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Foreword 

North Carolina State University, through the Soil Science Depart
ment, entered inta 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 2806). The broad objective of this 
five-year contract is to provide relevant information to Supplement 

and complement the programs oi another -livity of the University 

that is supported by AID, The lnternation. Soil Fertility Evaluation 
and Improvement Program. 

Recognizing that the fiist step in any soundly d(eveh,l)ed research 

program is a thorough knowledge of the existing infornation ol) the 

subjects under consideration, the first phase of the progran was 
designated for a review of the pertinent literatire. 'I'le lpecific oljec
tive of the review was to provide a factual base fbr an a1;vytiual inter
pretation of' the preseit infornation and filttie ic'(l(s ii'vaiit h tle 
characteristics andi managemnent of' tiopical soils for clop plnhoiction. 

I'he details gleanled froil plublisled escalch it pouts andNupple
ninted by personal experdel(1n in I n:iiAnitimca hiave enaibled the 

reviewers to prepare Splliiiuiarics related to am inu topi( ii s)il 
science that are inaking useful contributiom in devrlopihg pl.isi, for 

pecific research projects in the r.glli. We believ' t0h I ca llinI
useful also to others with a similar interest. 

(C.1J. M (' t I .t 

Soil Scie'il I)p utlillrlit 

I 



Preface 

'The purpose of this publication is to compile the available literature 
on soils research in the American Tropics. This area comprises all 
countries of Latin America and the Caribbean excluding Argentina, 
Chile and Uruguay. Through an arrangement with the North Carolina 
Board of Science and Technology, a search was made of Biological 
Abstracts for work in the region. Approximately 1,000 abstracts were 
obtained on research published since 1960. These abstracts were 
coded according to a keywork list previously prepared and entered in 
a computer-based storage and retrieval syten. Additional materials 
were obtained from Tropical Abstracts, the Latin American Bibliog. 

raphy of Agriculture and the authors' personal filM 
The format adopted consists of citing only representative or crucial 

references in the body of the review, and citing all the reviewed 
materials In the bibliography. 

The authors are aware that many worthwhile research publications 
are not included because these are not readily accessible to libraires 
and abstracting Journals 

Emphasis was placed on the main food and fed crops of Tropical 
America grown in mall and meduelue fams, Whenever possible, 
the literature was reviewed by the genralixed soils areas outlimd 
in the Gr ohpter. Literature fum other tropical regions and else. 
where was cited where considered relevant. 

it he p of the auto that ths publkation suhs in an 
adequate synthesis oi the pent a us of ls rearch Inthe relion 
and that the sugstions for future research priorties will be of 
ue to Latin American soil scientists. ASpaulth version of this bulletin 
isAlso avalab, 

Poe A.S.ame. Urtor 
Junk,17 
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CHAPTERI: 
So0hi Genis, Mdohology,
 

andClassification
 

SalyrW. Buolli 

The multifacited approaches to soil characterization that have been used invarious parts of the world'create problems in ascertaining data 
usable for Over.ill evaluation., 

Whereas, generalized theories relatingsofl morphology and om
position in gross terms of the climate, parent material; age, etc, are 
vital for the growth and development of the science '.pedoflogy, such 
generalizations are of limited help in understanlng the agronomic.
economic problems associated with the eristing soil conditions. How. 
ever, when relationships of soil properties to soil forming factors are 
understood and correctly related to the situation to be studied, they
offer savings Inanalytical costs because of the extraplaton afforded 

mby these associations. Howevir, some ground truth" data must be 
gathered in almoct every situation in order to validate extrapolation 
via geneis theory.

A continuing need Is seen, both to generate more soil characteri. 
zatlon data in conjunction with maps and other devices for associating 
this data with areal distribution on the landscape and to continue 
research to establish associations of cause and effect in the governance
of soil properties therein facilitating extrapolation of rult at mini. 
mum cost. 

Generalled Soil Areas InTropical America 
When the tropic a defined a those points m the earth lyWn be. 

tween the topics Of Cancer and Camricons, the is onl one cdismo 
teristic that is totally applicable. lTh Isthe naly uniorm tmpera.
ture d the sod prom. at depth u the year. Slmgy, the vu. 
tin Of taken at I an= the top ofte FOWd Is
eW than aot .C from smmner to winter. This tempm re will be 
withn a few dep odthe mea annual ak tempeatur m th may 
be vvy hot, wear 3'CIn lowlan ad Wvy oOl In u . It 
OrMromm*nma te atolod m&u pN tin 
Central ad South Ameriea. wa,Mw de tapeatuv it eas 
IlNtle asona VtiM In contlM to temport m oM& 
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The following general areas delimit6ed in an attempt to illustrate 
the major areas of concern in tropical Central and South America. 

This condition is best characterized in the Cerrado of Brazil and 
the upland Llanos of eastern Colombia. Soil conditions of low fertility, 
often complicated by high iron and aluminum ontents are prevalent.are "sThe~pe haveA dry season o smooth topography and deep friable soils. 

at least 2.3 months or more is experienced In these 

areas may be attributed to almost total in
limited useo these 

adequacy o these soils, except for scattered high base statu areas, to 
4The 
pport primitive (no fertilizer) agriculture. Thus there is low Intensityof ihabitation In most uxeas except for local occurren'es of highThpia fribl sods.tbasestatus soils such as the Eutrustox areas of the Brazilian Cerrado. 
Vast areas of parsely populated jungle exbt in the Amazon Basin, 

dIfratructure of tranportation has been limited almost entirelyriver, although maor road building efforts to 
are currently underway.Sol mnditionin these areas are not well documented. Conflictingreports and personal examinaton in part o"thleads us to hypesiaze that some of 

area in eastern Peruthese soils arerelatively fertile.rivs therm a strong probability o b
Since almost all report ae confined to are,,s of clos, proxmity toineisthe lnformaton. 

Soialnimtns in Iwo ares ar aotreldocngtelttde aondflsoinTh entral ductn of Andean mountainAmri a and nalr the wes imtending throughout Centralcoa of South Amec cyp e this neral 
resad 
seas ar 

ponal ematlo "rain padowti ae.ft nmough to In gasera thedv soppoft primitive Thilture. .cn be trae d to a guntlo bakground ofbninhifomtnAerican the slost outha e due tonow wstee rela tie unth eedl 
am&unst areas artte dls o12:mdltimbplroeThese acrigt
h rcentral cat draairanpuarns mteial andhrough g llaccod tosl~ ofvolcan hadwiited. mI genralo t he 
M are be bvrdlto agnemtsc a the stnaee dupt 

Predede hmplm edtl of haniked modlem &= = 7O&t~vI*W L*M i i bie b theIdie y in m A Mj~46t 
~ lmhm~wIhbsesd~iem~$eo~ ~ ~ U11 

Ina d AWOMl favl * M4yU1 



Seasonallyflooded plain. 
Large areas -of nearly lt-vel plains characterized by the western 

plains of Venezuela and that part of the Colombian Uanos north of the 
Meta river present unique problems. In general, the soils are quite 
fertile and free of complicating components such as high Al, Fe;,and 
amorphous concentrations. The monsoon type climate causes these 
areas to be alternately extremely dry or flooded. The magnitude of 
these areas taxes the imaginittion for possibilities to control the water. 
Population is sparse and transportation is limited. It appears that 
except for areas where water control is practical, little can be done to 
Increase agricultural development. 

Desertareas 

A number of desert areas with low total annual rainfall exist at all 
altitudes and over a wide range of temperatures. These soils are often 
quite fertile and the only outstanding need is for Irrigation systems to 
transmit water. Some salinity and alkalinity problems may be noted 
as well as some fixation of fertilizer can be expected when free carbo,
nate is present. These areas are sparsely populated except for the irri. 
gated valleys, many of which support modern intensive agriculture. 

Formation of Soils In Tropical America 

Factors affecting and processes involved in the formation of soils in 
the tropics are the same as those familiar to pedologists from temperate 
areas. Although some quantitative differences do exist these are often 
of a small magnitude. Genesis studies appear prone to seek out the 
extraordinary or dramatic occurrences and further case diem as uni. 
versally present and unique in the tropics. 

Most of the research and experience in technolog upon which our 
textbooks and other educational materials are derived at this time, 
have been from temperate areas. Indeed there is probably no soil 
scientis, who has been devoid of temperate zone experience either 
directly or indirectly, whereas, many soil scientists have no experience 
in tropical areas an many have only limited acquaintances with minute 
parts of the tropics. Thus it is probably inadvertent that we must 
attempt to relate conditions in tropical areas to those more familiar to 
our experience in temperate zones. 

Perhaps the most stralgt.foiward approach to soil genwis is to view 
all soil fomintprocesses as continuous functions. The activity of each 
is determined by the environment present in which it can proceed. In 



" • ' rder to proceed, each process has need for raw or primary material 
-i "• .upon .which 4flc cag;the neesrnrgy capable Of causing, 

:i . clangoi:J6tho primpAy, material; and either a secondary product inert 
• .... .to itei:,.ohahge: or,:ipible oc.serving: as ¢.a primary-.mteriul for 

• " : ' another prbces,,In order.that,a. process be measured and,reported by 
: p edol'ogtsts t e change,.from the primary to the secondary material 

-. -" -must.be measurable. 'IThe refore , to evaluate soil formnation at any point, 
it.isneesy tokothe nature of the initial material and the.secon
cldary ,iaterial,':This, is, further 6omplicated because the rate of, the 
reaction 'cannot be measured except as averages where definite time 
spans can be discerned. 

Only one factor difference is discernible in all tropical areas versus 
temperate areas. Tis is the lack of seasonal fluctuation in the tempera
ture component of' climate. Thus, tropical soils at some mean annualertopeaireabove freezing are continually exposed to liquid water and 
donto inothUnterc'physcal mixing (cryopeoturbtion) by expanding 

lce crystab11;(Smith, 1065)., 

chflnce tegd4i.tion 
It is also noted that there is a similar patternin type of vegetation 

In the tropical areas and temperate areas with respect to organic matterdistributioncinthe soil profies Perennial trees leave all, or almost allof the annual organic mattehproduction in the soil surface whereas in 

grasslands annual decomposition of root systems places a much greaterproporton of the vegetative growth in the subsoil where deomposi.tion is not sped by high s fs.ature Thus, organic matter 

distrbution in savannas like the, Cerrado of Brazil and Llanos ofColombia is sTmilar to that of the Midwest of the U.S. (Moura, 108; 

Gusersr, 1971). 

sAe dicanc'bds 

As a point of debate, it can be said that time In Itself does not ao.Osly oe any differencmsIn so Time only providca dimeson in
tempethe prs Ts israte. With this in mind, we must observe that 
at ue cmon area basla thereue more old soils Intropical Ameria 
tm in tempeaote America (Smith, in With the notable exception
of then cmyopoed of many arnn,ofvoucntcere, he trop 
relatively level topogp y thus low ersmlonates, that predate theineistropc ea t emperate aes tdy ontinentalInfluenco by 

adiion ainel ievel fleutuation a tresnt a10,al years amo, By
oI Ye , ontinantal m adatton brdn to the surface hateria not 
poviol weatherd. In contrast ouice erosion and decosition in
Colomb!ia Is similar. tota fteMdetofteUS Mtmos is ovsle h Ithuf utp n inmetdby d eratue weatmngi 98 

dnei 



one place, and redistributes the weathered material on another surface 
for still further alteration. We can assume that of the transported 
parent materials those in tropical America were much more severely 
weathered prior to present soil formation than those in equivalent 
positions of temperate America. 

Parentmaterialsandmineralogy 

Volcanic ash. Genesis of soils formed from this type of parent ma
terial, as opposed to other better studied parent materis, appears 
somewhat unique. Some confusion exists since the chemical composi. 
tion of volcanic material is quite variable. 

Martini (1969) reported general agreement that certain soil features 
could be related to the andesitic, basaltic and rhyolitic nature of the 
ash. Andesitic ash, which has a high content of volcanic glass and a low 
content of quartz, silica, iron and bases, tends to form soils high in 
amorphous material and low in quartz, silica and iron. Stable organic 
matter-amorphous complexes are formed and the soils have dark 
colors and high exchange capacities. 

Basaltic ashes have greater contents of plagioclase, pyroxene and 
amphibole minerals. Thus Iron, calcium and magnesium contents are 
high in the clayey, low quartz content soils that quickly evolve. 

Rhyolitic ash is higher in content of quartz and feldspar. Sandy, 
gray colored acid soils tend to form such deposits. 

Extreme variation is reported to exist with respect to CEC and base 
saturation of volcanic ash derived soils. Bornemisza and Morales (1969) 
report CEC values of <2 meq/100 gram in recent volcanic ash while 
Kobo (1964) reports a range of 30-60 meq/100 gram. Martini (1970) 
reports that there is a decrease in CEC with age in volcanic soils. 
This is in agreement with Besoaln (1984) who reports high concentra. 
tion of amorphous material (allophane) in the early stages of volcanic 
ash weathering that generally weathers to kaolinite or halloysite with 
time (Vicente and Besoain, 1961).

Montmorillonite Is frequently associated with arid and semi.arid 
climates where the ash has a high silica/alumnina ratio (Besoaln, 190). 

Allophane as a distinct mineral is not well understood. The con
clusions of Ro and Kerr (1934) that "Aliophane has no definite atomic 
structure or chemical composition, and is a mutual solution of silica, 
alumina, water and minor bases and accessory acid radicals" Is still 
valid desi te numerous studies (Kitagawa, 1971). Such lack of uniform. 
Ity even in the ability to define and characterize such a widespread
and Important component of soil developed from volcanic ash isone of 
the major unresolved problems facing pedologists and soil mineralo
gists (DeVilliers, 1971). Empirical techniques such as Aleulades and 
Jaksda s (1983) provide, some basis with which to evaluate the pros. 

a 



ence of allophane but better techniques ate needed to advance 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 th1at 
Bornemisza and Pineda (1969) found that when there was more than 
15 percent allophane 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 proportion 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 sfatus. In the 
Amazonia of Brazil, Fassbender et al. (1970) described two groups of 
soils. Those low n CEC and high in Al (exchange acidity) and those 
with high CEC and >65 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 impoi tant to remember 
that the type of clay mineral, i.e. 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 are 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 
isotemperaturc 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 etc. to emphasize the climatic factors. One study on 
this point ,oes seem very pertinent to this discussion, however. Jenny 
et al. (1948) find that in a comparison of Colombian soils and North 
American soils with the sarme temlperature and moisture values, the 
Coloml,iam soils have a mch higher nitrogen and organic matter 
content than North American soils. 'hlcse authors expressed surprise 
at not being able to see nitrogen conmtent expressed in soil color and 
expressed agreme.n 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 teniperatures are experienced at some time of the 
year in the temperate zone than ia 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
mg seems in order. 

