Pucallpa,
Peru (Abastos 1971) and used to clear large tracts of jungle. While
there is no question about the effectiveness and thoroughness of their
operation, crop and pasture production has been relatively poor be-
cause no successful soil management practices have been devised.

The African Experience

There is not a single reference in the available literature related to
soil management studies on Ultisols and Oxisols under shifting culti-
vation in Latin America, even though the bulk of the shifting cultiva-
tion areas occurs on such types of soils.

This subject has been thoroughly researched by African scientists
for over 50 years. Perhaps the most important finding is the extreme
variability of results within regions or soil types. Vine (1953, 1954,
1968) summarized much of the work in Nigeria and concluded that
crop yields can be maintained satisfactorily for long periods of time
with small amounts of fertilizers or green manures. Corn yields fluc-
tuated from 1.3 to 1.6 ton/hu during 17 years when a velvet-bean crop
was planted, burned and incorporated every year (Vine 1964). No
responses to N were observed in the first 8 to 10 years. Short term green
manure crops were not sufficient when the soil N was considerably
depleted. In savanna soils with C/N ratios greater than 12, N defi-
ciency was common during the first year. The extensive experiments
conducted by INEAC in the Congo and elsewhere (Jurion and Henry
1969) produced results so variable that led INEAC to recommend a
systematic shifting cultivation system in long rectangular plots rather
than continuous cropping. Other relevant African papers are included

in the bibliography.



Conclusions

There is no doubt in this writer's mind that shifting cultivation
is an efficient soil management system for subsistence farming .
in low populated tropical areas. Most of Latin America’s popula-
tion is concentrated in high-density coastal and highland areas.
When governments act to relieve these pressures through road
construction or colonization projects, other alternatives for soil
management must be developed. Such is now happening with
the Transamazonic highway construction in Brazil and similar
road building and oil-drilling operations in other Amazon Basin
countries. The knowledge of this subject in Tropical America is
very limited and only parts of the puzzle have been developed in
a wide variety of localities. What is badly needed is a systematic
approach, measuring changes in soil properties as a function of
time, coupled with parallel efforts in weed control and with the
development of economically realistic fertilizer and management
practices best adapted to specific areas.

This review raises some specific thoughts for research:

Since the primary productivity of tropical forests is much higher than
temperate counterparts, why should not one be able to obtain high crop
yields with adequate rotation schemes, fertilizers and weed control?

Most of the nutrients accumulated in secondary forests reach
maximum values at early stages of regrowth (5 to 8 years). Is it
necessary to wait as long as 15 to 20 years or is it mainly a
question of ease of weed control? Te maintain soil N at 75 percent
of the equilibrium level only requires three years of regrowth
per year of cropping—why wait longer?

Ash must supply substantial quantities of P and act as highly
mobile lime. The Ca and K added in the ash stays in the soil
longer than it is usually cropped. Can the cropping period be
prolonged with new cultural practices?

Burning crop residues every year may be equivalent to burning
a year-old secondary forest. Could this practice take care of a
large portion of the fertilizer requirements?

Short term green manures have been successful in Africa as
suppliers of nitrogen. This merits investigation in Latin America,

The large quantities of nutrients returned annually to the soil
from the forest is probably too great to be applied economically
as fertilizer and lime. The annual fertilizer requirements of crops
could be reduced by stubble buming and green manure incor-
porations.
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The soil should be covered by crops at all times to prevent
possible physical damag,e and excessive increases in soil tem-
perature. Multiple cropping could not only decrease compaction,
erosion and runoff, but also reduce weed control efforts.
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Annual rates of mineralization therefore, should be larger than in
temperate zones (Jenny, 1949).

A second factor is the dry season prevalent in most tropical areas.
Desiccation of the soil followed by wetting tends to cause a surge of
microbiological activity and of nitrogen mineralization (Birch, 1958;
Soils and Fertilizers, 1948; Semb and Robinson, 1969). This flush in
mineralization and thus in available nitrogen at the onset of a wet
season is an important factor in nitrogen use management in many
parts of the tropics.

A third factor is the mineralization reactions in volcanic ash soils.
These soils tend to be rather high in organic nitrogen (Kobo, 1964),
but also tend to supply nitrogen slowly even when high in organic
matter. The organic matter tends to be rather stable towards minerali-
zation (Fox, 1969).

Theron (1951) reports that plants have an influence on minerali-
zation of organic nitrogen in the soil. He also suggests that grass may
influence nitrification. However, these phenomena are controversial
and need further investigation.

Nitrogen in Rain and Dust

Nitrogen additions to soil areas by rain are considered here because
in many low producing areas of the tropics this source may be supply-
ing an important part of the nitrogen for crop production.

The general magnitudes of nitrogen coming to the soil from this
source range from 1 to in excess of 50 kg/ha/ysr. The mean is from 6-8
kg/ha/year.

It is of interest to note that the largest quantities reported from rain
have been from studies in tropical areas (Jones and Bromfield, 1970,
Thornton, 1965; Gore, 1968).

Symbiotic Nitrogen Fixation

An evaluation of the literature indicates that symbiotic fixation of
nitrogen in tropical regions is basically like that of temperate regions.
The chief differences lic in the spectrum of host plants, the prevailing
climatic regimes and the predominating soil conditions.

Much of the research on symbiotic nitrogen fixation in tropical
environs has been done in Australia in relation to pasture problems,

Symbiotic nitrogen fixation contributes the large proportion of the
nitrogen for plant growth in tropical areas. However, most of this
incoming nitrogen comes into forested regions, savanna areas, and
pastures and only a minor proportion comes by way of intertilled crops.

The literature examined covers a wide spectrum of topics relative
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to symbiotic nitrogen fixation. These include: tropical host plants;
symbiotic microorganisms; biochemistry of nitrogen fixation; inocula-
tion procedures and evaluations of nodulation; methodology for evalu-
ating fixation processes; influence of legumes and other host plants on
associated plants; and soil and climatic factors influencing the growth
of host plants and nitrogen fixation.

An appraisal of the status of progress in the field of symbiotic
nitrogen fixation suggest that the problems of legume culture in pasture
production may be of prime importance in tropical and semitropical
agriculture. Some persistant problems apparently needing increasing
attention have to do with inoculation and nodulation of legumes newly
introduced into a region and the management and fertilization of
leguminous and other host plant crops.

Non Symbiotic Nitrogen Fixation

There is a large collection of literature pertaining to non-symbiotic
nitrogen fixation (fixation by free-living microorganisms). Several
aspects of the subject have been covered extensively by review publi-
cations (Burris, 1969; Jensen, 1940, 1954, 1965; Stewart, 1969; Verdade,
1969).

The following generalizations provide summaries of several aspects
of the subject:

1. The capability for nitrogen fixation is rather widespread among
free-living organisms. It occurs among both the autotrophic
and heterotrophic organisms. Present day methods of detection
have demonstrated a much wider distribution of the capability
than was considered possible a few years ago.

2. Organisms with nitrogen fixing capabilities are distributed over
all of the land surfaces of the earth where plant growth is pos-
sible (Jensen, 1965; Stewart, 1969).

3. The biological mechanisms and control processes of non-
symbiotic nitrogen fixation are very similar to the processes in
symbiotic fixation. Biochemical information suggests similar
enzymatic processes (Burris, 1969).

4. The fixation processes are closely related to and controlled by
the physiology «f the organism. Jensen (1940) states that, “The
process is growt't bound, i.e,, it is only performed by cells in a
state of multiplication and is thus correlated with a synthesis

»

of new cell material ....”.

5. The organisms which have this capability can absorb and use
combined nitrogen. In fact, the preponderance of evidence
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6.

7.

10.

indicates that the presence of only small amounts of combined
nitrogen in the growth medium will largely, if not completely,
inhibit fixation. There is not general agreement relative to the
critical concentration of combined nitrogen to inhibit fixation,
but it is sufficiently low to lead to the frequent conclusion that
this mode of fixation is very low in normal agricultural situa-
tions in soil.

The estimates of non-symbiotic fixation in average soils range
from 1 or 2 kghafyr to as much as 20 to 40. The general
concensus put the estimates from 2 to 10 kg/halyr.

Almost all of the research on fixation by free-living organisms
has been done in the laboratory or in the greenhouse. The
few estimates of the magnitude of the process from field studies
have been beset with large errors of measurement such as
sampling the soil and making nitrogen determinations.

Under idealized conditions where environmental conditions
have been optimized and energy material (light or carbohy-
drate) has been present in abundance, fixation rates have been
very high. Such has been demonstrated in the laboratory, in
the greenhouse, and under field conditions.

The importance of this process (non-symbiotic nitrogen fixation)
to practical production agriculture is questionable. Under
systems of low productivity where the nitrogen in the soil is
persistently low and where a reasonable supply of carbohy-
drate energy material is returned to the soil, from 4 to 8
kg/halyr is a reasonable estimate of the magnitude of fixation
per year. Where rice is grown and the soil flooded, algae may
make a similar or greater contribution to the annual increment
of nitrogen added to the soil. In situations where large crop
yields are consistently grown, the available nitrogen in the soil
would be sufficient to inhibit fixation and result in little or no
nitrogen from this process.

In non-agricultural situations or in many soil areas which are
grazed, non-symbiotic nitrogen fixation may furnish from 2 to
10 kg/halyr, depending on the area and the environmental
circumstances. It seems very probably that this process may
be important on a large segment of the earth’s surface and be
important to the total supply of fixed or combinsd nitrogen.
The agricultural use of such nitrogen would resuit chiefly from
grazing animals and/or from transfer of the nitrogen by animals,
wind -carried dust, or by volatile routes to other agricultural
areas,



Nitrification and Urea Hydrolysis

An evaluation of the experience with nitrification reactions and with
the transformations of urea in soils of the tropics indicates no essential
differences from those obtained in soils of temperate regions. Much of
the work in tropical areas has been concemed with transformations
in paddy or submerged soils.

