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Foreword
 

The vast expanses of underutilizcd land areas in the tropics are tile 
agricultural frontiers of today. One of the predominant reasons 
that these areas remain marginal for agricultural production is 
their infertile acid soils. The technology to permit these acid soil 
areas to reach the agricultural pro)duction potential equal to that 
of areas found intemperate /ones has been known f'or maly years. 
However, this tech nology has not bcen successfully adopted in
 
nilost of thc tropical countries because of limiting factors including:

lack of access to capital: inadequate transportation and marketing
 
systems: and the high Cost and inadequate supply of production

inputs for resoulce-p()Or farCrs. I Lus, most of the chronically

pool, undernourished populations of the world 
 are found in
 
countries in the tropics.
 

Few conventional crop species grm well in these leached acid 
soils, primarily because of soil constraints such as aluminum 
toxicity, phospIorus fixation, macro- and micro-element defi
ciencies, and manganese toxicity. lhese constraints pose addi
tional challenges to mos,. commercial and 1lialIV sLbsistancc crop
species. (enetic variability among and within cultivated plant 
species for tolerantce to acid soil constraints has been identified, 
negating the requirement of large qualintitics of production inputs. 

Among all of the major cereals, grain sorghurn production has 
the largest per ann utm growth rate in L.atin America, ill terms of 
both area planted and total production. Grain sorghum yields are 
decreasing as more marginal lands are brought into production. 
The genetic variability of sorglium for tolerance to acid soils,
using low-input technology, has not been measured. Few of the 
more than 22,000 accessions ill the sorghum world collection have 
been evaluated inacid soils inthe tropics. Many of the published
aluminum-tolerance screening techniques have not been field 
validated and few have measured the final product of produc
tion-grain yield. 
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At the invitation of the ('entro internaciorial de Agricultura
 
Tropical (CIAl). the International Sorghun and Millet Collahbo
rative Research Support Prograin (IN'l S()R NI I-CRS P) initia
ted a project to screen 
 and breed sorghum for adaptation toacid-soil ecosystens. The project is currently it the third evalua

ior' season (first senester 1984). 

At the outset of this project, a smrall slrarp-focuscd workshop
 
was planned intorn
Ito latin Antcrican National Pirograrns (of

countries with large ,lcas of acid 
 soils) Of the purposC of the
 
INTIS()R M II. ColonlMllati prgrat . Speakers were selected to
 
share their thoughts arid r,,ults of tropical acid soil field
screening techniques used tl:r Csaltrtinre totrC MIcc to 3al1trnn'itit11i
toxiC)iv ill sorghun1 1 ;1111 tl t Cl- Cl101,.S 

The purpose Mind goil, of this wo'k,&lop crc to: 

Bring together plant hri-edcrs, plant physiologists, soil scien
tists, ald agricultuiral admninlriatorrs invoked in tropical acid 
soils research in a statc-ol-the-alt workshop. 

[)cfiric areas in Ikatii Aitcrica whcre a nluinum-tolerant 
sorghil cuhlivars wotl hc v the greatist initial production
 
and utilliation impact. (It is iunderstotd that the research
 
r'eportcd in1 tlicsc. procCCdings \old alsO eb, seful to
 
scientists in titthc lopicnl icunoris whice acid soil limits crop
 
productiont.I 

Discuss the futurC exchange of inortn1itioni and sorghum
 
germplasrn with all research progranis in Latin America and
 
international research agencies.
 

Project the roles of Latin American national programs,
 
INTSOR M11. and the lInternational Crops Research Institute
 
f'or the Semi-Arid 'Iropics (I('R I"SAl) in corind ucting sorgh urn
 
research in acid-soil ecos,'stnis lfo tile next five years.
 

The support of tlhe sponsors INI SOR MI I., ICR ISAT, CIAT, 
and Instit ut() Colotnbiano Agropecuario (ICA) is gratefully 
acknowledged, as is CIAT's contribution as host in providing 
f'acilities and stal' lfor the worksht;p, and publication of these 
proceedings.
 

Lynn M. Gourh ' Jos; G. Salinas 
Mississippi State University, USA CIAT, Cali, Colombia 



RE'PRESENTATIVES OF SPONSORING 
INSTITUTIONS 



Welcome to CIAT and the Need for
 
Sorghum Research in Latin America
 

Douglas R Laing* 

On behalf of Dr.John Nickel and my colleagues, I would like to 
extend to you a warm welcome to the Centro Internacional de 
Agricultura Tropical (CIAT). It isa great pleasure for me to have 
the opportutnity to say a few words at. the opening of this 
workshop on sorghitin and its adaptation to tile acid soils of the 
tropics. 

As you are all very well aware, lhe tropics are well endowed with 
acid soils and this is particularl,, so in latin America where large 
arLas of well watered acid saValias remain to be developed for 
arable agriculture. (IA I has focusCd attcntion on these areas in 
tile Tropical lastures Program with the aim of developing grass
legurme pasture combinations adapted ioacid soils. In addition, 
research illthe Cassava and Rice Programs has for some years 
aimed at developing crop alternatives with similar adaptation. 

Our objective is clearly to develop technology components, in 
cooperation with national research institutions, which will be 
adapted to these particular climatic and edaphic conditions and 
v rich ,ould form an integral part of larming systems involving 

both pasture and crop phases. 

The accelerated adoption of tile new pasture systems being 
developed in tile network in Latin America will depend, to a 
certain degree, on the existence of a viable cropping phase which 
can provide the necessary economic stimulation for the integrated 
development of stable farming systems in these frontier regions. 

n all of this work, one of the key factors guiding the research is 
the need to develop low-cost tchnology components which do 
not require heavy application of purchased inputs, and which 

Deputy Director General, Centro Internacional de Agricultura Tropical (CIAT).Cali, 
Colombia. 
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certainly do not attempt to drastically lower the level of soil 
acidity through liming. 

Fhis leads me to sorghutn. In CIAT Lo1g Ranirge Plan for the 
)ecade of the Eiglties published in 198 1,we anlalv/ed the Lututre 

scenarios for various crop commnlodities that are grown in tile 
Iatin American region, including those iin ('IA I's mandate. It 
was concluded that two crops, nancly sorghtim and soyheais, 
were not receiving the level of rcearc'l attention, Citlher interna
tiottallv or natioiallv, consi,tent \Nith the expcted ituto c dciand 
for ticse colinunoditics. In (IA'I Plan for the l'ighties, \c forcaw 
the possihility of reseairch cllaboration \%]ith other insiitutions in. 
order to stilulatC rcSCarch oin these crops,, palrticularlV for tile 
acid soils oftie tropics. \hiclI would comnplen)lt our own work 
iii (lIA's mandated commiuttdities. 

Accordinglv, in 9O), \\e approached both the International 
CropW Rescarch Institute for tile 'Semi-Arid Tropics (I('RISAI) 
and the lnternationial Sorghun ald Millet Program (IN!I-
SOR MI.) with thc idea that ('IAI could host a sorghum research 
project directed tos\uird these ends. Agreerncit was rapidly 
reached aid a tripartite MemIToranduln of Inderstanding was 
signed hy I 'RI SAl, IN I"()RIMII., and ('IAl. INlS()IR MIL 
.ubseqiently developed the project at CIA] with tile initial 
aip)oitlttnctt of l)r. [.Vlnl (iotilcy, professor of agrolotnly 
(sorghumil breedCr), MiSsissippi State IJni'ersit ,. 

C'IA has actively suipported the project tlhr ough the provision 
of inlfrastrticture at headqtlarte'rCs and through out iniernational 
cooperation charnnels already in place. We have also actively 
ectcoiraged the excellent rescarch collaboration which tie project 
has developed with Instituto Colombiano Agropecuario (ICA) in 
Colombia. We are very pleased to have seen tl;e very respectable 
progress in breeding for tolerance to soil acidity which is being 
reported in this workshop. We, at CIAT,are also very pleased to 
see the excellent research progrcs., being made by otilr institu
tions in the Americas on the overall subJect of acid soil adaptation, 
which is the subject of this workshop. 

I wish you well in your discussions and would like to indicate 
our sincere interest incontinuing to provide a home for this 
important collaborative initiative. 



The Role of INTSORMIL and Other 
Collaborative Research Support 

Programs in International Research 

I?.Rotuwr I"il* 

It is a pleasure and an honor to participate in this workshop, and 
to share with OIoa few th oughts regarding the role of the 
International Sorghum and Millet Program (INTSORM IL) and 
other collaborative research support programs (CRSP's) in 
international research. Il f975, the ('ongres, ofthe United States 
accomplished a iiajlor revision of our foreign assistance legisla
tion. including the passage of Iitle XIl, "Famine Prevention and 
F IC ol1 1oi1 I-I r." iistit;ciitly developed by represent
ativ,.s of higher edncatiom in the IUnited States and such long
time political leaders a, Scnator Ilubert lumphrcy and ('ongrcss
man Paul FinodlCV, Cstabhisht'd several significant new programs 
for involvement of J.. univrsities with problems in the develop
ing world. We section of that title called for the creation of a 
program to "provide for nIore effective agricultural sciences -to 
increase long-term support for tile application of science to 
solving the food and nutrition problems of the developing 
countries." 

From this ,c niral anguage has grown tile Collaborative 
Re!::arclh Support Program known by tile short title of CRSP, 
and through I NI S()R I IL one of tihe sponsors of this work
shop. 

Several factors make the CrRSIP effort different from other 
domestic and international programs. A1o a degree, these are 
embodied in the title. 

First, these programs are truly collaborative. They represent a 
partnership between J.S. institutions, cooperating institutions 
overseas, and the Urnited States Agency for International Devel-

Directo I,Missisppi A mliinll aIl and I icstr I \pcrllleLt Station. Mississippi State 
University, Nfisissifpi Sitc, %S, I' S , and iiucinher of the Joint (ommittee on 
Agriculli al Rc,earch anid iics 'iuinet ii( A ID) of the iordior International Food 
and Agricultural l)evclopnent (ill A:D) 
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opment (USA II)). T1he- cooperating institutions include national
 
research instlt titions in host countries, the international centers,
 
and un iversities. As designed, the programs arc :ollaborative inl
 
planning, implementation, and funding. The collaboration and
 
fundiig deserve mentioning. Unlikc other USAII) programs,
 
CRSP's require matching ludRIs in the amriount of 25 (, of the
 
USAID contrihutiol. While riot alwatys required, cooperating
 
overseas instititions iII alost every case provide additional
 
matching support.
 

The concept of collaboration arnd funding is very important.
 
According to the architectL of the program, the match was
 
conceived primarily is an expression of' evidence that the true
 
mIuttiality of interest was present. [hat is, that the U.S. institution,
 
and cooperating oversci institutions, would enjoy direct benefit
 
from participation. and dciiionstrate 
 this benefit by exhibiting
 
locally funded rescaih capacity which call be focused on global
 
problems to the benefit of all parties. As the ( R SlP's matturc, this
 

utitualitV of' interest 
his bcCol)C ilor1C a1d1More evident. 

A second and more impoitant aspect of the prograll is that it is
 
truly a rescarch program. CRSIP's are not designed to provide
 
techiica, assistance, participant training. institution building, 
or
 
technology transfer. In almost every (' 
 lSP,these other aspects of
 
development arc beneficially iipacted, bu in cCry case this is a
 
bprodtiuct of rcscalich raticr thaln a major objective.
 

As research prograiims, (RlSlP's are fulded by grants and not
 
cintracts. [he UR, P's are rCcogri/Cd as lo0ng-ter in nature and
 
arCjiiiintlV planncd to foctis on CInstriirits 1t food production 
on
 
a global or regional basis.
 

A related, and equally important, characteristic is that these are 
support prlogralis. l'Icy arc designed, not only to provide 
applicable tCChIl gv, but to create aid nurturre ai base of 
scientific capability, s iti linkage to (!AI 1) strategies, sustained 
by a cadre of ,cicntists mith global oullook and experience. 

With these as Ioundatioi principles, IiSAlI) and the Joint 
Committee on AgricuIlttiral Rescaich and I)evelopruent (,CARD) 
of the Board 1.r litcrniationlal Food Mnd Agricultural I)cvel
oprncnt (BIFA )) have nmed to institut ionalize the concept. 
Almost six years ago, the first CRSII, focusing on small
 
timinants, was approved. Since then, six more have been created
 

an( another, in fisheries stock assessment, is nearing approval. 
Although planning mechanisms and governance procedures have 
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evolved differently for each, they all have conmmonalitics. In every 
case. a land-grant inst it ution is the in inagement entity, joining 
with other institutions to direct the etfort. Admini: trative guid
ance is through oartds ol institutional representatives. rechnical 
direction is through cornmittees of scientists, and cx.ermal evalua
tion panels provide periodicl judgnt on progress. 

These are not small or inei,if icant efforts. I'ort - U.S. institu
tions cooperate with 63 ovcrseas, cntitiLes. Work Is underway in 
thirty countries. lhe ISll)AII) omnitment has grown to US$20 
million n.Inuall', alld total commitment fron aill collaborating 
parties no doubt exceeds [SS30) million. 

It is too soon to Cvtluate .lic scientific impact of this young 
research program, but significant accomplishments are alieady 
being cited. Results )f I .S.domestic research have already been 
validated overseas, and inscveral instances implementation is in 
sight. Perhaps more important, international networks have been 
created and are fu',nctioning welk, as is evidenced by this workshop. 
ineffeci, nIex, research institutions have been created and are now 
taking on lives of their own. IlDe mttitI-iastitutional, multidisci
plinary natItre of the research effort is exciting to scientists _,Id 
administrators alike. It is significant that the mutual benefit 
concept is being proven. With fe, exceptions, participating U.S. 

scientists and institutions can already point to scientific benefits 
that have or will accrue to U .S.; aericulture from the effort, and 

agricultural science in the less developed nations is clearly 
responding to this new initiative. 

It should be of particular interest to this group to learn that 

some of the first tinkages developed by the CRSP's have bcen with 

the international centers of the Consultative Group on Interna
tional Agricultural Research (CGIAR) network. The collabora

tive work here at .he Centro Internacional de Agricultura 
Tropical kCIAT) is only an example of the kinds ef activity that 

are underway around the world at other centers and with other 
CRSP's. Interest and support from USA 11)missions are growing 
rapidly. In every case, the C(RSP's have involved the very best 
U.S. scientists in the subject or commodity of interest and have 
established a system for access by the mission and potential host 

country institutions that was badly needed. 

Although the success of the CRS 1)concept has now been well 

proven, the outlook for fIture growth and the creation of 
additional CRSP's is somewhat clouded. There isstrong support 
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f(r the cont in uation of currientlv established CR SP's for at least 
an additional research cycle. R(esources have iot bccn made 
available to establish addijional CRSP's,, howccr., and the 
approval of the lishcry stock assCssmnCll ,S )Pwill round out the 
first set ol high priority areas (lentiied and approved !or funding 
hy USAIl). 

Although o htijue atdditional rC,(urces is not likely to Ceasy, 
leadership in the I.S. is alrcady lcUSlng n lie need to reexaine 
global prioritics a;nd scekine to1 establish additional research 
thruslts. h Joint ol Aelricultural R.search and.le ('orilnittCC 
l)(sclopmnlnt of BI AI) hi,, Conniitted itself to i w of the 
rcccnllv de clopcd -esearch prio)riti, of the lcgional bilrcaus Of 
ISAI1), \th the oail ofidenl.in eonstraiits that meet tihe tests 

of mutuaiiltv 1 inte rCsts CiliredloC1 r he establishmnent of a 
(RSlP. \\'Il this e(ies%is C m ltclCd. resurces will be sought to 
crcate additioPnial C 'ls,41",. 

As the p.rryiiiis li ic developed, they lhise idntiified the role 
within the l.argcr intermnliollil icsearch communitv tlhat appears 
to be \cll-suitcd to the nies ol toda\ and toniorrow. Ihrough the 

,iSP'.,the lolg-tei ex perienc d commit ment to iesearcl in 
the i.lnd-Liraint insilutions of tihe 1.5. bias' bn \Csdcd to tle 
rapdlv developing cap'thilitv ofthe initernational centers and host 
Colnv-\ institutions to establish a colitiulll of science that call 
addr.ess the iioior prilem of the 'Afold with bigger and positive 
elfccts. 

A rcen11t <11nmm arv evalut.io tione ofic ('RS P's, conducted 
by a pa el of , orld experts in agrieln It uial research, pr'ovided an 
evaluation of the CRSP concept that says better than I can the 
progiress and otlenlial of this uinictuc conCep:. I'll close by qioting 
par, of this rCpolrt. 

"Similar to the niovemnent if scverlai decades igo which hgan 
the establishment of' a netssork off international agricsuhtural 
rcsearcli centers (IAR C's) (lR SP's seivr introduced into all 
esolving international agriculturol resetarch and development 
systemli as a rev anrd needed cOl ponCl. TthCir uniquC charac
teristics present a cost ettectivc model, a model that can perform a 
critical international role beyond the miandates ird capabilities of 
the IARCs and similar rseare organiations. Critical among 
the model's characteristics, as demonstrated by this particular 
CRSP are: 

"The tremendous size of the resource base including the 

http:evalut.io
http:ofidenl.in
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professional expertise, the research facilities, and the adminis
trative support structure represented by the U.S. Land-Grant 
system.
 

"The diversify of professional disciplines available to be 

called upon as appropriate to contribute to tile problem 
solving efforts. 

"The working partnerships of committed colleagues rewarded 
for coil aborating across national boundaries with other 
participating nations. 

"The management structure whose sole function is the 

integration and coordination of all the above components 
while maintaining a focus on overall program goals. 

"Thus, as a member of the new CRSP initiative, this program 

complements and supplements IARi's and other public and 

private research organiations by broadening and deepening the 

overall research support base. It has shown itself to be a highly 

acceptable, interactive mode for technical assistance which brings 

diverse, largely untapped resources of U.S. centers of excellence 
into collaborative international research and training activities. 

Through these efforts, the CR S P extends the worldwide network 

of instituticns and individuals cooperating in this research. More 

broadly, over time, it helps fashion and strengthen enduring 

linkages throughout the international agricultural research and 

development system." 



INTSORMIL -What We Have to 
Offer 

Glen .I.[(4lmar*
 

Welcome to the first Sorghum/Acid Soils Workshop. The 
International Sorghum and Millet Program (INTSORMIL.) is 
most happy to be one of the sponsors and a participant in this 
important event. We, in INTSORMI I.,view workshops such as 
this as a method of exchanging informat ion and chlallenging 
research procedues and findings. This workshop contributes to a 
research effort that involves several nations in South and Central 
America. This is a productive process, for it contributes to better 
research and a shanng of knowledge within and among nations 
where acid soils are a constraint to sorghuln production. 

By means of a series of slides let lie tell you who we in 
INTSOR M IL.are and what we have to offer. SorghLim arid minillets 
are major food crops for the least developed and most marginal 
agricultural areas of the world. These crops were chosen as the 
highest priority food and feed grains requiring research in the 
Title X IICollaborative Research Support Program (CRSP). As a 
result, the Sorghum/Millet CRS1P (INTSOR M IiL) was activated 
on July I, 1979. Its overall objective is to improve human 
nutrition through research and technology development. To 
accomplish this, training of host-country scientists and strength
ening host-country research facilities and procedures are given 
high priority. 

INTSOR M IL's specific objectives are to: 

Link institutions having common interests in sorghum and 
millet research; 

mobilize and coordinate research talent; 

achieve optimum collaboration and information exchange 
with All) (Agency for International Development) Missions, 

* 	Director INrSORMIIU, University ol Nebraska, lincoln, Nil, USA. Paper prcsentcd by 
Dr.Lynn M. Gourley. 
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international research centers, U.S. and LDC (less developed 
country) institutions; and 

be responsible for the program and its fiscal nlarwgenient. 

INTSOR M11.is an international network of research workers 
and organizations working to improe hlimin nutrition and 
prosperity. Some 82 scientists from eight U.S. land-grant univer
sities are collaborating wit 11scicntists and in-country programs of 
host countries on problems oftsorghum and millet production and 
utilization for humnan food. 

INTSORMl+. is funded by the U.S. Agency for International 
I)evelopment. participating land-grant universities, host country 
rese.arch agencies, and private donors. 

CollaboratiC acti%ties includc research and training support 
at: 

U.S.I.and-Grant Institutions 

Univcrsitv of Arizona
 
Florida A & M University
 
Kansas State University
 
Universitx of Kentucky
 
Mississippi State University
 
University of Nebraska
 
PurdtIe University
 
Texas A & N1 Jniversity
 

Ilost Countries: INTSORMIL is involved with the following
 
in-country research programs and the international research
 
centers: Mali, Sudan, Botswana, Honduras, Philippines, India,
 
Mexico, Tanzania, Colombia, Niger, Burkina Faso, Egypt, and
 
Brazil.
 

International Research Centers
 

CIAT (Centro Internacional de Agricultura Tropical)
 
CIMMYT (Centro Internacional de Mcjoramiento de laiz y
 
Trigo)
 
ICRISAT (International Crops Research Institute for the Semi-

Arid Tropics)
 
IR RI (International Rice Research Institute)
 

Also, there are cooperative relationships with SAFGRAD 
(Semi-Arid Food Grain Research and Development), FAO (Food 
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and Agriculture Organization of the United Nations), and other 

organizations where improvement of sorghum and millet produc

tion is an objective. 

INTSORMI[, researchers located in the United States of 

America and in host countries conduct sorghum and millet 

research projects in the following areas: 

Agronomy', cultural practices;
 
physiology, especially plant stress;
 
breeding, genetics, and varietal Improvement;
 

entonology and pest control:
 
plant pathology;
 
storage, utilization, and nutrition; and
 

socioecenonlic considerations.
 

INTSORMII, stresses "collaborative research" among re

searchers working with soirgh um and millet. INTSO RMIILscien

tists work cooperatively with scientists of other nations in ajoint 

includes sharing knowledge, researchresearch venture which 
techniques, and plant materials. They are active in training ILDC 

scientists through university g:aduate programs and workshops. 

availableSeed of selected, in proved natcriads is made to 

sorghum and millet workers worldwidc. I NIS()IR M IL scientists 

are cooperating with an international germplasin network which 

tests sorghum and millet genetic plant materials throughout the 
millet geneticintcrnational of sorghnniworld. An bank and 

, India, andmaterials is nmaintained at ICRISAI Ilvderabad, 

INTSOR M I1.contributes in.tlt ial to it 

the publication of sorghm-milletINTSORMIl. supports 
anworkshop proceedings and rc:careh reports. As example, 

INTSOR i ll.is helping to fund the puhlication of proceedings of 

a recent 'Sorghum in the 8O's" workshop. It ilso gives financial 

support to the SorgiIum Newsletter published by SICNA (Sor

ghum Improvement ('onlerentce of North America). 

INTSOR M II. scientists in the 1U.S. and host coutries exchange 

information regarding their research. This is done at symposia, 

workshops, through individual correspondence and discussions, 

research reviews, professional journals, and newsletters. 

INTSORMIlI gives high priority to training host country 
millet researchscientists who will have major sorghum and 

Training ranges fromresponsibility in their home countries. 
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workshops and scientist exchanges to tormal master and doctor 
degree grad uate programs. Somc grad uate students are following 
a program o 'comnplet,!lg their course work in the U.S. and their 
thesis or dissertation research illtheir home countries. 

IllsunlItary, IN I SOR M II.'s sorghun research role is one of 
joinir1 with others M0ho ha\.', an interest illsorghtml and millet 
with leadership and rc.,carch collaboration. The collaboration of 
national rcscarch programs, the international centers (illthis case 
(IAl and I.RISAI). and INI'SORMIIL gives the kind of 
rcsearch expertise and miomentunm that can and will le.d to 
inlproeenctt of sorghtuni production and utiliaition where there 
arc pro lcm ssitlh acid soil.,. prOduction stress related to drought 
and At u eather con'ditions, insects. diseases, and problems of 
sto'giwe and otili/ation. 

We bcli(\ e the workshops and the training of latin American 
iudtLs s,ill spread the statC-ol-thc-art knowledge atl will lead 
to itcontintU.itto ol the \,'trk (lone by Il). Lynn (;ourley and 
olhcrs o f ,owith acid soils research [lcreults ,soft;rhave been 
iipressixc. but I helicc that von will agree there is still a lot of 
resCarch t e do ne. 

[lie IN IS(M), M l. input into) sorghum-acid soils research has 
strong supp rt roim the I N ISOR M I+ lechnical Committee, 
Board ot It)ircctors, and tile I[Xternal [.valuation Panel. Mississip
pi ,late nis cti it 

INI.SO)RMII and 
rtcscarch scientlist 
(iourlc\ returns to 

Iasa tile leadership s,ith the project for 
is in the proccss of recrtiting a sorghum 
vht will ' 0111 jitic the research whenlDr. 
the I .S.in No\c:nlher" of this year. 

I chalhtlinc ,m all to participatC and to (10 what vCtl can to 
contribute to this Important resairch ttftort. 



ICRISAT's 	Sorghum Research in 
the Semi-Arid Tropics 

.1.U. Peacock*
 

About ICRISAT 

The International Crops Re::earch Institute for the Semi-Arid 
Tropics (ICRISAT) is one of 13 international centers in a 
worldwide, rescarch network devoted to improving food produc
tion in less-developed countries (CGIAR,1980). ICRISAT's 
miandate isto improve tie yield, stability, and food quality of five 
crops basic to life in the semi-arid tropics (SAT), and to develop 
farming svstenis that will make maxinIum use of tie hunian and 
animal resources and the limited rainfall of the region. Ihe crops 
are sorghum, pearl millet, pigeon pea, chickpea, and groundnut. 
Groundnut, rich in oil, is an important cash crop for the SAT 
farmer, while the others are all primarily subsistence 0oodcrops. 

The seasonally dry scmi arid tropics are spread over nearly 20 
million square kilometres and cover all or parts of 50 nations on 
five continents. hevi Include much of South Asia, parts of 
Southeast Asia, West Asia, and Australia, two wide belts of 
Africa, areas of South America and Central America, and much 
of Mexico (Figure I). 

The SAl is a harsh region of limited, erratic rainfall and nutri
ent-poor soils (Sivakumnar and Virmani, 19'(2). It is populated by 
more than 700 million people, most of them living at subsistence 
levels and dependent on limited food production on their small 
farms. IC'RISAI's headquarters is at Patancheru, India, 26 ki 
northwest of IIyderabad. but it also has scientific staff posted 
in nine countries of Africa in Mexico, in Syria, and at a number of 
research stations in India. Principal operations in Africa are in 
Niger, Burkina Faso, Mali. Senegal, Nigeria, Sudan, Kenya, 
Malawi, and Zimbabwe. 

Principal phyiologist,,orghum inprovermet Program. ICRISAl1, Patancheru, Andhra 
Pradcsh, India. 
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Training 

As this is an hrternational teaching and training workshop, I will,
at the outset, comment on ICR ISA' s training activities which arc 
ore of the most importlant aspects o)four work and provide one of"
the main channels throutlIi which ke tranIser otur technology to
the developing wvorld. Fitch year, agrictulttoral scientists
technical assist+nitS Coitroll) ii nv counitries 

and 
to learn about our 

research ind improve heirl sko ,kill!,. lii 19 3, i total of 144 
prsons riml 37 couliitrvs came for trainiti. I lne-c included 66
inscrvice lrilliccs. 22 rfscarch Scholars, 12 ilservice lelhows, and
three research fellows, I:luir additional scientists ct:rlpletcd their 
postdoctoral stiidics NirLtIv I(, I"AT t hlcd with thisS~siitII 
training proreiiU . 

Our training iin oilc cOoutrie', iriclod d 15 scieitils who 
worked with Iour ,(rIhIrn hlrccdcrs ,r an iiaorontli Posted in 
Mexico, arid Maliall studnts who \%orkCd Oln their tlCesS wih outr 
agronomi,,it aiid ccrel i! bveder in Mali. We arc particularly
encourage( s ith tile propres oor Scientists have mad' ill Central 
Aniterica and ill Mcxico. Siice 1975, 27 people haxc been trailed
flroll the Irllowii, coull rics': iI Salvijl, Coloilbia. Cota Rica. 
I)orririical RClpublic., lruliraS. I:CttlI Lil, Nicatagua, ';iilteini
la, tlaiti, ,ailiaini atn \'curc, i li, plus illoict lal (it) p ople Irolin
Mexico xhl hlve pairticipated il short-term oarses. In the 
coirse, I thiS workshop), \ C st ill hope ti identify further 
caididaiIte, l tiaining froi . latin Arnerica. 