When one considers that many 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 somewhat 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, U.S.A. (SSIR, 1966), South
eastern U.S. (SSIR, 1967) and Brazil (Minist6rio da Agricultura, 1966; 
Minist~rio 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 sucLI 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 GIN 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. 

Topographicinfluences 

Two distinct relationships of clay mineral suites seem to be asso
ciated with poorly drained soils. Further, these relationships 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 surrounding well drained soils (Martini, 1969). However, when the poor
drainage is the result of anaerobic conditions engendered by impermeable subsoil horizons the mineralogy is likely to be montmorillonitic (Sdnchez and Buol, 1971). This relationship is understood ifone views the presence of montmorillonite, especially in high quantitiesin clayey horizons, as a zone that because of its expanding nature restricts leaching thus protecting itself from weathering. Such soilstake on the characteristic grey colors of poor draingage but in realitylittle water is leaching and the potential to remove weathering pro
ducts is low. 

Latosolsand Laterite-"SpecialTropicalSoils" 
Latosols and laterite are frequently erroneously taken to mean thesame thing. "Laterite is a highly weathered material rich in secondary

oxides of iron, aluminum, or both." "It is nearly devoid of bases and primary silicates, but it may contain large amounts of quartz and kaolinite." "It is either hard or capable of hardening on exposure to wettingand 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 insilica that may or may not contain laterite material in part of the profile. Presently, Latosol is the name used by some soil taxonomists,
notably the Brazilians, for those soils that have a latosolic B horizon asopposed to a textural B or argillic horizon. 

Modern nomenclature. Because of long standing confusion surrounding these terms and lack of uniformity in defining laterite, theyhave been dropped from taxonomic usage in the present United Statessystem. (USDA, 1970). The term plinthite, defined as sesquioxidecemented material that is hard, or capable of hardening upon repeatedwetting and drying, replaces the name for much of the material oncecovered by the term laterite. The taxonomic order Oxisol replacesmany but not all Latosols and the oxic horizon definition has a defini
tion comparable with and still 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 ofthe old teins exist, and, one bears special attention (McNeil, 1964).From her interpretation, one can conclude that no modern agricultureis possible in much of Florida, Georgia, Alabama and Louisiana aswell as nearly all of Hawaii, Puerto Rico or Cuba because upon culti
vation the soil will harden. 



Personal experiene, has. seen a; noted, geologist refer to soils In 
southern Arizona as lateritic or relic Latosols because they were "red" 
where analysis showed them to contain less than 5 percent free iron 
oxide, have pH 'values near neutral, and clay mineral suites with high 
concentrations of Illite and other easily weathered minerals. Any usage 
of the older -terms demands close scrutiny by the modem research 
worker. 

Hardening process of Plinthite (laterite).The property of a soil mate. 
rial to harden upon wetting and drying is no small item ofconsideration 
in planning potential use of an area. Plinthite is present where either 
there are high concentrations of iron iii the parent rock or where iron is 
translocated into an area. It usually forms in conjunction with a fluo. 
tuating water table (Daniels et al, 1970; Alexander and Cady, 1952). 
Thus, such practices as the installation ofdrainage may cause significant 
drying, followed apparently by sesquoxide crystal growth, and the 
formation of an indurated layer. This can easily be tested for by remov. 
ing suspected material, wetting it to saturation and allowing it to dry. 
If after repeating this for five to ten times, the material is still friable 
enough to be broken In one hand, the material will not qualify for 
plinthite and probal3willhfford no induration problem. In most 
areas of any civilization, the natives will frequently have identified 
such material and be using the plinthite (laterite) a a road building 
material because of its induraing property. 

Distribution of Plinthite (Laterite). Laterite, Latosols and Laterina. 
tion (the ambigous processes ascribed by many to this formation) ar 
terms that occupy a great deal of visibility in the literature. Although 
Plinthite is a rather common feature in subsoils in some Ultisols of the 
U. S., its occurrence was not recognized for some yars in the U. S. It 
is apparently not present in much of Europe, thus was the now and 
different feature found in early tropical studlie. As such, it was much 
discussed and grossly exaggerated in both word and deed. 

Because quantification of the term plinthite is rather recent. it is no 
possible to give a quantitative evaluation of its arta extent. Persona 
visitation has found definite occurrence in Briudl, Meico, and CAbiM 
bla. In all cases, however, it occurred in mino Proportions, and in 
definite geomorphic relationships similar to thos d#erbd in the 
U. S. (Danfek eta,1970). 
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Table 2 (Continued) 

Soll Mep of the Would 

CHERNL)ZI MS 11' 

Maplic crietnozorms 

CaICIC (;holnfltfs 

Luvic (hisnotwis 

GIey~i. Chojfbloiims 


llapic f'hatt(j1 aEflI 

Calcali I 5'?ioiofys 

LuvIC PhilOO1011,3 

Gleylc: Miaooztlry1b 

CA MO IS O 5 

Haplic Camblsols 

Eultuc Ceenbisols 


Calcatic Carnblools 

Veflic Can'bisols 
Htuewic Cembisols 

Anic Camblsols 


'IJYSOLI 

Hapic LtnVtIIe11 

Covomic Luv*ote 

Ab4@ 1.uV40%I 
ponwhia LuwolVNHMho 
G.VI Luvvwk 

ftPiko PIN4#11wof 

ON"yt pg"a8v w1sl 

USDA Yth Approximatlon 

Haptoborolls 
Vormiborolls 
CalciboioIls 
Argiborolti 
Calcic Arglaquolls 

fa ludo Ils
 
VermiudoIlb (ink purt, 13)
 

Vermudolls (in prt, 13)
 

AiguldoIla
 
Aigisqu(JII5 (twept calcic ones)
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Table 2 (Continued) 

Soil Map of the World 

PODZOLS
 

Humo-Ferric Podzols 
Ochrlc Podzols 
Ferric Podzols 
Humic Podzols 
Placic Podzols 

Gleyic Podzols 

ACRISOLS 

Haplic Actisols 

Humic AcrisuiS 
Plinthic Acrisols 
Gleylc Acrisols 

NITOSOLS 

Dystric Nitosols 

Eutric Nilosols 

FERRAL SOL S (15) 

Haplic lerralsols
 
Ochric forralsols 


Humic I orralsols 
Plirthic forralsols 

HISTOSOt S 

Dystric 1h1lslutn 

Euliic [iloltsols 

LITHOSOL S 
Dystric Lithosols 

Eutic Lilthoools
 

is
 

USDA 7th Approximation 

Orthods (except placic ones) (in part, 14)
 
Orthods (in part, 14)
 
Ferrods
 
Humods (except placic ones)
 
Placorthods 

Placohumods 
Placequods
 
Aquods (except placic ones)
 

Hapludults, Iihodududs 

Haptustulls, Hhodustulls 
Haploxovults, Hthodoxorults 
Humults 
Plinthudults, I'hi'thaquuilts 
Aquults (nuxsct Phnthaquults) 

Oxic Palohurnults, Oxic Paleudults, Oxl0 
Paloustults 

Oxic Paloxofults 
Oxic Paloudalfs 
Oxic Pateustalfs 

Haplorthox, Acrorthox, Gibbelorthox 

Humox
 
Plinthaquox 

HiItosols, acid 

Hlstootls, non acid 

Lithic subgroups, very shallow class" 



Table 2. Explmtry Notes: 

(1) 	The dyltrio and "orl groups within the Fluvso4 and the Rhegosols ae 
separated at PH K0 44. This Is somewhat lower than the limit between the 
USDA aid ad non-said reaction O'SM spirated at pH water 0.6. The 
figure of pH KCI 4.2 has boon adopted in analogy with the separation made 
between Dyatric aid Eutric Histosola which is used In the Canadian scll 
casifloation. Unlike for the Poamments, the reaction classee re also 
applied here to the coarse textured Rhegooos and Fluvialo for the take 
of uniformity. 

(2) 	 Though the Aquenta do not have fluventic subgroups, an attempt Is made 
here to use the (fluventic) €C.itrtlutlon or organic matter In the Aquendt to 
distInquish Gleylo Pluvieolo. (Non fluventlo Aquenta are grouped with the 
Hapilo Gleysols). 

(3) 	 The separation between Orthenta and Psammonts I made by using 
textural classes. Arenia are grouped with the unite. 

(4) 	 Halaquept are not shown separately; they are mapped as sodlo 
phases. Neither do the Hydraquenta have a specific place; part of 
thom fall Into the Thlonlo Olysole. Peummaquenta we shown as a 
coarse textured alas of one of the other Gleysels. 

(5) 	For the COiclo Olaysols the depth limit of the caloc horizon has been set 
at 100 am, so that both Calclaquolls and Caloc Haplaquols fall into this 
unit. 

(6) 	 The need has bee felt to make a further subdivision within the 
Haplic Andosols In order to reflect the separation between Dystradeps, 
Eutrandepto aid Hydrandet. i appeared, however, that not enough iW
formation was avilable to m ke such a subdivision at the scale of the 
map. 

(7) Nha been atmpted to make a further subdivision between Poll. and 
Chrom. Vortleos. Here agin, It seemed that of a world scale It Is diffioult 
to obtain the noosewy information todo so. 

(3) 	 Takyro Solonuhaks cover the Takyrs of the UShR (Saline eisl of he 
texture, which form srfaoe rust and show polygronal ocrcidno. They am 
Ilkely to correlate with Salorthids. 

(9) 	 Salne soils being saated with waer for more than one month a yew
 
cannot be classiied as Saoltthd. oeylo Solonchaks therefoir probably
 
owolo with salln phases of Aquepta or Aqueat.
 

(10) 	 No speOfic place i forsen In the Soil Map of the World Outline for the 
a*goup Those which show abrpt textural change and aulo or 

albquis feours may f the Plarnoci defliltons. 

(11) 	 The Solodlo Planosol arm mart to om wh has been called GIoods. 
Many of these ls the Arabolis but are separated hre en a sodiunMi 
osuration which ioecde Operoo In sae a of the a horizon. Some 
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albaqualific natric or some argialbollic natric subgroups (e.g, within the 
Xeralfs or Ustalfs) may also fit the Solodic Planosols (natric being tnr)V(rstood here as subgroups with high sodium saturation but not having a 
natric horizon). 

(12) 	 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. 

(13) 	 Only the calcareous Vermudolls correlate with the Calcaric Phaeozems. 
The other Vermudolls are grouped with the Haplic Phaeozems. 

(14) 	 With the Ochric Podzols it is attempted to separate within the Orthods 
the soils 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 for other Spodosols. 

(15) 	 The definition 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 Haplorthux, Acrorthox and 
Gibbslorthox. The Ochric Ferralsols cover part of the kaolinitic families
generally occurring under conditions of permanent humidty in equatorial
regions. 
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Table 3. 	 7th Approximation-1938 Correlation (after Soil Survey 
Staff, 1960). 

Present order Approximate equivalents (Baldwin et al, 1938) 

1. Entisols Azonal soils, and some Low Humic Gley soils. 

2. Vertisols Grumusols. 

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

4. Aridisols Desert, Reddish Desert, Sierozem, Solonchak, 
some Brown and Reddish Brown soils, and 
associated Solonetz. 

5. Mollsols Chestnut, Chernozem, Brunizem (Prairie), 
Rendzinas, some Brown, Brown Forest, and 
associated Solonetz and Humlc Gley soils. 

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

7; Alfliois Gray-Brown Podzolic, Gray Wooded soils, Non
calcic Brown soils, Degraded 	 ,hernozem, and 
associated Manosols and some Half-Bog soils. 

8., 	 Ultlsoli, Red-Yellow Podzolic soils, Reddish-Brown Lateritic 
soils of the U. S., an, associated Planosols and 
Half-Bog soils. 

9. Oxisols Laterite soils, Latosols. 

10., Histosols Bog soils. 



Table 4. Higher level soil classes recognized in Brazil (after 
Bennema and Camargo, 1964). 

1. 	Soil with Latosolic B horizon (includes Latosol Roxo; most other normal 

Latosols with CEC of clay below 6.5 meq/100g.). 

2. 	 Soilswith textural B horizon with plinthite. 

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

4. 	 Soils with natric B horizon. 

5. 	 Soils with Incipient B horizon. 

6. 	 Soils with hardpan below A horizon. 

7. 	Grumusols 

8. 	 LIthosols 

9. 	 Regosols 

10. 	 Sands 

11. 	 Podzols (Including Hydromorphic Podzols). 

12. 	 Other Hydromorphlc soils (including Organic). 

22 
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CHAPTER 2 

Soil Physical Properties 

J, Fulton Lutz' 

Some soil physical properties are distinct; others are so interrelated 
with the chemical, mineralogical, and fertility aspects that they cannot 
be considered independent insofar as plant growth is concered. 
Likewise, fundamental principles know no political boundaries For 
example, the forces and physical principles involved In water move. 
ment and in evapotranspiration are the same in Central and South 
America as in the United States. The magnitude of the values mght 
vary from place to place, but the fundamental principles remain the 
same. The variation in magnitude might be due to differences in 
climate, parent material, topography, drainage, etc.. and it is important 
to document in this review data obtained under specific conditiom. As 
Liebig said, Facts are like grains of sand which are moved by the 
wind but principles are these same rims cemented into rocks. 

For the most part, the review will cover work done in Central and 
South America but with reference to work done elsewhere, partilarly 
with reference to basic principles. 