Nitrogen Movement in Soil and Loss Processes

Information from tropical zraes relative to nitrogen movement in
the soil is scarce. Most investigators have assumed the existence of
extensive leaching during the wet seasons in the tropics. Actual
measurements were found only for lysimeter studies.

Fluctuations in nitrate content of soils have been noted in a number
~ of instances in tropical regions. These fluctuations generally have been
related to the advent of the dry season or to tlie beginning of the wet
season. The extent of net vertical movement of nitrogen under specified
rainfall, eropping and soil conditions still must be determined. This
would include downward displacement during the wet season and
upward displacement during the course of the dry season.

No direct measurement on volatile loss processes was found in the
literature review except from the temperate zones and from Austraila.
In general, in temperate zones such losses have been constant but not
large, except under some abnormal environmental situations. Since we
have not developed any management techniques to prevent such
losses, it is not likely that research in this area could be made to have
a major impact on nitrogen use practices.

Shifting Cultivation and Burning

The practice of shifting cultivation to restore a measure of productiv-
ity to land and of burning to eliminate plant residues and weeds both
have major impacts on crop growth through some modifications of the
soil nitrogen supplies. For these reasons, some literature dealing with
the subject was reviewed. Nye and Greenland (1980) provide a com-
prehensive review of shifting cultivation. The literature on burning in
the tropics needs to be comprehensively reviewed and evaluated.

Microorganisms and Microbial Activity

Numerous publications are found concerning the kinds, numbers,
and activities of microorganisms in soils of the tropics. Only a few are
listed. They tend to show a rather universal distribution of common
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soil organisms and that numbers and activity are very similar to those
found in temperate zones.

Research Areas Needing Attention

Nitrogen is the element most likely to limit the crop growth in tropi-
cal regions. The nitrogen needs in these regions will eventually be met
either by natural supply processes or through fertilization. The natural
supply processes have many inherent limitations and it is unlikely that
any process with the possible exception of biological fixation could be
improved sufficiently through management research to warrant the
research input.

The needs for research lie in the area improving the efficiency of
use by crop plants of the so-called available nitrogen in the soil. Gen-
eral estimates place crop use at about 50 percent of the soluble nitrogen
in the soil. The remainder escapes plant absorption either by loss pro-
cesses which remove it from the field of action or by failure of the crop
to absorb the nitrogen because of root-zone position, or because of
unfavorable moisture situations. A better understanding of loss
processes in tropical environments and of plant absorption processes
from the root zones of tropical soils appears as the best avenue for
improving crop production and for bettering the use of nitrogen re-
sources. Some aspects of the nitrogen problem needing attention in
tropical environs are listed below.

Position of nitrogen in the root zone

In temperate regions the position of nitrogen in the root zone of
crop plants has been shown to have an important influence on the
rate of plant absorption of the nitrogen. Data are sparsely available
for the tropics, but similar influences would be expected. Since vertical
movement patterns in soils of the tropics may be quite different from
those commonly found in temperate zones, the direct transfer of soil
management techniques from the temperate to the tropical zones is
hazardous. The impact of vertical as well as lateral position of nitrogen
on rates and extents of crop absorption needs to be known for major
tropical soils and crops.

The influence of water on crop absorption of nitrogen

It is well known that water has a profound influence on plant absorp-
t - f nitrogen as well as on the absorption of other nutrient elements.
{.. a guide in nitrogen management in tropical regions, it would be
quite important to determine the physical status of water in the several
depth horizons of tropical soils during both the wet and dry seasons
and also to know the vertical zone from which crop plants use water.
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Crop use of nitrogen

Actual crop of nitrogen at varying yield levels can be found for the
cereal crops (comn, wheat, and rice) and for several commercial crops
like sugarcare, pineapple, and bananas. For the cereals the information
comes almost wholly from temperate zone research.

The quantities of nitrogen actually absorbed and used by crops in
tropical regions needs to be known as a guide in planning fertilizer
practices. Such information constitutes the standard by which fer-
tilizer efficiency is evaluated. For most crops nitrogen use is constant
and predictable and varies largely with crop yield.
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CHAPTER 5
Nitrogen Fertilization

Padro A. Sanchez!

Starting with this chapter, most of this review consists of examining
crop responses to fertilizers. It is appropriate to consider the relative
importance of the major food crops in Tropical America. Table 5
indicates that the crops produced in largest quantities are cassava,
corn, rice, potatoes, wheat and beans, in that order. Nitrogen is the
most commonly applied nutrient in the region. The average applica-
tion rate for Tropical America was 14 kg N/ha (Rodriguez, 1967), which
indicates *hat the proportion of crops receiving nitrogen applications
is still low. The following sections review the nitrogen fertilization
research conducted on the major food or feed crops of the region.

Cereal Crops

Corn

Corn is the second food crop produced in largest quantities in
Tropical America and the first in area planted. It is found in almost
.every farm under a wide variety of soils, climate and management.

Responses. Many recent field trials conducted throughout Tropical
America indicate that corn responds positively to nitrogen rates be-
tween 60 and 150 kg N/ha (Berger 1962, DeGeus, 1967, CIMMYT
1967. 1960). Nevertheless, the actual nitroger. use is considerably lower.
The factors affecting the response vary considerably between major
soil groups. In areas where Oxisols and Ultisols predominate, there is
a wide variability in nitrogen response by corn. Although positive
responses within the range mentioned are common, in many instances
corn does not respond to nitrogen both in recently cleared and in
intensively cropped land. Gallo et al. (1968) for example, observed
positive responses in 24 out of 31 experiments conducted in the State of
Sao Paulo, Brazil. DeFreitas et al. (1960), Mikklesen et al. (1963),
Gomez et al. (1963), Cornell University (1971) cite cases of no response
while other investigations report only positive responses (Viegas et al.,
1963, Miranaa et al., 1934, IAEA 1970).

1 Associate Professor of Soil Science, North Carolina State University
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Table 5. Production, area and yield of major food crops of Trepi-
cal Latin America! (Calculated from the FAO Production

Yearbook 1970).
Crop | Production  Ares Yield
(miilion (mitilon (tonvha)
m. tone) heoj
Cereals:
Corn 30.9 238 1.30
Rice 14 8.2 1.84
Wheat 43 3.0 1.44
Sorghum 2.8 13 217
Barley, oats, rye, millet 0.9 13 0.69
Total: 508 363 1.43
Root Crops: ]
Cassava 34,5 ‘25 13.80
Potatoes 6.8 0.8 8.25
Sweet potatoes and yams az 04 8.50
Total: 448 3.7 1241
Grain Legumes: . .
Beans 44 8.8 0.60
Soybeans 1.9 14 135
Peanuts 141 08 1.49
Broadbeans, chick peas & peas Q.5 06 0.83
Total: 78 0.6 0.79
Bananas: 16.3 0.9 18.20

1 Excludes Argentina, Chile and Uniguay.

The absence of nitrogen responses has been attributed to other
limiting factors such as aluminum toxicity or phosphorus deficiency
in cases where yields were low and to a high native nitrogen supply
where yields were high. DeFreitas et al. (1960) failed to obtain re-
sponses in a Cerrado soil limed to pH 5.5 apparently because of other
nutrient deficiencies. Mikklesen et al. (1983) observed an inverse
relationship betweer. nitrogen response and organic matter or clay
content in three recently cleared Cerrado soils. Corn responded posi-
tively to 240 kg N/ha in Regosol low in organic matter but negatively
to 60 kg N/ha in a Dark Red Latosol with 2.6% organic matter.

Recent work in Puerto Rico confirms that some Oxisols and Ultisols
have very large amounts of inorganic nitrogen in their profile, but
that these amounts are not necessarily related to nitrogen responses by
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corn (Cornell University, 1971). No responses were observed in a clayey
~Oxisol with 381 kg/ha of inorgaric nitrogen in the profile while a
clayey Ultisol with 300 kg/ha produced a sharp response. There is a
need for further research to clarify the processes involved, including
the fluskes of nitrogen mineralization at the start of the rains in Ustic
environments, the pattern of nitrogen movement in the profile and land-
scape, and the residual effect of previous nitrogen applications.

The voluminous research conducted in the highlands of Mexico and
Central America indicates that nitrogen responses are more consistent
in this region than in Oxisols and Ultisols. Reports from Mexico (Laird
and Lizdrraga 1959, Laird and Rodriguez 1989, Turrent 1970) show
that when no responses are obtained, they are duc to drought, weeds,
waterlogging, or other factors than high nitrogen supply or soil acidity
limitations. Generalized nitrogen rate recommendations for attaining
optimum yields have gradually increased in Mexico, from 40 to 50 kg
N/ha in the 1940's to 80 kg N/ha in the 1950's and from 80 to 175 kg
Nha in the 1960’s (Colwell 1946, Laird and Lizarraga 1959, CIMMYT
1967, Turrent 1970).

In the Cauca Valley of Colombia, Gémez (1968) conducted a con-
tinuous cropping experiment for 11 years with two crops per year. He
observed no responses to nitrogen until the tenth crop. Afterwards,
optimum yields were obtained with 80 kg N/ha until the sixteenth
crop and with 120 kg N/ha up to the twenty-third. In the irrigated
coastal areas of northern Peru, Seminaric and Pefia (1971) obtained
linear responses and maximum yields at 180 kg N/ha. Their curves
suggest that higher rates may have produced even higher yields.