Anol-h CliariuCIi iS the SoIlhtlll and illCtS Ill Ornationl 
(ierrtrc (SNI Il( hich plrodts a newsletter and a sorghumi and 
millet Annual Bibliogiaphy (SNI I(', 1984). SM IC will providc, on 
request., any repirint, specilic bibliography, or staitis report.
ICR ISA also produces a wide range (l pu b:iLtiOlns on Sorghtli
thritugh its lrriorimltiorn Scrvi,,cs. Thesc are listed in our cataloguie
(IC'RISAT, 1984a) lid can be obtained Itron Ilformatioun Scr
vices. 

Sorghurn: its world distribution, 
domestication, and uses 

It is not known when sor-ghrlinr (Sorg/hu /Iicolor(L.)Moench) was
first brought into cultivation, bu. Murdock (1959) suggests that 
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with several other West Alrican crops, it was first domesticated in
 
eastern Africa some 7000 years ago. It is thought to hae eached
 
India no earlier than 1500 B.C. and China by A.). 900.
 

Culti\ ated sorghum were first introduced to the Americas atl
 
Australia a+bOlt 100 VCrs a, tlld holnc,ticat ion and cultivatiOtll
 
of Sortlghum has to,.'t spread thrOUh121out the ,Oirld. I odav, it is
 
grown on 47.8 million h1e1tati cs (FA( ), 1982), 1ankitig Iilt h along
 
cereals behind wheat, rice, ma/c, anid barle inl arc.a sown. [he
 
ina.ior pioditctitl aiCas to(dt\ include the (ieCat Plains of North
 
America, sub-Saharait ,\l ria. not theastern China, the l)eccan
 
plateau of central Indi:. nd ,l
AIt Nentina 

FPotential i,titl yicds t msothmtn are similar to those of the 
other important ccreal,. Yields in cxcc, ol 1-1,000 kg ha have 
been reported by PickeIt and Ircdcricks 1959) anid ischer and 
Wilson (1975). Ilow\c~r., stgi hnIt hast ahieC\Cd it', importance 
not as a hihi-iline cereal, bit a a v, ClI-adaptCd cIon ol the arid 
and seiti-arid troIpics. %\vctag' iclds in the dc,.clpitig world arc 
tCir 1(0( kg ha. anpineg, roti as ls as 060t, kg ha in parts of 
Africa t) as high as 3127 ki, ha in latin Amcrica. lcscrnt-da\ 
s.et.sarc nume11croslls. itlt til lallt i" lost imlportallt ISat human1LIll 

food i tropical /ues. and Imr aiutal Iced it he ntItc teiperate 
climates. SOIgAtitt sins and foliaCe are oftut used for animal 
ioddcr and, in soeic areas, the stems are utsed 'or building and fuel 

purpt) Ses. 

Overall objective of the sorghum 
improvement program 

We all recognize that low yields in the developing world arc tile 
result of actions and interactions ,)I many factors, and that there 
are no simple, easily inplecentable solutions. ICRISAT's pri
mary concern is with the interactions of biological, climatic, 
edaphic, and Mnlageme lnl factors, and the development ifl 
production technologies that in the appropriate socio-political
economic clhinate will result in increased soe,httm productitn on 
a sustained basis. TO achieve this obiective, thie progra nl has 
identified a nuiber Of priority traits for sorlhutim improvement 
(Table I), and these form the basis of ttr rescarch program. 

In brief, our owrall objective is to develop high and stable 
yielding varieties and hybrids with acceptable food quality. Our 
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[able I. PrioritN traits in R ItSA' sIorIthum improlvement program. 

I Tait I )c r ipliol) 

(haiin icid lighlr d mole ,,u'tlb 
(ihai ,,liali1% .,\,.cjrIdhlv IM)d I d uu 1iithM(11 

t~lth~~i
)
 

A biolic stresses: 
t)ro ghl \atl, (CIllpferiIc. aind lutriellt , 

'.1rc'.s 
Crop establishment SC.dli g emergence ii ou,gh crust 

;1it1 hih' 1 III;I L' IC'lll Ail rc 

Biotic Stresses: 

Pests Shoutt liI,. ,,tCllhCO i . 1u1tL'C. tralld 

head 111g.S 
I )isenass (kaini nilUdI. stalk iota , dos\t', 

Witchweed .S,'riga hoipi, ,ii0iU . lit 
, O'.
(I Ilh d 

ultimate aim is tI itoIrovC tile so rglitIll produCtiOnl of the poor 
farmers in the developing comtries of the world. 

Organization and research strategy 

The area of the SAT I'm Mshich IWRISAT lia: the mandate has 
been divided Into nine geographical regions (Table 2) (ICRl SAT, 
1980), each Col]sistill!, ol between 8 and 12 contiguous countries. 
Table 3 shows the liw. regiolts desig lnated as priority Zo nes, 
together with data 'n avcrace yields and areas under cultivation. 
ICR ISAT now has research pi , lamsin these five regions. As 
these programs arc c tabtlisheu and work most closely with 
national programs, their main responsibility is for regional 
rci:earch activities. However, there is strong interaction with 
center scientists which incluJcs visits by scientists, exchange of 
gerniplasm and breeder lines, c(,llaiorative workshops, and 
annual in-house reviews. 

The Centei program is nmultidisciplinary and is supported by: 
five scientists in breeding; three scientists each in physiology, 
pathology, and entomology; and one scientist each in micro
biology, biochernistfy, and genetic resources. The microbiology, 
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I ahlc 2. (eographic region% fir sorghum produclion. 
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J(sAl11d iM.tid Sitt) 5 172	 ,refive jeograplhic f~uncLtional regions for slorgllull produclhon sho'Ail i 

I~l+ICH I 'SA] art,lscie,Is loc'ated.
 
Siath' in A iat t 8(l5 .295
 

N.\\ llit~ A.leal Pt_)CCC ill Ntolghtllll-CIta Aric n 
I-IUlictillill ICplOII %,it-; (Illoulsitild Ila) pl~ti lln totail
 

(I,v It'l v, oild illca
 

IdMMt Nu11CO1111lnli Alltd
 

Sotlheiil., t Asiii S41) 16.072 35
 

West Attical andlt .N dali 755 11,097 24 

l-att Africa and Yemlen 917 2,9706 

stuthlin Africa 80)5 1.2953 

Ccritral America anld
 
Mrexico 2,238< 1.7235
 

Mean 	 I . I I i 

'1tta1 	 34,.357 7.1 

, OIUI (': I-A(M (-ood nagll tlll {i;llllll the U~nited Nationls), 1982. 
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biochcnhistt,. :Ind Lcnlctic -C~otlcc" prorams havlC rcsponlsibilit.\ 
aco.ss ;all I ', \,\1'. litldait clops. Scicitists in tIhL farming 
s\' tlIIS alld ccllollllc, prol llli iaC also acti clV in\,,lvcd ill 
sorI,!h uIl-,t.in t cICch. 

It is vistIIliiCd that tho (cIt protanil, apart Ir'otn c rt~ldirat
ing all recional ;icti\ , ill iIctics.6, ,.t, Indian stOhcontinclnt and 
Southeast Asia. l) wtl otither collaborative prograls, scvcral 
scienltists ,vcr placcd iii co tmitics in Wcst Aliica aiid ii is hltupd Ito 
have a Ilttidisciplinav rcunhaL tua.i I't thi, rceiti ill th1c lcar 
lutuIC. A rCL'InMa )roicrtatn Im Soitto.Icit \ltica (SOntlilrnI 
African I )cclm)lt (oo IIdilltttion ( llICCn,t.(SA Il)((') coul
tries) ha , iust bccti !tlctl li ticIl ,t ,',)IhItilli swici tist is il 
post. A brucdcr stationcd ili Kcniit , %.C, X, co ldilatol oi thc 
('toisltatjivc ,\dvi"o, (llililt ,tcol ScIIti-A\li Io)d (rainl 
Research and I )\clopmcrit (S.\I(ilAI)) sotrhutini and tillet 
trials Ita I:tstc..ii aHd SMItthitIt .,\licai. 

.ralIll ('i l Aicrica, our r12210t,1l irOgti is,ctMpriscd tWO,Iof 
scientists a, lrucdcr atid art arot oinist based at thc C'ntro 
Iritcrtiacitnal dc Micomnicnt tc Mai,, v I rio ('INI V 'I) in 
Mexico atnd s,1rviiie (icnital .\illlcic' Mid thic (Caiibbcan. 

As thc ccnt+c aid rcitilnaipiogr;iins dcnclop, a rcscarch 
stratcv haS, c',tl \0hi1h h1(Iclitifics, Iour ,tiucs inl sot~lLItt 
itnlproNcitllnt l ablc -4). Ii k,:cpiitp \vith1 thc p atics ol the 
lcti-Ycar Plan IL.RISAl. I), 2). thI titt liL ,carsthtC 8<'stc ol 
,ill b laruck, dc otcd to ctalliine and pctict ig screuning 
ptocCdurcs to handle lattic tiittibtc of gcrtpi'ast and breeder 
litcs. 

,,  l'ahl,. 4. Stages inl %.orghtmnjilllprmcl.vlill . 

,,3. tCh.'_ IIhII* t (i I)[ptwi t -I Ic, ciCh (i.e., ,afriiti.' arid tyhridst 

.1.+ Ilill , l )I It-01t .h h l I,, ItaItimlitl p l al lis aind IilIIllL'MN 

Sorghum germplasmn 

Before going on to the specific ob.iectives of the disciplines within 
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the program, it ;s vitally important to introduIcc soIghlurn 
germplasm. It is our most valuable resource and forms the nucleus 
of all our research activities. There are now inore than 22,000 
acce;sions from 70 countris in,the world collection of sorghum 
ninoriiained by tie (;enetic Recsources Jnit at I 'RISAT ('enter 
(Table 5). 

To make the collection more useltil to scientists involved in 
crop improvement, hoth conversion and introgression activities 
involving sclcctcd entries arc undertakCI. [he conversionl pro
grain has been developed tisiig the lexas A&M Nlnivcrsitv, 
United States )epartment of Agriculture (USI)A) program1 
model of hack-crossing to introduce genes conirihuti ng to 
photoperiod ins,nsitivitv and shrier plant height. IR ISAT has 
participated oil a joint committec with the International Board for 
Plant (enetic Resources (t (i R) to develop and publish a 
descriptor list (ItIIP(R ICR ISAT, 190) or chaiacteri/1ng sor
ghlmt gcrlplasll All iilfIornnatioil is llw being stoied on 
comLputcr and is available to IsCrs. Ibis list is usCftil to a crop 
imprrovcnent program and needs to be more widely distributed in 
I.atin America. Scientists who collect sornil in Latin America 
are encouraged to send seed and related biological alld cnviron
mental data to ICR ISAI for inclusion into the world collection. 
This is clearly an important area for . ollaboration. It will also be 
appreciated it, as yoi cvalIIe and use th'se accessions, you will 
send yolr results to the (i:netic Resources II nit at IC RISAT 
Center. 

tablc 5. Slali , of sorglirlln gernillasmii colhtcliecion at I(RISAT. 

('tlli\ mcd VWilId (Coutji i i 'es I-valuated ill Distribted Recipient 

liies relatic es IcplCenicd I'atanch.ru countries 

22,553 345 79 20.355 214,950 73 

Specific objectives 

The specific objectives ofthe disciplines coicerned with alleviating 
abiotic and biotic stress are essentially the same, viz., within the 
priority areas of research, to develop techniques capable of 
screening large iurbers of the germplasni and breeder lines, and 
to get these sources of resistance through breeding into tile 
national programs. 

http:I'atanch.ru
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For this reason. I ropoc,. to give detailed examples of our 
approach to our objectics ill only one of the three concrued 
disciplines, that of phvsiolog,, I have chown physiology for .wo 
reasons: it is OiC of the principal discipliuCs ,nderlyil.!: t!,is 
workshop: and a ai phvsioloeist I am biCf qualilied to discuss 
the research of my omsn proerai. Nowithstaiding this. I shall 
outline the priority arCas of reearch \,ithiii ,2nlto, ology and 
pathology and concludC by dCscrihine hov, sourceCs ol re,sistance. 
identified front the gcrnpl,'. has e been utili/,:d in out reeding 
prograin and disseminated to tile natioial prograns of tile SA'I. 

Abiotic stress 

fhe overall objectives of researclh o i abiotic stresses are to assist 
tile sorghutin iiprovetnent progra::m develop sorghums that are 
iiorc stable and higher viehting under cnvironnmemtal stress. Since 

1980, under this broad objcclive, wc have confitied our research 
activities to t\(o priority areas: 

Factors affecting crop establishiment: and 

respois.e atid adaptation to waler, teIiperature, and nutrient 
stress, or wham largely maniests itself as drought"in farniers' 
fields. 

l)uring this period our specific objectives were as follows: 

Io develop simple. repeatable. inexpensive techniques capa
ble of screetting large nuiibers of tihe geriip!aslml aiid breeder 
lines, anid to get these soules of resistance (either directly or 
illderectl tlb-ough breeding) into it tiatiolal progranms. 

To ensure that these soirces of riesistaince., tocetler with 
SOtlfCes of susceptibilit. iare freely a\ ailable to plysiologists 
working outside of Wl 'ISA I ill order that important basic 
research on these materialk cotinitues in parallel wih our 
screening. 

To better iuiderstatd tile physiological basis of' existing 
nanagemient practices, and wilh lie agronomiists, to improve 
on these systems. 

To train those workingin tie national programs in tile SAT in 
screening techniques and management practices. 
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In the area f crop estahlishment, a numher of screening 
techniques ha, tecn developed. The two examples highlighted 
here relate to screening for emergence at high soi-ourfacc 
temperatures. The first method, which uses different soil surface 
treatments to modify soil tern perattire (Wilson et A., 1982), has 
shown that there is genetic %ariatior il tihe ahility of sorglium to 
emerge at high soil teiperttrcs, and that some lines emerged 
even when soil teerlllatuC, wele as high as 551'C. 

Similar siudies have heen condurcted using the second tech
iquC. 1,t1 t clay pots (300 tnim) tilled with soil are placed in t 

water tank. Seeds ai so., t in thi pots and temperatures betwseen 
35 and 501' can he nialutinied by varying the heights of infrared 
lamps. (enotypic dillcrencc, in emergen.ce were most evident at 
45'{'. Fhe advantage of this technique, although not as simple as 
the forroer, i, that scrrc'in call be done while water is not 
limiting or tile soil crusted. 

In the area ofdrought. I will contwlrit on two approaches. The 
first is tile well known line source sprinkler irrigation system 
SItnls ct al., 19J70), which exposes the crop to a gradient of soil 
water d inig different sltges of growti. this technique allows LIs 
to test a tourhcr of genotypes tinder a continuous range of water 
levels. Figutc 2 shoms typical response curves for two contrasting 
sorghuni lines and serves to illustrate the need to match varieties 
and hybri ds to partilar enviroonments. ype I (cmntinmous line) 
clearl\. does better in hiahcr rainlall areas but fails completely in 
the dry otte. I ypc 2 (hroken lite) obviously LIs a1much lower 
yield potential but will sield under severe stress. 

Another approach has been to makC up collections of material 
which are frott t wide ralge2 o1 taxonomic groups, geographical 
regions, and climates antd to screen these fOr particular phenllogi
cal, morphological aind physiological traits under severe elviron
nlerital strescs. An example Would he our rainfall collection 
,hich, in additiOn to the above listed variability, isstratified into 

three rainfall ,ones. vi.. those with an annual rainfall of 250-600 
rim, (10-900 'lr, anuld 900 1 trn. 

Each cllcCtion comprises about 200 lines and is sown in the 
summer scason at Patancheru. India. Scvere stress is imposed 
from about 30 da,,'e: Ater sowing. Miaximum temperature during 
this rainfrec peried exceeds 400C, wit> pat evaporation rates 
reacfhing 16 mii day. One importarit trait we are looking for is the 
ability of the groiwig leaves to avoid desiccation (Figure 3). A 
number of resistant and susceptible lines were selected in 1983 

http:emergen.ce
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sorghum lines. 

and, in accordance with our second major objective, seed from 
these lines have been sent to other physiologists working outside 
of ICRISAT who are interested in the underlying mechanisms. 

One example of' this collaborative research is a project being 
conducted at the Welsh Plant Breeding Station (WPB1S) in tile 
United Kingdom where scientists have shown that emergence at 
high temperature is highly correlated, with its embryo protein 
synthesis (WPBS, 1983). The research has not only lcd to tile 
development of a screening miethod which will screen a htrge 
number of lines, but has attempted to establish tile underlying 
biochemical processes associated with poor crop establishment. 

Existing projects with organizations such as the Indian Council 
of Agricultural Research (ICAR), International Development 
Researcb, Centre (IDRC), International Sorghum and Millet 
Program (INTSOPM IL), and Official Development Assistance 

http:wtrapidadgan.il
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th bleim.li ;.tod i lhm AmerunFI b e v h t o t i n tcfill cicaen s 

(OIDA) are proving to be VCIv efective andIL WCemuIst strive to 
enlcotrage fuLrl her projects andl sircrngt hen existing finks. 

I believe that the problem of acid soils In Latin America lends 
itself very much to this approach. and I hope that in the course of 
this week, concerned scientists and organi/atlions will have 
worked out an effecti\c rccarc,h ,iratcgy to deal with one of the 
most serious prohluiim of siirghuim production in Latin America. 
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Biotic stress 

Disease stress (including Str&ia). 

Prioritv diseascs (tglobal inmportlincc on which research is 

conducted at thc ( c'lter and locatiins iilIndia aMT: 

mcst biciiorIiion rain)caused Iby a 
conplex o ltlngi; 
Grain mo(l (priu 5 of 

root stalk rots tht uiulv jesuit in plant lodging, caused by 
Af.crophlmitia l , luIiwpim spp. (I('RISAI,(',ilii and 
1984t)): and 

_It'l 'lrcInlliospora sorgh.downy mildtew eas 

Research iS ls0 ColldCtlCd on) ilsscs (t rCional importance 

if' I hcm am aid rust.they also ocelr iI India. include iluiraiiiSc 

The establishment ol jouliid isciplinai v regional all swill facili
tate research onl liscuscs (diregional and Ioa(wdImportance (snebl as 
viruses in ('ential Anericat. l l bliIhi . _,riev Icil sp t in eastern 

Africa, and sooty stripe and smilt inI West Africa) flor which 

screening opportiuIIIeCS do not C.Misl if) IMlia,. 

,iria is a Pil asitc ,\ced sllieli i majol problei il India an1d 
West Africa. lhe ( enlci prouam \wirks illS. asia'icu and 

Scientists in the plogiall ill S. li'rothica.Hll kimt fiso work oil 

Fortunatel., ,iria tloid in ,iuericu. Iwo iilornl-Is niot I.;itin 

lion hullctins re as ailihl Ir111 1( ISAI oilthe identification of 

SOrglhul ani C( iC;I'i lild.Niria,,< (W illiams et al.,lperl mille tt11dI . 
1978: Rarin iah ct al.,1983). 

The S)Ccific rsCerch aIta ;1('. 

:l kif tihe diseascs theyBiology of pllieiitalln pideiiiiliIglohV 
,
catic. 'I is uiulrililin i vssntial lolthe deCv'eloplllllt of 

Illealinglll lesistailc scicCIiine te IIcnitilteS. 

roIel* ,cil'ning icliiqilesDCvCopment of icesci C 

Identification ()I rcsist oel,holth iMisotrct Material and in 
breeding prienic:'. 

ritalincc spot" 

locations for stabilit ol icsistancc. 

Multilocatioaul icstliiw ()I idCnlIilied l"athot 

Nature oillf tiliutullln in breeding projects.resIlti;icc and it 
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Pest stress 

The priority insects of global importance are stemborcrs, shoot 
fly, nidge, and head bugs. Th.ere are several important stembor
ers, vi,., ('hilo, Sesarni FIdana, 13usseola, and Distrcae. The 
latter is found in the Americas. In Indi:i, 901.' of sorghurn damage 
is ca used by t lie head bug, (ahor'oris(san.1,wu.alt. An Iiforiiiation 
Bulletin is available frun ICR ISAI on sorghum insects (Teetes et 
al., 1983). 

lhe specific areas of research arc: 

I o develop reliable screening methods: 

to ident il sourccs of resiSlaneCe; and 

to inrcor porate this resistance into agronomically good
 
backgrounds.
 

Breeding for yield, stability, 
quality, and resistance 

The overall objective of breeding is to develop high-vielding 
cultivars that will increase and stabilize sorghuni production in 
the SAT. [his is achieved by breeding for improved yields, 
agronomic eliteness, incorportion of good grain quality charac
teristics, and resistance to ahiotic and biotic stress. Both convern
ti ni an,1 population breeding methods arc used in tile devel
oprrlent of" varIt ies and hybrids. 

\t I( 'R ISA I, popilations ,acre developed from original popu
lations fron Nchiaska aind Purdue Universities, USA; Serere, 
U ganda: and Sa:rnmrtt, Nigeria. In the future, these populations 
will he merged into live prptrlairIIs in which a broad range of 
gernlapsm ailld sourcCs of resistarIce will be utiliIcd (Table 6). 

Several Iigl-yielding varieties have been develiped (Table 7) 
and distributed to national programs mainly through the Sor
ghurn Elite Progeny Observation Nursery, the International 
Sorghuni Variety Adaptation 'Irial, and the International Sor
ghn I)rought Observation Nursery. In addition, several hundred 
breeding lines in various stages of' development have been 
distributed to breeders in national programs for lurther selection 
and incorporation in their programs. 



Table 6. Planned multifactor resistant (MFR) sorghum populations. 

Population Origin Iraitsi t, be incorporated and selccted %onit ed trit.s
 
designation
 

ICSP1 -R NI: S R Impriiied grain %icldl Resi tance to (haIcoal r,t. stand 
Rs R rtin mold. teinhorcr. sh.,I l.x and e~thlihnnuii~ a 

ICSP2-B MiFit IS if Iniproed t.oti II ld. :"it:tanct: to r l.itd[Af;idl 
Rs 13 eriItlcI. -rtenihMocr. ttoot l. and :t :.i:vit i~..' rita.

rli IdtC . lt. ii A Il' 

ICSP3-R MFR US It Itproied ira:n ild. Rcikince to (hr,.. ,t'i.,tclborer. 
graim toid iarid.',trt;,and imptmd statnd 1ht1 li. itide. food 
C,tabli,,hfrcint Itul110 . 

ICSP4-B:MFR US B IIp7,,'i in %Iild. Re ItancC to I ia _oal tI tihorer. 
-ram mold ni .tri,,',..ind rnpro ed Nitnd !1il.. :Iimdc. lood 

ICSP5-BR MFR WAE Imprx:d eiin ;cW 'Ic_'.inc to (Ma0c.l crnt ld. 1.:. 
lenthorcr. hi I .!..titr:'i. andlt hih lold mniduc. 'I id r-,ta hi I'llhmett. 

quaiit% 

,
a. IlighhN heritahlc tr.All ,uchl as d ne i'tlnc to di. :<v7 .< .iiM.'I l... " . tc- i ixed ledu..! 
population dci.eltpixiiit h\ ma- ,eleciton. 

C.a ,ith (rain ieId 'i:,, . ild IltuccI i&ldet Ip 1Cein cr :ii .Li-n 2: i;,I :ITItI;tx i..1!11 1it, li -1lCt lCn t It itIL'on ns,
 

e. Stand esta bihh tent incluidesw',eril ci' nip, Ilinlt uli a ciclienil eiteLer.r " I .)1 . elne.I e i tr-u¢ ll[ alnt sredhi . igor.CIl eIC ,il-'urtacc. 

and seL.dlingrt.a;llce it inolur: tres,Ind tI i cl , iolli ninmour tr -t. 



I abic 7. 	 I(RISAT variclii%/hylIrids rctased and in prerIlvase alnd advanced 

%tage , of testing in Nariou% cionlric . 
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InI the hybrid program, the breeding material was scrlcclied for 
polential restorers %%,ith good coIl hiIling abilit.,.. Selected lines 
w'erc used to produc experimental hvbrid., on lcnimlc parents 
dev0lopCd bY the All li . (COORdinatlcd Sohllullml Itmprovurtlcnt 
Project (A(SI ). ,cc\rctl Iln1dred c.xpetillictIl hvtids have 
been c,.alted :tell hifltrtul hiltiaIon. in Ildii anld 00 lih-vielding 

h\'rid, wCrC idCntified Mdllali\c thec li,,lrlbtteld toIAI(SI I .and 
other natinr'ul pioerI;trIII in !he A I. A.s indicated il the 
liltrld tctiotll. it i, L5'S I iil thm sorel iiull cultI\ItS iet'httitilC[tIded 

I fme I 'C ;ICtceptrhleI1 lr'iolit\ aleas of reseirch are:for tood. 

I"l idenlil\' the Illajot solritir 1,1food proldircts and their 
desired Cltunit.,+ characters: 

to identity crai characters contributing to desired food 
qtualitV: 

to devise simple and te 	 tests torpiId phrysicochemical useful 
breeders in qluality imlprovement programs: and 

to evaluate elite Ireeding material for food quality (see 
ICRISAT, 19382). 

A nu nber of varieties and hybrids from the I('RISAT program 
are now in advanced stages of testing, pre- or postrelease, and 
being grown on farters I ields in a niuher of countries (Table 7). 
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Products of this research and their impact 

Scvcral scrccnirig techniq uCs are now being used in national 
progrartis. Of particular interest arC tile lollowing: 

Tihe checkerbloard held layout and its statistical analysis for 

evaltiatilll of rCistalcc to N1rio, is imtd by the Indian 

nati onal prlanl,. 

The rc:hnique 1lC1(21.1 tWsClcC-t lineS CilpablC of emerging 

rhroullgh !,Oil at high tCmplralurC has bnCC SuLCCe .f ily Used by 
scieritists in ritionrail progranlis iln Malli. and Niger.Sen.egal. 

T large-scalC, fiel--screrCririg technique for resistance to 

doivy rii dew (I)M) has beell adopted hy the national 
program in Illii. 

Progress, although slo%%, has been courilt-aging. III Mexico and 

Central America, despite the tew iil noher oflscientists involved, 

the impact haslbeen irrssi\e. We hope that the participalts of 

this workshop will \wrk toget her to enable ,orghium improvement 
t)spread re ripidl\ into other pirts of'I atii America. 

Summary 

The International Crops Research Institute !or the Sciii-Arid 
Tropics ( ICRISAT) las itshca.dquarters near l-lyderabad, India. 

Its mandate is to impfrove the yield stability and l'ood quality of 
sorghum, pearl millet, pigeon pea. chickpea, and gro0undnut: and 

to develop til-roig svstems, that %%ill make maximum use t' 
human and amliial -eorell l tl he inured rainlall of'tne regiir. 
Tlrailling aItd the dissenlit iuII ofl it'rli lnorI aire vital roles of 

the luslillute. 

Average yields of sorghtii il trhe dCvCloping world are only 
1000 kg ha ;illdill as low ais 600 kp ha in paris of Africa. The 
ulitimate airt o I(ofRISA's sorghum improvement progra is to 

produce highcl aid miore rlablc vicldinue lines. 

Five regions, naiely the Indian subcontinent, Fast Africa, 
West Africa, Southern Africa, aro Central America, includinlg 
Mexico, have been designated iis priority tores. This paper 

outlines the priority pobhlems in these regio ns; describes tile 
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specific objectives of the sorghum physiology, pathology, ento
mology, and breeding programs; and lists the lines and techniques 
which are now being utilized in different countries. 
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Sorghum Production in Colombia 
and Its Perspectives in the Acid Soils 

of the Eastern Plains 

Alanw' Torregroza C.* 

Introduction 

Five of the mainafactors that have justified the increase of 
sorghum production in Colombia are: 

The development of the count ry's poultrv industry, which 
uses sorghum grain as one of its basic raw materials in the 
[nanlfacttliC Of lOCdSttf. 

The excellent adaptation of this cereal to warm climate 
regions fouund between sea level and 1200 meters elevation, 
where neither rice nor maize constitute an adequate agro
econoin ic alternative. 

The relatively short vegetative period of this plant species, 
whichcica be recoimlmeniided as a rotational crop. 

Its easy aglonollc Management. 

Its tower coniniercial value per ton of grain, in comparison to 
maie, t p hc no mCnomn which has contributed to sorghum 
being substituted for maize in the preparation of loodstuffs. 