The review will cover four general areas; 1. cllmate L watern 3 
other physical properties; and 4. soil and water consmrvation Insofar 
as possible, these will be related to each other and to other soll proper. 
ties. 

The amount of water present in a soil at any particular time or place 
is a function of the amount applied minus the losse. The amount ap. 
plied may be by precipitation or by Irrigation. TI losses may be by 
surface or subsurface runoff. by dranae to deeper layem, or by 
evapotransplration. Precipitation varies Mw dWy In top 
America. In certain sections of Colombia, Vemuela, Ewador, and 
Peru, the annual ranfall is less than 10 Incm per year. In other see. 
tionm, particularly in the upper Amaxon Valley, and on the head. 
waters of the Amazon, it Is more than 00 i per year. In some 
sections the soils are too dry for agriculture withoutrptoun ad in 
others they are too wet a larp past of the year, pasrcularly for the 
use of heavy agricultrual equipment. In areas wher cimatic data are 
available, the potential evapotrmnspiraton can be calculated krom 
the formulu of Pmm, Thornthwalte, or Van Bavel. Sohbdh ad 
Dancette introduced a coeffcient alpa" in the amified PFhe 
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Pl stressed the importance of a knowledge of soil physical and 
hydrological characteristics, partictlarly soil minsiture tension curves, 
in irrigated agrictilttire,. 

In the ,lrv areas of Soutlh Amierica, particularly ill Venezuela, Co
lollbia, 11i4 til coast if leru, irrigation is necessary for crop produc
tion. Ol, of, Ihle iilail probileis is thl salinity of' the irrigation water. 
Zavalvti -l intcd out thlia the saliiiiy of the c(iltivated lands aillong 
the coast if Peril has e(l'l steadily increasing to the )oiit that large 
areas ile,g i)ig (itli of tultivation every year. A study of the occurrence 
and iatmearl of salii, and alkali soils inll ill rea showed (hat nearly
all of thl illi iited soils of"rivetr valleys are saline-alkaline and that of 
the aioiirligattl deset Soils otnily 8 1 ere'It are 1iiaf eted lby salts, 
lte tnajolity being salilile-alkalinui. Such infornation oil the salinity 

of the, Soils, .ndi(1 of the water availaile for irrigation, is of' uonsid(erable 
ilinpolrtaltll inl lle (liveloiiniit (f large irrigation projects similar to 
the, o11 nl',r Slliitilla in Iolrhrli l'.ril, the (;hiilbote p)roject along 
the Santa IRivr, alid Ihe Nlajes-Siguias project in soutlieli Peri. As 
pointed olt by Isr, a l oidloll Illisell, iakNowledge ofthe characteristic 
prolt~tii's of" moils to be iirigated is essential to deriving maximun 
benefits foi fillh'illigation. Without a knowledge of certain soil 
physical plopitics, (fhici'it water Ise, is imipossible. Inladdition to 
physical (h.iratiitlizatioill if he inidividial soils basic ftilidanliental 
princ'illhs f watelr illvnivilt ill soils lti1ist be aiderstoo(l.

Anolhier iipoiitiil as)(ct of' water is its conservation. lliliofl and 
the aco(ilijiiivity %oil rloioii, arl iajor problcit s ini all humid re

n eiiosiouii 
to h'ogliio liii, alas f laglic'llltlial laid it lill' ctiadoriaii highlands 
have bleen1 detio'cd ir seriosilisly dalliag(l hy rosioll. li some Cases 
reniilit Of tOh, h(lllt'il lraces still oflfer soie piotctioi btt in 
others Ilte'y ituiease, hl (laiiallge by clianiieliig and, helice, IcU(-illllutt
ing th ,watril ie 'lAiii p)la(es whlrce it is relised ill large imiasses 
prltxllilig t iio is giillyiiig. 'l'liis sate sittiatioti exists tlhroughout the 
An s. IhclatilN little basic researcli has bii (oiie ot runoff and 
,rosioli ill (Giiilal alid South Aitiuri('a. lh'rltoii aid Pastana studied 
ie laliti lelweli lilfall andl erosion losses (lil several soil types 

at fotir lot alities ill the state of' Sio l'aullO, Brazil, "'In soils used were 
all cropped ( olitilimii ly to cottoi. "'lh ey f(liil( that both riiloff and 
erosioil itict e.isd witih total raitfiill per shownr ad with maxilmlim 
ralinlfill initelisity bit Ihe elatiollis \vi iot statistically significant with 
respc i l aiillfall chilactlrisltis, slope of thef land, or souil types. Soil 
artil watii isetvvation piograms have been inderway in Jamaica 
(MAloris), ili (iitemala ( iMarcos), itd in the West Indies (Twyford 

giolns. I ikess i itirl is a pillOlit inl arid regiotns. According 

alld doe Ileilas). 
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Work by Pinto2 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 Venezuela 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 area 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 area 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 research is the inter
relation of soil physical properties (porosity, bulk density, hydraulic 
conductivity, moisture content, etc.) with soil chemical properties in 
relation to plant growth. It is inconceivable that 139 years after estab
lishment of the Rothamsted 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 twentieth 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. Sanchezl 

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 (FAO, 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 shifting
cultivation practices exists. In Tropical America fieldssmall are 
cleared by ax and machete during . oriods of least rainfall and burned 
shortly before the first rains. Without further removal of debris, crops
such as com, rice, beans, cassava and plantains are planted in holes 
dug with a planting stick. Intercropping is very common. Some degree
of manual weeiing 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 used 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, 

IAssociate Professor of Soil Science, North Carolina State University. 
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quch as in the Pacific Coast of Colombia, the cleared vegetation is used 
as a mulch instead of burning (Snedaker and Gamble, 1969). 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 (1,69). Much of the African 
experience is relevant to Latin America. Studies of soil under shifting 
cultivation have been conducted in several cointries of this hemis
phere. Most of the observations are semi-quantitative at best 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 concepts developed 
in Africa and Asia. 

Soil-Forest Nutrient Cycles 

The existence of a nearly closed nutrient cycle between a mature 
tropical forest and the soil was first recognized by Ilardy (1936) in 
Trinidad. Since then, many stutdies have attempted to quantify this 
phenomenon as a means for obtaining an understanding of the mnechan
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 ton/ha 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 Oduim, 1970) 
indicate that the proportion of the main forests parts is fairly constant. 
Approximately 75 percent of the biomnass consists of' brancles and 
trunks, 15 to 20 percent roots, ' to 6 percent as leaves and 1to 2 percent 
as litter. Studies in Gtatemala (Snedaker, 1970) show that the rate of 
secondary forest regrowth is about 10 ton/ha 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 years 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 ton/ha 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 4t0 ton/ha aftcr 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 20-4 S 196 (one observation) 
P 33 to 137 Fe 43 " 
P 600 to 1017 Zn 13 " 

Ca 653 to 2760 Mn 5 
Mg 381 to 389) 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 (Barthololnew 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 yars) accumulate more nutrients thanm 50-to 100
year-old temperat, coniferous or hardwood forests (Greenland and 
Kowal, 1WO). 

Only about 410 or 50 percent of the total biomass is available to soil 
additions, mostly leaves, small branches and roots. [le nutrient ac
cumulation pattern in these parts is fiaster than in the rest of the vege
tation. Leaves accumulate about 9.4 percent of their maximum uptake 
within two years of forest regrowth. About 80 percent of the miaximum 
litter production and 6.4 percent of the mximum root production is 
achieved within the first five years in the Congo. 

Soil Storage 

The magnitude of the nutrient storage capacity of tropical soils 
in equilibrium with a mature forest was established by Greenland and 
Kowal (1960). The top 30 cm layer of a Latosol contained 2.6 times as 
much total N as the biomnass and about the same amount of exchange
able Ca and Mg as tile total plant Ca and Mg. The topsoil contained 
75 percent of the biomass K as exchangeable K but only 9 percent of 
tile hionlass 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 cmns (Greenland and 
Kowal 1960), which gives the subsoil a secondary role in the nutrient 
cycle. 
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Nutrient Transferfrom 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 3, K, 
Na, Ca, Mg and S in rain water increased 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 ton/ha 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/ha/yr kg/ha/yr 

N 74-199 Ca 45-220 

P 1-7 Mg 10-94 

K 8-81 S 9 - 10 (one site only) 

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
position rates vary from 50 to 500 percent per year (McGinnis and 
Golley 1967). Decomposition studies with time in the Congo (Bartholo
mew et al., 1953) and Guatemala (Ewell 1968) 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 K 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: 
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Drykg/ha/yr Matter N Ca Mg 

Rainwash  12 3.7 220 "29 18 
Litter fall 10528 199 7.3 68 206 45 
Timber fall 11200 36 2.9 6 82 8
Root decomp. 2576 21 1.1 9 15 4 

Total added 24304 268 15.0 303 332 75 
% Total blomass 7 13 11 33 '2 19 

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

NutrientLossesfrom 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 ral, 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 undoubtedly contributes to 
the efficiency of the system. Data on leaching losses are almost non
existent. An analysis of Amazon river water provided the following
leaching estimates: 0.5 kg NO3 , 4.4 kg K, 37 kg Ca, 5 kg Mg, and 5 kg
SO4 per hectare per year. (Russell, 1950) 

The Cycle asa Whole 
A quantitative study of nutrient cycling was attempted in Puerto 

Rico (Odum 1970, Edminsten 1970, Luse 1970, 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 denitrification 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 PhysicalProperties 

Soil temperature. Air temperatures during the burning of a tropical 
forest may reach 450 to 6500 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, SuAirez 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 320 C after a forest was cleared in 
Thailand (ASRCT, 1968), but no change was registered in minimum 
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 different soil 
layers (Budowski, 1956). After clearing a forest in Thailand, 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. Surez 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 front 0.74 to 0.70 after 3 or 5 years of forest 
regrowth in another observation. The overall low bulk density values 
also suggest the influence of volcanic ash. These differences are proba
bly 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 den'ity increased 
from 1.08 to 1.14 g/cc and total porosity decreased from 59.5 to 57 
percent in a yellow brown clay loam of the Venezuelan 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 southeastern 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 ini mild (-grees in vol
canic ash soils and Latosols, but it may be an important factor in soils 
with less desirable physical properties. 

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

Soil chemical Propertics 

Soil acidity. Ash additions containing large amnounts of bases in
crease the I)1 of most soils aiter burning. Nye and Greenland (1964) 
estimated that the ash contained about 5.3 ton Ca/ha, 0.7 ton Mg/ha 
and 1.6 ton K/ha in Ghana. Leaching of these bascs during cultivation 
results in a subsequent pl I decrease. The magnitmd Of these changes 
varies with soil properties. In soils affected by volcanic ash, Suirez de 
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Castro (1957) reported pH Increases rm 4. to 4 after the fOat bum. 
ing and naller increases after burning crop residues after each har. 
vest. Popenoe (1957) reported ncreates from 5.8 to 6A4 Inthe top cm 
and back to the orginal levels after the socond year of roqowtL No 
changes were detected in the 5 to 40 cm layer. Watters and Bascones 
(1971) also reported Increases from 4.1 to 4.4 In the top 8 am and no 
changes below in the Veneuelan Andes. 

Cowgill (1952) observed no significant pH changes In calcareous 
soils of Petn, Guatemala. Urrutla (1967) repoted slijht pH decreases 
in a similar soil with secondary fot egot h 

The last three studles were based on samples collected under frets 
of different .age at the same time. Studies conducted on one site 
sampled at dilferent times provide a more accurate picture. Nye and 
Greenland (1964) found that pH Increases from L2 to 8U1 In the top 5 
cn right after burning and a decrease to 7.0 alter two year.. The 515 
and 15-30 cm layers increased from 4.0 to 6.2 with burning and de
cresed to 5 after two year. Popenoo (unpublished dat) alo observed 
pH Increases down to 40 am In studies indicate 
that unlike commerical lime, ashes tend to move down the Pratle and 
increase the pH at substantial depths, Unlike lime. s mobility came 
these pH Increases to be short lived, but highly bencial to the crol 
grown under shifting cultivation and perhaps to the Initial forest re 
growth. 

Organic matter and nropn. Although burning volatillue most of 
the nitrogen, carbon and sulfur present In the veetion it does not 
decrease the organic C and N contents of the topsoi. Both Nye and 
Greenland (1954) and Popenoe (unpublished) actually fomd dtat 
orgaic C and total N Increased after burning. Probably due to n 
complete combustion of the vegtatn. Organic mate d. 
ec 'ed rather sharply In the top 5 cm of the o Possibly due to in. 
creased soil teperatures (Popenoo, unpubhsi Nye and Casenl&4 
1954). Total N, however, remains constant In some e .e(uires do 
Castro, 1957; Popenos. unpublished) and decrease. Inotherl (Pops.o. 
1957, Cunningham 1903. Nye and Greenland 1954). The CN ratio, 
therefore, drop sharply in some cass (Arm 10 to Sin twom moist) In 
hig& organic maer swils of Guatemal) and remain K"a in ot , 
Most s ie agroo that changs below th Bit few a ae nelgl 
In terms of C, N and CN rato. When dwp dreps InC, N WON 
ratio take place, they occur within the Riot mont& anuab an 
equilibrium after one or two years (wh'cb Is the utwst of the data 
available). Rogrowth of seondar f revem the above trend 
(Urruta W7). Jlybo and Moore (19) obsrvW anal icreass 
in the order o700 k 
forest or kudzu pasture r

l 
egrowth. 
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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 coild 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 N/ha,
the cumulative yields were 8.5 ton/ha. The fourth consecutive crop
also yielded 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 Resposwes 

After'*the second crop, responses to fertilizers are commonly
observed. Urrutia (1X7) obtained significant yield increases of corn
in a I endzina of Guatemala and Sanchez and Nurefia (1972) with rice 
in the Selva of Peru with N applications during the third consecutive 

responses to added P and Kcrop, but no were found in either 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 (1954i) observed that nutri
ent leaching is so fast in certain sandy soils of Trinidad that no second 
cropping is possible on them. Similar situnations may exist in other 
well-drained sandy areas. 