The influence of cultural practices and weather on nitrogen responses
by corn have been studied in several areas. The general increase in
recommended rates in Mexico during the past 25 years is no doubt
related with better varieties and cultural practices. Viegas et al. (1963)
studied the effects of varieties, population and fertilization in 32 experi-
ments on a wide range of soils in Sio Paulo State. They observed no
interactions between these factors and obtained the highest yields with
hybrids seeded at 50,000 plants/ha and fertilized with the highest
nitrogen rate. The need for higher plant populations to obtain maxi-
mum yields at high nitrogen levels has been confirmed by Ramirez
(1964) in Venezuela, Laird and Lizdrraga (1959) and Turrent (1970)
in Mexico. The optimum population at optimum nitrogen levels
ranged from 45,000 to 57,000 plants/ha while for unfertilized corn
20,000 to 38,000 plants/ha was sufficient.

Perhaps the most fruitful -esearch approach on this subject has been
developed by Turrent (1970) in the Puebla Project of Mexico. During
the first year, 27 experiments were conducted in farmers’ fields to
determine the extent and variability of nitrogen and phosphorus
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responses to corn. In the next two years the interactions between nitro-
gen rates and timing, phosphorus rates, and plant populations were
studied in several soils. The soils were then grouped according to
factors related to corn yields which in this case were subsoil texture
and depth of root penetration. The recommendations were given to
farmers by soil group in terms of nitrogen rates and timing, varicty and
plant »opulation.

The effects of drought and excess moisture on nitrogen responses
have been established for the Bajio region of Mexico. The number of
drought days during the tasseling stage directly reduced corn yields
at high nitrogen rates (Fernindez and Laird 1958). The depressions in
yield response due to drought or excess moisture reduced maximum
yields by about haif of those where rainfall distribution was adequate
(Rockefeller Foundation 1963-64).

Sources, timing and placement. A series of trials in Brazil, Colombia,
Mexico and Peru coordinated by the International Atomic Energy
Agency served to evaluate the efficiency cf several management prac-
tices with radioisotopes in the field (IAEA 1970). The results show no
differences between ammonium sulfate, urea and ammonium nitrate
as sources of nitrogen for corn in the sites studied. Orihuela and
Espinoza (1968) reached similar conclusions in Venezuela but Gil
(1959) obtained superior performance with ammonium sulfate in the
Cauca Valley of Colombia. No differences between ammonium sulfate
and anhydrous ammonia were observed by Gargantini et al. (1968) in
Brazil. Preplant applications of sulfur-coated urea resulted inferior to
postplant applications of commercial urea but equal to preplant vrea
in an Ultisol of Puerto Rico (Cornell University, 1971).

Research on nitrogen placement and timing has been conducted in
many locations. As expected in this type of work, the results vary among
sites due to differences in soil type, rainfall and leaching. Basal appli-
cations either plowed-in or banded were more efficient than sidedress-
ing in an irrigated experiment at La Moliva, Peru (Lugo, 1969). No
differences due to timing and placement of ammonium sulfate were
observed by Miranda and Freire (1964) in ten experiments in Sio
Pavlo. Experiments coordinated by IAEA (1970) in Brazil and Colom-
bia, by Laird and co-workers in Mexico and by Cornell University
(1971) in Puerto Rico show that either split or tidedressed applications
are more efficient than basal applications becanse the leaching losses
or weed competition are reduced. Turrent (1970) studied the variability
in sites and with seasons and concluded that sidedressing at first cul-
tivation was the method that gave the most consistent results in
Puebla, Mexico.
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a residual effect in the following rainy season. A subsequent report
(Quinn et al., 1963) ~howed no responses to dry season applications
due to severe drought. These studies underscore the need to relate
nitrogen responses to soil moisture status in Ustic environments.

In Ultisols and Alfisols of Puerto Rico, Viccnte-Chandler and co-
workers have studied different levels of management intensities on
pastures and forages. In Udic environments, unimproved natural pas-
tures on steepland produce about 5 ton/ha of dry matter per year,
an average annual weight increase of 100 kg/ha and a carrying capac-
ity of 0.5 to 0.7 animals/ha with an annual nitrogen uptake of 100 kg
N/ha. When pastures of improved species such as Guinea, Elephant
grass (Pennisetum purpureum), Para grass (Panicum purpuraceum, syo.
Brachiaria mutica) or Pangola ( Digitaria decumbens) are fertilized wich
400 kg N/ha per ycar, the annual forage consumed by animals reached
14 ton'ha with 16 percent protein content. This production supported
a live weight increase of 1100 kg/ha and a carrying capacity of 5.5
steersha. Annual nitrogen uptake by such grasses averaged 300 kg
N/ha. When the same species were cut as forage every two months,
annual production reached 40 ton/ha of dry matter with Elephant
grass fertilized at the rate of 800 kg N/ha per year. Guinea, Pangola
and Para grass produced maximum annual yields of 25 tonfha per year
with 400 kg N/ha and Molasses grass (Melinis minutiflora) reached 14
ton/ha with an optimum rate of 200 kg N/ha. The excellent quality
forage increased the carrying capacity to 10 animalsfhectare. Ade-
quate levels of other nutrients and lime plus proper cultural practices
were necessary for obtaining such yicld levels. (Vicente-Chandler
et al., 1967).

Highlunds. In the Andean highlands and intermountain valleys of
Central America and Colombia, nitropen applications often increase
grass forage yields hy a factor of ten times. The absence of nitrogen
responses has not heen reported, evenin Lind just cleared from jungle
in Costa Rica (Blue 1967). Sonl differences e more dosely associated
with other nuttient limitations, particalinly phiosphorss and sulfur., The
lmly_nitu(l(- of the FENPOICS Varles primandy witb altitade, species and
rainfall distoibution. A dwrve vimber of lony tenn experiments con-
dudted in Colomlua h(\’ Lotera, Chaverra and associstes I»]u\ several
short-term experients conducted i Costa Baca by Blue and Tergas
indicate that hapher forape production ausd optanmn mtrogen vates are
found i losw altitades than at hugh eclevations Blephuant prass produced
40 to 42 ton/ha o diy matter swith 600 ko Nibo per sear i the Athantie
lowhands of Conta B and Colombie wlinle ot elevations of about
1500 1 in hoth countries the optinim vields ranged trom 20 to 32
tenfha at rates bhetween 1O and 200 by Niba per year (Blae 1067,
Lotero et al, 1)
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Studies with over 20 grass species, conducted in the main inter-
mountain valleys of Colombia show that applications of 50 to 150 kg
N/ha after every cut or grazing produce optimal yicids. An average
annual yield of 50 ton/ha of Pangola dry matter was obtained in Cali
with 900 to 1200 kg N/ha per year (Crowder et al., 1964).

In Ustic environments grasses such as Yaragua grass (Hyparrhenia
rufa) produce less and responded to lower N applications than Pangola
or Elephant grasses in Udic environments in Costa Rica (Blue 1867).
The decrease in quantity and quality of pastures during the dry season
was studied by Tergas and Blue (1971) in the Guanacaste peninsuia
of Costa Rica. They observed that applying 75 to 150 kg N/ha one
month prior to the dry season, increased Yaragua grass production
during the first two months of the dry season. Afterwards, yields, pro-
tein content and the contents of most elements except caleium sharply
declined apparently due to translocation into the root system. They
suggested to store pastures harvested at the end of the rainy season as
hay. Similar recommendations have been made by Vicente-Chandler
et al. (1967) for the south coast of Puerto Rico.

Legume-grass mixties

The present knowledge of pasture legumes in Latin America was
summarized by Williams (1967). Although a significunt proportion of
species such as Desmodium and Centrosema are found in some un-
improved grasslands in Costa Rica and South America, the extensive
use of legumes in forages and pastures is very limited. Tropicui kudzu
(Pueraria plm.w,’oloid('s) has been grown in association with Molasses,
Elephant and Para grass in humid regions in Puerto Rico (Vicente-
Chandler et al., 1967). An initial application of 42 kg N/ha was neces-
sary for the establishment and nodulation of kudzu, but further appli-
cations almost cradicated the legume. Kudz-grass pastures on steep
Ultisols produced up to 12 ton/ha of dry aatter consumed by cattle
per year which resulted in annual grain weights of 500 kg/ha and a
carrying capacity of 2.5 young animals/ha. Intensively fertilized grass
pastures however, produce more forage and more protein than kudzu-
grass mixtures, Vicente-Chandler et al. (1967) estimated that kudzu
fixed about 200 kg N/l per year,

Timing, placement and sources

There is cor: tute agreement in the region that the optimum timing
of nitrogen applications is to split the annual rate into equal amounts
after each cut (four to six times a year) or the same number for pastures,
regardless of soil, climate or species differences (Crowder et al., 1987,
Herrera et al., 1967, Vicente-Chandler et al., 1967). Both forage yleld
and quality are more uniform throughout the region than with more
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or less frequent applications. In locations with strong dry seasons, the
situation is completely different, but additional data beyond the
previously mentioned work of Quinn et al. (1963) a d Tergas and Blue
is scarce.

Lotero et al. (1968) found no differences between placement
methods such as broadcast, banded or around bunches of Elephant
grass in Colombia.

No significant differences between commercial inorganic nitrogen
sources have been found throughout the region (Lotero et al., 1968,
Rodriguez et al., 1968, Rodriguez 1970, Vicente-Chandler and Figa-
rella 1962, Werner et al., 1967). In such cases, urea is recommended
because of its lower cost and lower acidifying effect, provided that
it is applied under conditions unfavorable for volatilization. Villa-
mizar and Lotero (1$67) reported that sodium nitrate was superior to
urea and ammonium sulfate in a long-term Pangola trial in Medellin,
Colombia. No adequate explanation was advanced. No references were
found on the evaluation of slow-release nitrogen sources for pastures
and forages.