The purpose of this article :s to point olit the ftundainental 

aspects of sorghtim production in Colombia and present a short 
report on the agronomic perf'ormance of sorghum, grain geno
types, tolerant to al nininun (Al) toxicity, grown in the acid soils 

of the Fastern Plains. 

Evolution of the crop and imports 

Grain sorghun prduction was enhaaced starting in 1957 when 
Purina de Colombia planted three hybrids in the cotton-growing 

region of the Atlantic Coast. 

I)irectoi (lithe Agronmi ic li~jitzio, Matic and Sorghum iProgram, Instiluto C loibihiano 
Agropectliario (A), logotIA D. F., Coloinbia. 
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In 1960, 6300 tons of sorghum grain were harvested frol 2800 
hectares. In 1970, these figures increased to 118,000 and 54,000, 
and reached 431,000 and 206,000, respectivelv, in 1980. During 
1983, 593,000 tons were produced when 270,00(0 hectares were 
planted. As a consequence of the spectacuilar evolution of this 
crol, sorghun today occupies third place in ar-a planted of the 
five cereals (rice, barley, n1aie,, sorghum, and wfheat), being 
soipasscd only by rice and maize. In 1983, 3,317,000 hectares were 
planted to these five crops, with a total prod Lction of 3,339,000
 
tons of grain, of whiclh 21 and I8"1, respectively, corresponded to
 
sorghulm.
 

However, in spite of thc enormous development of this crop, 
grain sorghturn prod oct ion has not satisfied the increasing demand 
of the feed processinig industry. Iherefore, starting in 1972, 
deficit:; have had to I-," met through imports. To date, 500,000 ons
 
of sorghum grain have coic into tile country, of which 51,000
 
tons were imported in 1983.
 

Sorghum growing regions 

In Colombia, grain sorghum is planted in four large agricultural 
regions: the Atlantic coast, the Central zone, the Cauca River 
Valley, and the Fastern IFains. During the period 1980-1983, 37, 
30, 22, and Il% of the sorghumr planted occurred in the first, 
second, third, and tourth regions, respectively. Due to sorghum's 
slort vegetative period and the rainfall patterns existing ilr these 
regions, it is possible to plant and harvest the crop twice during 
one agricultural year. However, to enable harvest to take place 
during the dry period when pest and disease incidence is lower, it is 
recommended that tiis crop be planted only once a. year in the 
.astern Plains, during the second semester. The 20.000 hectares 

planted to sorghumiii annuall. make tip part of the 160,000 hectares 
of Class I soils in this zone which are characterized by their high 
fertility, variable texture, good drainage, and small danger of 
flooding. Besides this cereal, these soils are planted to maize, 
upland rice, cotton, pean Uts, sesame, cassava, plantains, and 
African pali tree, among other annual and perennial crops. 
Sorghum varieties and hybrids yield between 2 and 4.5 t/ha. 
According to Silinchez and Owen (1983), these soils contain an 
average of approximately 0.72 mcq Al/ 100 g of soil. Under these 
conditions, crops susceptible to Al toxicity can be grown by 
applying low amounts of corrective amendments. 
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Main characteristics of the Class IV soils 
of the Eastern Plains 

The Eastern Plains, due to their enormous area, geographic 
location, mechanization possibilities, and well-defined climatic 
conditions constitute a privileged region for an expected intensive 
and prosperous agricultural development. Soil fertility con
straints, especially the excessive amounts of exchangeable Al, 
have becn the factors hindering the incorporation of this region 
into the economny of the country. 

The Food and Agriculture Organization oft he United Nations 
(FAO) has classified 12,936,621 hectares (ofa total 17-19 million 
lha ofsavanna in the plains) ,f the l astern Ilains into eight classes 
:ccording to their potential Ior use and management. Of the 27% 
(Class I through IV) considered to be agriclturally promising, 
approximately 2 million lW.ctares catalogued in Class IV are 
characterized by their low fertility and excessive amounts of 
exchangeable Al (Siinchez and Owen, 1983). 

According to the data in Table 1, these soils are characterized 
by their extreme acidity ofthe 343 samples studied, 86% had a pH 
between less than 4.6 and 5.5, averaging 4.6. It is likely that pH 
values higher than 5.5 resulted from samples coming from 
previously limed ground. These soil types have high levels of 
exchangeable Al. Exchangeable Al was higher than 1.00 
meq/ 100 g of soil in 81% of the samples analyzed and averaged 
2.56 meqi 100 g. In general, Class IV soils contain an adequate 
amount of organic matter--ian average of 3.39%, and 76% of the 
samples contained more than 1.9% organic matter. Out of 343 
samples- 53% showed less than 5 ppm of phosphorus. Therefore, 
phosphorus deficiency and Al toxicity constitute the main 
constraints limiting the establishment of crops in Class IV soils. 
Potassium (K) represents another constraint as can be seen from 
the fact that 59% of the samples contained less than 0.10 meq/ 100 
g of soil, for an average of 0.09 mcq/ 100 g. These soils contain 
small quantities ofcalcium (Ca) and magnesium (Mg). Out of the 
86 samples studied, 83% contained less than 2.00 meq Ca/100 g of 
soil, for an average of'0.80 meq/ 100 g. In the case of magnesium, 
of the 81 samples analyzed, 95% did not contain more than 1.00 
meq/ 100 g, and averaged 0.37 meq/ 100 g. 



Table 1. State of five chemical components and two soil characteristics in Class IV soils of the Eastern Plains, Colombia. 

Average 

pH 

<4.6 

4.6-5.5 

5.6-6.5 

>6.5 

4.6 

I" 

36 

50 

12 

2 

AI-+, 
(nmeq/ 100 g) 

>2.0 

2.0-I.0 

0.9-0.5 

<0.5 

2.56 

45 

36 

17 

2 

OM. 1" 
; 

<1.9 24 

1.9--4.053 

>4.0 23 

3.39 

1 Bra. II 
(ppni) 

<4.9 

4.9-10 .0 

1(1-15. 

15.1-30.0 

>30.) 

5.)0 

53 

24 

8 

( 

K 
(n"-L/100 g 

<0.04 

0.04-0.10 

() I I-0).I5 

0. 16-0.30 

>0.30 

0.09 

'7 

23 

36 

21 

16 

4 

('a--
1nICLI/lf10 '' 

<I.1 

I1.-2.o 

2.1-5.0 

>5.0 

0.80 

6) 

23 

II 

6 

Mg++ 
(mcq/lO00 g) 

<0.51 

0.51-1.00 

1.01-1.50 

>1.50 

0.37 

% 

81 

14 

2 

3 

Samples analyzed 343 343 343 343 135 86 81 

SOURCE: Sinchez, L. F. and Oaen. L. B: 1983. 
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Headquarters for research activities 

Research directed to select improved grain sorghum genotypes 
was started by the Maize and Sorghum Program of the Ilnstituto 
Colombianio AgropcCuario (ICA) during the second semester of 
1983 at the Regional Research Center (CRI) LIa Libertad," 
located near the city of Villavicencio, department of Meta, 
approximately 140 kilometers east of Bogotit. ihe principal 
meteorological data and the location of this center are incltded in 
Table 2. This area has 2614 rum of annual precipitation, the wet 
season being fronm April to November. 

The fo0llowinrg eight soil chlaracteristics are from 60 samples 
analyzed at l.a I.ibertad, where experinental plantings are being 
carried out. 

pH 	 4.43 
Organic mauer (%) 3.75 
Alhuinum (ineq/ 3.99100 g) 
Potassium (meqi 100 g) 0.11 
Calcium (meqi 100 g) 0.59 
Magnesiuin, (mcq '100 g) 0.26 
Sodium (riieqi 100 g) 0.37 
Phosphorus (ppm) 8.14 

Since the objective of the project isto st udy genotype adaptation 
and tolerance to acid soils, this experimental field has been 
amended with 500, 100, 75, and 45 kg/ ha of dolomitic lime, N, 
P20 5, and K20, respectively. 

Table 2. 	Location of the Regional Research (enter La l,ibertad and its main 
meteorological data. 

City 	 Villavicencio 
Department Meta 
l.atitude 4) 03' N 
Longitude 73) 29' W 
Altitude 336 mast 
Mean temperature 261V 
Annual precipitation 2614 mm 
Relative humidity 77% 
Monthly evaporation 134 mm 
Hours of fill sunlight day 5 hours 
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Results and discussion 

In order to incorporate Class IV soils of the Iastcrln Plains into 
national agricultural production systems, the hypothesis of 
changing the chemical characeristics of these soils was initially 
adopted so that the nutritional requirements of tile plants would 
be mact. This type of research was carried out by the [WA Soil 
Prog'ani during the 19 60's aFter evaluating diverse genotypes of 
rice. sesilne, heais, comspea, peantst,smIc, sorghtlll, soybcan, 

and Z1ss;1va,ther crops. The resutIs WereaniOMg not as good as 
expected. lowever, it vas found that there were crop species, 
sLch ;aspeanuLttS, Cowpca, tobacco, caIssaVa, and African palm tree, 
which are more tolerant to acid s(,i;s than other species. Spain 
11976) has referred to research carried ot by the Centro 
Internacional de AgricuiLura Iropical ((IA) at ICA's ('.N.I. 

Carimagua lExperiment Station with the object of identifying 
genotypes tolerant to acid soils, where he observed that rice, 
cassava. anid many forage species \ere ;amoing tlhccrops having a 
wide range of tolcranicc, being very tolerant, or well-adaptcd to 
acid soils, rcspccti\cly. ()ne of Spain's recommefndations for an 
effectivc Ise of tilegcuctic tolerance variability to these soil types 
was the forlation 01 multidisciplinary tealnlS, made up of' 
breeding, soil, and plant physiology specialists. Smnchez and 
Owen (1983), based on a series of experiments conducted in the 
soils of tile Eastrn Piains including the type IV soils, made a 
,ies of economic-feasibilitv recoinmendations on fertilizer use 
and rnanagement for the principal annual crops in this region of' 
tile country. 

Since solving the crops' maladjustment to acid soils by impro
ving the environment where they grow and develop did not give 
the expected results, another solution is being studied: genetic 
management and selection of material resistant or tolerant to 
mineral toxicities. For this reason, we are working in collabora
tion with the International Sorghum and Millet Program (INT-
SORMI I.),an international agency which conducts research on 
breeding sorghum genotypes tolerant to acid soil constraints. 

Ti first planting was carried out during the second semester of 
1983 (198313) at CRI La Iibertad using 1400 breeding lines. This 
material was selected among and within lines, choosing 150 lines 
and 300 panicles, respectively. To speed up the selection and 
adaptation process, the 590 selections saved in 1983B were 
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planted in 1984A (first secster) tog,, her with 600 more introdic
tions from INTSORN II. Yield trials werC cond ueted using the 

best lines which had been pie viously selected. Table 3 shows the 

raniges and averages o1 agronlr01ie charact'ristics for the 90 best 

lines planted ill ' able 4 sho\ s the 12 lines \ith the highest1983B. 
grain weight per plant o the 90 mentioned inIable 3. Yields of 

(SIT(N 79-35 X IS 7542(')-5, (IS 7542( X SITP N 79-2)1-6 (Is 

7542(.' X S.P( )X 79-21)-2 (NI 904) N IS 7173(')-14(-3. and 
p erplanS'IP(N 79)-29) N IS 7542(1'- ,",sere r ~e,thanl 3)1 g ;ams:- , 

ilndthe first two tiles weore Mttandine ,iice their V'iehds were 

otre Ihan 51 g iaI p' plant. It isc'peeted that this promising 

ma1te:rial, as well t', Lthermterial rum IN ISORMII., will 

bfL.om thle r lt .lce.tictis Caltatios, land seadbaste ettllc 

Iahlc 3. Variation and :oragtet of three agionlmlni" characlerislis of 90) 
,

l g setvited on i tr 
L~aLihet~rad, NillaN ice'ncio. 198311.

n .rgil tcp' e race siils, R egional R esearch Center 
Murla, Colombnia, 

1it c,.\\Ag p tg. lm icl'haraclIcr I tilt \'il atioll 

[htila
W eight gtaillopii ll 7.3-St' 3 .49 16.1 

D NI. HsC[Ii I)a\s 53.1-7110 17 5S.6tlo g 

Plant height (cnitnwitlt ,3.l)-t96.) 113 124.2 

Tahl 4. IPerforlmance ofthree agromoinie characteristics of lit12 hest sorghm 

genoty)es selectedI ilterrace %oils,Regional Research (enter L.a 

Iibertad, Villavieeneio, M1eta, (olomhia, 191t313. 

Il\l \eight 
D l)',-o- height Plains. Plant 

(g)
PcgliglcL II.,cl ing (In) 

(ISI:T()N79-35 X IS 7542(C)-5 63 1I 56.3 

(IS 7542( X %11'ION 7,)-2)-(, OK 132 56.1) 

(IS7542( X SI OIiIN 069 90 37.279-21-2 

(NIt 904(1 X IS 7173(')-140-3 57 106 32.8 

SFII)N 79-29 IS 7542()-,; 5) 137 30.5 

(IS 7542( X I'()N 7t)-2)-A) 58 150 27.0 

(SIiON 79-I X IS 7173()-13 5" 157 26.0 

(StPiN 79-35 X IS 7542()-I1) 01 13) 25.9 

iSIl'1)N 79-54 X IS 7173(1-, 60 122 25.7 

(FIT(N 79-20 X IS 7173()-t0 57 155 25.7 

(SI T)N 79-54 \ 1,7173(I)-25 58 130 25.6 

(IS 7542( X St PON 79)-2))--) 57 163 24.7 

61 133Average 32.8 
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increases at La I hertad and in regional trials infarmers' fields 
(located in Class IV soils) resulting inthe first iniproved sorghumi 
variety in Colombia tolerant to acid soils. 

Summary and conclusions 

The need to reach self-sufficiency in the inain raw materidal of the 
feed processing industry, especially for poultry, thus climinating 
the burden of sorghum imlpo)rtations, rCquires a search for 
altcrnatives to broaden the agricultural frontier ofthis crop. Part 
of this fronticr is the ('lass IV acid soils of the Fastern Plains, 
comtptiiti alittost two, million hcctarc.,. [Ior this icason, the ICA 

Nide and SoThum lrogtaIn. itcollaboration with INI SOR-
NIll-. started ai pr jcct ili1983IBI at ('RI la libCtad for the 

selection and cvaliatioiI ot sot '1htiLn 1cnIot,')Cs tolerallt to 

alumltinum toXicit\'. lC [preliiIalV tcstilts have been very 

pt'ttliig i:td %Lcexpect to iccord in] the near futurc the first 

1i1)t-tovCd V, IriCty to the acid soils of the Fastern Plains.adapted 
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TROPICAL SOILS
 



Soil in the Tropics: Classification 
and Characteristics 

.N,. B~ul*
11'. 

Introduction 

In 1950, ('. F. Kellogg predicted that as detailed miaps became 
available llorc distinct Soil types would he ound within the 

tropi':s than il the other parts of the world. *vloorniann ( 1972) 
attributed the lack oftappreciation forn oil variabilitv iii the ti ,pi s 

by,agricuiltutal and other Sciettists to lhe guncraldld. smnall-scale 
soil iaps by which tie\ "wete iuidul. Boo! andl Minch, ( 1978 
weree\1nt orll their appraisal, sltigll.g that "tlhelr hilrsh ill reality of 
soil variability has been matsked by siiai! scale Ircolilisaclice soil 
surveys that portray i flse cns Of uiltirniit\ and sers cOnly to 
widen tc gap beteen scientiss, " h o el ilitcrplrcl rich mpsl, 
and lfarmirs, who kno\ wlit the oils arc like'." 

lhe realities of workin.1 ilnthe iropics, regardless of how 
liindful w are Of soil ariabilits. are thliit research sites are spalse 

and detlailed assessient Of soil chaiacteristics equilly sparse. To 
comsiiate! for the lack of i;uilhblC claraCtri, tionl data, 

grolllonlinii hivc to responsibility' inrscscalchers assniUllie greate 
chiaractrii/ing the sites's hMere they sork in order to ehance the" 

validity of tchitoloy traislcr. Anly al-ro liilic studV that lails to 

alititaltivcly identify tle Soil in field studies, (or the soil llaterial 
illth easc ola greiiouse or laborator stud. seerely limis the 
vtile of the data t erated. I)isuiissitg this r,.espollsihility byge 


living a teographic pl5cecortia such ats a colllt r or region of"i 
country, or- tsoil trial ) unit nati Ot even a soil taXOlltlllic Order, 

conntesla alse sense cation that flr in0rCqualnatitif lquuly dolestC 
harm thani good. 

Ihe objectives of thisp r are to: poilit out Sole amononlical
ly imiportant variaihlitie kiown to exist wit hin and between soils 
in tiropical areas; and suggest somet.ilini um measurements that 
call he ciliducted to iniprose site identificattion and char
acterization and ins the value of the rescarch to other locations. 

P 0ilc 1'01 "I S011 SicIcC. 1,lt11(:iotii SlllcUieixer' ii) Isiiiiyii, NU, USA, 
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No single parameter such as "oil characteri/inill totally 
quaitilics tih' . uinclltrolled variahles in alt ;l rtltrnie experinlnt, 
bill the closer we can delinc these variahles, the cho+,,r wc are to 
understanding, C\altating, and extiaplllatin the rCstl1ts,. 

Map units 

lc~lhIpa, more than ihrer disciplinc%soil Clarssification lWrthcr
 
cotnfises ttan, people whoehtrl cmtat+'t ,, iih the soil clssiliea
tiin i SA a smlil map. Malpinu is the rcnisentalion ot a naturally
 
CCiring alca, at Inuch rcduced seale, and does iot ICplcscnlt it
 

soil classiliciltion Itlll. I 'ntorttniatclk, ill soil Ciclicc, not unlike
 
o)ther disciplincs. traxonomic nalist" lre used to 1121iC soillmap
 
ililits. Man\ llellI. s'jCl to lo e si lt ol this lh\ io"li lact and
 
IttciijPt il nit it te .,,oil lihit \Ootk , th Ir i l the ati g cieri (lI) aI
 
,,Oil iltla t h lt l e ol ,( titlle Ili t iillkIIO lotile"Il Scale s. aret+al
 
iicluisil ,iof1sc5,cl al hl Mrc.otf hictires oolof:olti tstil ,sOil. lie
 
5aillpilcitc lay he les tan It)cil in dianicter tir thre exleitiliellll
 
plot \kcll less than I hlectare. Ni) rirl. except possill\ those don)1e
 
[ii''(li \or\ colntlled al'saltitul,5,'tlc5 lalreu Ihali 1:10,)00,
itt 

eall lpossihll he r,:liahlc' ill ident nviigsntch small a-cas I luiol ct al., 

J\usoil Itna) ulnit Contaii tis!Oil t\pcs nt idlu itilicd in the
 
namen ivt:n to that miiip inir. ()ric exaniple OfIsoil variability in all
 
area properly idClntiCd Oil 142neCal soil aS ().OlS is
 
prc:.',lled in Figurc I. I)etailcd ialls identily ()xisols, Iltisols,
 
Inceplisol., \Iliols, and Mollisols, and mean valutes o' selected
 
suirlace soil prollcrti s IroIll nap units delineated oil detailed
 
masll, Clearly illustrate agrllorili c oitrast.
 

Taxonomic units 

While th Ilap unit limitations are readily understood by lost 
scientists, ranges oh characteristics del'incd in taxotioiti units .)I 
soills are, in nmy experience, not as easily iinderstod or accep')tud. 
Although I will use exaiples Irm Soil laxotoniomv (SOil Survey 
Stahl, 1975), the satire problenis exist in Other syttins to an ev i 
greatcr decgree hecausC of less rigid delitnitions atid hewer categories 
and classcs. To tundcrstand te inherent prolims oi classifying 
soil, one has to reali/e that ill no lire place Can all entire taxa, he it 
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A(id.'orhni/ l ,I Soidls 

orSoil order, hC seen, sampled, or dest ICd. Individualt)r sseries 
soils defined eery eategory of ta elassilication system exist in 

olO1 011ly isabst ractiolls delilted by tile words ano phrases of'tile
 

.trius kinds oflsol arc
elassifications svstm, ixamples ohflth 

observed 1td Cliiiractcri/ed 't speci tic sites. loo often. persons 

of challClrilics, of spCcificlotoll rather l eotee ()Its	tihe 

all sites classified b, that name
examiples anid fllcv ;tsuinie thA 

lia\eCill the pr*)petties the\ obl'sersed in the exalplCS they know 

Ihe extm[I ple is no t unlike taking a erst) ItIo a matlle field ofbest,I 
sor0'* hllulll htieIllorpol 'iciialchlarcterlistics of'so lie call obsClve 


the cT.p At aitotlic site. erlaps t liutricnt-delicicnt, \weed

site of another eultivar, that person
iltd, c and iitsect-dtiaalid 


rCilark- that this doesn't look like ,orelutml. le\ause itoli\idual
 
the
Cxamlplcs od soils r tilcn ,,cpatatcd h'gtcrtI distanecs andti 


oppor 01tunity limitCd b\ the necessity to Confine
fot exlIititin 


tconiplete ob-\a;tiot of lto pits bhanks, this problem
~soil r rld 

is exacclbated. 

I able I briellv hituhlihl-is some of1the properties per imiitcd in
 

lie raitnc t soils proljcly
rir'naed ()xisol", one of the I0 soil
 

olrders" uIiiiiio1 illtlropical areas. tLsscntially th. only 'soif
 

h\ the order name ()xisols, are lom cation
p-lOriie,, ieitif ied 

)x:ites. the hick f\\athcirablc lilillteaS,
ca 

)rargillic icri/ois in 
exchane ec citw, (i( 

aInd eclusiM of sils 'il.less thit 15 cli, 

c Illtmoti tellperature mi lloistlee soilthe s"usoil. No to1 
l,are plscCll illalid -itsi\aswll is in the
 

lo10st liitni tpiat';l NlC i l Iniiil ltl/pettluies lalge
 
c iilic., thus ( ) i,,,sO 

lof il"Au. 
ifthtiIeh it0o()xisOlsri.ili the ai\\iaicsnt kntio it to dcliiid limnit. 


lii s"(' lllal annull
11ase been lCptCd Ilnregin'l colder 


ir madc ol the pH \alue trdegree of base
tcipciraitiit. N) limit, 

Hlolst OxisOtls arC
",atiilatitti. at t' ()xsol ()tief' level. Ihtria s 


;acil ald hi1e
1 lt\\ base ,;titatilli, bUt 'TLit Ir"gleit tlIttlps are
 

It tii 35, (t It) ' ba,,_ ,aturatcd ( Iable 2). 1he critical point to
 

Wsil tatle defines only' those proper-
Iellcibcl is that Ic cation 


tics (f the sitil used is criteria to deline thlat class.
 

Invariably. the+e limlits are tai' less Ct1l111i11 thtll 'tI ll'S 

that still gulicd Ititl plersoitl expelience at trne, orconcept of 

even se+eril site,. AIsi. it is hihgll, prt)alhl, that niltwo perstls
 

\,ill persoll ititliressiti tfla kild of stoil unless
acquire the ,utie 
As an thi.,, otaside, istheir experiences are tuttally piurallel. 


difTerlnt than the perceptitn tf a cow a perstn from India may
 

have compared to tlhe perception of itperson frtm the Nether

lands it rlllralman versus Holstcin-l+riesian.i 
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lable I. S~nlpl sis f ( I xi no ilrl -i-lie,. 
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(lhi lllw'1lll ()\l- i, alit pll C' ffll Ill C%'\t'l 
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Soil dynamics 

Soil is an entity, unique in its position at the interface between the 
organic ald] inorganic worlds, and composed of solid, liquid, and 

gas. The characteristics of a soil are very dynamic, easily 

nanipulated hy the whits or weat her and vecetation. In addition. 

one also has to include the whims of man \\ho cuts, burns, plants. 

and harlvests vegetation: and who frtilies, dlaine.. irrigates, and 

physically tmanipulates the soil. 

A few of the dvnt naiC a spCcts of soil that are fCquCltly of 

concern in charactcri.'inig soils in the tropics are best illustrated by 

the tollowing changes that take place in the soil alter clearing 

natural raill forest,,. I)ata CompilCd 1w Sitehcand Salina."( 19N I) 

consistcltly showed increases in p1labie. as ;iilallc calcut/ ('a), 

tiagnesiut ( NIgh phisphrut s( P). and pwa-siwti K ) toluctnts ill 

the topsoil atlter birning, thelebs dcCaslie excititcable 

altimititol (.\lt contents. IOl it Ca or loIC alll the sail oi 

Culti\iltioll olallic maltl L'Oluttlls decrease ;iClel\ Itef',iing 

Organicall\ bound nutlictlls. )!.atllic lattCl Content thell stabi

liles at ac \el Irl'ctitn. the tl\%emiitunetit and., since oreanic 

Mlatlter is no0t ripidl. dCCOltIpw'oing'L. c\\ tltltticn- alc clcaiCd ftor 

plain t t..Although sites ditelt ilhCr ntikcdh, the pttern is 

cleat. fihe interlretation 0' the aailabilC data that I bClicvC is of 

greatest sililiicattlcc Is that itn)lu'tilits rcqiitcmctt Or soil 

suitabilit\ cttCu,ions should he Made otithe basi, ot ield data 

duriiie the first t\o \eals altcl ealitig. Similar erors are 

intIduccd h takin, soil into :hc trcctiiOuse. Certainhl tile 

chemical iLnd Probably the 1),h icbi ilOgical COtIpIOsisi.al and 

lion of tle Soil ia it ittLeCgoeCs thle 'shock'' Ot Clttaitlt 1tou a 

luICst t it,cultis,atCd site, is considCrable difitet(i lt l it \% hcifrC 

clcaring or the chiaactct Ot tile ifllersoil continmuos Ot rttational 

cultisation has been cstablihed. Niitigacntett techniques tolind 

suitable diiritn the first to sears after clcaring ",ill undoubtedly 
not identilk the :+,olti riut pioblets, nor \sill \ced and disease 

problems likcl cn until systelbe tciLetClCdAfter the 'oil has 

stabili/cd to its Icl e\n itotmitct tt. 

0)f equal Concern incvaluittung crop technology on kinds of 

soils are the changes ituIpatCd the sOil past mnaltigemcliltto Ib, 

practices. This is lrequeCtl. - of eate0t Conctn with trials on 

experiment stations. Ihe residual cect's of litmte in the topsoil oi 

Oxisls arc clearly illtustlated in Iablc 3. Not all of the residual 

effects are confinCd Ito the toIpsoil, and ziarked subsoil ihnprove
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rates on (lt, o)famnmall.-ci<)lptd Oxiso~l, 

6 alnd 66 tlhi, appllicatii . 

I'ahlc3. Effects of lime appllitatio~n toplso)il 

mn afte'r 


lime applied p[1 AI samattioll I \C llngeahlc 

It ha) (1:111.,()) C ) ('a t N g 

(Hicq I1Og) 

I 6 6 Of, 6 00 

0.30 4.7 3.) 63 SO0 0.6 

1 5.0 4.2 45 6)l I. 0.6 

2 5.1 4.3 25 46 1.5 1.0 

4 5.6 4.8 6 15 3.1 2.1 

8 6.3 5.2 2 2 4.4 4.0 

SO IJRC : 1'. A, mid 5 a ... (aSgiicht, I1Ml
 

mlen) l aS hCCel rmeor)ded W losVlwlg scCiaI years of conhtilnUed 
cultivation, lin g,and lcrtilization (SZ1chcz et al.. 1983). 

The evidence is clear. Soil propertics, especially topsoil prop-

Crties tHIat haVc (limect rClevancc to crop plant girowth, are 

signilicantly alted by the manipulation of' vegctative eo\cr, 
lertilizms, and limc. 