Managenh it Practices 
An interesting eXp)(riment was conducted for several years by Su4rez 

d( Castrmo (1957) in a volcanic ash soil of Chinchinmi, Colombia on the 
effect of I) ur(' r'sidues uinder continuous cropping. In a plot1iorn 
where ((lii yields(did not d lint for four years under conventional 
cultivation, the (n'lnilative yield was 9.2 ton/ha. When corn stubble 
was ui1aled, the. mul1lalive yield increased slightly to 11.8 ton/ha. In 
alot her plot wlere the conventional treatment resulted in sharp yield
(ecreass wth1 timne, a total of four crops yielded 5.4 ton/ha while 
burmning Iet coln stubble yielded 8.9 ton/ha. Burning crop residues 
might be a feasible means fbr adding 1)and bases 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 ofsoils. 

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/ha 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. 
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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? To 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 burning and green manure incor
porations. 
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The soil should be covered by crops at all times to prevent 
possible physical damage 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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Soil Nitrogen Inthe Tropics
 
Vw 0000101140.w 

l a A d Wtrogam t truMations In wol ofthe tropc has bN . In "Me spc areas thor has been afa remme lhrt Intopcal m while Inothes there islittleor no l aalmoo Tropical agrioultm appears to have depeded
heavily =n research intemperae anea for flmndaeal Infannation,onoil nt This extrapolation d lowmawo appears Inmost In
mum to both reonable and apprpriate.

However, theream esome soil ni and organi mater tranAfr.matlm process inthe tropics a w a sone soi nitegen movement 
and easorpt patterns which are quite differnt from thoseIon 

m in temperate regions. These diffrenoes resultlargly from difrnm Indmuat and not from any diffemwes in the
biogi coss. . ,mdamental princplesIn fact. Inamentai

shmd apply in and all uituatios when due mideraidon Isgiven to 
enva factors. 

In temperate reons, the annual cycle of growth of vetonisrestrictdl annually by coold temperatures. A varity of rainfall regimes 

are found In atlmbiniwith the cold seasons. However, during thegrowing seasons the rae of evapotranspiration generally excee the 
rew of precipitatiom Also, in most temperate regions tO growing 
sason stas with the supply of available water In the soil. 

In all but the wettest tropical regions, plant growth may be limited 
at one or more time during the year by drouht. In seasons of heavy
rainfall, excs water may move rapidly down through the soil and
 
carry many soluMe plnt food elements with It. At the end of each wet
 
so a=
during the onset of the dry season, the vegetation removes 
most or all of the available water within the ranme of plant roots. Con.
sequently, the next cropping seon starts without any ofreserves 

water for the growth ofthe ensuing crop.


The balo differences in the rainfall nd temperature regimes be.
 
tweon temperate on tropical climate 
 require Important management
Immovations In the transir ofsoil management technology from temper.
ate ottropcal cultural systems.

Several te areas relative to nitrogen have beon examined in 
sme detall. However, the literature search has not been exhaustive 
owing to the magnitude of the task. 

Prolessor of soll Belonee, North Carolina State Univerlty. 
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The literatureexamned has led to the generalizations which follow. 
The rfolrences consulted are grouped into subject categories in the 
literature reviewed sections, 

Soil Organic Matter and Organic Nitrogen 
The quantities of organic matter and organic nitrogen in sois of 

the tropics have been measured in numerous instances and have been 
reported in many diverse publications. An appraisal of the results 
indicate that the same general principles relative to accumulation and 
loss of soil organic nitrogen apply to both tropical and temperate 
regions when due consideration isgiven to climatic differences. 

In general the quantities of organic nitrogen in soils of tropics are 
low. There are some notable exceptions, e.g., the volcanic ash soils, 
some altiplano soils, and some rain forest soils. Many of the soils in the 
tropics have been cropped for long periods oftme; the organic nitrogen 
accumulated under virgin conditions has been dissipated the organic 
matter has closely approached equilibrium under current management; 
and the net amounts of nitrogen supplied to crops from organic nitrogen 
are near zero. If nitrogen fertilizers have not been used, the crop yields 
on these soils closely reflect the quantities of nitrogen coming from 
rain water and nitrogen fixation. 

On the other hand, there are yet large areas of land in tropical 
regions that have not been cleared and cultivated within the known 
hitory of the land. The clearing and cultivation of some of these areas 
is now underway. Additional areas will be cleared in the future. The 
Inland regions of Brazil are examples. Following clearing and cultiva. 
tion the soils would be expected to furnish some substantial amounts 
of nitrogen to the crops grown. The amounts furnished, the ratesof 
anticipated declines in soil organic nitrogen, and the times of cultiva. 
tion at which equilibrium will be essentially established are important 
factors about which there is little information In the research literature. 
Moreover, experience in temperate regions may not be helpful in 
evaluating the rates of changes ol organic matter in tropical zones. 

There have been some studies on rates of mineralization of organic 
nitrogen, but since most are laboratory and/or greenhouse experi. 
ments, extrapolation to natural field situations isbeset with difficulties. 

Mineralization of Organic Nitrogen 

Several factors peculiar to the tropics influence the course of miner. 
alization of soil organic nitrogen. Perhaps the primary factor Is the 
temperature of soils ofthe tropics. The absence of acold season permits 
mineralization to proceed at all seasons when moisture is not limiting. 
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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. Iowever, 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/yr. 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 lie 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 wide spectrum of topics relativea 
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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 tlhp 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 nicroorganisms). Several 
aspects of the subject have been covered extensively by review publi
cations (Buryis, 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 growthi 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 



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. 

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

7. 	 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. 

8. 	 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. 

9. 	 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/ha/yr 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. 

10. 	 In non-agricultural situations or 	in many soil areas which are
grazed, non-symbiotic nitrogen fixation may furnish from 2 to
10 kg/ha/yr, 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 combirtd nitrogen.
The agricultural use of such nitrogen would result chiefly from
grazing animals and/or from transfer of the nitrogen by animals,
wind carried dust, or by volatile routes to other agricultural 
areas. 
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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 concerned with transformations 
in paddy or submerged soils. 

Nitrogen Movement in Soil and Loss Processes 

Information from tropical zr.aes 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 the beginning of the wet 
season. The extent of net vertical movement of nitrogen under specified 
rainfall, cropping 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 havr 
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 (180) 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. 

Positionof nitrogenin 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 absorptionof nitrogen 
It is well known that water has a profound influence on plant absorp

t )fnitrogen as well as on the absorption of other nutrient elements. 
j- 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 uae ofnitrogen 

Actual crop of nitrogen at varying yield levels can be found for the 
cereal crops (corn, wheat, and rice) and for several commercial crops 
like sugarcane, 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 

Pedro 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 nitrogen 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 
S~o Paulo, Brazil. DeFreitas et al. (1960), Mikklesen et al. (1963), 
Gomez et al. (1963), Cornell University (1971) cite cases of no response 
while other irvestigations report only positive responses (Viegas et al., 
1963, Miranda et al., 1964, IAEA 1970). 

IAssociate Professor of Soil Science, North Carolina State University 
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Table 5. Production, area and yield of major food crops of Tropi
cal Latin America' (Calculated from the FAO Production 
Yearbook 1970). 

Crop 	 Production Area Yield 
(million (million (ton/ha) 
m. tons) hao.) 

Cereals: 
Corn 	 30.9 23.8 1.30 
Rice 	 11.4 6.2 1.84 

3.0 1.44Wheat 	 4.3 
Sorghum 	 2.8 1.3 2.17 
Barley, oats, rye, millet 0.9 1.3 0.69 

Total: 50.6 35.3 1.43 

Root Crops: 
Cassava 34.6 2.6 	 13.80 

8.25Potatoes 	 6.6 0.8 
Sweet potatoes and yams 3.7 0.4 8.50 

Total: 	 44.8 3.7 12.11 

Grain Legumes: 
Beans 4.1 6.8 0.60 
Soybeans 1.9 1.4 1.35 
Peanuts 1.1 0.8 1.49 
Broadbeans, chick peas &peas 0.5 0.6 0.83 

Total: 7.6 9.6 0.79 

Bananas: 16.3 0.9 18.20 

I Excludes Argentlra, chile and Uruguay. 

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. (1963) observed an inverse 

relationship between. nitrogen response and organic matter or clay 

content in three recently cleared Cerrado soils. Corn responded posi

tively to 240 kg N/ha in Re gosol low in organic matter but negatively 

to 60 kg N/ha in a Dark RedLa'osol 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 (C)rnell University, 1971). No responses were observed in a clayey 
Oxisol with 381 kg/ha of inorganic 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 flushes 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 Lizdirraga 1959, Laird and Rodriguez 1969, Turrent 1970) show 
that when no responses are obtained, they are due 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
N/ha in the 1960's (Colwell 1946, Laird and Lizdirraga 1959, CIMMYT 
1967, Turrent 1970). 

In the Cauca Valley of Colombia, G6mez (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, Seminario 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 ofcultural 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 Sao 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 Lizdirraga (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, variety 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 (Fernmindez and Laird 1958). The depressions in 
yield response due to drought or excess moisture reduced maximum 
yields by about hatf 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 c!' 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 .lrea 

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 Moliia, 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 (19M0) 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 sidedressed applications 
are more efficient than basal applications because 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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Responses. Rice responds to nitrogen almost universally, except in 
recbntly' 6leed land. There is no clear relationship between response 
pattern and major soil groups as in some other crops. Organic matter 
content, cationeichange capacity and potential leaching losses are the 
main,soil properties *associatedwith nitrogen responses in rice. Other 
factors, such as plant type, solar radiation and water management 
exert a greater influence on rice responses than soil properties. 

With traditional tall-statured indlca varieties and cultural practices, 
positive responses up to 30 or 60 kg N/ha are commonly reported, as 
they have in.other parts of the world (Oliveira et al., 19064, 1965, 1966; 
Penny 1965, Ten Have 1967, Kawano et al., 1972, Sfinchez and 
Nurefa ,1972). A large quantity of data from certain areas of Peru, 
Mexico and Brazil report optimum rates in the order of 120 to 160 kg 
N/hafor traditional varieties and cultural practices (Calzada et o., 
1959, Vasconcelos and Almeida 19066, Schmitt and Cargantini 166, 
Carmen 1968, Jarrero and Ortega 1968). These higher rates seem due 
to high solar radiation levels, low efficiency of applied nitrogen, or 
both. 

Experiments on vadety.ntrogn interactions show that the new 
ihort-statured plant types now widespread in Latin America, respond 
positively to higher rates and produce much higher yields than the 
traditional vieties in either upland or Irrigated conditions, Grain 
yields in the rang of 000 to 7800 kg/ha have been obtained with 
vari ties such as IM at rates of 90 to 180 kg NfA in upland conditionsi:,In'Cost Rica and Peru (Cordar 1970, Cordaro and Ronwro 197M 

I1awano t al. 1972). In Irrigatod conditions, mazmnum yldds of 1OA00 
to 11,800 kha have been obtained cwnistently with shosttured 
varieties at rot of 100 to 400 kS N/a (Roso and Moreno 1970. 
Sinchn and Caldw6n 17no 1SAW= Is 1973).Rilio and 
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responses were linear, suggesting that higher rates are needed to arrive 
at the optimum levels. In most of the references cited, the IR8.variety 
was used. It -has limited ,grain quality:for the Latin! American taste. 
Recently, released short-statured varieties with improved grain quality 
such as CICA-4, Naylamp,, Chancay, Huallaga, Sinaloa A-68 and 
INIAP 6 produce similar response curves as 1R8 but seldom attah 
1R8's maximum yields. 

In most rice-growing areas in Latin America, there is enough re
search available to recommend nitrogen rates for short and tall vari
eties. Information about other factors affecting nitrogen response and 
about how far can results be extrapolated to farmer fields isvery limi
ted. Ten Have (1967) compiled the results of 197 trials in Surinam and 
established that the diflerences in yield response could be grouped 
according to the check treatment yields. Such information is useful in 
estimating site and season variability. Several studies conducted in the 
Peruvian coast have evaluated the effects of solar radiation, tempera
ture regimes, planting date, plant spacing, growth durations and water 
regimes on nitrogen response (Sinchez 1972ab). These results permit 
establishing more reliable recommendations as well as estimating the 
risks associated with weather and management differences. Similar 
research is badly needed in other areas, particularly in upland condi
tions, where the relationship between water stress and yield responses 
needs to be studied. 

Sources, placement and timing. The poor performance of nitrates in 
intermittently flooded rice has been known for 25 years in Peru (Cal. 
zada a,al., 1959). The same reference summarized 23 experiments 
comparing nitrogen sources in high pH soIls of the Peruvian coat. 
The results indicate that ammonium sulfa and urea peoform almost 
equally and that both are superior of ruamo (bird manure) and nitrate 
sources. Recent Investigatios provided the same results in add clays 
o(Surinam during seven seomw (Ten 1ve 1957 as well as with new 
varietie and hiw yield levels In Peru (Ramire. and Sinhs 1971). 
Under uplad conditios in Costa Rica Cordero (1970) found no 
diferences between urea, ammonium sulfate and unmonium nitrate, 

mprobably due to the absence of reduced s ilcondit . 
5sl.r-aje nitrous saurcM have reeved same attention recently. 
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soils;,particularly those with very poor water management (amirez 
and Sinchiez 1971, Shinchez 1972a)., 

eThre is a surprising agrement in the results on timing of nitrogen
applicatlonsiii.:Tropical;'America,- in spite' of the wide variety of cow 
-itionson whichrice is "grown. Results fron Brazil (Schmitt and Gar
gantini 196), Costa!Rica (Cordero 1970, Cordero and Romero 1972), 
Mexico (Jarrero and Ortega 1968), Peru (Calzada et al., 1959, Sdnchez 
and'Calder6n, 1970b,: 1971, Ramlrez and Sinchez 1971) and Surinam 
(Ten Have 1967) indIcate that delaying nitrogen applications until the 
tillering or panicle initiation Istages is' superior to a single application
Inco porated at planting This is in sharp contrast with Asian data, 
whicW;generally recommends a basal application at transplanting. The 
differences 'are probably due to the higher Initial nitrogen leaching 
losses in Latin America caused by less soil puddling and more alternate 
oxidation-reduction conditions. 