Efficiency. Because of need for protein determinations, data on ap-
parent nitrogen recovery by grasses are abundant in the region. Re-
covery rates range from 20 to 100 percent and vary with location, spe-
cies and rates. Vicente-Chandler et al. (1967) obtained an average of
48 to 56 percent in cut grasses at the recommended nitrogen rates of
200 to 800 kg N/ha per vear in Puerto Rico. In addtion, they estimated
that an additional 12 percent of the added nitrogen remains in the soil
as organic nitrogen when an annual rate of 800 kg N/ha was applied
for five years. They observed no major differences in fertilizer recovery
among species but a decrease in cfficiency with increasing rate of ap-
plications. In Costa Rica, Blue (1967) observed significant recovery
differences between species in three major ecological areas. Pangoia
recovered over 80 percent while Elephant grass received 20 to 30 per-
cent in the udic lowlands. Yaragua grass was superior to Bahia grass
(Paspalum notatum) in the Ustic lowlands and Kikuyo (Pennisetum
clandestinum) was superior to clephant grass at high elevations. Re-
covery values in Colombia at optimum nitrogen rates vary from 50 to
75 percent (Crowder et al., 1967, Lotcro et al., 1968, Villamizar and
Lotero 1967). Urea is usually recovered in lesser amounts than ammon-
ium sulfate and sodium nitrate, but these differences do not seem large
enough to affect the cconomic aspects.

Effects of intensive nitrogen applications on soil properties. The
recommended rates for intensive forage production previously men-
tioned can add over 2500 to 4000 kg N/ha to the soil in three to five
years, Applications of 2500 kg N/ha during four or five years in a limed
Tropohumult from Puerto Rico aad in an Andept of Colombia with
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initial pH near 6.0 decreased topsoil pH by 1.0 to 1.5 units when am-
monium sulfate was used. With sodium nitrate, the pH increased by
about 0.8 units. With urea or amimonium nitraie the pH decreased
slightly (Vicente-Chandler et al., 1987, Villamizar and Lotero 1967,
Herrera et al., 1967). Higher rates of urea, 5.4 to 10.8 ton N/ha, d=-
creased the pH from 5.8 t0 5.0 and 4.5 in Medellin, Colombia (Ramirez
and Lotero 1969). The piedictable effect of such changes on the base
status of the topsoil has been documented by Ramirez and Lotero
(1969) and Vicente-Chandler et al. (1967). Depletion of bases to 60 cm
in the subsoil was caused by heavy N applications in two Puerto Rican
soils (Abrufia et al., 1958). When lime was applied with heavy rates
of N, the base status of acid subsoils was dramatically increased be-
cause of the downward movement of calcium and magnesium applied
at the surface as lime (Pearson et al., 1962).

The effect of intensive nitrogen fertilization on soil compaction by
grazing in Puerto Rican soils was studied by Vicente-Chandler and
Silva (1960). They found that heavy nitrogen fertilization decreased
soil compaction in the topsoil with Pangola, Para and Elephant grasses.
They concluded that physical properties do not deteriorate in heavily
fertilized pastures on Puerto Rican Ultisols.

Conclusions

Substantial nitrogen fertilization research has been conducted in
Tropical Latin America, but the amount and quality of information
obtained is unbalanced both geographically and in terms of relative
crop importance. Beyond simple response curves, extensive information
is available for crops such as corn, rice, potatoes and forages only in
one cr two countries per crop. The lack of datu on cassava fertilization
is one of the most glaring gaps. The need for substantial nitrogen
applications on beans implies that symbiotic nitrogen fixation by
Rhizobia has not been effective in the region. More emphasis on the
use of legumes as a nitrogen source for pastures is badly needed.

In many instances, nitrogen responses were lincar. Higher rates
should be included in future experiments to obtain estimates of opti-
mum raies particularily if improved varieties or cultural practices are
used. The variation of nitrogen needs with scasons, moisture stress,
soil acidity, lodging susceptibility and other factors needs more atten-
tion. Nitrogen uptake patterns by several crops are available only in a
few locations. There is a need for better estimates of the amounts re-
leased by the soil and the efficiency of fertilizer use. There is also a
need for experimenting more closely with the main cropping systems
used such as upland rather than irrigated rice. This information can be
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obtained rather quickly with fewer but more carefully: controlled -
experiments. '
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79 percent and Red-Yellow Podzolics was 63 pereent (Pratt and Al-
vahydo, 1966). The exchangeable calcium plus magnesium content of
the Red Latosols was 0.2 meq/100g or less. The Red Latosols are the
principal soils found in the Campo Cerrado of Brazil, These soils are
highly weathered, devoid of basic cations and have a high exchange-
able aluminum saturation throughout the solum. 'the exceptions to
this are the Terra Roxa soils formed from hasalt which have a high
base saturation.

Amazon Basin

The surface horizons of the well drained forest soils in the Amazon
Basin of Brazil had an average exchangeable aluminun saturation of 44
percent and the well drained savanna soils had o saturation of 57 per-
cent (Sombrock, 1966). The poorly drained soils, however, generally
had a very low aluminum saturation.

The exchangeable aluminum saturation of the A horizon of well
drained soils in the upper Amazon Basin of Pera ranged from 30 to 80
percent when the pHwas less than L5 (Sanchez and Buol, 1971). The
B horizons on the other lund had an alominm saturation of 71 to 92
pereent. The Ay horizons of the poorly drained <pils contained almost
no exchangeable alimminum even though the coils were acid. The B
horizous, however, had an exchangeable alummum saturation ranging
from 33 to 16 percent.

Volcanic ash soils

In a review on voleanic ash soils, Fasshender and Molina (1969)
point out that most soils formed from volcanic ash have pll values
greater than 5. However, under conditions of intense weathering,
soils formed from volcanic ash may have a high exchangeable alumi-
num saturation (Fox et al., 1962). Much of the charge of voleanic ash
soils is plI dependent and the buffer capacity of these soils may he very
high purti('lllall[\' as pH 7 is uppmu(‘lu'(l.

Effect of Liming on Phosphorus Availability

Beneficial cffects

The exchangeable aluminum content of Ultisols and Oxisols is one of
the factors affecting the fixation of phosphorus (Sa et al., 1968, Espe-
ranza, 1963) Liming decreased the phosphorus fixation of acid vol
canic ash soils linied to pIES.8 which contained appreciable amounts of
extractable alnminam (Fasshender and Molina, 196Y).

Neutralization of exchangeable aluminnm greatly enhanced uptake
of fertilizer phosphorus from Latosols (Fox et al., 1961). Liming of an
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acid Andosol from Costa Rica increased the uptake of fertilizer phos-
phorus by tomatoes (Fasshender, 1969), Application of lime to an acid
Latosol, plI -1.6, which reduced the exchangeable aluminun saturation
from 58 to 8 pereent and raised the pH to 5.4, increased the yield re-
sponse of dry beans to phosphorus fertitization almost three-fold (Mas-
carcrhas et al., 19G9),

Liming of acid Campo Cerrado soils which have a high total phos-
phorus content increased the available soil phosphorus level and also
reduced the need for fertilizer phosphorus (Mikkelsen et al., 1963).
Availability of native soil phosphorus in certain acid Campo Cerrado
soils was increased by liming (McClung et al., 1961). Increased min-
cralization of organic phosphorus along with neatralization of ex-
changeable aluminan, are possible explanations of this eflect. Raising
the pll of Zamorano sails in Honduras from 5.5 to 6.5 increased the
mincralization of organic phosphorus (Awan, 196.4),

Detrimental effects

Adjusting the pH of acid Alumiuous Latosols to 7 drastically de-
creased the uptake of fertilizer phosphorus (Fox et al., 1961). Forma-
tion of calcimm phosphates apparently was the main reason for the
decreased phosphorus uptake. Similarly it was found that the phos-
phorus fixation capacity of Andosols was increased when the soil pH
was raised above 5.8 (Fasshbender and Molina, 1969). Yield reduction
of sweet potatoes on soils limed to pH 0.7 was associated with an ap-
preciable reduction in available phosphorus (Camargo et al., 1962),

Crop Response tu Liming

Com

Large responses to liming were obtained on the Campo Cerrado soils
in Brazil which generally have a pIl of less than 5 and have a high
exchangeable alnminnm sataration (Freitas et al., 1960, Mikkelsen
et al., 19G3). Poor growth of corn was found on Pinhio soils with pli
4.2 and 4.8 (Igue and Schmidt, 1962). Normal growth was obtained at
pH 5.2. In experiments in the Paraiba Valley of Sio Paulo, responses to
lime were not obtained until the phosphorus application was 120 kg
P20s/ha (Gomes et al., 1963).

Essentially no respo.se to liming was obtained on four soils in
Brazil in which the pH ranged from 5.5 to 6.5 (Viegas et al., 1960),
An increase of only 3 bhushels per acre was obtained from lming a
Terra-roxa misturada soil which had an initial pH of 5.6 (Miranda
etal., 1964),
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Potatoes and sweet potatoes

Potato yields in Sio Paulo increased approximately 2 tonsha by
liming when the initial pH was less than 5.5 (Boock and Freire, 1961),
At pH 5.7, no response to lime was obtained. In another study, liming
of a poorly drained soil, pH L7 increased potato yields 3 tonsfha
(Boock et al., 19%1).

Sweet potato vields in Sdo Paulo were decreased when the I was
raised to 6.7 (Ciunargo et al., 1962), With adequate fertilization, sweet
potatoes did not respond to liming on a soil with PH DG (Frene et al.,
1962). Liming the soil to PH T decreased sweet potato vields.

Beans

An icrease of 952 kgdiy beansha was obtained with liming a
Latosol with an initial exchangeable auminam saturation of 54 pereent
and a pll of 16 (Mascarenhas et al., 1969), Applications of -1 tons
lime/ha raised the pllto 5.0 and reduced the exchuangeable ahmminum
saturation to S percent. In another study, tesponse to lime was
obtained at pllL65 but not at pHERO5 (Mivasaka et al., 1966),

Beans did not 1espond to the applications of Tane on seven Terra-
roxa misturada soils in Sio Panlo which ranged in pH from 56 to 6.0
(Miyasaka, et al., 1968). Liming caused a slight decrease in yields at
all locations.