Classifying soil 

Faced with the dynamics of soil propcrties, not ':nlike the 
dynamics of plants and allimnals, how do soil scientists classify the 
ohcect of the r attCntion? Quite simply, they use ne-asurable 
critcria that have hece found to be least changed by expected soil 
management tcchtiques. ,il classil'icatim has to avoid leatures 
o[ the soil chingcd by plowing or the rcsult is mapping units 

reflecting corn stils and IOtcA soils. While such a soil bo'unldarN, 
would b easy to Sc aMd P asurc, it does abstolutely nothing to 
help predict what kind of ,csponsc cal he cxpectced when the fi est 
is cleared and the aca planted to corn. likewise, it would not help 
predict what site quality could be Cxpected if the corn fields were 
planted to trees. Thus. a soil classiication system based solely on 
properties of agrollotllic significance, i.e., exchangeable and/or 
available quantities (if niltricts in the topsoil, would have no 
valtie in evaluating the potential of'virgin soil but merely reflect 
the accunmllated past managemlt. This apparent 1"1nowin" 

scenario can be resolved most satisfkctoriiy by a combination of 
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classification to efficiently ideny the soil properties that are not
 
easily changed by expected mana eent and a "check plot"
 
characterization of available nutrient and ItI status tile
at 

beginning of any field cxperimetlt. Ihis available nutrient status
 
must also be reported in the publication of tile results of' the
 
cxperinlcnt.
 

Volcanic ash (Andept) heterogeneity 

Soils developed on volcanic ash lie commlllltll in solle tropical 
areas and are gencrally associiated with high phofphate fixation. 
There are outstailding examples+of high I>fixition in v'olcainic ash 
soils, but by no citans dot all such soils cause fixation problems. 
The distribution of'those soils with high P fixation properties may 
he identified in local pattrn ,sbitlbccaue the factois that lead to 
the foriation of this problem ire strongy relatcd to age and 
llaturle o olcanic ciecita, theilspacil distribution is Sutlally very 
helterogencous. Ii,ire 2 is iaplot of dtila fromll volcallic ash soil 
samiplcs hrorl Chile. [ciador, (iuattealar, and ('osta Rica 
showing the relationship of arillnlonlnl uxalatc, cxlr.a-tablc Al 
content, and 1)retention percentages. Clearly not all Andepts are 
alike, but 1Preteltion can be predicted by oxalate extractable Al. 
Alvarado ( i982) las shown that i10-minute field test using NaF 
and thymolphalein indicator will predict the high P-retaining 
soil". ('are must be taken to adjust the IM NaF pillto 8.2. The 
thnolphalcin color changes above p-I 10.7 indicate soil with P 
retention above about 90"i . Many of the sites in Chile and 
Ecuador were field checked by this method by Alvarado and 
imyself while oin the tour with very salisf'actory results. Either tihe 
oxalate Al, NaF, or P reten ion method of charactcritirhg the field 
sites is strongly StiggCstcd as fiturc research attempts to evaliate 
meithods of' phosphate f'ertilization in volcanic ash soils. 

It should also be rememnibered that P retention is not usually well 
correlated with oxalate Al or NaF pi va ihre in most other soils. 
Juo and Fox (1977) showed some variation related to parent 
material but overall agrec incnt with BIET-N sir'acc area of the 
sample. Since surface area is well related to the amount of clay, a 
reasonable prediction of P retention can be made from particle 
size analysis data(Pope, 1976: Figure 3). Attcipts to use BET-N, 

I. on iiricll-tclici (iltI) method de%iscd lot tieManhatran projectBased hi' tilimaici -t 

buhi tuchusesN, to N.a allid imalll,
the soil suirlace. 
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surface area data or particle si/e in volcanic ash (Andepts) soils
 
have been unsuccessful (Alvarado, 1982). It is clear that in
 
Oxisols, Ultisols, and Alfisols, P fixation can be overcome by
 
initi;1! applications with reasonable residual cffects. Where amor
phous Al i., present, as in some it'not most of the volcanic ash
 
(Andept) soils, each addition of phosphatc initiates a reaction
 
exposing more Al thus resid nal effects artc Muclh less (Veith and
 
Sposito, 1977). Thus, there is no residual effect of 1)fertilization
 
when the fixation is an amorphous Al component in the soil.
 

Acid soil conditions in the tropics 

Evaluations of existing data and small-scale maps estimate that 
43w, of the tropical areas are dominated by 1lltisols and Oxisols 
which, in the main, are acid soils. In tropical Anierici the relative 
area of acid soil is placed at 70( (S'mlchc] and Salinas, 1981). One 
should quickly add that regardless of soil ty'pe, with a few 
exceptions, all soils can develop acid plow laVers nd, ill a like 
fashion, all types of soil can have a neutral plow laver following
 
the burning of fallow or lime application. Therefo.., for soil
management, soil acidity is more a soil property resulting from 

management practice and a nlaturaltiming than soil property. 
Subsoil acidity, witl) subsoil being defined as those layers of soil 
immediately below the layer distu rbed by cultivation, is really 
what is being add ressed in cstimal,, of the extent of acid soil. This 
subsoil acidity is important becau.,e it limits the depth of rooting
 
of alurninun-sensitivc cltllivrs, thereby reducing both 
 the 
amount of available water during rainless periods and the subsoil 
nutrient uptake ( Bandy, 1980). Also, it is a slow process by which 
even heavily fertilized and limed soils can tra nslocate bases into 
the subsoil. However, this does happen more :apidly in low C EC 
soils than in high CI .C soils. 

Fluctuat ions in surface soil acidity occur in response to several 
factors. Most significant iin tropical areas are decreased acidity
from ash after eit her the burning of fallow or from additions of 
lime where used. Acid ificat ion occurs in response to additions of 
acid-forming fertilizer, or more commonly from the organic acids 
released during decomposition reactions involved in organic 
matter decomposition which is especially active after the initiation 
of cultivation (Stevenson, 1982). )uration and intensity of the 
surface soil pH and exchangeable Al flux after any of the above 
cultural events depend upon a multitude of parameters and are 
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more easily incas urcd than predicted . Sone cx a i ples of early 3 
unit increases in p1l have bccn rcportcd dueito the iflucnnce of 
burning (S;i'nchcz, 1975). As a gencralization, sandy textured 
surface soils respoird morc d ra matically hcaiise of their lowI I'EC 
and low or-anic Matter contents than do fi ner textured soils. 

Summary
 

The clharacteristics of soils ill the tropics are probably even more 
diverse than those of soils in tenperate arcas. Certain subsoil 
properties are mapable ind defined by the taxononlic clas
sification of tie soil. Classification and mapping of soils cail be 
tsed to tranmsfer tihc results of agronoinic rescarch only when 
sevcral surl'ace soil propertics art known at hoth tilesite of the 
research and tile site of tile cxtrdpolation. Foremost among the 
surf'ace soil properties that hae to be known in addition to 
classification are: p11 vdlucI andior cxchangc Al percent: and F1 
fixation capacity and amitbient availhible I' level. Both characteriza
tion of soil by classical soil classification parameters and docu
mentaittiol of transient su rice soil properties are necessary to the 
successful delivery of quality agronomic research. 

Soil properties in the tropics arc discussed from the point of' 
view of both semiperminlnt properties Used to classify tilesoil, 
and dynamic, malagcment-relatcd properties that have to be 
characteri/ed oil site. Most soil classification criteria are subsoil 
properties because they perMnit Ui1form classification regardless 
of vegctative cover or management practice. This permits better 
evlwuatiomi of potential uses of land. For tile extrapolation of 
m.anagement-rclatled research Ist Its, d oc tle ltation (f the mall
agenent induced characteristics, usually in tile surface horizons, 
has to be provided by measurements prior to plot establishment 
and reported as one of' the conditions of the experiient. 
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Phosphorus Availability in the Acid
 
Soils of Tropical America
 

Luis A. Lefn;I* 

Introduction 

Phosphorus (P) is of the most limiting elements to plantone 

growth in the acid soils of the 
 tropics (Guerrero, 1971; van
Wambcke, 1974). Its use as fertilizer is restricted due to current 
world scarcity, high prices, and costs of transporting it to places
which lack an adcquate :nfrastructurC (Kirkwood et al., 1973). In 
addition, the high li-fixing Capacity of, Some of, these soils makes 
its use even More CXpensivc ((il, 1971). 

A betterlCunderstanding of the imechanisns of phosphate
reactions in acid soils of the tropics can be of great help in order to
predict their nerfo;nmane regarding fixation, diffusion, trans
formations, residual effect, and availability. It is also useful when 
choosing the best [orns of application. 

Forms of soil phosphorus 

According to an estimate based on information provided by the
L.and ResouIIrce Unit (CIAT, 1981), approximately 40% (358
million ha) of the centra: rcgion of tropical South America can be
Included in tile category of acid soils (alunini nml saturation levels 
higher than 7W0 ). More than 80 'j of the area used for agriculture,
including inatural pastures, has soils with acid characteristics. A
large majority of these can be classilied as Ultisols, Oxisols, and 
Inceptis ls. 

To illustrate this, lable I shows tile forms and amounts of
native soil P for various; soils in the Colombian tropics, as 
determined by the Chang and Jackson :nethod (1957), with
modifications introduced by Ser Gtpla and Cornfield (1962). 

Soil Scientist, IItIt( C'IAI I'hosphmrus 'roject, CIA IA A. 6713, Cali, Colombia. 



Table I. Forms and amounts of phosphorus in surface soils (iftropical region% of (olombia. 

Soil 

Oxisols 

(Eastern Plains) 

Andosols 
(Pasto plateau) 

Utltisol,
 

(jarnundi) 


a. ppm ol total P. 
SOt'RCt: Guerrero, R. 

I otal P, 1 ofllm I alP 

t-a'1l% Nnmapatlc .\p ltc ' and 1) and ( )rvanic Inert 
rcpacCah c1) 1'. zind ( P. and AI I-c I I' 

ppmil ppm'l ppmil ppmi , pnml ppmn ppm 

436 100 19 4 - 10 7 66 272 (2 3 99 

1467 100 It) 1 106 7 27 2 214 14 207 14 136 9 7 5 52 

387 100 5 I 4 I II 3 8 2 56 14 51 13 250 64 

R. 1974. 
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Highly weathered soils ((Oxisols) contain relatively low total 
allounts of 1'. It is practically impossible to obtain detectable 
amounts of phosphate soluble inwater and in NII.('I (easily 
replaceable Ph)' he inorganic 1) is found i iron. aluninun, and 
nonapatitc calcium phosphates, a higher proportion corres
polding to the Iirst vs. 41 i total P)h A considerabletwo (2247 
amount of inert 1) i also found which caniimt be extracted with 
any of the solutions used. The cooIcnl onf inorganic P is rclatively 
high (62 of total j)), bt it mut he kept in miiid that the content 
of organic Mater ini thC', Soils cal he considered as average 
(4.0,'i ). Nonapatitu calcium phosphatCS hav. bee Iound. It is not 
surprising that thes soils arc so delicient in 1)b causC Of their low 
alioun.., of this clCmCt Rndthe IOw solUhilitV of tihe fo!'ns 
present. 

Soils (lcrived from volcanic ash deposkits ( dosols of the Pasto 
plateau) contain high amliounts f1P if'collpared with the tUltisols 
and Oxisols. Inert 1)and alumiiiui, itO, and no01napatitc calcium 
phosphates predominate inl this region. 

Apparently, the Colombian Andosols are formed by recent 
materials and weathering scerns to be very limited. [,cil though 
total 1) is high, crops growing in these soils respond markedly to 
phosphorus fertili/ation. 10 predict the possible resonse el'crops
by means of phosphate fractioning seems not afvery appropriate 
method, at least in volcanlic soils. 

P~hosphate distrihuition in the I Itisols oflJallundi is very similar 
timthat of the ()isols, except that the Ultisols have a higher 
prtoportion of inert phosphorus and a smaller proportion of 

).
 organic 1

Organic P and its metabolism 

Studies conducted by llasco (1974) in soils of 12 regions of 
Colombia with elevations ranging from 50 to 3500 lan(l with a 
wide variation of organic ) content (2-873 ppm), indicmed that 
with a soil of Coicontcos (Figure I),the phenomenon of 
immobili/ation surpasses that o)fmincralitation. According to 
tile author, it is possible that the abundance of' Inositols with 
which P is associated makes it biologically difficul to degrade; in 
other words, this form in which 1)is found is partially responsible 
for the problem of retention of this element in acid tr(pical soils. 
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Inorganic phosphorus and factors 
influencing present soil forms 

The degree off chemical wcathcring which has taken place is 
related to the forms of' inorganic 1) present in the soil. lable 2 
shows 111exam11ple 01' VCn1Muchill Soils studied by Westin and Dec 

I able 2. I)istrihutioI ufiiorganic actie pholph rus in tropical soils ill relalion to
 

their degree 14 weathering.
 

PCICCIItaj!C d iblhtoll ol actie 

Decec ol %\%Icalillig 1110rg iC ph0,,l)hatcs 

P-C'a I'-Al P-Fe 

Very Snloo p1 0 96 

Strong 6 20 74 

Moderate 23 13 64 

Weak 38 16 46 

SO(URCE'I: \Westll, F. C'.anld De II11lto, VI U'. 1969, 
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Brito (1969). Calcruinl phosp hatcs decrcased as weatlhcring Ill
crCasled. 1-1oweCer, the iro ph1hOslhatC (more insOlublc) increased 
conSiderably. It also seems that occluded phosphllates predomi
natc over the trnms ul i:norganic 1)illOld Soils cla.Ssilicd tsOxisols 
(l)alnkc ct al., 1964). 

Amiong the' taittrs w hich dlmiic the uoriation of I) 
cumllpoulnds il tilo. p1l, i il Muhich,eoil ,re_': ,ttion ivitv I1 
Compounds :re solblc. mindizilugic prulpeilics ot the oil, and 
topotgrap~hic: iitiil (lr:iin~lige cuiditior ( Isiiand Jact'lkon, It960). 

1lhepll iitlvl conlslll ihe'tr;ilot~ lliiui otlphohltes~a' froml 

OlC Ctipoi)tlld to :\S sokils acidilted. the re tielyMIol-he'r. i, 

I S e 
n1.1 'iici0tiuidswhichl aiC Iles sollC. Whei Soil pM is higher 
thaln 6.11, a isi he'Casc t il ;llio. iml sils ltuuind ilSon %allev.sol 
('0lonuhii, a hiLuLh t rit aiil1) iS 10Ud iidtheIlorlnl ol 

solulC calciUll iiMSplI illC MINsMCIdl ilto iron ntd iIilt;imr-

IlllII1 t 

cill ill c)inIupi)tl, ( riilrreu . 197-1). 

Arlltlic limpuntiin ctt isI C Sil-siliiitliC renirleC. Soils 
found41t il i SCeistS 1hlaid IlloiStul'ClCis \Ilh ;I Illil tked l l dtl'lL 

No .. as is t tlt'
se illieC ( 0ulrh illi I lSmerli lilillS. Oitaiil I 
hig pt-ii l (t- ' I )() theilr itiililic 1 illthe Itiltot irol 

pllospllh;.',. lImpeded dr;iiiage eto I tor;\ ll the lurillatioll ol 
aliillUtu p hats. \ typical e\;iil ca b t~tii t1IC .soishel n 
oflthe SihuIlO\ VallCy ('Oiillibl).wher: ,illillitlini\ phosphates 
represet 50'7 oI the iniritallic P (I iucut'r , 19)74). 

Soil reaction to plhosilhate fertilization 

,hei ail)hlosl)hll i Ci iS addCd soil, it Startseilit/c I(rthC 
becoiling soluble ;l. re:icts illmre or less lapidly with soil 
Compoiinds. I he speCC ol itractill depcilds ol, ilnlong other 
thinrgS, the /Sulubility ItL iisuTounding therate the tlrtili/Cr, the 

fertiliier arnld the liatuirc of the mil Coil]prtuts.
 

Ill it ilicral acid soil, phosatsl eact %k'itihthe iroll anid 
allmlill illCe puiilr to turinle u IllSoilsillrr Iss llle ctm pounds. 
derived rlin \wl+iallic iisli, clcrallv high illurralnic ilmattCl 
Content, it hllat phsphitcS WithSeems these rect Alulr1iruin 
comuponints to lui phosphorus coiilnlcxCs (()spina, 1974). 
Aecordinrg t 11ininrui resCeilcrlicrs cited N )spinui (1974), the 
retritn il( Illlttr Iobie low or lolephosphate by ol guillI llSeemus 

-itall.
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The role played bv aluminum, in all ol its forms, inl the retention
 
of P is not very well dlefined Or tBe A nd osols. I mvcvr,as shown
 
in Figure 2,Schalscha and collaborators (1972), found a high
 
correlation between the fation of phosphates and "reaclime'"
 
allminunUi, dctCrinlinCd by potCatitrCttic titration at a pll of
 
4.2-S.5. in('hilcan ,oils derivd from rhyolite ashe,. 
 lhis ahnmi
lilUl SmCCS 1t he associate.d toit great cxtclt wili the mineral
 
Iraction . Apparcnitl,. inl tile case of the Andosols. 
 allophanes
 
intervene acticly in the rmention of plhospihates and crystalline
 
Copoiiuids Ilaving a clciC:il COMi)OSitioli siniilar to the tarana
kit s can he [M[iefd Wada. 1)5L)). 

Ilissbenderi 1974) used the techniqce ol the phosphate soluihi
ty diagran. huich coisidcrs the phosphat 2
(i I p1+,), 
calcium (pill - .5p(a) and aliiininnii (i .0.33 pAl) potcntials 
to idcitil\ tie noirt inc' plihofllhitcs il a 1roup of forest soils
 
dcjixcd Ifloni olluiic ashes ill :\nitio(lui (oloinhia.
 

Irn I iiUic 3. it can he ass iliiiccf tha lie lttillinant forl of
 
ilntrgaliC phosphate is luind associated 
 with aluniiiin, this
 
heing aiophoUS. I'a Sbcledr did not fiil cr\stallinc aluminclll
 
phosphates in liese soils as is the ease 
 wsith siils lofCentral 
Anierica. As slion in Figurc 4. lie dcegree of soil development
 
can 
he rclated to the major or minor reaction of phosphates with
 
the soil f(()spna. 1974).
 

lin tle case of acid niincial soils, as was indicated at ttie
 
beginning of this sc tion, ironu
aid aluminum conipounds react
 
wNith applied phosphates to [t relatively insoliiblC compoLnnds.
 
I1lirce iron id altifiliuiln oxides are rcnioecd from the soil, the
 
ailtllt of adsorbed plhospliatc. is notably reclced (Coleman et
 
il.,196f ).
 

ablc 3 pesiccclts data p,ovidcd hy Pratt ct al. (1969) oil 
phosphate lixation of tlrailian Soils related to their Content of 
iron oxidces. 11 the soils arc grouped taxononiically, a high 
coTelationu bcleCn fixCd P aiid free iron oxidC content can he 
obser\Cd, hut lie Oxisols adsorb less P)thatn the lUltisols at a 
dcterniicld CotlCllt o these o)xidcs. 

These differences in adsorption cati be attributed to dilferences 
in the forlms 0I luxidc anidcor to dillCrnccCsitof inllthe exposed 
surface. It is possiblc that iron found inthe Oxisols may have t 
more crystalline nature than that found inthe U ltisols ( Kanprath, 
1974). 
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40

20) 40) (10 SO 100 

Recl v (llel 1~*]I00)g) 

I-igtirc 2. Relatijon /,'u ise, ri I ( ,veA./Il /IIIPIi.xveud tII t u/(ChIt/I. (A1dapted 

5 -- 0 e -

X1 1) I 1E13 

- I yaldCI p oitsI)Iaitl ( ctacalcic Pphap~~te 

II\(Iluxi] altpnt -\iuphus' 11Amo Al and 

-.. - (rvstallitie A] and 1) 

Figure 3. lentifuw(it ion11 omroi( 'plI )lio)5/)Ild i It Iivtd it' AI,'/illi I,lidi ciproAN I 

Colombiage. (.Idtell 4' lt/51/l HI. 11'. laii /Ievl,/Er, 19V'4.) 
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(IL\',.h I.lih -+ Yfl!ouni*g -,Iiihoioftuuil- P isti lcsoil Old soil 

oi;y -Clayie I , .N\lflopmllinc - Iugh 
allholliac i I)aolinite 

S~toctlalStruci,,r;, 
oldcli Ofg ol dcling 

I'igurc 4. /o.v'tlu a I,'o hrcc oiI hvc'hqi,,',, and l'04 -rele'tlion. 
(Adapted tom I). ()'%pmla, 1 ) '4.) 

I dhlc 3. I'ho,,iloru,,fixaliu,m in soils ofl IBratil in relalii lo Ihecircoulteut (tof 

Soil lice ilon oxitlcs Ilhosphorul fixation 

C (i1ICtI hM0 soil) 

I Iliol 2.1 1.5 
(5,' 4.5 

0xisol 4.1 I' 
Ii 9 

4.5 

S()I I (I : Praitc. 1'. I.: Iletci,on, F. I :and hol/li . (S . 19(,,. 

Another impoitant mechanism in the fixation of P in acid 
mineral soils is the reaction with exchangeable Al and the 
products resulting fr'om this hydnrolvsis (Colema. t ial., 1960). 

The followin.g scheme has hee stocestle for this rCictionl: 

2AI-Clay 1-2M II1P()., t 4M)IH 
2M , -('ly- 2Al(( ) I).IP().1 2 211, 

where M can he ca ciu., potassium, or sodium. 
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wcahciI ,1ii> ,s c\ u, I Cc\ . 1m Itil oI Is m.trc I111,1 
w h 51)1 h h, IN lCdIu IIC 10 1~Ilic 0C II'i It))) IIMI Iere I Is. Aps i 
dlii Slii1 f ihONJII . I1he I (ItIuk.1 \oii c il andWInaik( IiC 

1111iIitIIiii Ii nk to]I HIt)I. 1 I aCt I i I I) koCd lon.11 'f ;111 I i 	 to 

111SI ld,)IiI 'l I Ic.Ni\ it ;111111111t'j ii ia ( ju II M iiid 110 

CI tc l n1( iw ittil Il" KIL c '11 1)IM c to0111 ()1 () it lh o 

iri nii and Iaki. 19tted6). KIeie~e \lL mm 

CICtlll, snlk~il;1111\I~hs~tt~VA ii (Ie tul~le. tllt959if ).f)lOpdlcts 

Imthu i 	 I wItlu I lthlo . tI tlr1 tcttlh tultrit MtI~ ta 101Oin a',ltktt d lu O i i111 

irml,I)Ola il i t M l ct ik 11 

tttIl1I hI5'II L luau ;I~uI 1011ih01 Ilt) O 

I.'jstul 7 2.96 1 1i 

SI)) R I I 41i1ril ,u 1) 11 HAtI,i1. I) 1I 96 

th 	 (halnge 

lhitl of contat s ith the applied it.
 

abl 5. ill tile ~IdNphiis fuirimed ill aI( rilnagnai~iO uisiirt-littiii II) li 

20 35 50t 

Nwiapatite 1) and C a L5 II0 8 s 

P-Al 15 M0 70 70J 

I1k' 30 I8N 201) 2001 

Apatite 1) and Ca 3 5 5 12 

Mineral 1) 49.5 275 283 290 

Organic 1P 71.5 185 177 170 

at. 3501ppm 1).
 
MOUtRCIT: (;il F. 1971.
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formed in the soils of 'Carinigua (Ox sols) dcreased, while iron 

phosphates increased. PossihlV, aluminlum phosphates were par

tially used by the plants and solc part was translormcd into m+ore 

hnsolublc Irot phosphates. 

Alternatives to improve available 
soil phosphorus 

Since the use olhichly CIoneIItr itCd soluble lphoslphats results in 
mlorc expense or implies a high risk for the larmcr, the alternative 
otl using local, Incly-yrllu nd rock phosphate Seems to he very 

pronlising. Stutdic , carriCtl out h\ the InutCrnatiotial lert ili/Cr 

l)cselolmeiit (cuter (11:1 )() (IAI Phosphorus Plrojct (('IAA, 

1982) in ltin /\tcica Indicate that direct application ol roek 

plhosphatc is morme cl1ccti' e Mhen done in acid soils (p1ll 4.0-5.5) 

\c\ lm iIn calciumin and in availblc P. (ertaii clops, such as 

forage legaumes and gras'cs. cassasa irrigated andIuplatnd rice. 
J)Cpinouts. aid c',\lfca. canl WC, tile pph,)1rhoris from rock phos

plhatu lte( ClHCInCt\ tliti cereals. tnaie. potatocs and heals, 

IHowe\ver. inl hiiuhl\ acid soils \cr\ deficient inI P and with low 

f)-tixjl capacit y, altimtst ;ll cropS have shown sole de ree of 

tespoiisct o rock iol itc ipplications,, spcially if the materials 

are st ot.i of12 or,diiCucntairv andJll 0[li iicdiuii reactivitv. 

Wliii the uc od rock phosphate i.s restricted die tt its low 

rcati\ it\. Ih1Crp planted, o)r lie ;1d+\ crse soil prolPurtics (such as 

high ) fixation), it IS nces'Sar\ to ttranslorin rock phosphate 
throu1h chCMical or thliic plrces s, to increase water-and 
citrate-so>luble I' I1 uoni. I 98th. 

l'sing rock phospllte of iic diuMi or lo\ reactivity, excellent 

aZiroiInolnic results ha\C bccn ohtaiiiCd with heai, mlaii, and 

potato crops heni it has been partially acidulated with sulphuiric 

or phosphoric acid. Similar resuIts have heen lotnd when rock 

phosphate is granulated together with triplc su perphosphate 
(CIAT, 1982, Hammond et al., 1980). 

Use of lime 	and silicates to improve 
phosphorus availability 

Much research has been conducted on the use of lime and silicates, 

generally finding positive responses, especially when using very 
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solub Ie sorccs Of 1)( Borncmis/a and Alva rad o. 1974: Simchez, 
1976). hcfelloct ol lime and silicates in the case of rock phosphate 
has been researched extcnsively ini11C tropics. but some studies 
indicate that results obtained \var trcmendouslv anld depend 

upon. among other things properties o! tie Soil. type of rock 
phosphate. and crop studiCd ('IAI, 1976). 

Improvement of efficiency with methods 
of applying phosphorus sources 

tligh P-lixing soils arC generally managed in such a way that 
water-soLible phosphate fertilizers arc applied in strips to decrease 
the soil volme which could react with this element. In most cases, 
phosphorus lcrtili/ation is costlh in Latin America. Ihcrelorc, 
Simchiz and Salinas ( 1983) have proposed various atcrnatiVCs 

among which is the scCctioI o msole effective fertili/cr apnlica
tion ellCthods. 

Many alteralnates havc been proposcd and studied with good 

results, depending onl the soil and crop Under studv (SZincIez, 
1976). Variations ol these application methods arc being evaluated 
today' in some tropical countries o latin Aierica. Among them 

are: 

Broadcasting of rock phosphate and band or strip application 
of triple supcrphosphatC at d Ierent Ic\ Cls and proportions. 

Application of 1)sources in such a way that the 1)content in 
tie soil increases by only l0IP to 15(; of the total plowed 
surface area. Fertilizers (simple or in mixtures) are applied in 
strips (,vide hand) on the surface and then incorporated; or 
large granules of triple superphosphate arc broadcast in such 
a way that a high phosphorus-co ntent area is formed around 
each granule. 

Broadcast application and incorporation of rock phosphate 
in granules of various sizes. 

Broadcast application of fertilizer without incorporation, 
such as in irrigated rice and pastures. 
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Selection of species and varieties tolerant to 
low available phosphorus 

hist as there arc dillccrecs iamong species and %arieties in their 
tolerance to hiehidlminti concclitrations and to low lime 
conceintrations in I soil ,oltition (Foy, 1974), there arc also plants 
that require rc little Iors to itchic.c IIIitxiII[mI yields, or't lCIIosph 
Cal[HSc J) r011nm I.,OoLt'CCs, sI IchIas some rock phosphiateslosk IolIhlc 
(Sa'tnclc/,, I970: K.nh mid I9,'3).ch/ Salinas. 

mCas.t riISI IIoIIg ctrops aI I (n aricIicI using 
the so-callcd cxtcrnil and itLtcIiI rql tiIIc It s., hv illC.1aItlS ofI' 
iah'rtl lioln ald trairloettion Itics l h\ the elfects ill the 
rhy\osIphcrc (.'SricIc itali 1, )ci lstard others I1971) 

1)ilcrnc,[I can h Id lrd 

Slinas. 198.3'. 
obscrvcd that on tilt,, can KiLtter ric Is ftIromndicot \ IclIOt rock 
phlosphat thai l t Itto kT\ I plants. A triI cot(dlcied at 
(IA I sh t cI oI p and , :11iCt I C S1lSh/O.W111111canClI'I l'a take 
upLhi 011rt lhaliIll' Lo. is iilhlc I such aIrin SOutC',: s II uil 

rtock phosplhatc. Itcrc also. \Ield dilcrcnlccs itmlonlg ccotypcs arid 
ilrictics \\crc ohiscrd (CIA I, 1976). 