Efficiency. Fertilizer nitrogen is lost easily by leaching and denitri
ficatlon rice soils due to the presence of alternate redox conditions and 
the larger amounts of water used in this crop. Under constant flooding,
recoveries in the order of 40 to 60 percent of the added nitrogen are 
considered good. Studies in Peru under intermittent flooding show that 
the apparent fertilizer recovery at harvest time fluctuated between 20 
and 30 percent with conventional sources and timing practices. WitL: 
improved tming of applications of conventional sources or with basal 
applications of slow-release materials recovery values were increased 
to 30 or 40 percent (Ramlrez and Sinchez 1971, Sinchez and Calder6n 

1i ro%p Isgrown in three main regions of 7'oplcal America: the 
arid Medan northwest under high solar radiation and caearvous 
sols, the Andean hjhlands fim Mxio to Bolivia at hih elevations 
on Ande and non-volcanic sods, and In Southern Bral on Ultisols 
and Inciptod In tbe lat two regions whea Isnot irrigated and the
sdottqthred Mecan valetis a not widely adapted.

In msthwusom Meximo, wheat rends strongly to nitrogen at 
"es between 60 and 100 kg N/ha needed for maximum ydd of 3 
tom a In IM (Arvim md L&Kd, 195). New vueti require about 
W kg NA to addme yW&d of over 5 tmm% (CIMMYFr, 1119).
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or removal of previous crop residues decreased the rates needed- for 
optimum yields by 20 percent. A series of experiments conducted on 
Andepts in the CentralPlateau, of Guatemala showed that maximum 
yields of 2.3 ton/ha were produced with 75,to 140 kg N/ha. Lodging 
was observed-at high rates as well as a positive interaction with phos
phorus (Ranirez et al., 1971). In 1 trials conducted in Bolivia, linear 
responses were observed in rates up to 80 kg N/ha, some of which 
yielded as much as in northwestern Mexico (Manzano et al., 1969). 

In yellow latosols of southern Slo Paulo, Brazil, Jorge et al. (1965)
and Blanco et al. (1965) observed little or no nitrogen responses in 
areas with maximum yields of1 to 2 ton/ha. 

Attempts to relate nitrogen responses with soil parameters have been 
made in all areas. Torres et al. (1963) observed that a content of 750 
ppm NO in 45 day-old wheat plants represented the critical limit for 
obtaining responses in northern Mexico. No relationships with organic
natter or total soil nitrogen were found In the same area by Arvizu 
and Laird (1958), while only soils with less than 0.1 percent total N 
responded in Sio Paulo (Blanco et al., 1961). 

No studies on the eflects of sources, placement and timing were 
found in the available literature. 

Root Crops 
Cassva 

This crop (known also as yuca, manioc, mandioca, tapioca) is the 
food crop produced in largest quantities in Tropical America. Unfor
tunately, cassava has received little attention by Latin American soil 
scientists. It is generally considered a crop suited to infertile soils 
because of its ability to remove nutrients at considerable depths in the 
profile. Nevertheless, cassava can remove about 80 kg N/ha with 
moderate yields of 17 ton/ha and over 200 kg N/ha with yields of 80 
ton/ha (Normanha and Pereira 1050). 

The only long term study available is the work of Normanha and 
associates in Slo Paulo, Brazil. These studies show that significant or 
econosucal nitrogen responses were less frequent than those of ph9o.
pho and potassium. In some camss, the topiroot ratios Increaedwith 
nitrogen rates of 40 to 80 kg N/ha with no Increases In root yields
(Siva and Fre4r. 19M). In other Instances, root weights and protein
contents Increasek hut not the *uA yield (Malavolta ot ., The1953)
Brasilian data uniphul. the Importanc of NK balanms. Mos 
m to N wv obtained In t " es d ape phosphos
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" lacement andtiming studies have been conducted in Sio Paulo 
(Normanha: 1951, Normanha and Freire 1959,,,Normanha et al., 1968,
SSilva:and: Freire 1960a). .They show that nitrogen sources alone or in 
combination ith other materials when applied to the planting furrow 
can sighiificantly reduce sprouting and plant vigor. They recommend 
that'half of the itrogen and all, of the phosphorus and potassium be 
applied to the side -of:the'planting furrow and that the rest of, the 
nitrogen be sidedressed at later stages.

Some studies on sand, and water culture have been conducted in 
Trinidad;!and Brazil, Dry matter and nutrient uptake patterns have 
been developed in northern Argentina (Orioli et al., 1967).
'Large cassavaresponses to balanced fertilization on deep soils are 

common in other parts of the world. The absence of such information 
in Latin America is one of the most significant gaps in soils research. 

Potatoes 

Responses. Valverde et ci. (1966) and McCollum and Valverde 
(1908) summarized research conducted from 1950 to 1964 throughout
the Peruvian Sierra. A multiple regression equation was produced
from 58 experiments. They found that nitrogen was the first limiting
nutrient followed closely by phophorus and with a strong interaction 
between the two. Extrapolations showed that a rate of 240 kg N/ha 
was the economic optimum but due to lack of data beyond 180 kg
N/ba they recommended a blanket application of 160-100-100, which 
can triple potato yields. Nitrogen response was inversely proportional
to'the sol1 organic matter content. Substantial site and season var. 
ability oocurred but it was less with nitrogen than with phosphorus
Orr u I, Iproved varieties prodced response curves 

.hey optimum rate. The inten wilth spadng wu also
studied bmmrsed yields at hi rates appeared to be related to the 
variousyield omponents in it following ordern number or tubers 
p at plnt pulato, and tul sixe. 

A lk number of experinmn have also been conducted In Slo 
36%4aI wide variety ollos. Nitrogenresposswown alw 
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ammonium sulfate, ammonium nitrate and .calcium: nitrate were 
observed, which led the authors to recommend whichever source-was 
cheaper. No differences due to timing of application were found. 

Brazilian workers have compared several organic sources such as 
cacao or castor meal with inorganic carriers (Book and Freire 1980, 
Gomez et al., 1987). Their data shows a consistently superior behavior 
of organic sources which the authors attribute to poor placement or 
timing of the inorganic sources, or variability in the nitrogen content 
of the organic sources. Placement studies have shown that applying 
all of the nitrogen in the planting furrow is effective only if followed 
by rains but could lead to salt damage in dry weather (Nobrega et al., 
1963ab, Nobrega 1964). Splitting applications in halves or delaying 
one application was more effective in dry periods. 

Sweet potatoesand yarn 

Worldwide experience with sweet potatoes indicates that moderate 
amounts of nitrogen in the order of 40 to 60 kg N/ha produce positive 
responses, but excessive amounts increase the top:root ratio and de. 
crease tuber yields. The limited experience in Tropical America sug. 
gests that positive nitrogen responses are not as common. Landrau 
and Samuels (1959) obtained positive responses up to 82 kg N/ha in 
two out of four sites in Puerto Rico and negative responses in the rest, 
They found no relationships between responses and soil properties. A 
large number of experiments conducted in major soils of Slo Paulo, 
Brazil show only occasional economic responses to nitrogen, but most 
yields obtained were low (Camargo 1951, Camargo and Freire 
19Oeabc, Breda a au., lMOab). Experiments on sources and placement 
methods provided no clear trends, except that organic manures per. 
formed generally better than NPK applications. 

Yams (Diewore. spp., known as ham inhame, card) are extensively 
grown inthe Caribbean and other areas. Experience In West Afrca 
has shown that yield Increases in the order o(10 to 90 percent are 
generaly obtat&d with 8 tonh of farmyard manure or ammonlum 
sulfate applied at rates of 90 to 180 kg N/ha. The ffects of manures 

-e relad to ImrvmnsIn soil physica Th tmingnop~s 
or Inoi nitrogen applcaio Isvery mubto the nitrate 

uctuaions Inthe sl InUseiscvroamts (DoCas ). 1n TInU 
idad Chpman (1008) Wad that deRtiin o nitron appicatios

A lekb dramumilly. nm I 0 o moumo sulfat 
wa,ap a pldtece ed when the uame rae was 

, ase= IwbyO pere.,this.da . In d a-emalow"M& t lg ap"ain dttthree monh the ledenUtIdes Iore" a~nd the plane atait 
produnia seOMbduy shee tsI do. Oaek*n 0 prbAWl 



necessary to obtain yield responses to nitrogen. Ferguson and Haynes
(1970)talso in Trinidad, observed a differential response with species. 
Dioacoreaalataresponded positively to 200 kg N/ha while D., esculenta 
peaked at 56 kg N/ha and responded negatively to higher rates. Good
ing'(1971) reported that rates of 20 kgN, 72 kg PsOs and 51 kg KO 
Increased yam yields In over 100 experiments in Barbados. The exper
imental design unfortunately, prevented the evaluation of individual 
nutrient effects. 

Grain Legumes 
Beans 

Dry beans (Phaseolue spp.) are second only to.corn In total area 
planted In Tropical Latin America. They constitute the main plant 
protein source In the diets and are found growing in most Latin 
American farms. The nitrogen requirement of beans In tropical areas 
is in the order of 60 to 150 kg N/ha. It is expected that symbiotic
fixation provides a substantial amount of that requirement. Fassbender 
(1987) reviewed reports from Costa Rica, Brazil and Peru and found 
little evidence that RhIzobium Innoculation was effective. In fact, a 
negative correlation between bean production and nodulation has been 
reported in Brazil (VanWambeke 1970). Aluminum or manganese
toulcity, calcium and phosphorus deficiency, high nitrate contents and 
high host specificity are some of the explanations given for this 
phenomenon. 

TU response of beans to inorgarn nitrogen is extremely variable In 
the region. Fassbender (1987) reported that optimum recmmended 
rate range from 30 to 0 kg N/ha in Mexico, Central America, Peru 
and parts of(Bru but ratesfrom 00to 400 kS N/hahave been reo. 
mmeuxid in Cost. Rie and Minas Crala, Brazil. 
Miyaka and wworke found nhauent responses to nitrogen

In a lp numer of field trials conducted throughout Slo Paulo, 
W ad L als were limd, yields Ineuseld but nitrogen
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In spite of a comparatively large number of publications on this 
subject, the information obtained is very limited due to the superficial 
nature of most trials. 

Soybeans 

Only references from the Campo Cerrado of Brazil were obtained 
for this crop. Except for studies conducted by DeFreitas et aL (1960)
in Colas and Mascarenhas et at. (1967b) in Slo Paulo, other studies 
report no responses to nitrogen fertilization in spite of the wide vari. 
ability in soil types. Where responses were obtained, excellent nodu
lation was present although it tended to decrease with applied nitrogen 
rates. The yield levels obtained suggest that nitrogen fertilization of 
soybeans of minor importance in the Campo Cerrado. Phosphorus 
and liming were crucial. 

Pastures and Forages 

Cattle production, mainly for beef is more important in the Latin 
American tropics than in tropical Africa or Asia. With over 552 million 
hectares in pastures and meadows in the area, it is not surprising that 
nitrogen fertilization has received widespread attention throughout 
the region. Most soils of tropical Latin America do not mineralize 
enough nitrogen over a long period of time for satisfactory forage and 
pasture production, even those with high organic matter, total nitrogel 
contents and narrow C/N ratios (Blue, 1968). The main approach has 
been towards massive nitrogen fertilization of grasses with limited at. 
tention to the introduction of tropical legumes. 

/da ponse. 

Oxisols and Ulthols. In the highly weathered and leached Oxisols 
and Ultisols, pastures are often the only source of nutrition of beef 
cattle. In Ustic environments, animals suffer severe weight losses during 
the dry season which delays the slaughtering age to four or six year.
Atwo-year study by Quinn et at. (1961) showed that when 200 kg Niha 
per year was applied to Guinea grass (Pantcum maximum) pastures in 
the Campo Cerradoof Brazil, the production of total digestible nutrients 
and the live weight increase per hectare doubled; the carrying capacity 
increased from 1.4 to 3.5 steerslha. When nitrogen was applied during
the dyWaon the gains were superior to those obtained with applica. 
tiom durin the rainy asm, and the quality of the pasture teaded to 
be more usform. Quinn of at. (1963) postulated that available soil 
nitrogen was depleted at the end of the rainy seaso that appications 
at that time were subjected to lower leaching losses and that they had 
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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 (Panicumpurpuraceum, syv. 
Brachiariamutica) or Pangola (Digitariadecumbens)are fertilized with 
400 kg N/ha per year, the annual forage consumed by animals reached 
14 torxtha with 16 percent protein content. This production supported 
a live weight increase of 1100 kg/ha and a carrying capacity of 5.5 
steers/ha. Annual nitrogen uptake by such grasses averaged 300 kg 
N/ha. When the same species were cut as forage every two months, 
annual production reacied .40 ton/ha of dry matter with Elephant 
grass fertilized at the rate of 8W0 kg N/ha per year. Guinea, Pangola 
and Para grass )roduced maximnum annual yields of 25 toni/ha per year 
with 4M()kg N/ha and Molasses grass (Atelinis minftilora) reached 14 
ton/ha with an optinmn rate of 2() kg N/ia. 'Tlie excellent quality 
forage incrased thle carrying capacity to 10 aninals/li'ctare. Ade
quate levels (i',other imitrieits and liiie pills )roIp'r cultural ipractices 
were Ii('(ssary for btainiing such yie.d levels. (Vietel-Chandler 
et al., 196i7). 
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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 ever) cut or grazing produce optimal yields. 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 g-asses 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 1967). 
The decrease in quantity and quality of pastures during the dry season 
was studied by Tergas and Blue (1971) in the Guanacaste peninsulia 
of Costa Rica. They observed that applying 75 to 150 kg N/ha one 
month prior to the dry season, increased Yaralia grass production 
during the first two months of the dry season. Afterwards, yields, pro
tein content and the contents of most elements except calcium 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. Simiiar recommendations have been made by Vicente-Chandler 
et al. (1967) for tile south coast of Puerto Rico. 