Soybeans

Numerous reports are present in the literature ndicating Large in-
creases in soybean yields when acid soils are limed. Yields were
increased 77 percent when a Dark Red Latosol with an imtial pibof
5.0 was limed to pHEST (Mikkclesen ot al., 1963, Responses to lime
also were obtained on s Red Latosol with an imitial pHEof 5.5 (Mas.
carcnhas et al | 19%9). A vield response of 59 percent (12 hifa) was
obtained onca sonl at Campiras, Sao Paulo by increasing the plt from
5.2 1o 5.9 (Miyasaka et al, 1966). In stidies ona sord denved from
Botucatu sandstone with o pHEof 52 masimim vesponse to Tnne wis
obtained only after apphication of 120 kg 1,050 vaaka o al |, 196:4),
Liming increased vields of sovheans on two sanls i S Panlo with
p”’S of 4.5 und 5.5 (Mascarenhas el al, 1967},

The beneficial effects of dime i reasing, sobyvean vields on soils
with an initial pHof 55 may be due to mareased avalability of
molybdenum as the pll s rased. Soil molybdenum i Latosols s
probably fixed by hydrated iron oxides and becomes more available,



Sugar Cane

Yield of sugar cane in Puerto "lico was only 25 metric tons/ha, where
the exchangeable aluminum saturation was greater than 70 percent
and was over 100 tons/ha when the exchangeable aluminum saturation
was less than 30 percent (Abruiia i Vieente-Chandler, 1967). Cane
yiclds were less than 1 tonfacre on a very acid Ultisol in Puerto Rico
(Abruiia et al., 1968),

An increase in sugar cane production was obtained with moderate
amounts of lime applicd to an acid volcanic ash soil (FFasshender and
Molina, 1969). At higher rates of lime, the ciehls were decreased.,

Summary

The highly weathered Oxisols and Ultisols generally have a pH less
than 5 and an exchangeable aluminum saturation greater than 50 per-
cent. The poorly drained soils of the Amazon Basin have a low ex-
changeable aluminum satutation in the A horizon. Most volcanic ash
soils have a pI greater than 5.

Neutralization of exchangeable wuminum by liming increased
phospliorus uptake and the vield tesponse to phosphorus fertilizers,
Liming of certain newly dleared soils decreased tesponse Lo phos-
phorus fertilizers apparently becawse of increased avatlability of soil
phosphorus.

Phosphorns avatlability was decreased when the sol pH swas raised
above 6.7 wnd crop vields were decreased. Rarsing the pll of acid
Andosols above 5S increased phosphoris frcation.

Crop response to liming can i most instances velate to neatralization
of exchangeable cluminum and supplying of calciom and magnesium,
by mostinstances, il the plEis 5.5 or anove very hittle response to liming
will be obtained. Yields of legumes may be increasd by liming to pH
0 because of increased availability of molybdenum.
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Brazil

Based on 217 experiments with cotton on Terra Roxa and Massapé-
Salmouriio soils, soil test levels were established using a 0.05 N H;S0;4
solution as an extractant (Verdade et al., 1967). Soil test levels for
sandy soils were: low (0-7 ppm), medium (7-14 ppm) and high (greater
than 14 ppm); while for clay soils the levels were: low (0-17 ppm) and
high (greater than 17 ppm),

Peru

Field experiments were conducted with potatoes throughout the
Sierra of Peru (Valverde et al., 1966). The critical soil P level was 7 ppm
with the Olsen method. Below the critical level, fairly large increases in
potato production were obtained with applications of phosphate
fertilizer.

Response to Phosphate Fertilization

Corn

The Campo Cerrado soils of Brazil are generally deficient in phos-
phorus and corn yields are very low without phosphorus fertilization
(Mikklesen et al., 1963). In the Sio Paulo region, the application of
80 kg P,Os/ha to previously unfertilized soils increased com yields
approximately 100 percent while with previously fertilized soils,
responses were less than 20 pereent (Viegas et al., 1961).

Other studies in Sio Paulo with the soil groups, Massapé, Terra
Roxa, Arenito Bauru, Glacial and Tercidrio indicated that maximum
yields were obtained with 150 kg P,Os/ha (Viegas et al., 1963).
Optinunn yields in Minas Gerais, Brazil were obtained with 108 kg
P,Os/ha (Braga and Yahmer, 1968). A study with a Terra Roxa
Misturada soil showed that 200 kg P,Os/ha from Algerian rock phos-
phate was cqual to 60 kg P,Os/ha from superphosphate (Viegas et al.,
1960).

Experiments were conducted at 26 locations in the tropical regions
of Veracruz, Mexico with alluvial soils, volcanie ash soils, and soils
formed from marine deposits (Laird et al., 1963). Phosphorus fertiliza-
tion increased yiclds in 26 percent of the locations. Yield increases
from the application of 40 kg P;Os/ha ranged from 1.15 to 2.17 tons/ha.
In another study at 47 locations with volcanic ash soils in El Bajio,
Mexico, applications of 40 kg PzOs/ha increased yields 0.81 tons/ha
(Laird and Rodriguez, 1965).
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Rice

Responses to phosphorus by upland rice have been frequent on the
Campo Cerrado soils of Brazil (Oliveira et al, 19684, 1965, 1968).
Maximum yields in Sio Paulo were obtained with 60 kg P,Os/ha
(Oliveira et al., 1985). On a Terra Roxa Misturada soil at Campinas,
60 kg P;Os/ha increased rice yields 48 percent (Miranda and Freire,
1967). No response was obtained to phosphorus fertilization of rice in
northeast Brazil on alluvial soils of the Coastal area (Vasconcelos and
Almeida, 1966).

No response to phosplorus fertilization was observed in 38 experi-
ments with rice in Peru (Canmen, 1968). Similarly, no response to
phosphorus was found in 11 experiments conducted in Colombia (ICA,
1970).

Wheat

Soils of the Sabana of Bogotd, situated in the Andean highlands,
have a rather low level of available phosphorus (Vega et al., 1959).
Optimum wheat yiclds were obtained with a rate of 160 kg P;0s/ha.
Studies in southern Sio Paulo showed that a seven-fold increase in
wheat yields was obtained with application of 240 kg P,Os/ha (Jorge
et al., 1965). When dark Red Latosols were low in phosphorus, rates of
120 to 180 kg P;Os/ha were required for maximum yields (Garcia
et al., 1965). Soils of the Central Andean Plateau are generally deficient
in phosphorus and large responses in wheat yields are obtained with
phosphorus fertilization (Peiia-Ilerrera, 1961),

Root crops

The average increase in potato yields with phosphorus fertilization
was 42 percent in field studies conducted in four regions of Sio Paulo
(Freire and Boock, 1960). Large increases were obtained with 120 kg
P;Og/ha and smaller increases beyond this up to 180 kg P2Ogfha. In
the Paraiba Valley lowlands of Sio Paulo, average yield increases due
to phosphorus were 28 percent as compared with 37 percent for
nitrogen (Gargantini et al., 1965). Bauxite P was found to be a very
poor source of phosphorus as compared with superphosphate when
applied at the rate of 120 kg P20s/ha (Book and Freire, 1960).

Five experiments on phosphorus fertilization were conducted in the
Antioqua region of Colombia where many of the soils are formed from
voleanic ash (Rodriguez et al., 1960). Average yields were 4.1 tonsha
without application of phosphorus and 15.3 tonsfha with application
of 450 kg ;04/ha.
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In the Sierra of Peru, 95 percent of the experiments showed a re-
sponse of potatoes to phosphate fertilization. Optimum yields of
potatoes were obtained with application of 160 kg P;Os/ha (Valverde
et al., 1966).

Very little published information is available for root crops such
as cassava and sweet potatoes.

Beans and soybeans

Beans generally responded to phosphorus fertilization in Sio Paulo
when grown on soils which had not been fertilized previously (Miya-
saka, 1966). In many instance  cesponses were much greater when
the soils were limed presuaably due to the neutralization of ex-
changeable aluminum (Mascarenhas et al., 1967). Yield responses on
Arenito Bauru soils in Sio Paulo were linear up to 120 kg P, Os/ha
(Miyasaka ¢t al., 1965). In Costa Rica, beans responded to phosphate
fertilization in studies conducted with three soils (Martini and Pin-
chinat, 1967.

Soybeans gave large responses to phosphate fertilization in studies
with Latosols at various locations in Brazil (Freitas et al., 1960;
Mascarenhas et al., 198). A lincar increase in yields up to 120 kg
P,Og/ha was obtained in an experiment at Iararé in Brazil (Miyasaka
et al., 1966). At Campinas, soybean yields were increased 43 percent
with phosphate fertilization (Miyasaka et al., 1960).

Forages and pastures

The Campo Cerrado soils of Sio Paulo and Goias are very deficient
in phosphorus. Yicld of grasses and legumes without phosphorus
application were less than 10 percent of that obtained with phosphorus
fertilization (McClung et al., 1957). In Central Brazil, grasses are not
fertilized and under these conditions, Pangola grass does not supply
adequate phosphorus for grazing animals (Gomide et al., 1969). During
the dry scason, grasses grown in the hinterlands of Sio Paulo were
phospliorus deficient (Andreasi et al., 1966).

A very large percentage of the soils in Panama used for grazing are
deficient in phosphorus (McCorkle, 1968). Elephant grass grown on an
alluvial soil in the Turrialba Valley of Costa Rica maintained a high
level of production with 100 kg P;Og/halyear (Guerrero et al., 1970).
Studies with a Puletan fine sandy loam in British Honduras showed
that maximum yiekl of forages was obtained at 64 ppm of added P,
but the phosphorus content of the forage was probably not adequate
except at 220 ppm of added P (Blue, 1969).