Response to mycorrhizae inoculation 

The presence of aln infection inl Some plant roots with vCsicnlar
arhuscular mycrt'rhiaC increases their ability to take ilp lhos
p+hornls, CspCciall\ in P-dclie.iCeit sOils. 

[his type of LUtgl[S I)Ir dtLccs it ilciwork of hIplhac that extends 
far. ftoml) the roots., incr theCiI oltimc of Cxploitcd soil ai 
impr1tOv\iriI2t the clIiciCne\ Of P iIb.rh)rption hV tile iplant (1lo\wlcr, 
1983). Ihcrc is cvidccc that sollc crols respond to m'co1rrhiZae 
iuoenlatiori. It is p ssillc that inocutlationl %N ilicroorgaliit!) these 


i, iatlthl \Nil\' tOf decCr'as1ir I-) rCqLirnCltnts fIor certalh
 

crops. 

Summary 

Phosphorus is one of't lie most Ii rIiting elernents to pla lt growth in 
the acid soils of the tropics which have t high percentage of 

l~uminu stltrrat iol. I'hosphorus use is also restricted Lue to 
world scarcity. high prices, and costs if trailsporting it to places ol 
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consulii'ption where there is not an adequate il'rastruture. In 
addition, the high-f'ixing capacity of phosphorus in some of these 

soils causes its use to be more expensive. 

[IighV weiyatherCd soils Ce[Wnain hittive v otal quantities of 

I). 1the inorgaiic 1) in thece soils is found in iron, aluminun, and 

n1onapatitic calcLm phiosphaics. Ihere are considerable amounts 

of inert (occluded) P and the organic 1) content is relatively high. 

The degree ol chieiical weathcring is found to he related to the 

forns of iorganic I)present illthe Soil. ('alciIu phosphate 

dec reases as weat heiI ng hecoincs str lger adid the more insoluble 

almininI and ion phosphates increase considerably. 

In tile acid miiicral soils. phiosphatcs added as fertilizers 

generally realct wit lithe iron and ainitninum components to form 

less soluble phosphates. If the frCe iron Mtnd ahlinum oxides are 

removed from the soil, the amount of absorbed phosphates is 

cmnsider tblyred uced. Iltihe case ofA ndosols, allopharnes seem to 

actively interere in tie retention of phosphates and crystalline 

comipoutnds such as tiranakites are also formed. 

Today, it is nt easihCe to try to Satllrate the PI-sorption 

capacity through the use of siiluhle. highly concentrated sources 

of this elemnent. 'he nse of less cX pCnsive 1)sources, such as local 

rock phosphaitC, hasic slugs, and chemical or thermic (partial 

acidulation) alterations of rock phosphate, canl offer the oppor

tunitv to provide relniredt FPat a lower investment. In addition, it 
is possible that 1)applications might be made nore corionical by 

searching for different application methods and using iixtutires of 

rock phosphate with acid-formiiig compoutIds such is sulphlur, 

pyrites, siperplosphate. and altulliniuill sulphate. Hfficiency of 

applied soluble phoSphate can be iicreased in certain cases by 

adding liime or silicates. Another alternative is tile use of species or 

varieties adapted to acid soils having low available 1), or which are 

capable of utilizing P front less soluble sources, directly or with the 

help of' native or soil inoculated mycorrhizae. 
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Analysis Methodology for 
Tropical Soils 

Introduction 

III cstallishiil lu ail\ ,isuctmetdOlt for'tropical Soils." it 
must he kept iI II s 110IthI flit tc piC ll) lot his hotIlogCn1Co(s 
grItlII ( fl " I Ioped lt l' aIi,)I , h ,IIL'"I tCClltItooL ' Cal l he (I . lC% of 
the a. ,ftl, lsc +rt+',,c littt\ c l % lf ().ftll, fro [." 


list osols,. c tn he tttlld III tjlcal I'i itMt I I ahlIc I). Whei wc
 

I soi tistlS to 

t1CtilIc 
-1 ncral l e lciHn I t the \l,,l lica tdf It,i til , and ()\ittl, fotitid 
talk ilbm it thti , id ,il t il .til ttpical m\lit'ia. \1c aIleU 

ill this I'c-ttIu. I hsc,,c stil, tic llttt lull)lmexIIhtitcl fttt igFitiltltral 
l)tOdlCtitttt, lue t fCthi liitiitatittm s I itf le 2). i \ell it to the 
lacLk ()I ;tit ;itdcu t ct l lc l Ut'tlL c,,Pucu iallv itr d , Ill oI-l l" Ito 

IC',11011( t10 the IM)d rCutll i llunts (dIi la'+,-grt)\m ill p llpl tl olul, it 
.is ticccs;tl\ itt lush thc altmiClltitlll ttlltit ttt\alld /ttl cs that. 

helitL! tc'hniCll+l e.\ltitf. tttid sufilittit tttltilltlt tl aiuricultuc.t. 
Andl tt teclllicill\ c lttii th s ti,. it is, it (iltitatltto ktio\\' their 
lilt ;11 0 11, :1i11d A2L"~tiId \ ;tIl ,. 

lhie chllaractcri/atil ttl acid soil, is d1'f1cctit from the charac
teri/atittntof Stils in tclmperatc /tics. Ill the casetof acid soils, it is 
very impottant to determine exclanecahle aluminum (Al) which, 

Satle 1.t kllro ximalte distri u lt ,f iinain ttirders 
in Irtpical America. 

()rtfcAr Ar 
( Il o1 ha) 

(Oxistfl 50)2 

lJItistl 320 
IIceptisol 204 
Alisotl 13 
Flttisol 124 

SO I I R('I:l iitin v.1'. A. and I. ti. 19l3. 

* SoilI chemist, Analytic.al S,:+,,%ices labh atory, C'IAT1.Cali, C'ohmibiqa. 
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Table 2. 	 Areas of tropical America hasing the main edaphic constraints A,here acid and infertile soils 
predominate. 

Acid 
a

Edaphic 	 I ropical A.ncrici ,,diini.crtilc rcgionth
 

constraint Areai Arcia
 

h1ll)1n1illIn1 I ln 	 h 

N dcficienc% 	 832 969 93 

I' dchicienc, 	 1218 R2 (102 96 
54 709 77 

High P fixation 	 7S,x 53 (72 64 

At toxicit. 	 756 51 756 72 

(a deficienCt 	 732 49 732 70 
Mg delicien_\. 	 731 49 739 71) 
I.ovcation: xchange capacity (C EC) 620 41 477 5 

K deficienc' 

;L Ioral ar, jo 4013:ilarln ha. 
h. 'I otalarea "t 43 milli ha.s. 

SOt'R( f -alna,. J (i. 191.
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in i\ lICiLLIS 1 I fLCCIIIiUl'C Ofl IIC CICLti\C CioI C\C1a112cM 

soi l ic t a iIl'c (IcCitiitiilOn 11itii i IA L Ilicii CI (" it1 ik 

Analysis methodology 

t IIIt h l c it11Ioitk 

cI pcCliiK III'i i\tl iso iu pacI'' \( witliill \ Ilil tty l it(1aC 

pI lit. :l ~tt l tiutt0. il stIcttliiltt At hull 

ttl Ii I (A liii It.l wd. t't tl illt oi 

1h Ilt. is II;lIItib ituj 

It ksa Cii it. a s pJtai I K( itlm iii \"hiichi. ri hli)i 

h:p ;1,traci'd ii tjt I;I. lII' 1w US1i\Ic)le us cl th IN K('I sti 

to ~ exrc 

(I F "0cI) 

0 
ii4 ~ ~ L0 

20 t10 60t MliI M 

Figuire 1. Ru'ajtimihiu' I/ %aiuof 111 t1,/A/ 11)itt t,/tot, . I heinfliene1!fi 

ofttrt(Jt mautu Wr %[) mt,abo 'litel.
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IhIigherF I o I eual to 5.5. excha g t..)C)l ccatioIIs Cal h Mracted 
%,oitha IN aIlnlol itlll ti t tiat10[iOllSI aceIate solutioil. OlIcc e cOIcti 

of .\I. (a. nid Mg have bcco detcrntitcd, thei rcspcctive 

sualtiailott p iitaLucs ,+'ai II the Case 01' Al, thisctLU b c lulilated. 
\idtuC INollaitwd mill OILe It~Mtt111: 

*,.\ ,at 0rath1)1 A\ltinq I(()Ue 
AI m l(a 10 h 

I his ha het+'i iIhdl, ls d t\% l /' ttit s ils i telr1s Oi\% ili ei t CI 

ticir posshi .\I t ' t\ ntiltl Itl c a u (l ,[,ec ie ld CUhtiivals 

Itti , eleet. li.iP re 2, I tex liple. picCluis the aIchtimlheItccII 
Ci5' 1I,\ i 'I l . id I ll tt '\ l 11 0II A\ , it .' II(. CltitIII 1 

'1+.Ni 

iti I t, lcs',_'icitd III d It I d I Cdst1Cti0u 
tOLXLl I~ l[ t, t+ \A tt IM 1 i C IU ) - IIc h I H t l',A 

lli iL )t llllt i1c \1 Ihisl tt\ 
I 11 1 I I h l .'O \1I ',;ltIIIIIAt t+. 


icitt i ,tli \ith hcIi L iile I si ii, iit i ItV .\ ith I ox it 

allI A.I,'it;l~l +u , )|loL~ 'lw111 lm10 ts', ,C\ Clc p wl hitlm s.n 

k' t1 

l 'n''W
V arl'+t III I) 11 . I+ lldItp , , ,;11lt! I\;Itr%imli [l ICC ICCIC CHtll 

c h cqlal+li"hmict l)I ,I;ttCu\lo+acidt cotltit ioll" h1;1\( ,tl1cd II lic t 

]hilc app ll wwti,nIII tcdtcc .\I ,;Itultailml I)Clo\ 
t,  

the toxic 

IC\Cls 101 SpciliC ituIrCIuiL2 I s\"ttl, 

lime ipplicaions to pi Oaitle (Ca and Mg to plants and to
 
.tittiui',te thei tIosc metit tii aids the suhsoil (where they can
 
hC Lollidered as0ilese_es): aid
 

IM) 

0+- 4064 0 10 0 , . . 
Iigtr1 2. t 

" P lc n At11 litia ' it l (1l,.+100.glsa lh'Cl 

ean hctIi v . I ((/%II n1.5cispFiur 2. t ,iiW l , .1 

perncnII..Il SalllIrIIlIjm(110l (a1 I mjleml. (..dalehd fiom '/.+! /197,N.) 



thc 	tisc Id specics and cttltiai. tnjcriji AI and flfUInCS1 

wel'Cr 	 based Onl tli coe ttitl' 

iiisteiticc ni IcNl_,i ,Ol N I .llihL11 A 0 1-,Iji I)titiii 

Iti)Lj LIii-nit I'Lt)CNi 	 I LC 01c I Jill It\ 111i hCCI IOLIj( 

Cit lilIl ti ll' I.31A11lac'R\S \I t IChtiflICIL11' 

.\I. (i, 

qtCnt I\s l I ti ip tiilt sil til" sii itiz 1w clte t t 

\\herc ii! c ic Oc\Jlical ii iczj (1(111h\ the scut 

ehIaete111tcIm I VfcI h RpccitIt\ Ii ci~csdit.\'t 

ji 	 r ALi.i ';It t1( cItIii5L- Ii IltO 1 il h L 111C Sh~M i\;1( 00 \ itl 
itict ciiiL tI tipac iti 'zzil tIINI :1)iltIs.(O~c pI 

I(Itc cI CL i A II IIIII III-S Lil II;I I I ( I A S I, Il I~ IL d I Ill'd Iso ;Iiitiia 
thac~ c (11iillssp~ di"eht c iiilimi c I jeiLis anI'1 . WII Is 
i152i\ Iict1101 liat l m ll hulLc bLIS. ' Iiiith 2i .t l 2ll (dihhhi 

I~~~ld~~~lC~ C~L,0111(11,1M 1111i ~It~ il" 

Figure I&/'io it Ij //.t i ii trilljrol o .I /IIt o l ~'olii/ i o llItt 
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,Npplicd litl It ha) 

;viii(2)0 S Ma~i/C I 20) a irhi (24) 

F irm 4. I/clamimmc I il I i/Mv %/,,,cw iii whii i , to' ih i c / i lmm ini a 
'ariimmm~w o Is c'IN in nii'1, '1''nihiu. I!U 1,p iiiii it the/ mber 

((]cc[casin i risIk (IfI tmmil.\s ;mid \iiIdso..c pcci alili rcssavat 
itnIl "mrfl II Iam 'II x I 111111 ,iit. Ii shows thle'tsurpins il .ic3 

(iiiiiimi. ilhcpjlIil(,um~i~hmi ' ( iammitielt iiicrcasc..A\Ianmd 

Pf~lmw ) dIcicIiiCl\ I" mmleiod tile lilmst w~ide~spreadc 
icdaphii:Cil\ ~III in Immmii:;tl Amecrica. Approxinmitl\' 96m.li()f 
t ie arici iCo()lil ho,bs ol and1 Ulimsl ai: 1) defiient. ile 

10 IImIlI: i:I(iiCiciitl\ Iltili/fill ficdiiml. WW)III his oa1. aistri-tei.Z has 
hi)iCII LICl:\ CL 10hmpchi dd(I oin 1) cropfs andml~~IIitI: lmlumm;IemmmIt 

pulstilic III ucid sm)Inil cmnususijme ()I thi: iolmllg'~m~ polits: 

le Nt mou 

I )ctecrnliiiiamlmn (t Ihi nc s appr)rliuut cmihinlat iol of, 
IiilI10. iil ld I mtCst PifmtotililuucI()pl illitiuul id residual 
mllm'i: a ldi 

ilnrmlipminill III umil tcrnilitv i:'IultIuutImipimi)Cedmire's toi ieC(Iim

j~~~5 prcmints tli: results of' it study carried out with thle 
ohjecit mintimnprm ing tilei senmsiivity to determine available 11 in 
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diluted fluorine and acid. It can bc obscfvcd that as the NlI-[F 
Concettration iI tihe solvent incrcascs, tile val.cs of available 1) 
increse which i t Urn is reflectcd in tihe rcspOnsc of Blra'hiria 
decuti/was to the application of 11. Since N H1 lF is capable of 
extracting part of the 1) linkcd to the AI and iron (Ic), these 
fractions can he plavine an inportant part ;,I the liberation of 11 
for plant se. 

Table 3. Iiming effect on he celamical characleriscies ,Ifa ('IAf-Quilichao soil. 

eilnccnis in 
Ltmle tIC[11tii1 I ll t (mS01Il)) . Saltration soil (ppmm)0 AI 

-(I a) ptl .\l (AIa : K ,, It I') 

4i.05 3.90 0.,6 0.23 0.15 77 49 21.8 
(0.5 4.17 I57 1.131 (25 01.15 ,1) 51 20.9 
2.10 455 2 0 1.0I 0 2 .1. 7 .15 17.1 
00 5.30 0 210 71) ) 2. 0.16 2 1) 17.1 

S() R( I . ('t.\A I (( cllt I 11It IIi 1 ( " .\11 l 'IIUIlI; I Ic.l) 1977. 178, 1979, 1980. 

100) 

75 

.m 

50 

25 

() I I 

2 4 6 8 10 12 

Available P in soil (ppm) 

Nlit41 IICt 
* 0.03 N 0.1 N 
o0.05 (. 

o 0.10 ().I 
0 0.20 o.1 

Figure 5. lEfli'ct of diffi'rent levels of available P obtaimd vith four extracting 
solutions onl dry matter production o" Brachiaria decunmbens in a 
(arimagua Oxisol. (.4daltedfmom ,J.(. Salinaa, 1981.) 
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The third component in the strategy for efficient 11management 
consiSts of the use of P source: less expensive than soluble ones 
for example, rock phosphate alone or in combination with 
superphosph ates. 

The fourtlh component COnSistS (If the use 01 moderate allOtLIs 
of lime to increase availability o' s;oluble sources of 1). The 
influence of liming over Al sat uration and concentration in the 
soil and o\er the values of soil pi have been mentioned 
piciously. Figurc 6 shows tle illtucncc these factors, colbined 
with the leCl of 1), hasC ovCr tle production of dry matter of' 
cissa%.i'i planls in nutrient s(lution. Concentrations of over 3 ppm 
Al in solution cause a drstic VieWl reduction in spite of tile 
prCsenec of 4 ppm 1)(in the solution), while in the absence of Al, 
the plants responded well to the levels of P. 

6 

3 4 5 6 0 ,t 8 16 0 3 t0 30 

pH 1) (ppm) At (ppr) 

P': 16 ppm, Al: 0 0 pH 5, At: 0 A p1l 4, P: 4 ppm 

Figure 6.1EJA'ct of I' an. 4 nmm'brati n. and /) of the nutrwnt xnlution o 
massav1a dry ,natter /m' idh n'ifm, .5-du i-u/dl Ilaint. (,t dapte'i fronm 

C/AT F07S.) 

The fifth compoient is the selection of species and varieties 
which gi ow well under conditions of low available P in the soil. 

Finally, within the global strategy, emphasis must be made on 
the search for practical possibilities of' mycorrhizae associations 
to increase plant absorption off 1). Figure 7 shows the importance 
that ncorrhi/ac in oculaitioII has oi cassava yields and on the 
determination of tie external critical 1) level for this crop.
Inoculated plants reach 95§ ( maximum yield when available P is 
15 ppm, while non-inoctulated plants require a level of 190 ppm 
available P to achieve the same yield. 
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50 j 

4O
 

- 20 

-' I1)
 

1) 511 [00 200 250" 300 3': 400 45(1 

11in soil, Hra II (ppm) 

q Inoculated 0 Non-inoculated 

Figure 7. R'lition bci lIePI dry fltlturproduli/ofuiwthe ,ivarAlti Ae.\59,as . 

inoculated and non10t-innoidtt.d ithU?n vlorrhizae, ,i.,dpostharvesl P 
content in the soil. le arrow indicatv.% hl'critical h'ie/s o/ J'fi)r 95%,( 
maximun productiviyl. 

Summary 

In interpreting soii analysis rstui's and in recommending fertil
izers and/ or amendments, it must be kept in mind that the critical 
level of a nutrient distinguishes soils with a high response 
poter ,to the application of this element from soils with a low 
response potential but does not indicate the amount of fertilizr to 
be applied. [he precision with which soil analysis data can be 
interpreted will depend on the type and quality of the research 
work done in the field on which these correlations have been 
based. Having clearly made these points, critical levels for soil 
macro and micronut rients, and critical external levels required by 
cassava and for the establishment (iflorage species in acid soils are 
presented in Tables 4. 5. and 6. 
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Table 4. Analysis methods, 

the critical levels 

soil factors influencing 

of toicronulrients. 

this interpretatioo, and ranges of 

elemnt Iasic 
[actors 

l'tuhahle Method 
Rang- at the 
critical level 

I Texture 

p H 

lime Hot water 0.1-0.7 

Cu - O.M., Fe NII4 C JfH( (pl-I 
0.5 N1 FIDrA 

4.8) 0.2 
0.8 

1t pH lime NH HI0, (p1l 
DI)PA I (a'l 

4.8) 
(p1i 7.3) 

2.0 
2.5 -4.5 

Mn pH O.M. 0.05 N If(] 1 
H A() 

0.025 N I>S,0 4 5.9 
2.0) 

Zn pH, lime P 0.IN HtCI 
El )'IA + (N H4),CO(, 

DI'TA I- C;(I, (pHt 7.3) 

1.0-7.5 
1.4-3.0 

0.5 - 1.0 

Table 5. Approximation of critical levels in the soil for cassava. 

Nutrient 	 Method ILevel 

I) 
 lray I 7 ppin 
Blray II 10 ppin 
Olsen- llFA 8 ppn 
North (arolina 8 ppttt. 

K 	 NH.Ac IN 0.15 meq/100 g 
North Carolina 60 ppn 

Al K('I IN 2.5 meq! 100 g 
Al saturation 75% 

Ca 	 NH 4 0.25IAc IN mtlcq/100 g 

Zn North Carolina 1.0ppnl 

Mn Nort Carolina 5.0-7.0 ppin 

13 Htot water 0.4-0.6 ppnt 

pH Soil:Water - :1 4.6-7.0 
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Table 6. Approximate nutrient levels and soil I)[ I in acid soils for the estulishmnent 
of forage species. 

C ontent 

Nutrient Method ILow Medium Iligh 

1) (ppm) 131a' 11 < 2'o 2-5 6-Il0 

K (meq, 100 g) Bray II K 0.15 0.15-0.25 0.26-0.50 

Al (meq 100 g) K(; IN < 1.5 0.5-1.0 1.1 -1.5 

Al saturation ((!) (alcu. < 10. 0 10-40 41-70 

Ca (neq'100 g) K(' I N < 0.4 0.4-1.5 1.6-4.0 

Nig (meq 100 g) KCI IN < 0.2 (.2-0.9 0.9-1.2 

S (ppm) < 10.0 10-15 16-20 

Zn (ppm) North Carolina < 0.5 0.5-1.0 1.1-1.5 

Cu (ppm) North Carolina < 0.5 0.5-.10 1.1-2.0 

B (ppm) Hlot water < 0.3 0.3-0.5 0.6-1.0 

Mn (ppm) KCI IN <20.0 20-50 51-80 

Very acid Acid Acid to 

neutral 

Soil pH Soil:Water - 1:1 < 4.5 4.5-5.5 5.6-7.0 

SOtRCI : Salinas, J.( . 1981. 

References 

Ayarza, M. A. and Salinas, J. (. 1982. Estudio comparativo de la 
tolerancia a) alurninio de tres leguminosas forrajeras. Suelos 
Ectiat. 12(1):110-126. 

CIAT (Centro Internacional de Agricultura Tropical). 1977. Annual 
report 1977. CIA', Cilt, Colombia. 

1978. Annual report 1978. CIAT, Cali, Colombia. 

. . 1979. Annual report 1979. Cl AT, Cali, Colombia. 

1980. Annual report 1980. CIAT, Cali, Colombia. 

Cochrane, T. T.; Salinas, .1. G.: and Sanchez, P. A. 1980. An equation for 
liming acid mineral soils to compensate crop aluminum tolerance. 
Trop. Agric. 57(2):133-140. 

http:0.26-0.50
http:0.15-0.25


84 .Sroh)mp fitr A cid soiLA 

Melsted, S. W. and Peck, I. R. 1973. lc principles of soil testing. i: 
Walsh, L. M. and Hicatron .1. I). (cds.). Soili testing and plant 
analysis. Soil Sci. Soc. of Amer.. Madison, WI, lISA. p. 13-20. 

Salinas, .I.(. 1981. Nccsidad l ienlrar lo. procedirnetos de 

Csad(luIcion dcl 1tSoior el a lertilidad dL IOs Ni,.'loS iCI(os e 

nitritilcs (t: A ti3n~iaIriopiCl ('Curi lntCrNititiial Lie Agricul
tufa lr()pic',d lai, 26 1).W(IA I)I, ( (tolwohia+, 

Szinchu, P.A. and Salinas. I. (1. 1983. Suclos acido,. lxtrategias para si 
a,nejol cot: t",.js ilistn~s en+Al iCa I ropical. Sociedad (oloin

hiala| ieha ('icncia dcl Slo. Blogoti, (olonihit. 93 p. 



PLANT-SOIL RELAIIONSHIPS
 



Strategies Implied in the Use and 
Management of Acid Soils in 

Tropical America 

lo'; (i.' and ( aim, /.("attlla* 

Characteristics of the ecosystems in 
tropical America 

Within a broad regional charactcri/ation, the American tropics 
prcsent two pred onliinant ecosstesllls: tilesviallla ecosystem, 
covcrinp approximately 360 million hectares, and the forest 
ecosystei, with approximately 620 million hectares. The soils 
predominating in both ccosystc!ms are classified in their niajoritv 
(800 million ha) as ()xisols and tJltis()ls, according to the 
,%nerican system oflsoil taxnicmty. he distribution of these soils 
at the country level tev,:als their illportance ill South and Central 
America and illthe C(aribbcan region (Iables I and 2). 

, 

ant isokTable 	 I.)istribution of ()xisol% tlt b.%country inSouth America. 

Area comcrd 'roportion of 
Country (inilliot tha) tilcullntrv (;) Importancea 

Brazil 	 572.71 68.0 +++
 

Colombia 07.45 57.(0 +++
 

Bolivia 39.54 5 +++
 

Venezuea t 1.64 ,+
 

Per. 56.01 44.0) ++
 
Paragu.y 9.55 24.0 +
 
Elcuadol 8.61 23.0 +
 
Chile 1.37 2.0
 

Argentina 1.28 0.4
 

Uruguay 	 0.00 0.0
 

a. 	 I i-More than 50)';of the couitri',.
 
More than 25, )lthecountry.
 

+ More 	 than 101; A the ctuni., 

SOURCE: Cochrane, T. T. 1979. 

Soil scienti st, Itropical Pastures Piiigram, Centio Internacional de Agricultura 'ropical
(CIAT), C'ali, Colombia. 
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os I),cutnlry in (enralIaihk 2. Aplpro~xinmaIte ditril)ition of Oxisol, .rIo 'llis 
America and 1ilt (arilt ias. 

AIl'; t;o\c'cd ]Plop mll cli 

(CuI llI\ ()liloll Ila) lilt'culTIIr\ I 1 p)lpl ncllc'l 

I IInItdad I 1.,12 X4.0) 1 t 

SoriI)aI IL I1.43 62.(0 -1 -I)-

P ailla. 12.25 62.0 + 4-

hn;a 3.59 03.0 ++

.lIIllaica 0.45 41.0 ++ 

Nicair agula 3.92 30.0 "++ 

Itlulnlt ts 3.25 29.0 + -

Cul 2.42 21.0 + 

Ildlic 0.40 18.) + 

I I taii (.52 IS.() + 
Putol'tRicot 10 18.0 4"0). 


€o.dul Rica 0.70 14.0) + 

( ititni lIi )).9IS 9.0 

I )minican Republic 0.43 9.6 

Il Savadlu 0.00 0.0 

S' StiI' Inill 5W1 .I Iv cmillmIII 

* Sl c tIhan 25'; I li ,i ri 
I m1 thln I" d teir c.iiilill 

M1'R(t (uchitnic. I. 1)79.L.: I 

vI ost ol the ()xisols in tropical Ameri,a are confined to 
inte rtropieal rgCions and ancient and stable geolo, ic areas, 
identified by the (iln ana and Irazilian continental ,Ilt. '.Is; and to 
the eastern hal, of the Amalion Valley. formed ;oy highly 
weathered scdimncits resolting fromothe rosion of the cont,;nental 
shields. In turn. Ultisols predominate in th,: wide sedimentary 
valleys making up the wc.T'r'n hall ( fthe Amaion Basin, and were 
formed 1y line sediments origiiII'Aing from the erosion of' the 
Andean clcvato)ns: therefore, tIhey oCCupy more recently formed 
areas than the ()xisols. They are also present in large areas of the 
more dissected paits of the Bra/ilian shield which have been 
affccted by erosion and in solme arcas of the Ornnoco Basin 
(Salinas and Valencia, 1984). 

At the level of diagnosis for the use and management of acid 
soils, tropc:id Anmcrica ainbe subdivided into two main regions 
based on its agricultural systems and soils constraints (SzInchez 
and Cochrane, 1980). Approximately 30(.j of tropical America 
(405 million ha) is made up of relatively fcrtile soils which have a 
high level of bases and which sustain dense population-,. The 
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remaining 70l( is dominated by acid soils oIthe ()xisol andti ltisol 
orders, wil It relative low popilat [oi dCensities aId rimarily uinder 

forest ald saailia \egLcLatioi. 