Legume-grass mixt.,res 

The present knowledge of pasture legumres in Latin America was 
summarized by Williams (1967). Although a significant proportion of 
species such as Dcsmodiun and Ccntrosema are found in some un
improved grasslands in Costa lica and South America, the extensive 
use of legumes in forages and pastures is very limited. Tropical kdzu 
(Puerariaphascoloides)has been grown in association with Molasses, 

Elephant and 'ara grass in humid regions in Pluerto Rico (Vicente-
Chandler et al., 1907). An initial al)plication of,12 kg N/ha was neces
sary for the establishumnt and nodulation of kuidzuu, but fivither appli

cations almost eradicated the leguine. Kudzu-grass pastres on steep 
Ultisols produced pl)to 12 ton/lha of dry ,natter colnstlimed by cattle 
per year which resulted in annual grain weights of FAX) kUha and a 
carrying capacity of 2.5 young aniInIls/ha. Intensively fertilized grass 

pastures however, produce more forage and more protein than kudzu
grass mixtures. Vicente-(;handler ('t al. (1967) estimated that kudzu 
fixed Adout 20 k),, N/ha l)er year. 

Timing, placement and souree 

Ther is yoy-' ',te lagr(venvlt in tie region that the optimum timing 
of nitrogen apllicatios is to split the annual rate into equal amounts 
after each cut (four to six tine.ia year) or the sane numnler for pastures, 

regardless of soil, climate or species differticem (Crowder et al., 1067, 
llerrera et al., 1967, Vlcente-Chan(ller e al., 1067). loth forage yield 
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 Quffin 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., 196, 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 (C67) 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 year 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 efficiency 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 percent iii the udic lowlands. Yaragua grass wa; superior to Bahia grass
(Paspalum notatum) in the Ustic lowlands and Kikuyo (Pennisetum
clandestinum) was superior to elephant grass at high elevations. Re
covery values in Colombia at optimum nitrogen rates vary from 50 to
75 percent Crowder et al., 1967, Lotero et al., 1968, Villarnizar and 
Lotero 1967). Urea is usually recovered in lesser amounts than ammonium sulfate and sodium nitrate, but these differences do not seem large 
enough to affect the economic aspects.

Effects of intensive nitrogen applications on soil propertie;. 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 asid 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 ammonium nitrate the pH decreased 
slightly (Vicente-Chandler et al., 1967, Villamizar and Lotero 1967, 
Herrera et al., 1967). Higher rates of urea, 5.4 to 10.8 ton N/ha, G 9

creased the pH from 5.8 to 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 ,ubsoil 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 data 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 linear. Higher rates 
should be included in future experiments to obtain estimates of opti
mum raics particularily if improved varieties or cultural practices are 
used. The variation of nitrogen needs with seasons, 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 
,"sed such as upland rather than irrigated rice. This information can be 

105 



obtained rather quickly with fewer but more carefullyi controlled 
experiments. 
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CHAPTER I 

Soll-Acidityand Liming 

IU9S vK&Mpffthl 

KadyMuupesa liming ihnthemid tropcs todidpr
.blro.... sods were limed to pH 7 which

ii brwht about by micronutdint dede. 
.ve ara Vey ohme 

d -a d o u Mlabdity. i. the paiust NO Yom, how
,wee,sd uese asaC that aluminum s the principal cation 
tomldells fp&I andbelow. As a m ofthesnew oono the

S- Oily wathw aid sol hu been considers.noddied Lime rato ae now ben bsd on ounts qurd to 
~duuth eaeaasabe auminum rather tha briniging dol to

pH asor 7. hN of this reiw isto look at the nature of Soil
acidity ad reui to lme Inthe humid tropics in the Iit of modem 

ofo F.. Acidity. 

Soil Aidity and lxohangable Cations 
Sdl a l, lie.. Orlhe 

uplmTh savamioUo de estn of Colombia ae acid asdhglyuweatheed and ae M bis-ad OOiis. The pH of the 
ed 43 to 5l with the mqory beng below pHt?(bpera, ).Kdabe Al acounted on the aveae for 
ee of the ow cato.. The avaeanbl 

ahenlms and GAMM plus magnsum were 3.1 and I meq&lOCg 

-MW 

Repeetatveoil&roM variou area of DramA were Analyzed a to
th ad oda sat-0ation (Anastao 1066). At pH 5.5 and

slls containedA ssally no - alumlnm butwith ses with a lo ti tan tg ilumlnum 
satwles wa s The avoragehangle aluminum 
awa sil witdn t ang of pH 5 to 5U was 16 percent.

The g aqer luminum saturation of R d.Yellow 
LsuehlHa Wpllsta5wasFlrcet, ofRod L.Atosobs was 

IPrhe .1 Sloul las, CIt " Uslt .ft"1 

'UJ 

?+ p+ + i +++++++i++. ++++ + +. + . 



79 pereent and ltd-Yellow lodzolics was 63 percent (Pratt and Al
vahydo, IXOi). The ('xhalligealble calcitm plus miaginesilli ctintenit of 

the lied liatostols was 0.2 me/I ( g or less. 'the led Iatosols are the 

principal soils found il the (amnpo (Cerrado Brazil. These soils are(of 
highly weatliltlr'd, devoid of basic,tilliolls alit hlav, ithigh exchange

llt' titmi tit,i il.uluiii sittlliitioli t1lr llghotit sollim. flitext'ptiols to 

this are tIe Terra I1osa soils fornitd fromii bilsalt wlichii have auhigh 
I t I).base sat r )l 

Amazon BIasiu 

The soif;we hliiois of the well d ained f'oest soils inthe Amazon 
llasiii of' Brail had all a.viag, vxclamille,almiIIimnIi satutlioll of-141 

p('rc''nt and the well tlained Saiviiiai soils badit saitiiittioii of 57 per

cent (Solmbrock, xi(i). The poorly draimed soils, Iowever, ge'nerally 
hald a1v''rv lo w AhiminIimnn tatirltiiol. 

The c'ble aluliminimi satulatioii of' tit" A hwotiii of well 
drained soils ill the upper A,/uzol Basin of' lPurIli oiged lrloi 30 to 80
 

percent w -liei lhnl, 1971). 'Ilie
tw pII was h.cs tiaii .1.5 (Samitliti ant 

B horizmos )i ti' oth r and had an atlmnium s itatifli of 71ho to 92
 

percent. 'l'e Al hioi/ois of, tit( pooly drt'ramdi oils contaiin ttlmost 

no exchaligelult' ,1l1m1miiii even though the *oils wt', u' acid. 'h'lie B 

horizons, hiow 'v,,,hlad an cwxthli)gt'ah]g e a uimbiiini satmiiation ranging 

from 33 to-.6 pi'tik'lt. 

Volcanic ash soilv 

Inia Itview l(,hanicst)ils, Fasslbn'r antd Molina (1Xif9) 

Point out that most soils f'ormed from volcanic ash have )1lvalues 
greater tham 5. Ilowevt'r, onder cotlitions of intense we'athiering, 

soils fornim I' volcanlic ash a exCliaIIgealh' 

)It asl 


from may have high aiimi
um satiofatnimi (I'tx lXi2). ,m,of' tt'hbharge f \ta('iic ashct a/., c 

soils is pl lldlit ail tit' bifher (apiacity tftl.sc soils ma, Ihevery 
high particidat iY as phI 7 is ap,)uia ('htl. 

Effect of Liming on Phosphorus Availability 

BeneficiIal ffeci 

1T' excliailigi'ait' almillni ciintent of tlit isols and ( )xisols is one of 

tIe factors afh't( gintit' fixation of' pliospl, utus(St N al., I($8, E'sle.
ranza, IfK3) I.imi g th.'reasttl tw phitsjlioris fixation of' atid Vol-

Canic ash soils limed to1 pll5.8 whicl ti)l)tp,,li ed It'(i;l)lh' ammionimits of 
extractalal ;uminum (lFimslenher and Molina, 1(.X39). 

.
Neutralizat ion of' txcihamgeal almnminimi gatly tihliic'td uptake 

of fertilizer phosphotrus from Latosols (Fox (,tal., lt .I). Liming of an 

127 



acid Andosol fiom Costa Rica increased the uptake of fertilizer phos
phorus by tomatoes (Fassbelder, (Xi,9).Applicatiton of lime to an acid 
Latosol, 1)!1 -1.6, which rvducc(ld tlie exchangeablel limminmmn saturation 
from 58 to 8 percti and raisc' theIll to 5A, increased the yiell re
sponse of dry beaus to phosphorus fertilization almost hirce-flold (Mas
care;has vt al., 196i9). 

Liming of'('id (ampo (Cerradosoils which hatve a high total phos
phormums (ontent iun'reas&'d tev aivailahle soil plhsploldrts hvel and also 
reducud tlie nue(d for fert iii.r phosplhionris (Mikkelsem. et al., 1X3). 
Availability of' mtive soil phosphomus it certain acid (Camnpo (:rrado 
soils was il(r.'eised hby liming (McClung It a/., lVKil). llcr(.ase(d min
erahizatiom of orgaiic phosphorus alolg with icuit ilahi/itioui of ex
changeable ahumuiuumilm, arle possible -xplalilitiois of' this cflect. Ilaisiuig 
the 1)11 of Zamnorano soils illHonduras fronit 5.5 to (1.5 inicreased the 
mineralizati oftorgaiic plhosplhorus (Awam, 1961). 

Detrimental effects 

Adjusting the( p11 of acid Alumhiiious latosols to 7 drastically de
creased li uptake of'fi'rtilizcirplosphoiris (Fox ct al., IfXi I). Forma
tio Of (l was tIhe immiii reason for theahciuil pos)hates alpparctlv 
decreased plhosl 1 iiuus Uptake. Similarly it wls (01id that tlie phos
phorus fixationi capacity of A i(osols wal'i iic)rased whell the soil 1)11 
was raised albove- 5.8 (iFassleiduhr anI Molina, !NXi9).Yie'l re(duiction 
of sweet potatoes oiu soils limed to 1!! 0.7 was associat'd with an ap
preciable reduictio|i ill phsphorus (( iiimargo ('tal., l962).availabe 


Crop Response tu Liming 

Corn
 

Large r(esl)oi~s(,s to linning were obtained ol the. Canpo Cerrado soils 
in Brazil which gp-mrally ha ita I)lI of less than 5 and have a high
exchangeable saturatioi, (Frcitas c al., I 9(O, Mikkelsen 
et al., 19X3). Poor growth of' corn was foimid on l il,5o soils with IllI 
4.2 and ,4.8 (lgue and Schmidt, 19(12). Normal grolth was obtained at 
phl 5.2. 11 eXp)e'rilments illthe haraiba Valley of'S;no iaulo, responses to 
lime were not obtaiied uitil tit( pIho(s)horus aldicaltiomI was 12) kg 
PA 5/hua ((oIeslCt 01., 19{;3).

Esseuitially no rsp-)i,..sc to litiig was obtailld out fiu0ir soils in 
Brazil illwhich tihl)ll rauge(d fron 5.5 to (6.5 (Vicg'is 't al., 11().
Ali icreas(, off olly 3 buishiels per acre was obiktil(!ilo(mi limiing a 
Terra-roxa mIishliradli soil which had ami initial 1)11 of 5.6 (Miranda 
et al., 19f14). 

128 



Potatoes and sweet potatoes 

Potato yields in S.to PIaillo inicreaswd approximately 2 tons/ha )y 
liming when (lI, ielit al itI witws less thhal5.5 (Hoock aind Freire, 1961 ). 
At )11 5.7, tun t, little wits obtained. Ii allotler sIlly, lilingn rspim 

of a1p olily dliljit .d s(pil, II T.7 ililciilsel Jlmlato Yields .i illisfhl 
(Boock ct (tI., 1)-i). 

Sw~iect po4taito illS4.11( (It-clead whli dlic INViE-ld holl I \%'.I 
ritised to 01.7 (( aiillg4 it a/I., lixi2). W\ithi adeijijate loIttihi/atiokii, swect 
potatoes lidlltImt iesp ,d ti Inniun ()it I s)il \-ilt p .5.6 (Fiii ct ill., 
1Xi2). liiniiig tilt- m1l to 11117 dllcicl, i sw\ll p)dat.itll viili. 

icie is ,ll l/liil iilitl i i i 2 L ,ili , ,ieiii \ ili %ilillthittin it 

hia M i' i Ii %,/lrilox l ii l ni.ti iiiati lhi, l. tige)in, i .tioni( 5S to 11t 
i(I) a .d II II I l.,H N l IN ,1,1i iXi ll, Iga!aiseh I)i (lII itill i ils ti, tII 

Niui eroiitui1(reS v r it i ii ( i liI(I, i I i )e , lillit witsi IpIit 

4 t ll ,oil,,I 
B ll'rs d77 ert w eill aoI. k lic.ilits ()I liltii an sil ivii T ,llii

obaied iil I1)l ill o id.05( kae vltitd., l dsie). 

a li i1a 5il 

(aliyas iik , tain., nixtit). Ihieiili t i iiillith dii icl ii. iii yidh s ill
 

o wx meliltl .ill (\lk'Pl ) which iiii l.! ib. Ipll l ii ( tI (ti 

Soybor'limm 

Numerous a ,l ris 5.4li ilitx , l'tii 1 iil;Mil, iir ,s i lil- l 1ii ldi L4Ii 
cr5 ei,s ill ixb.i ,li vi1. l'll aii 4l (i I le 1. wItinil Yli4ls 

e iil , 4i ill i ll .iiritnir ,ea77 ,ii it Ii ),l liI lit l 4i iitiail 
5.0ltii l]1it' toi iI I, jll , ias aI., ) iiL). itii io)liim, L c I I lhc .. iill 
also v iec(1 i5ill illlSit ih 44 l4..iLa,,i4 w ith il iilli ii fill ( '.1 i5i (Nsitli. 
ca'irunlihas vt .I , 90lift. N4!ildiE I5ll iw til, c44l4lii l/,i)5 ( 4 1411/ \%il% 

ii ll (it iai 441 .li liIl ib ino tlii A1411% ili ,iV, (I'lE t \ l4' t ilr i)lIilm 

w iilla h i il.i l I i IbI Sl5 2o| 5.)9llii(t ' iit S oii i ) ji l ii'iiii iit . )l , 

w itii Ji iiiiil Ill I od i )5 illliV , dillc h) I i cl.loct , iilibilily of 
Ilolybdl 'lillii ais (he' pll is Ilii,l . Soil iiill l )(11 -1iililt III Lailmoio.. is 

probably fixed by iydrited iron oxides arid liwcoiesi mnore available. 
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Sugar Cane 
Yield of sugar cane ini Puerto 1,ico was onil v 25 metric tons/ha, where
 

the exChIangiable AluniIIIII SAI I was t han 70 pervent
sduralion greater 

and was over IX) hois/ha when tOiexchangealle altoint1 saturation
 
was less than 30 percent (,Ahrofii -;I Vi,'enot-(Ch 'lndler, 1I967). Cale
 
yields wele less tlhan I toll/acre oji a very acid 1lJtisol ill l'l(ero Hico
 
(Abrufia ,t(it., 1968).
 