The voleanic ash soils of Chile (Trumao soils) are very often deficient
in phosphorus. A minimum rate of 100 kg P,Os/ha is needed for the
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establishment of grass-legume pastures on the volcanic ash soils
(Goic, 1968).

In studies on Miicara and Catalina clays in Puerto Rico, Napier grass
responded to 150 kg P;Os/ha (Figarella, 1964). A number of studies
have been conducted in Puerto Rico on the amount of phosphorus
removed annually by some of the tropical grasses, Para grass cut every
60 days produced 70 tons/acrd/year of green forage which contained
52 1bs P (Vincente-Chandler ¢t al., 1960). Napier grass cut every 60 days
produced 130 tons/acrd/year of green forage which contained 120 1bs
of P (Vicente-Chandler et al., 1980). Guinea grass produced 73 tons/
acrefyear of green forage which  ntained 70 lbs Placre (Vicente-
Chandler et al., 1960). These rest 5 show that under tropical condi-
tions where it is possible to grow grasses the year around, the removal
of phosphorus can be extremely high. Under these conditions, phos-
phorus application. need to be considerably higher than those applied
in temperate regions.

Cotton

Results of 217 experiments on fertilization of cotton in Sio Paulo
indicated that phosphorus was one of the major limiting factors
(Verdade et al., 1955). Average responses to phosphorus applications
of 290 kg/ha were obtoined on sandy soils and 330 kg/ha on clay soils
in Sao Paulo (Fuzatto and Cavaleri, 1968). Large increases in yield of
cotton were obtained with phosphorus fertilization of Terra Roxa soils
in Sio Paule (Schmidt et al., 1962). Applications of 30 kg I'_Os/ha gen-
erally were adequate except on those soils guite deficient in phos-
phorus. A Targe residual effect to phosphorus fertilization was obtained
on a Massapd- Salmouriio soil in Sio Panlo (Neves et al., 1962).

Liming tended to reduce the response to phosphorus of cotton grown
on Campo Cerrado soils in Sao Paulo which were just brought into
cultivation {McClung et al., 1961). This cffect could be due to neutrali-
zation of exchangeable aluminum in these acid soils which resulted in
better root growth and increased availability of soil phosphorus. The
soils of the Campo Cerrado, however, are generally very deficient in

phosphoruw..

Sugar cane

Application of 90 kg P,Os/ha resulted in an average yield increase
of 40 tons canefha on soils in Sio Paulo which had only been fertilized
once with phosphorus (Alvarez, Pimentel and Segalla, 1963). On soils
which had previously received two to five applications of phosphorus,
yield responses averaged less than 12,5 tons cancha. Along the sea-
coast in 5ii0 Paulo, optimum yields on lowland soils were obtained with
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100 kg P,Os/ha (Alvarez, Miranda and Oliveira, 1963). On a Terra
Roxa Misturada-glacial soil in Sdo Paulo, an application of 40 kg
P,Og/ha was adequate (Alvarez, Segalla, Arruda, 1963). Rates of
phosphorus required for optimum yields of sugar cane in Brazil are
considerably lower than those used in Hawaii where 175 kg Pha are
applied at planting on volcanic ash soils (Fox, 1969).

A number of experiments have been conducted in Sao Paulo, Brazil
with sugar cane comparing the cfficiency of natural rock phosphates
with superphosphates. In a study with five soils in Sio Paulo ranging
in pH from 4.8 to 56, superphosphate increased sugar cane yiclds 35
percent while four natural rock phosphates gave yiceld increases of 10
to 28 percent (Alvarez et al., 1965). In another study, four natural rock
phosphates were 40 to 63 percent as effective as superphosphate when
applied at the rate of 100 kg P2Os/ha (Freire et al., 1968).

Summary

The highly weathered soils of the tropics, Ultisols and Oxisols are
generally quite deficient in phosphorus. These soils also have a large
capacity to fix fertilizer phosphorus. The less crystalline the hydrated
oxides of iron and aluminum, the more tightly the phosphorus is held.
Soils formed from volcanic ash have a very high phosphorus fixation
capacity because of amorphous aluminum silicate, allophane.

Large responses to phosphorus fertilization have been obtained on
the highly weathered soils in the tropics. Rates of phosphorus on
deficient soils generally giving optimum yields were 100 to 150 kg
PgOg/ha for corn, soybeans, sugar cane, and forages; 120 to 240 kg
PyO0gtha for wheat; 120 to 180 kg P.Os/ha for potatoes; and 60 kg
P2Og/ha for rice.

Very little work has been done on the amounts of phosphorus re-
quired to bring the soil test values up to optimum levels. There is also
a need to study the residual effect of phosphorus from given applica-
tions of phosphorus.
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CHAPTER 8
- Potassium

Fred R. Coxt

The potassium status of soils and plants in Latin America varies
considerably. This is to be expected because of extreme differences
in parent material, degree of weathering, and the diversity of crops
grown. These and other factors need to be isolated in order to
discuss the subject realistically. In the following review, an attempt
is made to note pertinent research efforts that shed some light on
potassium and problems encountered in determining its need.

Soil Potassium

Total K ordinarily does not correlate with plant uptake and thus
is primarily just of academic interest. It varies tremendously with
degree of weathering. In southern Brazil, Oliveira et al. (1971) found
total K varied from 1,780 to 14,200 ppm in soils from the orders
Alfisol, Inceptisol, Mollisol, Ultisol, ar:d Oxisol. In Panama, Martini
(1986) found 1,000 to 2,000 ppm in red lateritic and savanna soils,
3,000 to 4,300 ppm in alluvial soils, and 8,000 to 9,000 ppm in vol-
canic soils,

Soils derived from volcanic material may vary in total K de-
pending on the nature of the erupted material and the degree of
weathering. Caicedo (1971) found an average of 6,000 ppm in vol-
canic soils of Colombia, but also noted that K was easily leached
from these soils. Graham and Fox (1971) also found that the labile
pool of K in soils was related to the degree of weathering. In Hawaii
where rainfall varied from 7 to 180 inchesfyear, this pool ranged
from 4.71 to 0.09 meq/100g.

Inclusion of at least a portion of this labile pool may be beneficial
in interpreting soil tests for K. In recent work with potatoes in Peru,
McCollum and Valverde (1968) obtained yield responses to K in
about half of their experiments, yet found no relation between sodium
acetate (pH 4.8)-extractable K and the degree of response. Often
a strong acid is used to estimate this pool. In a pot study in Brazil,
HNOgs-extractable K correlated better with total K uptake by 13
cuttings of ryegrass than did exchangeable K (Oliveira et al., 1971).
The same type of study conducted in Colombia (Marin et al., 1987)

1 Associate Professor of Soil Science, North Carolina State University.
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gave similar results. These are not in agreement, however, with the
conclusions drawn by Criséstomo and Castro (1970).

The potassium supplying power may also be determined by
leaching studies. Using a couple of these techniques, Martini (1968)
found the K supplying power of soils from Panama related better
to exchangeable K than the HNOs-extractable or total K. Thus, the
relative importance of labile K seems dependent on the type of
study conducted. Unfortunately, there have been insufficient field
studies run to clarify the situation.

There may be a climatic effect on the status of K in the soil. Hardy
and Bazan (1966) found that the nutrient status of soils differs at
different times of the ycar. In volcanic soils, this may be related to
their porous nature. Bornemisza (1960) found an unusually high
amount of water in air dried soil derived from recent volcanic
material. He observed potassium fixation on drying. Mulching has
also been noted to increase K availability (Bull, 1963). Moisture rela-
tion is one of the factors affected by this practice.

Palencia and Martini (1970) analyzed for exchangeable K when
studying 39 ash-derived soils from Central America. The soils
averaged 1.8 meq K/100 g with a standard deviation of 1.2. Thus,
% of the soils were in the range of 0.6 to 3.0 meq K/100 g, and % would
be expected to be less than 0.6 meq/100 g. In contrast to this, a com-
putation of the data of Criséstomo and Castro (1970) from 20
Brazilian soils gave a range of 0.1 to 0.4 meq K/100 g.

Palencia and Martini also noted some relationships of climatic
effects and soil K level. Exchangeable K increased with an increase
in the mean annual temperaturc and decreased with an increase
in elevation. Temperature and elevation, of course, are highly rated.
They also noted that the level of exchangeable K decreased with
increasing rainfall and increased as the number of dry months
increased. In this instance, the length of the dry season and rainfall
are closely associated. However, this is not always true. Some areas
may be compared in which both the annual rainfall and length of
dry season are greater at one site as compared to another. Thus, it
would seem more logical when evaluating climatic effects to con-
sider average temperature and rainfall per month during the
rainy season.

Plant Response and Content

Several aspects of plant potassium were considered pertinent for
this review. The K content of tissue, any critical level noted, and the
general responsiveness to K .ertilizers were of primary interest. Due to
the wide variety of crops grown, many were combined into each of
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the eight headings listed in the following paragraphs.

Cereals

The response of corn to K has been studied in Mexico in Jalisco
(Laird and Lizarraga, 1959) and in Veracruz (Laird et al., 1983). Re-
sponses were found in only 5% of the tests hut the soils were generally
high in exchangeable K. More frequent responses have heen roted in
Brazil. From reports of several workers, it may be deduced that re-
sponses occurred about one-third of the time. Gallo et al. (1965) also
listed a critical level for K in corn tissue. Using the basal third of the
fourth leaf without the midrib, the critical level was 2.1 pereent. In a
later work (Gallo et al., 1968), these workers found a strong association
between K content and soil type. The eritical level even appeared
related to soil type, being 1.7 percent in terra roxa and 2.8 pereent in
gravelly podzolized soils.

Little information is available on K fertilization of wheat. No re-
sponses were shown on soils of the inter-Andean uplands of Ecuador
but they had a high content of K. In Brazil, Blanco et al. (1967) found
wheat responded to fertilizer K if the soil test level was less than 0.1
meq/100 g. Responses have been noted at higher soil K levels by
Jorge et al. (1965) but only at higher rates of P fertilization.