Based oi preliminary cstiiiatcs, the main s)il constraints in 
tropical Anicrica and its acid soil regions are presented in Iable 3. 
The iost Widely dilluse'd liiltiiOins illthe ( )\isol-I ltisOIl rcoins 
are llorelCa chemical thall ii physicaliof ilalt1lc. Piosplorus and 
nitrogcIn dclicic11ciC.s uT hilis iniporitill. In additio, ithlese 

soils arc deficicnt in potassiul , sulphur., calciuln, ilagnesiuill, 
and line, have probleiiin \klth aluilinuniti, and or llanllgancse 

toxicity, andiarc high phlosphorus-fixing. Ihe most important 

physical soil conillraints are the ()Xisols' low capacity to ictaitI 

avaihhlae watlr and the saildv-Ioextircd 1Itisols' susccptibililtv to 
erosion alid conipaction in their surlace laver. h liisk of latelrite 
formations is presen in iniior "rlasaid Inost of the soft plutiles 
ileprCscnt ill ilie subsoil in plain lopograpilics iot exposed to 

erosion. In conlrast ile iluost iuportilt soil Coll.trainlts in 
tropical America ini recions \\ il 1ii2h Icchs 01fbases arC diought 
stless, itroue!i dficiiucie. ini rosim risks (Sinfichc and 
Cochr:unC. 198f0). 

III spite of the widely diffused bclicl that tllopical Oxisols and 
liltisols, c:iilnot supporl intensivC Mitd sustained agriculture 
(McNCil, 194: (ioodl;tndnd d Irwin, 1975), there is atuple 
evidence that these soill can be ColltinuolislV cultivated and 
intensiv'ch, Imnllaged under annual crops (S;inehcz, 1977; Mar

lahl 3. Main dilaptuiic constraint%in tropical Americ. (hlt. 2.11N. to lat. 231S.). 
a
 

Acid, in i' ilO1 Cgiotn

cl ,\lcIi 

(million [m) to tal lea 

l tdaphic mllll Pcrceilage (I 

I)cicienc\ 

N 99) 93 

) 1002 9( 

K 799 77 
Ca, Mg 740 70 

S 742 70 

Zn 645 62 

Cui 310 3) 

Other 
At toxicity 756 72 

Htigh I' fixation 072 64 

a. Iliearea ill iheregil of acid soilsisappllxin ilN.y 1043 mnillion hectiares. 
SOURIICE: Saicci, 1 s .1.(G19X3.P. A. and Salina 



Machado, 1980), pasttutcs, and pet.ircnnial crops (A Ihil, 

1976). This is also the case of1xisools and Illtisols in Ilawai atd of 
Ultisols in ,outheast China, which support dense popultions. 

ch)ctt i and I 

When chcmical soil constraints arc Climniimtcd through lininlg 
and lertililer applicatiol, the producti\itics ()I these ()xisols and 
Iltisols ranic among tile highest in the ,orltd. For examplc, 
Figturc I shos the MiinMil drV illatter production of elephant 

grass (Penttlsc n puir/)trctu) with intensiv c nitrogcn fertiliza
tion in Ulltisols of luerto Rico., ,here all fertility constratits have 
becn rclloved. Ihis productionl Iel is close to the maximumi 

potential of 60 t drs" matter ha per year calculatcd by 1)c Wit 
(1967) lot tropical latitudcs. I-igtirc 2 ho,s anlother example 
wherc excellent vields ,crc ohtained (iinthe order of 6.3 t maize 
grain, ha per harscst) in clavev Oxiol ncar lBrasilia, Brazil, after 

its high phosphorus rcquireicnnt sa.,, by broadcastingstupplied 

563 kg P ia and other chemical soil constraints \wcrc corrected 

thoLH-ieh 1imir1 atid ICrtili/atioi. 

51) __ 

F ( - --

C

1
 

224 448 890 1792 
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FigUre 1. ,itual ,aali'f produr Nh,d lt-IcnjitirY n nicitloon pui purctini',. 
Napier inan ''aol raitmI ulIl'rntan ,' tul P'u'rt Rico under 

imnbivl.i' ,anitl'l, . (.hdapled Inmr I it ena ,-('handlhret al., 1974.) 
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Figurc 2. Re.%pumn 0' /to rort% tinm ( xiw/ (7'lrpicmf iz ,p/I app/' ingan 
IIapjltut..o\)Brailiati ( ,rralI. I( (ufiidbhwtd grain yield ojfsixm0th ..
(o tin 1otu. harv i-t. (.IdaptedIroth North ( "arlmaStale U,iversit , 

1978.) 

These man 'gc ot strategics Call he yClV heneficial when the 
market provides aIfavorable raclilliolsilp between the prices of the 
crop and the cost of the lcriliyCr.Whenever economic inof rastruc
ture considerations make the strategy of high inputs prol'itable, it 
should he vigoroiIvdy applied. l-lowCvcr, in most tropical regions 
with acid soils (Oxisols and Ulltisols), favorahle market conditions 
do not exist. 

Food production in acid soils of the tropics 

In a very decisive way, it seems that the competition between 
population growth and food production will be defined in the 
tropics. This Fact is related mainly to two factors continuously 
implying the need to produce more food: first, world population 
growth, and second, improvement of iu standards. It isman life 
estimated that for the year 2000, world population may reach 6 
billion and, in consequence, tile demand for lood will be so high 
that serious and iiimedliate coniideration imuList'be given to food 
prod uction. 
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Broadly speaking. there arc essentially three ,ays ol increasing 

food productitm in ihe tropics: increasing yields by unit area in 

currently cultivatcd regions, e'xpanding areas Utder irrigation, 

and extending tihe agriullural Irotntier. [lie lirst and tile last 

altcrnatiu,, rCquirc that soil constraints bc decreased or clinii

nate.], v'hile tile sceond rctuircs, aailhilit 1\otftcl to solve the 

illost important cotitriint. Ilcntlcs\ ct al. ( 19) ) .Xantined these 

three alftu ilti\i, aind llrri.cd lit the cotnclusitn that illthree arc 

itcccssas., e"et th uuli tile atlnati\C 01 irrig'atitlg \.tild h.ave to 

be limited to iclatisel. small areas and is the most Lxpctni,,of the 

three. lhCre is nto d tltlthat in rCuisiliu the 1irotltCti\ity Oi 
Culliatt-dt lls is thIt hiti \\it\ tI ii('lcR Ly, otoId produttion. 

Ilosset\eln. .l[ risCs I;eut area will be achieved only inl 

thmtose rciu, s h;\ illui tltivmioi, c inllristriicttic %.erlete agriculturc 

canl he intensilicd ict ildip:,t col rllitmaageent practices iiitrO

dlic l,iiiterlatuti: t,rsu-tlt ill hihcr yields dd clim itratc in as 

iitth it"possible. iolnrciion risks. 

Rucit estimates h\ the looid and .\uriculturc ()rgalni/ation of 

the I inited Natimis ( IA() I)nldal. Io)X(1) Shto , that food produC

tioi must be i.icaruscd hs (0iC in order to keep l)p with ood 
,demantd. .\ppro\i:tel 2 huct acs %oldhave be.2(111 t00hillion \. to 

iticotp ratcd 1(tle are i tl cl " utnd ietaericulturc. [his increase 

int ctti ahd tlct \ill he po sible, to a large etctt. b. the Ilse of 

t,1.: id ,mils o the tr pics (W)ils ,and I 1'tisols utnder ,a\vanna 

ard Idtotes Scti,"'ltim 

\ arlc Ipoitioll o thes o.e\tC'sl\us etotlls ha\e lavor ble 

tpL'l;plah\ 1or arillt\C atC lttpeaturCsioriiahiltile. ltc lle for 

plaiit grost, thu I thuott the s.car. Rainfall is stif ficnt dtrine tre 
whole \'ea.tr il the loion. and duirintg six to nine moths inI lhc 

the rct+iiiniue 3W ohAthe atc (,Sitchc/. 1977). Htlowever, the 

mai linuiting tactors that tlitdtIu agriCulItrlrl deve.'lopmeInCt in 

th se ~.alas. besit e loss al sotil fcrtility, are of'their 1litrli a 
scioeconomic llaturc: lititetl trainsportltion facilitics, lack ofi a 

riarnkctig iilrastruct irc, and loss poplt ito densities. 

In tile najoritv ohtetse tropical areas, it is typical to find that 
those regions inifluenced , markets hlive laid pric high enough 

to iustify, ti a giat extent, the intensilicatioi of atgricultu-al and 

hushantlrv sstmls. li luirnt, this is reflectcd hy the use of' high 

levels of inuits. ,\s market centers arc further away fro-, 

prOductioneeritrs, adeceld irg grathmitit is observed in the u Of 

land and the ) o 1 sryductionwhichin iiitulsilicatihn systems, 

become exte ive in nattire bCyond tile so-callCd "aglricultural 
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frontier," and are charaeeri/ed by the use of low-inup Ittech nol
ogies. Consequently, the decision on the degree of intensification 
Okagricultural or husband ry systcns to he established in a tropical 
legiont Must be a function of, the site's location ill relation to 
existing markets, to establish transportation ;lfrastructure, and 
to the availability ofIinputs. In other words, the decision Ito apply a 
high- ot lo\ -inpult techntolocy should he based oti the economic 
feasibilit\ of the pirductioi system. 

Comparative evaluation of technologies for 
soil use and management 

Hligh-iiput technology 

lhe main reason why tood production increased at a higher rate 
than rollatiOt gwt hiilldeveloping countries during the 1965
75 decade may be attributed to genetic improvement and the use 
of high-yiCling crop varieties illconditions where waler and soil 
are n.t limlitinc lactors. Much priigress has been achieved in 
applying this techlolo to the agricultura.l syStlIlS of the tropics, 
which arc a s\nomnvli of tfe "creen rc olution." Iowever, impact 
wsas only ohscl\ ed ill oil aretis with existing inlrat ruct urc,fertilc 

which rcpresent 301' of tropical Ancricai.
 

Illthe acid soils, the application of lie high-intput technology 
it, in other sOdS lilt"'Production of Mlaximuim Yields" 

according to Cookc's (I182) definition, implies the elimination of 
cdaphic, climatic, and socilcconomic constraints limiting the 
obtainment of mlaxilnumniyiclds. Itis basic concept is to change the 
soil so it ~jsts to the plant's [ntritiotnal requirements. Conse
quently, Irxsearcoil llmaxiximunm yields coIncentra.tcs oilstudving 
one or tore cdapftoelititic variables ind their interactions under 
a multidisciplinary approach to achieve the highest possible yields 
uttder a given situation (Wagner et al.,1982). Therefore, tile 
objective of a high-input technology is to find the best combina
tiotl of tie highest level tfessential itnputs requircd to maxinmize 
yields. 

This is a dlynanlic cotmcept sinc technological advances allow 
present high yields tii continue increas,,ing. Thus, it is necessary to 
introduc tile cCtoomic analysis to determine the maxilllUm 
economic yicld. which is generally below the mitximum yield 
(Potash and tlhOsphate InstitutC, 1983). I his situation should not 



94 S'rrorhum i)r AIcid .\il.s 

discourage the researcher to continue in the ,;earch for maxinlunl 
yields, since the adverse economic conditions of the moment 
could be improved in the IUlture thlough technological dcvel
oplmlent. o sUllllliari/e, tile iaXiMuinll yicld technology, basci oin 
a high ',upply of inputs, is widerl iesponsithlC for the world's 

Curtcnt food ptroducliot I and undoihtedlv contiluetl sIt 
where tile eC'ollillic contditiOlls pettuit. 

In tie .pecifie case of the acid soils if trpical Ale.ic., the 
traditional high.iniptit technology is in facl valid frout the 
iigrloninlicpoint of \iew. If ve were iatcrIit a regionlof()xisols 

andll ltisol antd had to choose heiween os etcomitig the nain 

edaphie limiting fIactors through treciving financial Support to 

make illsise applications of phosphmltis and sufficient litle and 
to) install sipplcliiClutir. itigation s,,stels, and ,,ofnot putting 
nto praciticc thCe coCtipoletliS, we would in mlediately choose the 
iltCrnItive Of ut1\axinltUlll yields and ,ee oLr land increase in value 

as it is Iralslored fro tillmarginal land into excellent land 
becauso of tile applicati oiputs.l 

However, these opportunitics are tile Cxception instead of tile 

rule in nuinal acid-soill reitons ill trot A America. The 
amount of capital licessatl v t invest in these soils and apply the 
technology of high iIputs is much greiter+ than the reoSLurces of 

mitost &ovetilncrnts and private organizations. 

Low-input technology 

The lerill -lo\-input technology" is sonewhat ambiguous in 
defining how low is low aid Cornmpared to what. The terms "zero 
inpuLts" and "ninitinui inpuls" have also been used. Ihe first term 
is inappropriate, since in tllost systels, iero inputs result in zero 
production. I.o, inputls, as coipaldl to intermediate or high 
inputs, desersc som11e qua.ntification. it.'htl aild Salinas (1983) 
suggCst that the low-iput technology for the acid soils of the 
tropics isthat required to obtain approxilately t8(); of maximui 

vyclds of'acid-tolerant gTrplism. The same aniuhors show that it 

isbiologically feasible to reach adequ;atC yield levels with available 
technology and ger lplaS Inlusing a level of inputs considerably 
lower than thai needed with traditional technology and germ
plasm. 

The growing costs of pet roleu r-related inputs and worldwide 
emphasis on conservation of natural land resources add an extra 



restriion to tu " ini1)[1"e xiiln p1t pp1iaeh, l)vlopuit 
goals ofl tna\ tiopicial c'tourios ricquire I liat prodlccrs. a"\, ell as 
C,)n iilci"s, llaivinii lim .iteir u culr,, he th lItnain ,'be ticiaris of 
tile nprlovcd l c:ticiiiu ,.o\i. Nickel (I 979) irdi- . (I 
that if iox\-iioll r to he lli' chi-tn \\(,[r, nit ictl, iltictiCS illfood plrOdule',tl hatd to he :lcI ,Ink ilt [, \ iUnit 1', i,.:u,. I hIC",C 

low unit pricc+,, an be reached thI oeuh hioloicallk-l'ased tcchnol
ogy vhich frcilciity i cae iinult I o CLilsli cI that Iow-inctiinc 
p odtuces ll.,a\C .'CCS, 1 tili', I Li, . it tnul l0 dClotd Oil 
large allullnis of pitlia-ed inlLIts. 

In the past. filrie', adt'ptud to their lack of pur':llasin powe,,cr 
by appiyine los aliotiits ol Ipt to an agrictiltirl systm 
dlesiglld it, opertc better alt higher levels of input . Latin 
America. thcre rc plent.,, of these exan pies here nutlrtnt" 

dclienicies 
arc (",ideun ill nalv field,. Many fa,'icrs, kno\ their 
crops could ploducc better 'ields it fertili,ers 'kcrc apili,:d to 
high-yielding Wrics hut they L:1nnt affOrd m uor doto buy e 
not dan do so ,jsse oflthe high risk inmol',cd. Anothur example 
is the attcmpt to establish large- caic beef production systems in 
the ()xisol,. ( 1tilois of the itruilian Amaon by r'1anting 
lPanicilm maxi:U,,'l \kitlint phosphorus fcrtili/ation. Ihis is 
clearly the case of iplnoriig..obvious lir.iting cdaphic factors. As 
has been mcntipnud repeatedly by Paulo '\lhim in tmieeit.gs 
regarding the Ana.,on, "agricutturc is dliffcrent from mlinitn." 
F'armers have to add fcrtilicrs iln order to sustain produciOrl,
 
even in the best Wits 0if t.CmllpCerlC regiolls.
 

The soil-management technolog\ using low iinpuis for th e 
acid soils is dill ren fim partial dplit oIOf hidh-inpirtt technl
ogy. The lechmlog of low input, is not a mailter of using less or
 
the saime amuonl, ilt a differenl sia ,, of manraging 
 the soil. I he 
fundanlal beakthroimh has beeCn the idCntihtCatior of specuiCs 
and importani \ric 101tolerant 10 ',,Inillcant dc 'tc, 1Sal liliitillp
 
factors in Posed h 
 soil acidit\. I Ili,. it is Amatter of deterumining 
the amllltn of f.rt ili/cr :an1d limte that thC'e tocriIt spcies rquirc 
to produce MP! of their talnlul \ &W in autaied forn 

Conscquently. the main justiiicaliolr Iitf il li,-inpult tecinol
ogy of .sil maraeient in ( \;sol-Iti,,ol regions oif tropical 
Amrica. is of socroec't( ilc -and not of ;ir agronmmic nature. 

Produclivity of the high- and low-irput sysitems 

Systerns of soil mvniacmcnt ssith agr1onricdlly-,iable high 
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inputs imariibl\ pioduce cheI s'elds thall tie s\s lll',0
lo% 
iiiptitsdtilcl her . I licic l il-l\ Ies llt t .stll;-t llitc this 
(ol)scI\n it itiI. ln it ill! tt _c\ hI iltI c ;ki+phict , mic Ciliiit1111tcdl 

l i " i cIil i/;iit l . IIII I[ i ltt il lieIl tit ,)nCc ,, M ld \a ietiesll, ,+a lliail",tdl p o ia l Il l 11 : 1 ic,ics,tc '\ i ol lilt i h l ll mi li )1 \ 

t ilciriill,,il tl i-ih t1.lA , ltlc'cto iclIll\l it'l
Ihe oIi iC .\ilhl ;itll 

tii\ p diltiltl tht I.- thill 0es101lt1C (pe 511t111.ei 

On throilier ltl,.i. the lertiiitv Of tlesCe acid soils k lcireiclati 

tic hi\ ,iltlc'liutti. or lih tilititiciim kilil
iLl llg2i'.ei depend onf the
 
,pc,,e ricsvictgr ri.
a tl \ , I li, liis,iliiiil soils lor milai/e, Sorghum,
 
Or ,t\t"t..
iil lp toltcti i IaiV' be c llt fo01 )ruiC iii.tIlhigh
tolteltiiil I(m ate 'pcli. 

It hias been stated that species o! plants tolerant to tile 
iHi t ,tit of acid soils., particularl those tolerant to low 
iiiIll Il)ioShI)rls leveCls, canlict.m)lete cXhaiuSt the low, 

lutrinlit irci .illthcSe "Oil" il Il c themiompletely ueless.
 
I he l-irirut tc.hiiloV is sollt.t iie) considered as the ultimate
 
effort Ito.xtract the last bit otflcrtllitoo filln the soil. However, this
 
iiitlenICt mustil be nilved 
it terms of total soil reserves,
 
ilitoiits otlfcrili/'ers that must he aled., nd total extraction of
 
m lit re it.. 

IcCIuJSe Of COtltUittUs planllt ,r()\,wth, ihi availability of certain
 
soil lnuiltllSCnCItulv falls below, critical levels. IiOxisols and
 
I Itisols this happens inl a relatively short tinte with nitrogen and
 
poltssiui, lich are mobile" clements 
 aitheir aivailable form.
 
Nitrllen depletion is less feasible due to thie larg reslerve inl tLe
 
illlix lfiaction and its repositioning by rool decomposition,
 
lit r~l' iixtion. ill ihen agronlomlic factors. Organic matter
atr 

CoteieIts ale geltnerally not diflfcrent fron those found in tile 
pritinal soils temIperatc region (.sinchu, 19)76). [he sit tnation 
v ith sulphur is similar. ihe rate of polassitil depletion depends 
oi the soil's reserVe of this+element's non-exchanti-eabl fori, 

,foind in the ilinel of clas. PotIssiuIll isCr'Cs of these soils 
Cli IIonlv provide less th aa the 0.1):i u1CCI( )0g critical level 
gelicraillk accepted. Iherete. anl equilibrium i esiahlished 
bclt iiexchangeable aid non-cxcliigeabt potassi tlnl. 'lhis 
level i,,not able to maintiin rapid plant growth, btt will not 
redce potassitin reserves to zero in tit. soil. Sinc,. harvest or 
mature pasture residuties generally contain high levels of this 
elementnl, recycling of' tilis nutrient generally occurs. 
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T h le "'11111ii '" pot, 11111tIui 11,m agtlemiu ,..1i1c, iro0tt.k:d1'i 

c+oplicr, b I'St'C, l .%Ix IcaisIN u, ' ,
11I,lIIM lP NMIll hdctI]ll I) 's+'llless 

sir illtilotiflln Ill cIt if] , 1,Ih rlu.lxi ;ile , t[Itlcr thix totli 
().xi, ,lt I taltiuI t,o)LIiic ''l II th. l i l+cI%, tilalicl,tilaaillahle 

till of tllthci2,clc'tliiillk,ccv,Noilripbhilc, and ttlcrcti. less 
soubject to htoss. 

I iliall,' titlal ,uicl,:it (itplii',llhlrtLs (I) the clcniciii ;iiiiiir 
I iitlcfl>tlis',lich mot tl thii 1 101 sil nillil2k, aie. liic.+cttcd 

tIiti!5lie+'twcti I tilt all(t 2(1( jiiii ilithe ,,tiaetc"avert~,l ( )xiso>ls 
arind IJttisol>,c iiilpilc'd wit Ii Icxclx t aipirtliinialtc.l 3(1 ppml j) in 
teinperic-rcion~ stilx xithi louh :Icti c'clays tilavititi a htihi lcxci ltl 
hax I( 'iznchu. 1)7(,). IIt sonllc' ( )x isos. ax' tieuicx\er, such 
llutirtii\~ of lhe" tlra./ili;+in ( t.irati, havec ve'ry igh lcxclx ,it 

phiasp~hiittiis I ,Niolli at., ilsplite tl the' taict that the'acil 197 1. 
liuiiltcdt inltiiiiii ax iilah~lc, irudicat'x ihit illiM ().\xix and 

tex iililtisols cuoniliiil Itxx l, h,,ihrti+lipion.tu ext-aclion ot thjs 
nitricuit t-i\lliiitx (lccli rliiijiie anld cllticiciilt tlixcis t0piixpotius) 

rito a~icid ,til i ~ ai ixsixlt,,adpted it ns,1 titih1 liiii.ria v re't ored 
tiithe stl ihtulih ici.\ c ii. ( 'insc lUenttl. the ai tl onl 
m!ililie ihti xil ,CI t htic liitic vatld it'.sem ' 

I)ixc'rxe a.lpccis< ii ',oil rliizariiccit iccuhnliesit thali cani'he 
useit iii i ltic'id sni1+ 0l troplica+l ,,litnricei have' beein Irietfl, 
d'sei hed. ( )hxii itv . Cccihor ntlil applied to atipiinct~ cantlin iilhe 
siliations o~r ale,.iiiiliiI sv\,stcrlii ii ii ct.'xi'txe area'I since 
'ertinl ei.'luticitx'l< arel u'tlallv c'\cluiix. Atsii. there' are 

x'arruusl+ cotnlipuuicniils thicth aleic ii(iibiv x',-tt-( eelolped aind 
,
reaidv, or locail x\llid~lit~to hilc' itt tic areliilv' prc iminary, 

othserx'altirisx. hiixs\,,ci+tthi icptrc,,,n itie o\c'rarll Ipltitlitph oh 
soil Iii;iiiletCiuiut in Ihtc:tiiipics,. 

It multst beccnripitui~i,cd tll+.indeperidurittiomll the technohlogy 
to he applied. icurtiit riiarigeoi~tn inlacid mi+Lus t.'c, ai\
 

ciiritelatel tiicc+t' ihet rituiialntcoiiioiei tscli: requiremenltLs oh 
the lant: the p~h> xical-cthirii, al plpe)trtiies titthe suiih anld the
hbikliigCcl scx (lPi)cOWsol the soil. 

Resear lh mMeeds 

lie hasibjtlitg t0lie apd2ac of high- and low-iupIt techrnol
csx been 19sed iii previoius sectio sb sp asntiigtaS lixe. 

a(rl tPhosphorus lxi l,1 teh1)logies for the fariagtthnt of 
ical ,A erica. Researchacid liiti tirlo m instiiuttii1o5 responsible 
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for 	 the develuplunct o1 aglicllutral and livcstock fusy'stlls 

rcprescntati\'c ,ti!, al", the oln c r f the
iitegrrting 

Complricitls pcrtilct to i i ,ell 
 olloun 

tural system, Iliercore, the Il,t rCeSar-e priorit:, ill most
 
sIt atiin, %\Illbe to itill\ de\,.iojp Ile L ipoliCiltS of tlose
 

sit utim dirlifrnt agriCi[-

I'm a spucili. agrienIti l l, i\cstoek ,\'tr. 

I his 	paper has identifItli vadious iipoulint I e earcfi gaps of 
which a partiail list is slnrniarlailcd here: 

(.haratcrilatioun is lledcd of promising species anld ,,arieties 
of annual crop'.. grasses. rind perennial crops for their 
toleratice to different soil constraints in terls of qUalltit.ttive
,itcal levels. 

2. 	 Iherc is a nced to characterie critical Incls by soil analytical 
te,ts tI, deterrmine nutrictil dficicncies or toxicities in the 
maiin soil types nsiiig spec,ics and varieties adapted to tile 
:r.!ricriltual trid kI'cStock systCnis. 

3. 	 l)elop Illeans to interpret land cvaluation systems ilterms
 
of high- and or low-iliptil requirements.
 

4. 	 StId. chailnuCs prod \withhii1re in soil chemlical as well ascuCCd 

physical Plopci tics. antd in teilmain situations of the edaphic 
and agr,<,ornic Sstenis. Ahesc studics will alto\, predicting

changes in triret dynamics and physical soil deterioration
 
and elable corrcclitrig thiese chanlges before tihey occur.
 
Illfol illation on soil d H
n:ilic., is scrce aril gelneratlly reflects it 
vcry short period o! timroe. A kIo. log-term stidies are required 
to obscrve changes illsoil properties iniorder to better 
understand \\hal hajIperis in soills managed with systems of 
low 	 inriputs. (ii)cstions ilOtihe degreC of minririt reccling,
 
atnlount uf rcsidtua' nilrogcn in systems, including legumes,
 
aind efic v ilntile use of fertili/crs cotld be answered
 
throtughb these hrng-tcrnr studies on tire properties of the soil
 
and their relationships with plant 1truduCtion.
 

5. 	 rhrc is riced to quMntify aNosilviculttral systems. It is 
ncCCssarV to establish a dlata bhasC on agricultura! systems 
which include forest species Alone or in corn biriatien with 
art 	 al crops and pastures. 

0. Research should locus tn iricreasng fertility the'tile of 
subsoil. Better basic understanding of the chemistry of 
calcium and magnesium movement, as well as of other factors 
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55hich ll c\itc ;itc( i flum tox icit[\ in IIle su b il t lI IOuLd 
leachiln , i cyi ic iu'. 

7. 	 lolrancc 1t lhos 
 lccI 0 \ itlahlc pcoc(pirts lls it)he 
hMMter tlrt~t)(j (itccuholose tcicrics and studies on(I tle 
dii crtClial ciipaicit 0l plnts tO acidity [lieir [li/)splleru 
lust be pros.d aiid \alaldutcd uidcr ( ['isol arid I IusOl cojidi
lion..
 

8. 	 lhe dillejnit componetls 4f the teclliology On lll'klltott 
lanageenut should be grouped ilto o)lrcltlai0r research and

validation packa e. It is pjossihlc to combine, loi specific
soil, agriculture s,Sterns, tile bCt sources. ratcs,. andilpplica
tion nlethods and thcil interactions \%ith tiIl 	 use ofl arictics 
tolerant to low lccl, 01 aailahlc phosphorus, inoculation 
wi!h IiL/OiN11u1u aInd potent ialinoculation \,ith ifiipiocd
invcorrlihae strains. It is InecesSar to de\Clop iiupri \ed 	or
less 	expensive sotrces ol phosphous lertili/cr, dependili, ot
 
tile 	intensification ot tfe proutucthion system. 

9. 	 Adapt species Ofr variet ie, of lCgtmes IolCraIt tlto he acid it\ ot 
the soil \6th tRhizo,uM ,,trans in order to Make both 
compatible, to tile saei degrce, with the limitations imposed
by soil acidit, and to t'avor the persistence otlIhiz,+lfum in the 
soil. 

10. 	 )evelop new methods to improve the clticiencv of hnitrogeni
lertili/ation on nonlegunc crops and of potassium tertiliza
lion on all crops. Iow re.ver, o nitrogen land potassium
fertili,,ers is a considerable

unit obstacle which does [lot allo\\Costs. It i, iceessary to dehv p alternative 

sonrccs Ot pultasiiuin lertili/er with less soluhle products. 
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A New Methodology to Select Cultivars 
Tolerant to Aluminum and 

with High Yield Potential 

J I \, 1 ,/ IllIII and /I.I.iha* 

Introduction 

Recent years have evidenced an increased interest ilIhe evaluat ion 
of various crops for their tolerance to aluminum in the soil. This 
Interest is greater ill(lvclopin countite:, where population 
pressures have forced agriculture to move to acid, marginal Soils. 
Often, improved technologijes, such as the varietics of the "green
revlutitio,'" arc lltadapted to ploduce III these Soils without 
applicattolls of litl, Mhich often is not availalu to falIllers 

tCCISl
of gCogrIpIhic locarioiu, lack of t rsIII)olltit)1tionl irCC))
uric reasons. What is ncccssarv fi-larmers in these areas of acid 
soils is an "adapt yc le\]oltiotl." MhCrbcly iniprovCd varieties or
ilnes adapted to acid Soils,can h identified lot itincdiate usc or 

use in breeding progranis. 