Au incrCase in sugar tanc prodcutioi, xas oltained with modierate
 
amounts of lime applied to an acid volha icash soil (FlIsslnder and
 
Molina, 1IWO). At higher rates of lire,, he "io!ls were dolcreaseod.
 

Summary 
The highly wcaltheueed ()xisok.ll I ltisols gcteirally have a JAI less
 

than 5 and an ('xe'hagea.,chble ,lumiuon satratiot greater than 5)per
cent. h'leh lra, soils of the Amatzon Basin have i low expool ly ld 
CIlangeailit' aluninzmni SAIItoitoll ill Wthe h0i6 MA ll.o{t VO(aniC ash
 
soils ivc *ilIIgkcater tii 5.
L 

Nv'Iotrillidi/atiol )I ccl(Inctale lh 61nil1011 1)\vlimin, i crease(I 
phosphorus 1Ih]t an l1(tlev Ni l lespolm(u to (()l i-ltfiliicrs.
 
Lianiog of ttitauiu b~ Y , l l0( soil% (lvae~cd~ Ic'.l)4mc 1( hs
 
pholls fe til ,lus.Ip)p'lllitlv het(,5 of inci0,vI'l a! ,oll )livof, s(ill
 

phlosphol Os. 
ill osllhu( s... IrtItl \\l uu 11h1s (lIdIws, laiseoli((,.1ail.ihiilitv (h(( 


abo~v 6.7 .11 ,ilhs \%en hl ,u0,-ldcI.It'llsill , p11 oft
tboI c ( tOw acid
 
Andosols (11)15,e 5,S i(l'WAld plh)h s fiIl(oil.
plhl 


(rop e )otof 1i111i1g (1 Ill Iluost l1 1stajoIchlath 'llilj ti lll e t)I 
of exchiall i hcl .,lolillliollllll and % u( lyintg of ( h it ll; ll IIIit.,lIc'Sllln. 
IIi iiost iliitaes, it theIll is 5.5 oi iov veV lihtle u)spoo1e tololling 
will be obahieid. Yiel'ls of lgileis liay l ililreasl by lolling to lli 
6 )ecallse of inIreased avdtilalility oIIllmIoyllelllmn. 
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SS lp The naturalpH of a sol which isa reflection of the calcium 
a =rt will' det n' the form of P that will be present, Studies 
with so In C*it America showed that pH 5.5 was the dividing line 
Stowhetherth.main formwas Ca.Por Alp + Fe-P (Fassbender et 4,'.,: ........ .
... 1908).. 

° Weatheins, As soils become more highly weathered there is gen.
erally a decrease in the calcium content and Increasing amounts of 
reactive Al and Fe. Therefore, with increased weathering there is a 
shift from Ca-P toFe.P and the result is a decrease in phosphorus
availability (Westin and Do Drlto, 1909). 

Moisture cnditlom. The moisture content of a soil determines the 
oxidation-reduction potential of the soil. Studies in Trinidad showed 
that during the dry season there was an increase in reductant P (Fe-P)
while with wet conditions (anaerobic), there was an increase in Al-P 
(Ahmad 1967). Work with Venezuela soils Indicated that soils with a 
distinct dry season tended to have a higher proportion of Fe-P while 
with Impeded drainage Al-P predominated (Westin and Do Brito, 
1900). 

Soil Test Correlations 
Ceemerd. 

A' u study with 110 soils from Central America Indicated 
that O percent were extremely deficient in phosphorus and only 15 

reit cotined adequate phosphorus (Fasibender et al., 198).
Correlation of soil tests with phosphorus uptake gave the following 
correlations emtleants: Egner.Riehm (Calcium lactate) 0,947, Olsen 
(NaHCOj) 0.870, Bray I (HC! + NHIF) 0.856, Melich (HC + 
HS14) 0OM0 and Saunders (NaOH) 0.340. 

For a group of soils ftom Honduras, the Olsen method (NaHCOs) 
gave the best measure of P retention (Morillo a0 Fassbender, 1968). 

Colo"bi 
Studles were conducted Inthe mountain and Inter-mountain valleys

of Colombla to correlate soil test values with response of wheat to 
phoporm fetilization (Navas o al., 1968). The Bray II method 
(HCI + NH4F) gave the best correlations. The following levels were 
esablished for the purpose of maldng recommendations: low (0-20
pPM), medium (040 ppm) and high (greater than 40 ppm).

The laboratory analyzing samples from the coffee growing area of 
Colombia has used 0.06 N HiSO, as an extractant (Lopez, 1958).
Many of the soils Inthis area have been formed from voleanic ash. 
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Brazil 

Based on 217 experiments with cotton on Terra Roxa and Massap& 
Salmour'o soils, soil test levels were established using a 0.05 N H2SO4 
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 ppn). 

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 ct al., 1963). In the Sio Paulo region, the application of 
80 kg P2 0 5/ha to previously unfertilized soils increased corn yields 
approximately I(X) percent while with previously fertilized soils, 
responses were less than 20 percent (Viegas et al., 19,61). 

Other studies in S-io Paulo with the soil groups, Massap6, Terra 
Roxa, Arenito Bauru, Glacial and Terciario indicated that maximum 
yields were obtained with 150 kg lP2 0 5 /ha (Viegas et al., 1963). 
Optimum yields in Minas Gerais, Brazil were obtained with 108 kg 
P2 05 /ha (Braga and Yahner, 1968). A study with a Terra Roxa 
Misturada soil showed that 200 kg P2O/ha from Algerian rock phos
phate was equal to 60 kg l 2O5/ha friom suiperphosphate (Viegas et al., 
1960). 

Experiments were conducted at 26 locations in the tropical regions 
of Veracruz, Mexico wvith alluvial soils, volcanic ash soils, and soils 
formed from marine deposits (Laird et al., 1963). Phosphorus fertiliza
tion increased yields in 26 percent of the locations. Yield increases 
from the application of -10 kg P20,,/ha ranged from 1.15 to 2.17 tons/ha. 
In another study at 47 locations with volcanic ash soils in El Bajfo, 
Mexico, applications of 40 kg 205 ha increased yields 0.01 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., 1964, 1965, 1966). 
Maximum yields in Sfo Paulo were obtained with 60 kg P2Oha 
(Oliveira et al., 1965). On a Terra Roxa Misturada soil at Campinas, 
60 kg P2Os/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 phosphorus fertilization was observed in 38 experi
ments with rice in Peru (Carmen, 1968). Similarly, no response to 
phosphorus was found in 11 experiments conducted in Colombia (ICA, 
1970). 
Wheat 

Soils of the Sabana of Bogoti, situated in the Andean highlands, 
have a rather low level of available i)hosphorus (Vega et al., 1959). 
Optimum wheat yields were obtained with a rate of 160 kg P2 0 5 /ha. 
Studies in southern S5o Paulo showed that a seven-fold increase in 
wheat yields was obtained with application of 2-10 kg I'20stha (Jorge 
et al., 1965). When dark fled Latosols were low in phlosp)horus, rates of 
120 to 180 kg P20 5/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 (Pefia-llerrera, 1961). 

Root crops 

The average increase in potato yields with phosphorus fertilization 
was 42 percent in field studies conducted in four regions of S5io Paulo 
(Freire and Boock, 1960). Large increases were obtained with 120 kg
P2 0 5/ha and smaller increases beyond this up to 180 kg P20 5/ha. In 
the Paraiba Valley lowlands of Saio Plaulo, average yield increases due 
to phosphorus were 28 percent as compared with 37 )ercent for 
nitrogen (Gargantini et al., IWJ5). Bauxite P was found to be a very 
poor source of phosl)horus as compared with superphosplate when 
applied at the rate of 120 kg P2 0 5/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 
volcanic ash (Rodriguez et al., 1960). Average yields were 4.1 tons/ha 
without application of phosphorus and 15.3 tons/ba with application 
of 450 kg P20 5 /ha. 
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In the Sierra of Peni, 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 POs/ha (Valverde 
et al., 1966). 

Very little puI)lished infornation is available for root crops such 
as cassava and sweet potatoes. 

Beans andsoybeans 

Beans generally responded to phosphorus fertilization in S;io Paulo 
when grown on soils which had not been fertilized previously (Miya
saka, 1966). In many instamc,' 1esponses were much greater when 
the soils were limed presIt,,ally due to the neutralization of ex
changeable altuninum (Mascarenhas et al., 197). Yield responses on 
Arenito Bauru soils in Sio laulo were linear ill) to 120 kg P2Ofha 
(Miyasaka et 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 pl iosplhate fertilization in studies 
with Latosols at various locations ini Brazil (Freitas et al., 1960; 
Mascarenhas ct al., 1968). A linear increase in yields up to 120 kg 
P20/ha was obt ained in M experiment at ltarar in Brazil (Miyasaka 
et al., 1966). At Campinas, soybean yields were increased .43 percent 
with phosphate fertilization (Miyasaka et al., 1960). 

Foragesanl pastures 

The Campo Cerrado soils of S.io Paulo and Goias are very deficient 
in phosphorus. Yield of grasses and legumes without phosphorus 
application were less than 10 percent of that obtained with phosphorus 
fertilization (MtChing et al., 1957). In Central Brazil, grasses are not 
Fertilized and under these conlitions, Planigola grass does not supply 
adequate phosphiorus for grazing animals (oinnide et al., 199). During 
the dry season, grasses grown in the hinterlands of S5i, lPailo were 
phosphorus deficient (Andreasi tt al., 19C(). 

A very large percentage of the soils in Patmamna used for grazing are 
deficient in phosphoris (Mtc( orkle, 1968). Elephant grass grown on an 
alluvial soil in the Ttirrialba Valley of (;osta Itica maintained a high 
level of production with 100 kg P2 0,5/hadyear (Guerrero et al., 1970). 
Studies with a Pulletan fine sandy loam in British londuras showed 
that maximum yield of' forages was obtained at 64 ppm of added P, 
but the plhosphoris content of the forage was probably not adequate 
except at 220 ppm of added 1 (Blue, 1969). 

The volcanic ash soils of Chile (Trumniao soils) are very often deficient 
in phosphorus. A minimum rate of 100 kg P2O5/ha is needed for the 
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establishment of grass-legume pastures on the volcanic ash soils 
(Goic, 1968). 

In studies on Micara and Catalina clays in Puerto Rico, Napier grass 
responded to 150 kg ['20 5 ha (Figarella, 1964). A number of studies 
have been conducted in Puerto Rico on the amount of phosphorus 
removed annually by sime of the tropical grasses. Para gras cut every 
60 days produced 70 tons/acrdyear of green forage which contained 
52 lbs P (Vincente-Chandler ct al., 1960). Napier grass cut every 60 days 
produced 130 tonilacreyuar of green forage which contained 120 lbs 
of P (Vicente-Chandler et al., 1 30). Guinea grass produced 73 tons/ 
acre/year of green forage which ntained 7) lbs P/acre (Vicente-
Chandler et al., IXO(). These rest ; show that uinde 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 S~io Paulo 
indicated that plosplhorus was one of the major limiting factors 
(Verdadc et ai., I5). Average responses to lphosphoruis applications 
of 290 kg/ha were obtaoined on sandy soils and 330 kg/ha on clay soils 
in S~o Paulo (luzatto and Cavaleri, 1966). Large increases in yield of 
cotton were obtained with phosphorus fertilization of Terra Roxa soils 
in S'o Paulo (Schmidt ct al., 1962). Applications of .30 kg I _O/ha gen
erally were aldequate except on those soils quite lii cient I pho0s
phorus. A large rEsidlal effect to phoslphorus fCrtilization was obtained 
on a Massaq)6. Sahnour.io soil in Sio Plaulo (Neves et al., 192). 

Liming t-ndcd to reduce the rcsponse to )hoslhorus of cotton grown 
on Campo Cerrado soils in Sao Paulo which wcre just brought into 
cultivation (,Mc(hing ct al., 1961). This cifre could be due to neutrali
zation of exchangeable alhnminuim in these acid soils which resulted in 
better root groNsth and increased availability of soil phosphorus. The 
soils of the Campo Cerrado, however, are generally very deficient in 
phosphort.. 

Sugar cane 

Applicatio of 90 kg P20,5/ha resultel in an average yield increase 
of 40 tons came/Ia on soils in Sao Paulo which had only beIen fet ilized 
once with pliosphortis (Alvrez, l'imentel and Segalla, 1963). On soils 
which had previously received two to five applications of phosplhorus, 
yield responses averaged less than 12.5 tons cane/ha. Along the sea
coast in Sio Paulo, opimumn yields on lowland soils were obtained with 
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100 kg P2 05 /ha (Alvarez, Miranda and Oliveira, 1963). On a Terra 
Roxa Misturada-glacial soil in SAo Paulo, an application of 40 kg 
P20 5/ha was adequate (Alvarez, Segalla, Arruda, 1963). Rates of 
phosphorus re(uired for optimum yields of sugar cane in Brazil are 
considerably lower than those used in I lawaii where 175 l.:g P/ha are 
applied at planting on volcanic ash soils (Fox, 19I9). 