Several studies have Dbeen conducted with rice in Brazil and Peru,
In most of them, there was cither no response or & very minor one to
K fertilization.

Root crops

The response of potatoes to potassium has been studied in Peruy,
Colombia and Brazil. Although yield increases have heen shown about
half of the time, there seems to be little association with the level of
available K in the soil. Boock and Freire (1980) noted responses on
soils varying from 0.2 to 1.4 meq/100 g. In comparison, data from sandy
soils in Wisconsin have shown responses only when the soil K was less
than 0.25 meq/100 g. Potato yield increases on soils testing high in K
have also been found in Colombia (Rodriguez et al., 1560). McCollum
and Valverde (1968) found responses to K in Peru but could not relate
these to soil K levels. The frequency of responses to K indicates that
further work on calibration of a K soil test is needed, tis possible that
another extractant may be helpful or it may be that the amount of K in
relation to other ions should be considered.

Although cassava is an important food crop in much of Latin Amer-
ica, there are few reports of experiments with potassium. It has heen
found that placement is critical and KCI applied in the furrows will
decrease the stand (Ribeiro da Silva and Freire, 1068a). These same
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CHAPTER 9
Sulfur

Eugene J. Kamprath!

Soils from the Central Plateau of Brazil were found to be very defi-
cient in sulfur (McClung and Freitas, 1959). When sulfur was not
applied plant growth was only 4 to 30 percent of that obtained with a
complete fertilizer treatment. Additional work indicated that the most
acute deficiencies were found on soils from upland savannas (McClung
et al., 1959). It has been postulated that the very low sulfur content of
soils from the Brazilian Campos is due to repeated burning of these
areas (McClung and de Freitas, 1959). Burning of dry grass resulted in
losses of 75 percent of the sulfur by volatilization.

Sulfur deficiences have also been reported in Central America. Soils
from El Salvador which had been previously cultivated were found to
be sulfur deficient (Muller, 1965). Medium responses to sulfur were
obtained on the principal Latosols of Costa Rica (Martini, 1969).

Organic sulfur contents of virgin soils of the central plateau of Brazil
ranged from 72 to 494 Ibs S/acre while adjacent sites, cropped for 20
to 30 years contained 48 to 120 Ibs S/acre (McClung et al., 1959). Thus
under cropping considerable mineralization of organic sulfur had taken
place. Mineralization of organic sulfur in soils formed from volcanic
ash, however, is limited. The stability of organic matter in volcanic ash
is very high because of reactions with allophane and sulfur deficiencies
may occur even on soils with a high organic matter content (Fox, 1969).

Large amounts of sulfate were absorbed by a Latosol from Costa
Rica which contained large amounts of hydrated oxides of iron and
aluminum (Bornemisza and Llanos, 1987). Desorption of sulfate from
the Latosol was small compared to soils from temperate regions. Water
solubility of absorbed sulfate was very low in volcanic ash soils of
Hawaii (Hasan et al., 1970). Pot studies with these soils indicated that
a solution concentration of 5 ppm SO4-S was required for optimum
growth of Kikuyu grass.

Responses to sulfur fertilization were obtained on cropped Brazilian
soils which contained less than 10 ppm SO,-S extracted with NH;OAc
(McClung et al., 1959). Adsorbed sulfur in the B horizons of Brazilian
soils was readily available to plants. Where soils have been heavily
fertilized in the past with sulfate containing fertilizers the adsorbed
sulfate in the subsoil may be an important source of sulfur.

;E-ofessor of Soil Science, North Carolina State University
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Large responses to sulfur were obtained with cotton on Campo
Cerrado soils in Sdo Paulo, Brazil (McClung et al., 1961). Yield in-
creases ranged irom 30 to 100 percent. Maximum yield responses were
obtained with 30 kg S/ha applied as calciun sulfate. Corn yields were
increased approximately 25 percent on Campo Cerrado soils by the
application of calcium sulfate (Mikkelsen et al., 1963). A three-fold
increase in dry matter production of Batatais grass was obtained with
the application of calcium sulfate (McClung and Quinn, 1959). Appli-
cation of 20 to 40 kg S/ha as calcium sulfate gave maximum yield

increases,
Response of soybeans to culfur fertilization was 350 kg/ha of grain

on a soil derived from Botucatu sandstone (Miyasaka et al., 1964).
Responses of heans to sulfur fertilization was obtained on only one out
of seven sites which had previously received frequent applications of
fertilizers (Miyasaka et al., 1966). There apparently was sufficient build
up of sulfate in these soils from previous fertilization.

Summary

The highly weathered savanna soils in South America are likely to be
sulfur deficient particularly where they have undergone repeated
burning. Mineralization of organic sulfur may initially supply some
sulfur particularly where the soils are high in organic matter.

Although some volcanic ash soils contain large amounts of organic
matter very little organic sulfur is released because of the stable con-
dition of the organic matter.

Considerable amounts of sulfate are adsorbed by Latosols and vol-
canic ash soils. Where large amounts of sulfate have been adsorbed by
the soil, plants are able to obtain adequate sulfur.

Response to sulfur fertilization were obtained on Latosols which con-
tained less than 10 ppm SO,-S extracted with NH;OAc. Application of
20 to 40 kg S/ha has given maximum response where sulfur was limit-
ing yields.

180



Bibliography

Brruemisza, E. and Llanos, R. 1967. Sulfate movement, adsorption and
desorption in three Costa Rican soils. Soil Sci. Soc. Amer. Proc.
31:356-360.

Fox, R. L. 1969. Fertilization of volcanic ash soils in Hawaii. Proc.
panel on Volcanic Ash Soils of Latin America. C.6.1 - C.6.13,
Turrialba.

Freitas, L. M. M. de, McClung, A. C,, and Lott, W. L. 1960. Field stud-
ies on fertility problems of two Brazilian Campos Cerrado soils
1958-1959. IBEC Research Institute Bulletin 21.

Hasan, S. M., Fox, R. L., and Boyd, C. C. 1970. Solubility and avail-
ability of sorbed sulfate in Hawaiian soils. Soil Sci. Amer. Proc.
34(6):897-901.

Martini, J. A. 1969. Caracterizacién del estado nutricional de los prin-
cipales “Latosoles” de Costa Rica, mediante la técnica del elemento -
faltante en el invernadero. Turrialba 19(3):394-408.

McClung, A. C. and Freitas, L. M. M. de. 1959. Sulfur deficiency in
soils from the Brazilian campos. Ecology 40(2):315-317. ’

McClung, A. C,, Freitas, L. M. M. de., Gallo, T. R. et al., 1957. Pre-
liminary fertlllty studies on Campos Cerrado soils in Braznl IBEC
Research Institute Bulletin 13.

McClung, A. C,, Freitas, L. M. M. de., and Lott, W. L. 1959. Analyses
of several Brazilian soils in relation to plant responses to sulfur.
Soil Sci. Soc. Amer. Proc. 23:221-224.

McClung, A. C,, Freitas, L. M. M. de., Mikkelsen, D. S. et al., 1961.
Cotton fertilization on Campo Cerrado soils, State of Sdo Paulo,
Brazil. IBEC Research Institute Bulletin 27. ,

McClung, A. C. and Quinn, L. R. 1959. Sulfur and phosphorus response
of Batatais grass (Paspalum notatum). IBEC Research Institute
Bulletin 18.

Muller, L. E. 1985. Deficiencia de azufre en algunos suelos de Centro
América. Turrialba 15(3):208-215.

Miyasaka, S., Freire, E., & Mascarenhas, H. 1966. Adubagao mineral do
fel_]\)f‘ll‘o VIIIL Efeitos de N, P, K, S e de uma mlstura de micro-
nutrients em Tatui e Tieté. Bragantia 25:393-405.

Miyasaka, S., Mascarenhas, H. & Freire, E. 1964. Adubagio da soja
I11. Efeito de N, P, K do enxofre e de micronutrients em solo dc
Arenito Botucatu, com vegetagdo de cerrado. Bragantia 23(7):
A5-71.

181





http:because.of

the following 0.1'N:HCI ‘extractable Zn levels for four soils from Brazil

'Zn Soil
‘(pPm
1.3 Aqualf
2.2 Haplohumox
‘1.8 Haplorthox
1.4 Haplorthox

In a greenhouse study with these soils they found liming to pH 5.5
did not affect Zn uptake. However, liming to pH 6.5 caused Zn defi-
ciency symptoms in soils with less than 1.5 ppm Zn and liming to pH
7.4 gave such symptoms in all soils. Rates of P applied in their study
did not affect Zn uptake.

Information gathered in greenhouse studies must be tested in the
field with yield measurements to fully interpret a soil test for zinc. Soil
and fertilizer P levels may become important under field conditions.
Likewise, texture may need to be considered.

Other work in Latin America has indicated soil Zn levels of 1.5 ppm
in Argentina (Mazza et al., 1966) and 1.6 - 18.4 ppm on volcanic ash
soils of Chile (Schalscha et al., 1968). These were extracted with 0.1
N HC1 and the levels were considered normal.

Kanehiro (1967) used the same extractant on Hawaiian soils and
found they averaged 4.5 ppm Zn. He considered the critical level to be
between 1 and 2 ppm. Low levels were found primarily where some of
the A horizon had been removed. Another study in Hawaii by Lyman
and Dean (1942) set the critical level of Zn at 1.0 ppm when soils were
extracted with NH,;Ac and dithizone.