Inthe bibliograph v aiftious wor(II Ks can he flound ol evaluatiun 
oflcutltivars of va-ioius l'ops flotheir tolerance to aciditv or1 
aluinlum toxicity itI the laboratory, greenhtouse., or field, and 
Somietimlres eut)lling soic of these. In Sotie of these works,. tie 
authorS i',CredCvditC 1 111111u11of critivars lotr thc,to 
toleacc to Al trxiciv. Ilowever, there was liot a.good Imiethod to 
evaluate cultivars tor toleranc ti high percentages of Alara
tiorn and, at tire samC tnle, c,,aluaitne theitr high yield plotential 
uinder thCsC Al-tOxic Soil COIlitdIt ill.A method has now nhcl 
developed which Serves, this objective. 

Methods and materials 

I lie \kork summari/cd iII this paper was carried out between 1979 
lHiciprimpal ithtlii i tsa coi'lidil tii 
lc"caih Plogr a III liIt'c iSCIIlCc I )ic'[l t.iii 

+,ci pl ,tcs,itlan lfi thilI rtopical Sils 
o Si itt Ntith ( 'iaIti i tat hi initcs ilvanid 

I i s Ais Ossocia IatceD aii o Aprictullt. I iii o i of Intrnacti oatl A\piiciilIIri., aindi
Assii i Vicc-( iaiccilhr hr licicalich I l\elsil i I Illitis a i itbaia, It., i;SA:at (lie 
thesecoiniid a titi\%ia,rCSCIr'iiaslli, hrIiscitietin Yiiriia iia , Petit. \liththet' rogiiiii
and Is j i a li.hra]al canidiiditc illlic i illm i\i ('aii a ill)i s, (A, ISA. 
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and 1982 AI the auti. and Nicholaides, 103) in a I ,pie(l'ihia 

I';tlcou lt.linl %,.Ihiccm l".i'-,{hyp)',ithterilit '-,olicali
ho alnl. t ll i

llPlll H", 
"' , 

+AU ili llkllal IFxpm lli l tital m Ilii-Il(, alI PtA.'LI cln lat 

liie i h\ IhC I I r M di liil,)I",,;1i P C',Ca:l~C ' it. r, 

\.1 'iLi' e\Clt lMits C0ndittctl with rice. Swect pott., so a.ll, 

p'l.wit . ,ma ,. 5,e' .' itnbet' nrid thec i I itt 1984t.981 I lechtical
 

ReCp(,rt in the I topical Sil, Research I'toirnm (l'iita atd
 
N i'hliide')83).
 

Model 

I(,Cvaltiat-e data from a numher of crop cultivars for their 
tolc ance to Al toxicity andt high yield potential tinder thcse 
Al-txie conlirtr it thle soil, aigratph ItltIt itSt be 'tIitrCtd. 

I he ablcissa (A aQis) is the ibsoliutc yield in hl-toxic conditions 
and tie ol'dinate Y a\is) i the y icld \ ilh Al to\icit Iclaiti\c it 

that , itlnmit Al toxieih\ (liuirc I).Scclntl. the pliiph iiitst be 
1i dCL itl 1r colilllclilr a1hori/mnrt:rl 851itM o bs line \%ili 
iWlitise C I ( to lli t. ltilelrlitl Iabi\eC the 1i11) tlrn s1niti\C 

line) .1, M lln tunCs 80'i
 
elitie %it'dis 11,C;,t ,1oleliuCu. tit ase, We
 
bels 1 ' ti:i 1 itl the litCrrituic, 

1t eikrte AI ;11 h1k 
decided to It. 'istrict'r riteriurin aind sclcctcd 851 

ri.
It
hhIIt'
 

I t i i llt 

S5
 

Sersi usc. Schi,,tic, 
hW"Yield high yield 

piotential t )tClitial 

III 

Yficld il acid Nuots (i1m) 

F .teu[iuraft' a1iraiiguFigur 1I. tfoduI Ili tltiVui r # to I'ir Iol'ranc toIA loxicil l 
cund tlhir Iriut,'I 'ield /iiiri'tiiral iumrhr tie.sslrv.s contioniins. 



wej i~ii iiia id't itil ( I~h c'l iic' i L:iIii WI liltliI in!La I I 

t Iii fl It Ili r ic au1S LII 
 L I I I I CCt( CiI I a IIn i CI t 

CL ()~llI \1 " t ()Ite hild (d,l e I of I\ icI ill tlilt ' ,i i l hIiL h11 

tl ) i I i I i IL L %oi I t i I i IIi ci ielIll ' u l iN li i i di a~u lilitr ii I i < l i\ l, lillQ 

Seled C~~e iiii[clt ~liic'l2 c"c eNililiji t iii 25 Nll\\ it [~lil li
wItf\ L, ii' i MI (1 Wiin IClN. I n I i IJih c I I I I I t'I -i)ttt " 

\inLlini Ch (Iihi11Clir ll hutIi l'n11l ii'tl iN lil IilII111CehI t ii iiii11tid \1i ,tieel leot iioll"L e litl .S..l l .iii \ (1)2
Iiil 'S'Ni I lC mloL a,,li, inl (Lliit Ioi i i , t It ;i -iC .lm , i

Rc,ti'i S VCilcU411 ll(i ItOII cklii l l I til l11i i p'll
i(if l 52 lt il II l1uatedC 20\tldid n tyldldll( lltoii ll'llrc ill 

it ak l liI e sh dglr od rsit ance . sin thleretl illd1 arial 

ua ill l il ea hc'dlanttillu l pl Cl\\i, jeict
l lidt)itn I i ri \iCl.
 
IVhiteil I al tuid 
 tifet i dl 11.1i).eiiinnht Iiiii tiar 

2lacedllt i" ,till Ill-i'it .!IlclI ilin ' ,t'lil I 1 li i i il2) ti l 
Itlite l~h I i0tnaiokInilltltl;961111415.-tlii u Iltc. inenI Soiuaikii in IahC,l Mill. wiiSoec lete I i (htse 

i tin (A i mhia a o ndi im i Kh a th tc l 

Xl ii istll, ell iii ih '.cili l \' ltlitsll 7771' tl'ih 'itil i ll 

teristisni ll l ith til cte I ' iii il li \ieliclliv ail,d e ill h c. 

('('ih 52 cill~tm ll n lua.lilln d "idev 20 oU iel 77ue toliM c 'AMAl 

quadran,kl IV, illdtifl c'lut,l ritl o t AIt o,\c't andlclih).lg iey ld 

pO Cl t ll quacd\ r nI~i'~ ;LhmotI i' lilts -325,h \ t i l dth i lc7 \\it 

va ritics, ('W otmlbtia I aindt I-siiia<kok 8. ha~lc' the dc,.rcd chiarlc
teri.stics tl hotlh AI\ tleran~iiCce and. high icld poti .ntiall, 



Ia i" I Selec.'soil properties in thcl trial, to v 

nea r ulirima plials, P'eru. 

Oua h. lolcrance to \1in Nai ci, drillhr,,,v-id lin % [ iLC, NV" I pI ltato. so htan. peanut. and coIpea 

Crop L.hndton phII, 

IrreLl 

(Ion-.airr 

Ill)_.) (C 

UIk.e:- nodified) 

(ppm ) 

Rice 

'inhmed 

limed 
4.2 
4,9 

4.0 
1.7 

5. 
5.4 

78 
3!1 

17 
1Q 

Sweet potato 

Soybean 

Peanut 

Unimed 

Limed 

Unlimed 

Limed 

4.3 

4.9 

4.3 

5.3 

2.0 

I.I 

1X 

0.2 

3.0 

3.2 

2.7 

2.9 

67 

34 

67 

7 

12 

1I 

25 

Cowpea (trial 

Cowpea (trial 

1) 

2) 

I'nlimed 

Limed 

Unlimed 

Limed 

I'n!imed 
I-imed 

4.2 

4.9 

4.2 

5.1 

4.2 
5.0 

4.7 

1.9 

1.2 

1.0 

3.6 
1.2 

5.7 

5.4 

1.9 

3.6 

5.1 
4.9 

82 

35 

63 

28 

71 
24 

10 

t0 

13 

25 

12 
II 
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"%I atmtlliol an~d 
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:i~AIJ _ 

0}.5 1.01 1,5 2.0 2 5 

Yield in acid N*)ik(I ha) 

2. U o.e/wfl imhito , (/t-hrtirt ut/it, ji', ta ,Ini,, 
vichl poiril :orlr .1 I/ 1,i 11NIN 

.0 

/I/h 

L_ 
s, 

lahl 2. Some mea rtmenl (if %elected rice culli ar, ir<ducted in %ocils Aill, 
7W4, arid 31 Al ataurltion near lurimaguas, Per,. 

YiCILd Iekclt . IRclalk\c %.. ¢ hl 

I h li o ,Cgctaliofl 

+u ity l I~illt' I lle.lt ( pl CC 

mil Noil 

IPR 4422-62 2.03 1.81 113 103 

nolonhia 1 3.57 3.18 104 97 

suakoko 8 3.14 321 97 95 

IR 2 h 2.42 3.14 77 86 

(('A 8 3.25 4.19 77 84 

I ox 194 2.103 3.04 70 80 

('arolinoll 1.48 2.43 62 58 

1N'lI 0.34 1.97 8 


nde.x, o4 hri r
a . tltack to leal x Im 1 rihnw,I 'oil .41 

Im lined ' i 2.2 

Loc)[al ;ll li'. 

43 



ArI'Ji b 'r 1, 0 . t 

Sweet potato 

Ihe 20 ctiltiral o a laltinof ,wc t polato pi [(iicdtl +,id, thc.
 
,iiph (F"igure 3), hut none Jell itto quadrant IV Some Itivaii,,
 
'UCi ;i,,odclo-2. ood vields 1j), hut theit
\ had relative (9/1

aho;ib< vie~tl' ( Iahle 3) tinde.r Al to+xiee otjltisD \Vlte ntot i'tter
te 


Ihan the :lci\ he cbet one-third otllIhc cilti\ arit,whhout Al
race' ol 


ti it rdnl'i llodel, tolle olthe culti'ars
.Il ctloic. ;icC' to th 
,
altintedl hlt hoth t .IeIlccii and higeh \iiICh potential. 

SIl
 

- 6 3; na, 

p I l1 

-cI Yi6.411-0I a i 0 a 

- ) .0 74 6 i 2i3 6l2 

L . I I18 

a I',iltI V ( i' ',1'll"o io,' l Iini lnalInulm "'llI toiclii Ioh'raAlcuIllo . idlt Ai 


i,llitF ipitllt' lt, ilsIlrt oll ilt- ii lltii IrrlIiih e.d in %,Ilil%lll~l|i ,tst-it'it-il pllIl ir, 

N~~ ~ 71 -0 57 -. 1840 ~~p 

1. 2. 7 590
li, liillilt'tI Ih i cd h ) 'itiii ltl, i cla rt \ 

2il-i ii 1,7.:, lhift"+ itil 

Wiltt Y-ei fI S-I IIIi 77 Xii '-8 

i i I Y+-isi .1) 7.1i 76 123 62 

Y-I,,I 7.1tI- 4.!) 57 128 48 

\,idch- I i' -201 5.) 12. ,47 8(1 58
 

... ((1)i .1 2.2 7 5') 
 8 

I I I', l) i i i thils tlli lli~iiOinill] irillijtic iolI topical Aplcitri,,c t' IA). 



SoyIwa ii 

I hill c ITi ws&mole toiTh~ dAl hiiXILitI 1111V lY hICI'CjI~i 
cvaI tiatcd ( Ii utc 4). 11ic hus I; IcI iic \IcItI \ (it I\ 51 I lahlIc 

\\lhc1 c~I~t:crcj tplai'ait IV 1\%Stiii olh11 Pilla and Niclinlaitics' 
methodii )1 ).M(ill, 1'N I iill\ !ilt( hom thc I11(cr-nationaI 
Ins"tilii lInIImmctc ofi I rI-o icail A-\1CIIc (! II A-) thi'is 111"111il1c ha~s 
~iifl;'ILI% I'HIldi SluliC' 'iIL Iintc. Hm ;t toleran to M,. 

111111wthre j~piise'd appriiath \;III hr i. ec ie 

imbcllm41 

'tug/uh/I ~~i n/ IIIcn~uIiii It 11.0' 

I Iihlic 4. CsoitIlt a cit,h-h .imfi uittuwi hcuu %:rjattol r~ir iili tvi,/I 

11aIhig 10 ,1 IIIuih tin liIh 

I '111 4oni II ca u eIIIeiuik o ,I t -f i(Noiiict - ---------- os t n uiIsisitI 

671t ndttiti %arai' a toias,23 212 74i 

.1 upir 231i 42 7-2 75 

titipimnui Peclicanr 0. (, 2 2o 35 82 52 

ii m) 'ciilu II Sot X 



I10 .Ar, ,'hiil; 1, 1 1 i i / 

aI tilt C\' |] .;\I,I% . altIIot [l it;ItI ltl tIlo l \cr\ ritI-)i iI II h c'.aukI,, : 
hC culti\av entcrId quadrant IV IIIdicatinL toiLuaiICc and hiTI 

\ IclI potcnt ial(!i.prc 5). Hlc linc ( II 78307). ,iipplied h\ I )I. Al 
Nt rLd,.III0n th1ItIlil \t11 it't\. ol I-Ilida, \ iClded oire hat 2 1 ha 

lablC 5) under \r\ tIoxic AI Clltiolitl ('_ i Al "tutlolti). IiII, 
1111c 11, IlCuti ui,,d iM l!Cei2H lth llral" iII \ ith ( 'lrlina and 
ertI n I" Cll., I )I'Iht'M to Al(Mildl 1,r IM" IIl.O (IC.'teI d ttlu'ilalcI Kat/, 

Ih3) I1.luittiillI 1-and F lins colntilnus. 

"'V 

:7 60 

40 0 
20 - AIst •til n 

S1 4.20 

/L ill 4.2 
0 . L .. I ..A... L 1.t........ ....
 

(0,5 I1 I.5 2.01 2.5 3.0 3.5 

'rIl+'d inI rd sol I t ha) 

1 lil" /ICIPh/le cil' ' .I I 1l'l5 in' i lof /l f'I+dlith . I . :o / ad ilhIm ,1It, il wll th 
/iit'/i ilc'll/ce llliiei i/ne/c-, iI iii llf elit'\\. 

I ch~c'5. .Sunlit IlltULrrI errllliif +,tI'hl ptmulltcU¢llit itr'+gnrtil in ilI ',sithi 

Ychcllke Rclaiiu claiue Rcitiitc 
%icid grin shelliig x\eight ol 

I nce I h1a) tC]d pelccitanpe %CLIctation 
Oi T, 'linicd I itr Igrccn) 

I I 78305 1.75 2.4I 71 95 62 

I 1 7,307 2.08 3.37 62 97 63 

1lhriiiat 1.27 2.34 54 90 63 

I kln 1.02 2.38 43 9(0 55 

ilhtr 
'o 

I airrapc m
O 0.55 2.69 2(1 54 126 

N( 1 0.3! 2.3I 13 57 108 

,tI oralC*li cii+ 



IliIt tIrw ifi 1; i)c2X%\ ptila;iparcniiv. id(] 111 aLIC StilliciCnt AI 
satii I'oll pcCItaI~;Lc (().I(n :Icitc dctjucatc Itrc~. thIS. MoSt 
culltIN il tell into ql~idfiant IV (ltLMijit0). 01 thec 27 cult'xr 

CSai ia tl . litt112 al I roill" I I I A \ieided lilt) it I ai 2 1 una ill soi s 

I ) t ie Ial.'k oI al"!o d ;1Le 12aI lotcti 1 a t c t (IIetri
 
plaicedl1 II~5 Iki k\ AI \xiillill 1711 ) itIId I heerCII'
',ikit) I121 ice 
\%;Ii"ohilI (l :\ItlrllifI I )k'I 0! IhL lk ii , HiC;ireid tlnt a 

Ctindlilit IV kNIto inilN armid 2 ~jl 'IA)~ I ahle, ( and 7: 
Filgnics 6 antd~ 7) cphr;ric file tact Il;fiat I C Iin'attt,i AI,, 
i~oll Ift lat aid it,(Oiit'li l 1~l')I ii lilt I ORtid ti illS 

' liit-lit: Iiial'CII~oII rr'e'ii! \\11hiiit'II.\ Inii.,milat 111A 

illia l ll1,[l tII CT uni l aAlr\ fo21155 :Iit', eI''A I ileilelal11 

it~I~t111. t t 1 li CON CA ;an j i risl 's ad 1 ) 11;1'it i 'SiCcI.', 

iilk'l I %\jtla 0<. iii! 7, 5 reid [)lie t'hn I 7 I hatantI had 
[ ilSc \ lC!tI', (11 XSr (. Nt c s'lrest' ilicict [cr C()%% pea I af ictieS 
iitptctt'toIll 'k 'itu a)Iiialr pelcittiline of AI\l uatiaatiilll amid wh'IichI 

callvle~ id l (ild [Aro ilv 

Co pW i.'. I.; 



I , Soute f1 tasrtrlLn 11 (I Nariw'il c cui;ars gr %si,pt'a ,iiiII '.,oilsth 
% (trial near oal(0,3', and 2 , .I ,,allralioil I Nmmugll ia , Peru. 

[me IcI'I II p d, 

Imc I lhcd pods 

1, 2 ;14-I1 IAS S 29) 79 31X 

N l o' I 79 0.72 250 95 :0 

x 66-211 2.471 01) 226 101 2l 

1 I9 )-U I- 2.38 1.43 106 99 62 

tIk kcc 5 1.75 1.9) 92 97 89 

I 1.72 2.04 84 91 91 

,


I * ,x II hl tS II+ I],lx { 

1 00 

S1)
 

( %\p t (I ial 7 ,lci 2) at 

t\1 +altllatiollanld
 

1

pI 4.2 

L. 1). I . , . . . __ .__ 
102m 3,!1 

Yiel i aci x ll,( hl 

I i/tllie7,. s( /llte ip,,,h'lto, ,-to iii ho A/l andA't inl d lih't, wI <I+'I + ht liam with 

hik' ih l pa[cI++ llet l l \ (trial tilialil A/~ r, knm 2). 



W 7 n me ep?\uI r sit- idf 'ariiu', cd, pea c.lli'ar, volvo ill .oils, 'A iili 
'/I"( and 24;( AI saluralion (Irial 2) near 'iirinlagiua%, Peru. 

'it ld Plain hii hlt ilu rrlib,.' 
I ia(It Ila) ',Md of pod.s, 

\ i et till Til.t( I ir cd (<;
 
soil ,wil
 

IV\ 1 0-I3.1 I.3(i 1.32 99 74 100 

Vii, 4 2.05 2,12 96 761 94 

h,\ 113-7) 1. 1 
2.01 95 75 86 

1 \ (,-21l Is) 2.03 '90 81 89 

2 .IL'I l' I.68 1.94 87 79 89 

.Ida 5 I 16 1.94 60 56 59 

Si unary and conclusions 

Ihc pi up)td Inctfeid .c\es w ell to silntdlt.jwOttlSiv evaIlutC a 
ubillher (d ivi r f 1) tleiranehoth to high AI saturation
 

t.:l t;Iti ,'Liln d 111u i ' lld poltcitial tiili~l ,/\l toXiC 2:onditionls.
 
I hiIll 12t hod earI bL ad,1lpdl tVC\ alluatC a 1tieolh1rtol cltiVars fo
thii ilecriieCC 1t :ii' , [C ',, cmiilioii. Ihe phrase -tolerant to Al"
 
1Sa iCIti\C phIr aol it', dctiiitioin d lepends On COndit0ns with 
\khich atspCcie,, ;, l" ;1luatcd. 

,ithird 

ctlti\al's ()Iii\ 'Clti) '-peCL'iC, Hil rc"i \ soii siess condition,
incltudinei al llintill to~xicit\, Ilhis, :1nCth+)d was tnsed to (dif-

A.\ \N :, p, l evaluatinp a Ir gc numttiber of 

lcitiate tilciate.. () ahtt1itiiiiii t xicitv of 52 rice. 20 sweet 
potat. 22 soyhc,jn. I I pcaitil, and 27 cowpCa coltivars in icld 
expef-mients neat Yiitiina ua,,. Peit h inm1979 to 19, Several 
We adl ChiVwpei cihlit s "cc rsccakd h Ivthe new Inethod to he 
tnot ely"v alutnliiitu tolerant, 1bit to pc.scss high yield potential 
Uridcr altinlinitn tOXi: ,oil CotnlitiOlS. 
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Calcium and Root Penetration in
 
Highly Weathered Soils
 

A. I) / I o tI .q /)t~i f ( . u~.m I..ilv, 

Introd uctiou 

I)ethiI ni al effects of drought can be rediced by a deep root 
5.5sCin wlich draws on subsoil water and utrient sipplis. II igh
IltliiumI (/\l) saturatinll has been traditionally considered the

Mnlyvieii'al limlitation to dCCp root growth in well-drained Soils. 
(alCiul ((I ) dCeicieClC' is another root growth-limiting fIactor 
thatl icds to he collside led Ill highly weCathcred soils. 

Low levels of calcium limit subsoil 
loot growth 

I h C\hi- l ill ( it ddliCfieL\' Il subsoil is probably greater than 
prL'sCnl}, IClie. Atomlic abs(ption spe t)rophotonetry allows
]l.leilcillt of mall LqualiiticS (d ( ant11td has slhotwn that iallny

sulblso()ils halC ICss lliatl ).(2 Illillic iJsl t u s'llt(sHIeq I 100g ol'soil (4
ppIllm ) of thi es'M i.tl cl ilil (I able I). 

il I I-Acl a ngea It, t6 iaIti, % in sjl),iIsi if %ehlt:Itdhighly ,cuttihered 
I) To IIes. I 

( IIlniaiL'ti (,uf ,iu hr. ,I 14-+ 0.0I() Rli~ ti,+/, t,790t 

I ICId.( 11l ibliltl II Ri ltt L1C/,1975 
ILiallml t. H1,1a/11 15.-3.0 0,09 1~i)M I3R .\Bah % A-( 'T..(Si h 20)-40 u.112'5 1 'lHitR,\'.\-(T.\ ( 

cmi'1111it.I 1t-d iL, (WS 4 0)2(i tanil, cl al'. li)t 

tI WiIcl,-Wit lall, ii ld (iiiriau.- 1 C1111" I cuqtii i 'diI \gAp uirs ( l'Il ,,.,t+. u 

W(PA('), ('ai ,\ l'Posal 70,00Ii1, ( 11 7 1 300qI'l1n1alln11:, . Il , Ilra/d;, last ("~" 1uthl l, arc 
rewarc,i r . I tMiBRAIA(P, ( (aisa 11-t al 7(i,021 I P 7.131) Pl nalmi; 1) 1t 
lira/il. 
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Simpl.' l oio)ogical test for 
CaICitiIl-deficien soil+t 

Mecaie (a don, not move down" a-d ilt lie plait t(,%aid Ihe lt
 
tip, tIe supply that the l]a nt toot n,'t(, for Id
IIhICltont! it on; i(I th
 
must comic rom the root en iroilnent. I lie re It ix lx Iar _c,cds
 
of the grain crops are aleh to supply the othe utriiti tieessary
 
for ,eclitl da\ s 01 oftt growth. 

I his tact as, used 1) rear'c.hers of the (eCrrad) A icultLI+r-af
 
lR alt~ac (cnter ((A '.\t-. N l.,\l)A) at Platittini, ).I-. in
 
celtral Bia/I for dcx lopiniet of a simple biological test lt the
 
elC-,tiOi l (a -dfliCielt ,is (I itche ct tl., 1982 and 1983a). A
 

cartlullv Collected ,iInlnpIc of suhsoil at field capacity is planted
 
,it h threet se,,en pligC:minted sedS. prl.rail of the variety
 
\x licl will he uto)vn tthe field being tctld For routinc testing
 
Ill lar, 1 ,'ii ,ils,.c ha l ns'd fi\ x,hct seedlings iti
nnberl of 

ol'idl l i\ disl)iSa ilc platic (1itinkii iicip)
 

I lie st ng, acgs in a . retl with a thin sheet ofaeron\\ bocox 


poltlthyl[ic film to re(luct .,alporation and ,liminate the need
 
ot ,,atclin . Ilhe anlbicit lil,ht in lhe laborator is sulficictt for
 

the4 dd ,sot grOxth. Af1ter 4 days. the pflath, are rno\cd and the
 
lonti'C t to)> toil cactIh plant iN Il, Ilted \wilh ;i rtler.
 

Ilie( addition td ts little ias0.002 nICq (10g of- ('a resulted in 
tir;hed piit. ii ii ,a n.iptl, ol t lie 90- to 1(5- cm layer of a clayvey 
icd -ux\ latosol ( I ypi Acusttox) Ice of cxchangeable Al 
i litru I ) Adding calium chloride. calcium phosphatc, or 
calcium cartlbonate x\x, lfilalls utfcti ve inl iiie(,'sing (root grow'th 
In MheAt. llai/C, and vWlieasIIS able 2). while laginsilmt 
carbolnatc ( Mg ( ()) was iiitlcet ixiii incirasing growth although 
it increased the Soil pHl. 

I ests of a njumbehr ofI highly ,cathercd pi t ilcs from central 
Braiil have shoxn th at C,xhancIgabie ('a f'l,, t less than (.02 
t() (.05 rc I 1() g, there i, a mirked re.duction ii 4-day root 
grox, th ligurc 2). 

Ii tests 'conduccd oil a ,ollcctio t samples from scven dark
red atd frd-yellow I.atosol l s using at apparently Al

t(Ilerant \vhcat .ultivar (IMioncho IIB), there was little reduction 
in 4-day root growth associated with exchangeable Al !evels of I 
tii 3 mnqi 100 g and very high Al satrations (Figure 3). 



('ontidence :inlt I(C.l..) (0.95) 

I 
 I f 
 I 
.105 

0.20 0.25 0.50 1.00 
I I 0.0. 15 

Ca added (meq 100 g soil)

Figure I. If'hleal e'uot :ro rooft a aw 
 ,adedfiin -i,,n 4 (a in a delicierenT pic Acrusrox 

. bxuhsil.
(Aclptel.frr,,n K. 1) Rit, !w fl al. 19,'2.) 
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I hl. Ro)t grtIh (Ctni)and %il 1101rculfing frimn calciirii ' it iuwk I ,uil 
fromtn lhe 904-I 10)5-ctm dteith of a I . pic kcrutn profile. 

m~'I 'mlt h 111 -1dIV 
a lIciIlur adde]t.d \Whem; Mattic So).bean 

I Itcq I)0)-) t lni.C pII \Lrcht,W , kl) ,l i l III) IAC-2) 

0 S.7 2.7 3 0 1.8 

o)21 C l('I: 5.0 8.5 15.1 6.8 

0.21 (n( )4).1120 8.3 10.3 8.9':1)( 5.9 

).42 CaCI 4.9 9.5 17.5 8.5 

0.42 C6.) .0 8.7 14.5 8.I 

(4 I K. It. a1od 11)S2.R()CI Ichc,. SIa. .1. I: (o'li,I.I 

14r

12- A A 

0 A 

00 

-
o Natural e Scctnd %car A Filth ar 

I tgu e 2. Wi tit .itetling rtit grot ill/ (is (Itfinetioin tofi'xcngeabl' Ca c n tent 
pres ent in wtii 4tInslamh. tikei (it ttritii depthr (runt three fields 

1*11tiv edt'lor I aiot (Itlengfith fnte. (A'iidajttttirtm K. 1). Ritce i et 
al.,
.,g3.) 



V

IS 
L 

4-\ 

Growth 17.6 + 1.98 (InCa)- 0.54 (A 2 ) 

2S 

0.02 0.04 

('a (req I((Jog) 

0.06 0.08 0.2 

Figure 3. 