A number of experiments have been conducted in Sio Plaulo, Brazil 
with sugar cane comparing the efficiency of natural rock phosphates 
with superphosplhates. In a study with five soils in Srio laulo ranging 
in ptH from 1.8 to 5.6, superphosphate increased sugar cane yields 35 
percent while four natural rock phosphates gave yield increases of 10 
to 28 percent (Alvarez et al., 1965). In another study, four natural rock 
phosphates were 4(0 to 63 percent as effective as superphosphate when 
applied at the rate of 1(X) kg P2 O/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 alminmui, the more tightly the pl)ospl)honis is held. 
Soils formed from volcanic ash have a very high phosphorus fixation 
capacity because of' ainorplhous aluminuim silicate, allophaie. 

Large responses to plhosphous fertilization have,(- been obtained on 
the highly weathered soils in the tropics. Rates of plhosphorus on 
deficient soils generally giving optimum yields were IW to 150 kg 
PaO5Iha for corn, so)yb1eans, suigar cane, and forage-s; 120 to 2.10 kg 

PiO5/ha for wheat; 120 to 180 kg P2 ,5111. for potatoes; and 60 kg 
P2OIha 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. Cox' 

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, ard Oxisol. In Panama, Martini 
(1966) 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 inches/year, 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, 
HNO3-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., 1967) 
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gave similar results. These are not in agreement, however, with the 
conclusions drawn by Cris6stomo and Castro (1970). 

The potassium supplying power may also be determined by 
leaching studies. Using a couple of these techniques, Martini (1966) 
found the K supplying power of soils from Panama related better 
to exchangeable K than the HNO3-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 year. 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 mcq 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 Cris6stomo 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 temperature 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 

and rainfallincreased. In this instance, the length of the dry season 
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., 1963). Re
sponses were found in only 5%of the tests but the soils were generally 
high in exchangeable K. More frequent responses have been noted 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 tho midrib, the critical level was 2.1 percent. In a 
later work (Gallo et al., 1968), these workers found a strong association 
between K content and soil type. The critical level even appeared 
related to soil type, being 1.7 percent in terra roxa and 2.8 percent 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 higcher soil K levels by 
Jorge et al. (1965) but only at higher rates of P)fertilization. 

Several studies have been conducted with rice in Brazil and lPeru. 
In most of them, there vas either no response or a very minor one to 
K fertilization. 

Root crops 

The response of potatoes to potassium has been studied in Peru, 
Colombia and Brazil. Although yield increases have been shown about 
half of the time, there seems to be little association with the level of 
available K in the soil. Boock and Freire (1960) noted responses on 
soils varying from 0.2 to 1.4 me(l/lI(X) g. In compari;on, data from sandy 
soils in Wisconsin have shown responses only when the soil K was less 
than 0.25 me(/100 g. Potato yield increases on soils testing high in K 
have also been found in Colombia (Rodriguez et al., 1,W3(). 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]. It is )ossible 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 Amner
ica, there are ftw reports of experiments with potassium. It has been 
found that placement is critical and KCI applied in the furrows will 
decrease the stand (Ribeiro da Silva and Freire, 1968a). These same 
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authors (1968b) have found vey good response to X at soll test levels 
of 0.10 to ,12 meq/100 g but not at . meq/100 g. All those exper. 
ments were on quite sandy soils. 

Grain Iegus 
Dry beam are an important part of the diet in much of LAtin Amer. 

Ica. For this reason, quite a number of fertilizer studies have been 
conducted with this crop. Responses to K. however, have not been 
noted often. Of the many studies conducted by Mlyasaka in Brazil, 
only about 105 have responded to K. According to general fertilizer 
suggestions similar results ha4 been achieved in other areas. Fan. 
bender (1907) reviewed the fertilization of beam and reported that over 
half of the suggestions from other areas in Latin America did not rec. 
ommend the inclusion of potassium. 

Responses with soybeans have been similar to those with dry beans. 
Castor beans, however, may react differently. Canecchio, Rocha ,nd 
Freire (1963) noted responses in three of five experiments they con. 
ducted with this crop in Brazil. 

Foragesand padurso 

The response of alfalfa to K has been studied in Mexico (Alvarado 
and Nuflez, 1967), Brazil (McClung et a., 1957), and Colombia (Matn 
et at., 1960). In no case was there any yield response to K.It was noted 
in the Colombian study that the soil was relatively high in K. 

Most of the reports on grasses deal with their elemental composition. 
although no critical tissue levels are given. Response data are sketchy. 
Caro-Costas and Vicente-Chandler (1963) found applied K increased 
molasses grass yields in Puerto Rico. Ahmad et at. (19609) found no 
effect of K rates up to 120 llacre on pangola grass, but yields were at 
a maximum when the Krate was 20 Iblacre. 

Fibercrop. 

Many fertility studies have been conducted with cotton in Brazil. 
Verdade et al (1976) found responses to K in only 10 to 209 experl. 
ments. Available soil K (0.05 N HNOs-extractable) was between 0.05 
and 0.33 meq/100 g but no critical soil level was determined because 
of the small number of responses. Fuzatto and Ferraz (1967) found 
enough responses to evaluate exchangeable K. They found that this 
measurement alone, however, only accounted for 23 percent of the 
variation in expected response. But when the Ca/K ratio was also 
included, 65 percent of the variation was explained. It seems that this 
type of interpretation has merit and deserves further investigation in 
other areas and perhaps with other crops. 
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hve Castr (a90) studied flax Ina ertlizr trial. PNLolum 
rae did not $11growthM. ftbr yield. 

Sua ca frquently responds to K fatilization. Several such 
epot s a available fiom Braill. Soil test leels as typcaly rather 

low fon that arm. For instanco Wutk o @I. (10)conducted a trial 
on a soi with 0.6 meq KIIOO and Alvarea and Arruda (19W0) ran 
one on a sdl with 0,14 meq W00 g. Both to gave large responsestuKfetlzaln 

Lef analyses also show low K lew*s In cane InBrazil. Gallo *t .1 
(19 found an average of 1.4 percent leaf K but many fields were 
below the critical llI.0,5 peroent K. Potassium was con. 
sidered to be the most limiting element in that area. 

Responses have as been noted in Colombia (Valez and Jaime. 
1W.9), Puerto Rico (Gonzales.Velez and Samuels, 1902), and Hawaii 
(Fo, 1969). In the latter cse, Itwas noted that KIsapplied frequently 
on volcanic ash soils because of leaching Inthe high rainfall area. 

Fruit.ed Pptable 
FolW analysis fequently has been used to assess the K status of 
trus. y this mum, Pulgros a .A(1909) found normal levels of K 

InNavel gro irantnPeru. Weir (1953) found leafanalysis of 
Valencia oranges in Trinidad of limited value. In a later study (Weir,
109), he kund responses both in terms of yield and quantity to a 
reedumrate OfiL 

Papaya response to K has been studied in Brazil (Carvalho f at., 
1903 where no response was obtained and in Hawaii (Awada and 
Long, 1971) where a positive response was found. In the latter case, 
the critical concentration was 3.6 percent K in the recently matured 
petiole. 

Bananas have responded to K fertilization fairly consistently In 
Honduras (Bhangoo et al., 1962) and Brazil (Cunha and Fraga, 1963). 
In Janaia, a strong response was noted on Lacatan Bananas by Os. 
borne and Hewitt (1903) but Butler (1900) found no response with the 
Gras Michel. There does not seem to be a dear reason for this discrep. 

00htrop. 
Conflicting reports have been given regarding and beneficial effect 

of Kfertilization on crao, peanut, and coconut production, Responses 
hae been note w ,hcoffee In Puerto Rico (Rodriguez # al., 1964, 
Abruflia s at,;'1965) and Brazil (Amorim of a., 1967), but few reports 
am available relating yield increases to soil K levels, Plant analysis has 
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been used frequently to determine the K status of coffee. Gallo et aL 
(19I7) and Lott atL (1981) found K to be limiting in many coffee 
fields In Brazil by this technique. 

Summary 
Less research has been conducted on potassium than on acidity, 

phosphorus and nitrogen. Nevertheless, many deficiencies have been 
shown, and the amount may increase as other limiting factors are 
removed. 

Responses to g are very much related to the sensitivity of the crop 
being grown. Sugar cane and potatoes have shown yield responses to 
Khalf the time or more. Corn has responded about a third of the time, 
whereas rice and beam seldom do. 

A great deal of research still is needed in developing a soil test for 
K. The lack of correlation of yield response and available K in the 
Peruvian potato data is a prime example of this, Some of this lack of 
correlation may be associated with sample drying. The overall effect 
may be similar to fixation by illite in temperate regions, but the mecha. 
nism in tropical soils isunknown. The porous nature ofmaterial derived 
from volcanic ash may be involved. Longer extraction periods might 
be beneficial in such cases. 

Another factor that may improve the eventual interpretation of K 
soil tests is consideration of the cation exchange capacity of the soil. 
The work with cotton in Brazil by Fuzatto and Ferraz (1967) cer
tainly indicated this. Since the soils are very diverse in the tropical 
region of Latin America, such a consideration could be very halpful. 
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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 sulfurcontent 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 lbs S/acre while adjacent sites, cropped for 20 
to 30 years contained 48 to 120 lbs 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, 1967). 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 S0 4-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 S0 4-S extracted with NH 4OAc 
(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. 

'Professor 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 from 30 to 100 percent. Maximum yield responses were 
obtained with 30 kg S/h applied as calcium 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 sulfur fertilization was 350 kg/ha of grain 
on a soil derived from Botucatu sandstone (Miyasaka et al., 1964). 
Responses of teavis 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 S0 4-S extracted with NH 4OAc. Application of 
20 to 40 kg S/ha has given maximum response where sulfur was limit
ing yields. 
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.CHAPTER IO 

Micronutrients-

Fred R. Coxi 

The micronutrient status of soils and plants is not well documented 
throughout Latin America. Observations have been made of deficiency 
symptoms on many: crops but the diversity of soil conditions and the 
lack of an adequate reporting system has kept the picture,incomplete. 
Also, in dealing with niicronutrientproblems, Investigators have oftenapplieda mixture of these trace elements to correct a deficiency. When 
these materials did give a response, it has been impossible to tell which 
ofthe nutrients was effective. 

-Observationsand studies -havebeen made, however, that allow cer
tain conclusionsto be drawn. In central Brazil, problems have: been 
noted with Zn, Mo, and iB,as Indicated in general articles by Hardy
(1962) and Arens' (1963). These have been brought to light not only 

-because.of the parentmaterial in the old shield area but also because 
of :more, research effort and a. better reporting system than has been 
available in other areas of Latin America. For these reasons, much of 
the information available for this review was from Brazil and It will be 
biased in that manner. 

Because of the importance of soils derived from volcanic ash, an 
effort wasmade to review all possible reports of micronutrient defi
ciencles on these.'These soils are known to occur in areas down the 
Andean chain from Mexico to Chile., Citations from outside this area 
were included if thought to be pertinent. 
!, The. literature' has more: information available concerning tissue 
analyses than soil analyses. Both of these aspects as well as well-defined 
response' data will be given by element in the following review. 

Zinc 
Igue and, Borne-; ,'ma (1967) recently reviewed the problem of zinc 

in soils and plant". cf tioieal regions and temperate zones. The bulk of 
their, material, iiahm 4,, came from the temperate zones, but this 
article does pro; .s'sme good background information for anyone 
interested in zinc. 

A few workers have reported levels of zinc in tropical soils by varl
ous extraction techniques. A recent study by Meuer et at., (1971) gave 
I Associate Professor o Soil Science, North Carolina State University. 
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the following 0.1' NHCL'extractable Zn levels for four soils from Brazil 

'Zn Soil 

'(ppm 

1.3 Aqualf 
2.2 Haplohumox 
1.6 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 4Ac 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 2EDTA 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 wernight 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 griSwvth response to applied zin; in a 
greenhouse study. With adequate P, the Zn concentration of :the tissue 
from the checks was 12, 10, and'7'ppm. At these levels, it is'shtrprising 
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 Leaf Zn Yield response References 
(ppm) 

Upland rice 15 yes DeSouza and Hlroce, 1970 
Corn 17-20 yes Igue etal., 1961 
Corn 16 yes Freltas et el., 1960 
Corn 21 no Gallo et a/., 1965 
Cotton 35 no Freltas et al., 1960 
Cotton 26 no McClung et al., 1961 
Soybeans 23 yes Froitas et al., 1960 
Soybeans 57 no Freitas et l., 1960 
Sugar cane 15-18 no Gallo et al., 1968 
Coffee 8 ppm Some groves Lott etal., 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 been 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 level 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 see 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). Asurvey ofcoffee fields 
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by foliar analysis 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 rf Bra 4i. Such soils 
are also high in Mn and Truong et al. (1971) foutid Mo applications 
especially beneficial for the N metabolism of legumes under these con
ditions. Ruschel et al. (1969) 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 4Ac and 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 niicronutrients only Mo increased the yields of 
bananas. 

Copper 

Although there have been,d few reports of Cu deficiency, in aninials, 

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 CuSO 4 (Prirriavesi hnd Prim

avesi, 1970). Although the authors considered the effect to be primarily 
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nutritional, they also noted protection with CuSO4 against the fungu! 
FPclariaoryzae.

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., 1961) 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, 1966). Observations have also been made in Central 
America that Cu toxicity problems have occurred after extended fungi
cide applications on bananas.ARice 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 probablethan 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 riot be 
expected to be widespread.

Schalseha et al. (1968) analyzed volcanic ash soils of Chile and found
the levels ot"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 maintained at field capacity. Air drying 
affects the level of soluble Fe. 

Manganese 

There are ordirarily t'No stages in the development of a Mn defi
cient soil. Firt/ 't must form under reducing conditions, thus allowing
leachfrgibo&'reduced ,orms of Mn. Second, the soil must be limed, often
in excess of crop requirements, to induce the deficiency. Since many of 

itAe 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 whic;i 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 Puerto 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 NH4SO4 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 on critical levels in soils 
and plants is slowly evolving. Asoil 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. Man), 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 subjected to drought conditions. Soil ,tests( ' 
are seldom used for B, but such data when combined with frequepncy 
of expectsd 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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