Marinho and Igue (1972) studied zinc absorption from corn grown on
three volcanic ash soils from Costa Rica. Using 0.01 M Na,EDTA at a
ratio of 1:2 extracting for 30 minutes, they found 1.8, 1.3, and 0.7 ppm
Zn. When the samples were left in 0.1 N HC1 iernight at a ratio of
1:25, the levels were 8.1, 4.3, and 2.2 ppm, and these rather high levels
may reflect the time and ratio involved. They considered these- soils
to be deficient yet found little ;,m.vth response to applied zin;p in a
greenhouse study. With adequme P, the Zn concentration of the tissue
from the checks was 12, 10, and 7 ‘ppm. At these levels, it is $hrprising
there was no growth response. When using EDTA, other workers have
found the critical level of soil Zn to be in the range of 0.8 - 1.4 ppm.

Much of the data on zinc from Brazil deals with plant content. The
following table gives examples of the information reported.
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Crop " LeatZn Yield response References .

(ppm)

Upland rice 15 yes DeSouza and Hiroce, 1970
Corn 17-20 yes Igue et al., 1961
Corn 16 yes Freitas et al., 1960
Corn 21 no Gallo et al., 1985
Cotton 35 no Freitas et al., 1980
Cotton 26 no McClung et al., 1961
Soybeans 23 . yes Froitas et al., 1960
Soybeans 57 no Freitas et al., 1960
Sugar cane 15-18 no Gallo et al., 1968
Coffee 8 ppm Some groves Lott et al., 1961

(survey) critical deficient

These observations indicate responses with corn and soybeans when
the leaf Zn is less than 20 and 23 ppm, respectively. Viegas et al. (1961)
also found corn yield responses to Zn in Brazil. Response data from
other areas is scarce. Laird and Rodriguez (1965) in Mexico noted Zn
responses in two studies but not in 20 others. Although Zn deficiency
symptoms have been seen in Latin America, many have not heen well
documented. For instance, several Zn deficiencies have been found in
rice grown on high pH soils in the Cauca Valley of Colombia. Also,
in the Campo Cerrado of Brazil, severe Zn deficiencies have been noted
in corn and upland rice.

Boron

Boron deficiencies are frequently observed but seldom studied in
detail. Often it appears that the uptake of this nutrient is more depen-
dent on climatic factors than on soil conditions. Perhaps as a result of
this, Tollenaar (1969), studying B in volcanic soils in Ecuador, stated
that soil analysis is not able to give more than a general orientation.
Water soluble boron levels have also been determined in Mexico
(Flores and Mayazoitia, 1959). They ranged from 0.3 to 3.0 ppm B and
were not regarded as deficient. Still the authors felt that yields in some
regions would probably increase with the application of borax.

Recently Bingham et al. (1971) found volcanic ash soils adsorbed
more B than soils derived from other materials. The inference might be
made that these are then more likely to be deficient in B. However, the
case can also be made that these would retain more B against leaching,
Calibration work in the field is needed to sce if volcanic ash soils do
differ from others in their ability to supply boron.

Boron deficiency has been noted in coffee and other crops on the
volcanic ash soils of Ecuador (Tollenaar, 1966). A survey of coffee fields
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by foliar avalysis in Brazil, though, indicated adequate B levels.
Whether these differences are soil or climatic associated is unknown.
Work with coffee in Puerto Rico (Bonnet, 1969) did show a definite
seasonal effect on B levels which emphasizes the climatic aspect.

In Brazil, McClung et al. (1961) obtained yield responses to boron
with cotton grown on Campo Cerrado soils. Undoubtedly, conditions
where responses could have been obtained exist on other soils and with
other crops, but these have not been studied or have not been reported
in Latin America.

In the arid areas along the coast of Peru, boron toxicity has been
noted. Fox (1968) studied the tolerance of several crops to high con-
centrations of water soluble boron. Puiggios et al. (1969) also noted
above optimum levels of B in citrus in that area.

Molybdenum

Molybdenum deficiencies are usually restricted to weathered acid
soils. Thus, in the discussion by Hardy (1962) and Arens (1963), it
might have been expected that they would list the lack of this element
as one of the problems in the Campo Cerrado area nf Bra. il. Such soils
are also high in Mn and Truong et al. (1971) found Mo applications
especially beneficial for the N metabolism of legumes under these con-
ditions. Ruschel et al. (1989) found coating the seeds of soybeans with
rock phosphate containing Mo to be an effective treatment.

Non-legumes have also responded to Mo in Brazil. McClung et al.
(1961) noted responses with cotton and Lott et al. (1961) found the
foliage of coffee exceptionally low in this nutrient.

Volcanic ash soils may also be low in Mo. Fujimoto and Sherman
(1951) found plants contained 0 - 2.5 ppm Mo, which is lower than
levels reported from many areas. They also extracted the soils with
NH,Ac und determined the $oil levels to be 0 - 0.13 ppm. Volcanic ash
soils in Colombia were found to have 0 - 2.4 ppm Mo by Blasco (1969).
Such low levels may affect crop production. Bhangoo and Karon (1962)
found that of the micronutrients only Mo increased the yields of
bananas.

sopper

Although there have been, a féew reports of Cu deficiency- in animals,
there does not seem to be any lack of this element for plant growth
throughout the bulk of Latin America. One case of a yield increase was
reported when rice seed was treated with CuSOy (Primiavesi hnd Prim-
avesi, 1970). Although the authors considered the effect to be primarily

180



nutritional, they also noted protection with CuSOy against the fungu:
Pyricularia oryzae.

Soil analyses in Argentina (Mazza et al,, 1966) and Chile (Schals.
cha, 1968) have indicated adequate Cu levels. Likewise, plant analyse:
in Brazil (Gallo et al., 1968, Lott et al., 1561) and Peru (Puiggros, 1969,
have indicated adequate Cu levels. :

Some problems may exist from excessive levels of copper. Aduyi
(1971) studied the effects of high rates of Cu on coffee. Root growth was
depressed and thus the absorption and translocation of other nutrients
could be hindered. Copper has accumulated in soils in Chile where the
irrigation water had been used previously in mining operations
(Sudzuki-Hills, 1986). Observations have also been made in Central
America that Cu toxicity problems have occurred after extended fungi-
cide applications on bananas.®Rice grown later on these soils often
develop Fe deficiency symptoms.

iron

There is little evidence of any naural iron deficiency in Latin
America. Surveys in Brazil with coffee (Lott et al., 1961) and sugar cane
(Gallo et al., 1968) have indicated deficiencies of iron are less probable
than for the other nutrients. Tomatoes grown in Argentina (Mazza
et al., 1966) were found to have quite high levels of Fe, even though
they were grown on neutral or slightly alkaline soils. Since most of the
soils are not alkaline in Latin America, Fe deficiency would not be
expected to be widespread.

Schalscha et al. (1968) analyzed volcanic ash soils of Chile and found
the levels of Fe to be adequate. In another study (Schalscha, 1965), it
was stressed that measurements of available Fe on volcanic ash soils
should be done on samples majutained at’field capacity. Air drying
affects the level of soluble Fe.

Manganese

There are ordirarily two stages in the development of a Mn defi-
cient soil. Firsty it must form under reducing conditions, thus allowing
leaching,vi reduced forms of Mn. Second, the soil must be limed, often
in excess of crop requirements, to induce the deficiency. Since many of
ithe soils of Latin America are well drained and lime is expensive, it is
not likely that Mn deficiencies will exist. One such case has been noted,
however, in Puerto Rico in which a peat soil was limed to above pH
6.0. In fact, free calcium carbonate was still being detected in this soil.

Liming any soil will decrease the uptake of Mn. Lopez (1969) noted
this with coffee grown on volcanic ash soils in Colombia. In many areas
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of Latin America, liming is needed to decrease Mn toxicity. Coffee
grown in Puerio Rico on an acid Alongo clay contained high concen-
trations of Mn in the leaves. Some workers (Abrufia and Vicente-
Chandler, 1963) have even questioned the use of NH,SOjy as a fertilizer
for coffee because of its acidifying effect.

Manganese toxicity is a problem, especially for legume production,
on the acid soils of Brazil. Some workers have tried adjusting the type
of fertilizer and the variety (Souto and Dobereiner, 1969a) to overcome
this problem. These workers have also looked at the Mn tolerance of
various tropical forage legumes (Souto and Dobereiner, 1969b). How-
ever, if soils are limed adequately to eliminate Al toxicity as a problem
then Mn toxicity should be eliminated at the same time.

Summary

An analysis of the information presented in this review on micro-
nutrients indicates that deficiencies of Zn, Mo and B are likely to be
encountered in Latin America. Of these, Zn problems occur most fre-
quently with low levels in soils and plants being reported throughout
much of the area. A background of information en critical levels in soils
and plants is slowly evolving. A soil test that is applicable over the wide
range of soil conditions encountered is desperately needed. More than
likely the interpretation of this test will need to be based on not only
the level of available Zn, but also soil pH, soil and fertilizer P, and
perhaps texture. When such a test exists, the true status of Zn in this
region can be fully surveyed.

Molybdenum and boron problems occur more sporadically and thus
are of secondary importance. Many of the Mo deficiencies, especially as
_ they exist in the Campo Cerrado area of Brazil, might be overcome by
applying a higher rate of lime. However, the relatively high cost of lime
and the possibility of inducing other problems such as greater Zn
deficiency make this impractical. As this marginal level of lime and
sufficient P and K are utilized in the old shield area, it may be expected
that many legumes should respond to Mo. In other locations where
often the pH and organic matter level are more favorable, deficiencies
are noted less frequently. Use of present soil test methods, although not
calibrated in Latin America, would aid in determining potential prob-
lem areas.

Boron deficiencies have occurred in crops grown on highly weath-:
ered soils when they were snbjected to drought conditions. Soil tesls
are seldom used for B, but such data when combined with frequency
of expected drought could prove helpful.

Problems related to Fe, Mn or Cu are not major in the region but
could be important locally. In some cases, Mn toxicity has been noted
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but never when an adequate lime level was established. Also, a few
cases of Cu toxicity created by mismanagement have been shown.
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