A Al 110 meq 100 g Q Al ).0mcq 100 g 
heat .%ecdltg r, l'r, ho a i,, n t x \ha i'a/'le (j ' Ca ,mien t' prewnte ill soil 

S su tapleAtaA.et at vartmt ,epItNt 1-/ •.m,Jdrj -r, d anid red- c/hlat, mnl profih, atP-( l r edi te d r , ,,tI w,r,il a a tln ;1,, ,t a( '/r e han, i , / ct . .1 a/ac , ( and
1.5 Itn q 1/0i g jr ,, ,,;I.. n! ( lltr /11 I, r, t [IW 
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:\hIitiiiiui etlcLcs d'-tclahlc w this nlcthlod woIuld he thosc
 
dircct lI or :ndilcti, causilrig 1lnnrucdiate plorolls iii lit cell
 
disjolrl and clongation., becaulla 4- 'dlini foo test would
 

lloi be CXlcCt',,d to be eClisiti\c t0 all lpccts of Al toxlicity,
 
lpilticil;irlv those related to inuiirnclnk otl phosphllltr 
 (I }
 

utiakec and othe iitrirtl. t, IicIh, cxccpt 101r ('i, arc supldicd h\'
 
[Ie c cd. 

lield effects of calchini-deficient subsoils 

lil calihratiln,, oll Ih h{ oloiLicali (a--dctieicuncv ttslire ha. 'cerl 

;ai tle ii(l ilt01 Clt\ C "oil,, \Nhtt' hlo, ("i ilae principal
 
piotrilu . I hiest alC th' sitii;iioii,, \\llcic ilth detection 
 ofl ('

deli'lic\' \\,tldlh host l 
 xliiul, bcc;iusc the correction of ('idiilit t, ilih eaxeil lhau Ilt' cortiorli t Al itoxicity,. 

\llt'l I "l 'ristalirna' sOyb'caiis Fliiow 2 on at
 
Iii"\ I clcm'iic'd \ iitu' slc' t <'' 
 st(CitI l', \killcd. while those
 

SL W. ili aI -\e ir-,oid! site" ial 
 i l 110ot I (itlchy Ct al.,ht' beauI dS ia . sol~",l li , iii Iht Ic,.ciinlv\ t~ea red site had 
C'\poilcd OhW\llCl ll ItC 1l) W Ci1 ()ii (IiC' piudt. hut thecir roots
 
lid Ilu t peiltlaic I m!iuch'Irkmlw Ih1t I I ltilt 41).In Ilic oldcr site.
 

] tichbe iogic:ii te't rcsUls iinl! iMhca t sccdlings showed that
 
coiiilitiolls bc\\ 00 col in 
 ilc uIcw1,silt \ crc iriad tilnatc for root
 

,',o'ill.a1nd Ca ail this dcptih \\as lt',5s 
 tin 5 ppm ll.0(.25 Ineq I00 

Amelioration of subsoil calcium deficiency 

Ior hichily wcatilh'itcd soils \\ ilh c'\ti livc ir-il arid aiiriril 
o\iet c at;.iIts. Itrril t i )t,,c ci' illln sillat' ()) iand limeCla ('. 
pl lliO ttC a.1 llli l-lillll il-r ,iC i ult oil ('a. 

.\ -miilpalisi',i illl()llt thrcee sItes ilnl 1sl tC' i clayey red
\i'lui,, lalosl (S Ivi and RitCC,. )82). The \irein ce'tailo had 
Ct.-.rcriicly\I( , (llartiealt'It' throughout the profil(a ccIS 
(Fielire 5). arnd bi dCill. tcStcd root e1rowthr rIesl'ts were 
CoIr'spilldirngl] low (h[iurc 2). 'he farmer on one side of the 
r~iad had tertili/d usine tileC SLIIcr phiisphriac (which contains 
little or riocalcitir sullate), Mhilce the field 'iii the other side ofl'th 

http:ll.0(.25
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I/xchangcahle (Ca {Incq I00 g) 

0.05 0. 0.15 0.2 0 25 

00

120-
ME 

0 Natural 0 Second year A Fifth year 

1-w,_ 5.	F xchangeahh' ('a conle,'w tas affltumo of dept/ inthree red-.Yellow 
1.wtoIW prtfi~h,s,hwated ia ar as cultivatedfor various h'ngths o'ftime. 
(Adapted ]rtom J. I. Siva and K. 1. Ritcher, 1982.) 

Tahle 3. 	 Ferliizer nutrients added, yield c hiiined, and condition of soybean 

plants during stress in fariner's fields in the scond and fifth year after 
clearing. 

liric ol cultivation 

2years 5 years 

(kg/ha) 

Total nutrients added 

So4 8 583 

P 118 334 

RCsuIlts 

Soybean yield 1020 2760 

Appearance during 30-day drought Wilted Normal 

;OIJRCI: SjIva..1. I. and Ritchey. K. 1).1982. 



( a MI 1m00qV)I 
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15-3 0L 

3,-45 7 

) t ha lime i3.0 t ha lime 
4.5;tha lime 

6,,-75.

90 
10-P(kg ha) as 

0 602 0 ,%1P 

9-- A 602 (afsa rock 
90-10 6(2 AraxzI rock 

105-12 

Figure 6. t-chang,eahh' bases as a function Of depth in a dark-red lat, 

appr ,.imateh 21o0 kg, ha SO, as ordinary .superpl oplaic 

insul/iur-sul dl.ipn. .sour cN at three Ii'te rates. (Alaptcd/ rnm; R. 

1tt h receiied 

n(t'j ccopared with 

I). Ri; I*, . 9 I.) 



12 6 So,rghumj,,j jor ..1 Ni.o; s 

roai( had ece'i.cd 58s3 

pl'teC Ic tili/cr (()S ') 
kg ha ofsuIfate 
Os er i five-vear 

a.Istrdinar ,,ipephtI,,
pericd, I:1tic ,lflatc

tr'catcd 'iold. Ca leaching, biologically tested wheat Ioot gi (,%,thr,
 
and sovhCan root grosktr obsCr\ed iII tie fild pits ,cre all better. 
Atmr 30days of dr Lht, the soybeans in the fhield \\It ' received 
gy.ptinr as OsF v.nnch. less wiltcd than in the other ficlId, and 
yields \vcr highlr I hic 3). 

WVhet htl2C W11Otts -.I gypsum are appied. it is necessary to 
use adeqnaLC aMntonIS of dolornitic lilestoin;: (Figure 6). The use 
0l these amendmilents together promotes a better distrihutionl of 
('athrronghuct the prlofilC (RitChCV Ct al., 19X0), and also reduces 
liaching lOssCs (1fpotassiun (K ) and naglic1Uml (Mg) which can 
be s_ions 1i largc quantities (3- 1 hal) of calcilum snlfat, are 
applied without lime (RitCleWv ci ai.. I%3h). 

Species and genotype res)onse to 
aluminum and calcium 

In ordI' to ronltincly CXaminle species and Cltis i rcpolles 1t)
varying Ca levels. al cxchangealc Al-frcc rcd-ellow I.atlsol 
snbsoil and a dark-red I SUotsol aboutsnsolitI 1.5 mCq I100 g 
exchangeahlc Al wcc treated wit Iarysi ngqualintitics of ('as(), 
(K. I). Ritchey, I). i. (. . iid C. nuoI itt ic/, nrp l-hisled 
data). (ormmelrciil lihrlds and lines of "ol ltll supplied by 
lc'irato Biorgo,;o\ . (iilson lPilta, and Robert Schaffert 
of IIMI.HRAIA's Niioitl (orn and N;orhglitji Research (Center 
t('NhIIS) at SCc l:eo~a'. Minas (icrais, la/il, shrowd \ared 
icsposes t0 Al Ice'ls inl soil. Root lengths relati\c to the length of 
the best replicate in each trial were plotted against added ('a.lhe 
hybrid A(i 101)2. which yiClcd( ell at ('PA(' on soil farmned for a 
lnlber of yer. he\d seriously rcdlced root growt h under 

conditions (11high Al saturation and or los\ soll Ca (Figure 7).
Siilar result,, \icrc observed with TX 39911 and BR 00713 
(ligrUres 8 and 9). S(' 28;3, on the other hand, showed i mnc 
smaller rednction with lAI (tligure 10) as di( S(' 112-14 (Figure 
I I). 

Plotting the 'rchatise Icngth with Al" obtained by dividing the 
Iclngth obtaincd inthe"hi-h Al soil by the root length obtained in 
the exchangeable Al-free soil shows a clear separation of the lines 
and hyhrids tested (Figure 12). The ;C'283 and SC 112-14 lines, 
which seemed least affectedi by Al h)the 4-day test, were found to 
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be tolerant to AI hy Borgonovi, Pitta, and Schaffert (this volume).
This agreement isencouraging; it must be rememhered, however,
that tolerance to high Al in the field would include many
additional traits not tested in a four-day seedling assay. For the 
scnsitive lines grown in Subsoils with hig!, Al, Al toxicity seriously 
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&uanltity ,,f added 
 calciuIn sullatC was sufliCiCnt to markedly

reLdUce estimated \l "aturaliotn (Iligue 7).
 

lot the Al-tolmoaml lue, and in the Al-trec slhsoil, the serious-

le(II, 01 inadequate (a is cleal shown 
 (l[igules 7- o). In the 

untmreated -ubsil. length \\ as ()nl\ tlon-lninlh that obtained when 
0).) iu. 1() (a' \ as, added ( ligure 13). 
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I guie II. Relative root 
 ig l/ '(I/1 -14 %,r.'htm.roitji 4 lah.- 1oan,
e'chan 'all, .-I1-lr'' rI- ctoi , at Id ' and on a diark-red

I I h:(1 il hi .' l t at:, a. a: a luti t-/ oli" . o/'added 

0 0. 3 h4. 1.2h 

S SU 283 a I \ 39911 A.( 1o02 
Fgle12. /+ra :r~,z, ,eidlitig toot grout/i ill U /101/ Al mlturatio,(

lin re'/,aion t,) g rotgin an,tu:, 'xl /:angi'alul, 'IIf,' ar .
io' ,v/'I ol a/,' I l/lim .:IA o(i~il i l ilh'(/ r:'.sultA). 

Itn thec exchanpeac;hle A I-I le soi 11.the fiVe SOrght.urn genot,,pestested did lnot shu, much diflerence among theniselves 1inrelatiOnito gi'owkthl Is I ILFunction of added ('a (Figure 13). Note that the C'avalues are presenited on a ](g scale. [he break in slope on [lhe log 
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,cialc at about ().O8 neq I00 g IlaN. reflect satisfaction of, the 
nuiitritionMil (a reuirements of the plant. 

li'climinarv comparisons among six species on a1group of soil 
"amples len (ioi1:nia with vatving ('a and Al Conltents (Figure 
14) ,hov ed that IRAI-4 rice and Hrasisnl NK 233 sorghum 
apparently were able tol .nill nMoiiln rout atIIC III lengths 
,lightlN lowr exchangeable (.'avalusIhan /Iti /'t(II,.c,

phl/a C~. ('tunnilghiltam, I.Iucula ah'rriImlm (IItC Ia preta, a 
mnistic-grCCn mauMre ,.o1), Moncho !S3 s hcat, and a cowpea 
cultivar (tnnpnblishcd data of K. I). RitChCv. ('laudjo Saiono
wi,', and I). M. (i. Sousa). [here w,,asmuch les difterenc, among 
Npeci s lot the ('a value at which root groth was one-half 
mIaximo!nl. In this trial, onl, the slorglhLtniI showCd a deirimental 
tflect of cchangeable Al. 
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.12 11.08 11.32 1.28 

C.a(ncq 100 g) 

O S C(112- 4 A S ('2,3 0 1R007- B! 0 A ( G1002 A T X 39913 

I P . RII(III%o-, rIea rlr.thOfhI)/ I.Ior .lm tI, I,,ot Il)vAU. /li~II fhcIf1 fve tv 

ofIad dhd,', fltn VII\Ivtlt, II (II Vtil' hangeahh. ,-lII-ftev red-.rllow 

latosol.stlo ..N,'f/, that I/w horizo tal (('a) a\'u has a log sal e.h 

Relative, r ootlhlegth ias iams,do ti mta.imutmroot length attainedlbYv 

Oih .nt'e l (upubli'shed r.mdts ). 
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Summary 

(alci ti dficiecie.,es ill Subsoils (; I glighly wcathered profiles ,e 
prmbablV more cOmttjltOn tht presently believed. Sijbsoils with 
less than 0.02 to 0.15 llel 100 g exchangeable (a have been 
reported in Colombia, IBra/il, and the United States. A simple
biological test based on lour-daiv secdling root growth, developed 
for identifying ('a deficiency in soil samples, Showed that root 
groW,th ot comt11 laigC-grained annntal fiheld crops iS sCriosly 
reduced at these levcls. Such identification is important because 
correction of Ca dCliciCncv is ea 1irthan correct ion Of Al tt)xicity. 
In field situations. where subsoil ('it levels had been itiemeased with 
the use of litte atid calciun sulf ate (eont i ctid ill ordinttar, 
superpltosphate), sovbean rools . Cre able to griW deeper antd 
better ut ti.e b.Soil tnoistnc to withstand droughts. I lie biolo, i-
Cal test catI icd oltt itl soils with artd without exchangeable AI 
clcarlv separittd previously identified Al-tolerant at-d nott
tolei ant sorgh nut liites. No differences bet wect the so-rglltnli ies 
were evident in relation to Ca requirement, although there seemed 
to be some differences between species. 
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Sorghum Evaliuation in the 
ilanos of Venezuela 

Introduction 

III a relatively short time Venecuela has increased consumption 
aid arca planted to grain sorghtin, which has become the most 
important crop plantcd alter maiie. Iii 1970. only 2954 ha were 
planted 1o sorghum while 264,929 ha werc planted in 1980. In 
Venezuela, the crop haS a dual purpose and the grait is used 
mainly in the pleparation ofl loolstufs. 1o date, only 401 ( olotal 
grain demand is satislied \ith approximatel\ 35(.0,00) t prodtnccd 
rationallV. As alcnls.euIre Of \'ast areas planted. large amounts 

of scd :1rc needed. lichsc arc nrairrl\ itmlprted, die t1,oCrioll 
prbhlems not v't solved inI the producti.on of seed ol naitional
hybrids. In view of this, a national programi x,a established in 
1977 to evaluate iiportud sorhulslllY, fo :heir" adaptation to tie 

COnilryM , \"a iCd adgr-CooeeaIl aIras ( I ablC (6, ;ippcndix). Since 
then. 350 soighui been aluated. 
of these haC ben dis.c;Itrded due Ito tie crop's phytosanitary 
charactelisties, aind ,orrue 

h\ hrids ha , e Ilowcvct. most 

ha, failed hecalse of their low 
adaptation Ie.ls. ()id ab)out 23 aicssions arc maintained as 
cornr;,rcial h brid, mu\'cmeuela. 

Vereueula has hitch e.dalrhic ariabl-ility arid conseque:ntly awide 
range of geret .' tiratcrials suitable to each soil must he kept. Soils 
planted to sorhtuillr generally have\c\ry lowv natural fertility, thus
t21 i1rin1r Iitni and hi ch lertili,atiorr levels to obtaill good yields. 

Soil constraints in Venezuela 

AOtlig to (t)rllirillia( 1970), Vene/iela has few soils with no 
agiophysical eonstlairt, (2r ). lI'e Illain sodl limitations are: 

I )11ct'to 1 Allld c .. IIoldl .0l~, m ghmI11 'lld +N I~ lII dellllll ' l i ,l l.i+"[~ 

Ap e-tliarlil (iO NI..\I'), ( .llt Nionlt de i llc igac-one, AgIOPl' ulih 
It tNIAIV. Mmica. Aau, \'c:ic/uclI. 
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I 	 Forty-four percent (44 k) have excessive relief; these are in
 

the tmouintainous regions with associated hills.
 

2 	 Thirty-two percvnt (32.; ) have low natural fertility: these
 

are ill tile Central, eastern, and Southern Illmt,. of tile
 

country. Of these. more than 8711 have very ltw fertility
 

( Iltisols and X)Xisols). which leadS to IrIuelt Ise of soil 

anien',ltneits and fertili/crs. 'he other I. I have con-

Strlilts. hut t) a IlssCr exItn! th: tihe ones prc\*ioilSy 
exhalvi1cahi alItniituit toxicity 

ill thCse soil-, hinder sotrhtll l IvtIucti. 
meiti(eu. Acidity and Cf 

3. 	 E-ightcen percent I l " ) hasela dtraage problels, including
 

the illuvial plains ,outh I I ake MIaracaiho, the central
 

anid eastern pliIlfs. ,andthe )rinoco I )lta. I hes,, flat lics
 

have1poor drainage: lild IrOchauiatilll is difficult. 

4. ir pe~rcet (14 ) arc acidl soils, and are in the northcrn 

nirl of th comiut. Approximatel 3011 of the tlltisols and 

()xiSols of Veit/ticla stl aciditv and exchangeable 

aIlinul Il pr)oblems1 that can afct sor-ghumll yields. 

I hltC I I)iCr itts tihe t pic'il soil IthC Plteu of L.a Mesa de 

(ianipa, located ini the Iastrn Plains, where ()xisols pre

dollilliat. [his al: colist itute, moir an0ilO),001) hectares and is 

s hcre' tile highest contents ot exchangeable aluminum are found. 

Ihis re:cinli i, charatc'Itri/Cd by a flat relitf with grass vegetation 

l l 	 I. 1IiisI1 and ()\i lls (if i Iii, teH I'lateallu alind Iheir greal group 

i';tPtiLttliuts, natittliti lcim.Inre, At1-dined I62,0WX)
 
tIqitOltuutill,. nmediuil mexlire' 124.100
 

tlinilluki tu lts, [lot ery, deep 	 56,00(10 

'tintlhLt iltS, 	 32,000
feM 

lItplustx, 
II iplt x. 
Ilaphistox. 
Haploiistox, 

mdiumcdtexture, 
fine iexttire 
severel v crtided 
gravel s is Aith 

well-drtined 

miiunds 

429,000 
68,000 
16,() 
2,001) 

It'll s Sti5, 015 

1ui aurea 2,17,015 
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interrupted h gall:rv loi s ,. I he soils are weathered ( li.i, iti, 
have a sandy tcxturc, aind are poor ill fitrients. More thI)an 50( ol 
the soils are acid and rctain moisture poorly. Under these 
co0ditions, it is necessary to apply I or 1.5 t ha lime to ohtain 
acceptahle sorghtii yield,. 

Regional trials in the Venizuelan I anos 

Accordingw the resilts obtained in various trials ovCr the yeal's, a 
ltotal of 28 cutitliars with good pcrformancc predominate in 
VCneC'uCla. [his erotp irciludes soie ni61i-1al matelrals that 
substantially stlpalss yields of imported ]lyhrids (Table 2 and 
Iable 7, appendix), ('haguaranas-3 arid ]rosc\Cnca-5 hybrids. A 
large nlinlebr of* these trials are conducted in the ntral, 
iRki\sestclri-, and castcln Plains ol Venc/tLtla s,hcre IlItisols aind 
()xisils picdorilliatc. It is ssrtl incioning that national 
cull ars are inl Clnrill late' lollowcing. taller, have imlore foliage, 
arid stand strc,s cunditiols betcir than the imported hybrids. 
Ihrey ile alsi mole tolerant to acid Soil conditio:ls typical of 
almost all of tih plains iin Vc neula, indicatling thait these 
cultix iralso liih\c a good degree of tolcrance to the exchangeable 
alulinlUrr fouid in these soils. lhis' advantage cin also be 
observed in fable 3, sliosmin yield results at the national lccl. 

Anoirg the imported hybrids, NK Sa\arina 5. Pioneer 815-11, 
Vionecr816-I6, I)cKalb I1)-59 t , and I)cKalb I )K -64 showIhc bct 

perlormrrance. National hybrids, in gencral, are cross.s of tile 
'teiperate x tropical" type Mhicr tihe tropical line provides a 
series of dominant gcncs ad;ipted to tiopica! conditiont , suchi as 
infertile acid soils, tolcrance to aliirirlni, sever neIpralllrc and 
iloisttire clirges, etc. Ihcc hybrids are also toleraint to the 
phyltooxic c fcctsO 11irsecticides arrd herbicides. It is wort h 
poinliim out that tihe bCst hybrids in 'crre/uela, both national aind 
iriported, have brown grain color with a high tumnnin content, 
siuggesting a relatio n between high lariiin lloiternt and good 
adaptation to tropical conditiorns (('hlgUalatias-3. N K S ivarilr 
5. Pioneer 815-li, Pioneer 816-13, arnd Prosevenca-5). his can be 
explained by the Iact that sorghlium is (,f ti'opicil origin arrd has 
undergone natural selection. However, some white grairn \a ticics 
having good perforniance have beer recently c\ aluated. 



I'able. 2. A,,erge )ield (kg/ha, 12 ,- moisture content) of grain sorghum cultisars in regioaL! trial, in %ene/uela. 

198( 1 triai) 19M 14 triai i 1982 i 12 trials) 

Cultivar NIC!" Culti,. ar Yied ( uitv.ar Yield 

Chaguaramas-3 4 17,; haguarama,.-3 452' I roe,. c n ca-5 4290 
NK Savanna 5 3977 t-nnk' GHW 1758 42'J Painter 816-13 3952 
DeKalh )-59 3698 Proscscnca-5 42.' .\ gru, 810) 3882 
Pioneer 816-B 333 i'ioneer 816-H 4103 Pioneer 815-H 3828 
Pioneer 8225 3410 P'ionecr 815-H 38H) I)cKIn f)-S9 - 375)) 
Pioneer 8I5-B 3480 WAC 5005 3 859 PW ,61 )R 3691 
Pioneer 8199 3375 l)cKalh l)K-6,4 38,1, PW 860) i)R 3506 
Oro DR 11 3338 NK-Sasanna-5 371,, )cKalh IDK-64 3473 
Acco DR 1095 3301 Acco DR 1195 370'i WA(" 5005 3408 
Warner 832 DR 3291 Pioneer 8225 356 Pcnta 5580 3373 
WAC 5018 3275 I)eKalh )-59- 351 WX 832 DR 3343 
WAC 5005 3238 PW 86)1 DR 348h (GHW 2554 3327 
Warner 641 3224 Pioneer 8199 3418 Acco 1)R 1095 3320) 
T- Hondo 3190 I)eKalb I)-55 3393 lianero-I 3262 
PW 860 3104 H-791 A 3354 PAG 6658 3233 
DeKalb D-55 30%'6 WX 832 I)R 3338 TE Hondo 3114 
NK Savanna-3 2912 PW 860 331! Bravo E 3052 
TE 7842 2888 Dekalb DK-063 3310 Pioneer YB 817 2883 
Pioneer 8501 2821 DcKaib DK-045 3300 J 404 2809 
WAC 5008 2773 Acco DR 1175 3276 G 499 BR 2428 
Master DMT 2767 Texas Triumph 68-D 3183 
Funk's G-577 2662 TE Hondo 3112 
NK 266 2581 Monagas-I 3051 
NK 180 DMR 2286 Funk's G-589 2819 
Pioneer 8311 2546 Gudirico-2 2678 
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Expaeriences with aluminum-olerants< rghtu
 

s,'hIh igit (1t7 )land. imchc, (IUT, dala illfable 8.appendix)
 
c tii t outC itd ,lr It tOl
I Id c t_'1 ,Cn VCn hIito tn - thelil I c l .
ttl l inc(i iious l'i lloe cal
t ",+'t soil a toI s .hagd-cial llllitlilttl",,lliCc ld 

Sutic, of in tybrid,Ntilh(ict abl)ional h litt,(Iabl 

anld itocomall et[hc +c o! the ('hi,';agtla.lllas 

e4). 1hc 
I;,h 4a tra ge,h,,it 1id)Itt0h.) pr[OdUC~dl Cl'2C g it 0 110 plot" (\lii l litte,, k 3000ll,itt ;arplica\ld,, Cl,,c kV hil,WhilC thW ,.11her 

hy rid h Iradasrsn h i tt a with i siim_'rcasc" ill hl,. ()I 11CnI .thf d, ccessi'eapplied li111c,.\i.'ldstended to in,,+icasc ltl susccplibh. 

mailc Jal,0 1 'liIth('ha.itt rammi,h\,t 3ids it())3ncd i rlativcly,,tabhc high y lcl .l \ 

hot 1 21
Sol t \i lietpplicatits had f4ll 42-and O.5O2111C
 
AI I00 gin th 
 0 cm 4747
d pth o ,,lla d a pll o1 4.1 and 1.30in 
A i the suIsoll (lI100 g il ah 5). \Vhct lif \%as applied to 

Ifable4. A\,erng~e 'ied (kg/ha. 101,;g~ratin. 
 umoklre conle-nnl) for [lielharina, and 
C'ha tturamas, ser'ies,al different h.'e(I,,of appldied lime. 

l)
.Setrieso.(I of1,5) 1.1000l{,01 260)0(2.0)1 3250(2.5) .39,000.0)).A\e'lapc
t
 

1Barillas 732 1,147 212S 1585 2123 1892 1651 

C'hagua
lIMIIS 3050 .1017 .17417 5053 39S)7 47.17 4195 

d Allltltl ol cwhanp le~l]AI Himl I,ncllllti/lt.dIII ilict,,ol
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Iahle 5. 	 Soil pII and excianiIeaI Ct NaIts at different applicatin of Iime 801 

dai% after application. 

I title applicd ',il dcpth ptl 11Ciq A I10 1 
( ha t (k,111i! 

t -I 4.41 0.5(o 

10-25 4. 1 1.3(0 

((- I ) 4.4 0.61
 
10-25 4.2 1.15
 

I11 )- 1 4.5 0.46 
1(0-25 4.0 0.94 

WO5) 0- 10 5.7 0.04
 
10-25 5.I 0),06
 

3250 0-10 6.1 0.04 
10-25 5.1 0.12 

1900 	 0-I) 6.0 0.03 
10-2.) 5.1 0.04 

st( l R ( I hi,,,an ti.I' It 1)71 

ieutralli e50(j of thc exchangteabhle: A I, lie vaIlue for imeq AlI 100 g 
decreased 25('( inthe tipper strata ald slightlv in the lower strata 
whi l pc,I remInainTed at the S'ame level as tie cont l. When enough 

liiC was applied to nCutrili/C all ot the AL tilevalue for neq 

AI 101) g decreased 45( ill the upper strata and 30(I in tile lower 

strata: however, the ptl still remnained aitthe same level as the 

control. Bev'onid this lcvel, with successively higher lime rates, 

yields tended to he stable and then fell progressively. This may be 

due to tlhe tact that at this point the level of exchangeable Al in 

solution is lowered to nontoxic levels. At higher rates, the soil 

acidity rises to approximilv pt 6 anlid exchangeable AI pr'actical

ly disappears. 

Clemente and S.'nchc (1970) increased sorghum yields and 
protein content by 425 and 32 /k, respectively, with applications 
tl"It lime/ ha, to the acid (pH 4.2), infertile soils in tile western 
plains. 
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Conclus ions 

I lic following conclusions can he made: 

There is a selected gronup of national and imported sorghum 
hhyrids that are dial)ted and produce good yields in Vene
/uela. 

National hvbrids are better adapted than the iniported ones 
because of their tolerance to Al ld acid soils. 

In vniclia, the adaptation factors of' tolerance to Al and 
acid SoiIs are ticCt because the culttivars are grown on 
()xisols and Iltilsok. 

lropically adapted hb\hrids arc basically the result of crosses 
hetween1 ltemipcrate aid tro)pic'al liieS. 

Summary 

I lie demand for seed of sorghumi hybrids hals increased in recent 
\cars in Venc/eela and much iof' the sced is presently imported 
(t17 ). [or this reason, the regional sorghlll program had a very 
low adaptation level to the Veneiuilan plains. Soils in this areli 
r \ery poor iill ntrinclt content and geicrally lia\e aluillinin 

tand low p 1 (Iltisols and ()xisolsl. lPreentliv, there are 23 
iimportCd tIyhrids ;ippr el for tihe "ccuelanmiaket ihoiig with-
solni national h'hrids. The national yhrids perfotil hettcr than 
the importcd oies, lrmll the total adaptation point of ,ie\\. NK 
Savanna 5, Pioncer 15-B, Pionecr 810-1I, IJeKalh 1)K-64, and 
)eKalh I)-59-+ arc tlie bcst inported hybrids il Vcnilcta. 

Chagtaranilas-3 and Plrosevenca-5 produce better a\eric yiclds 
and arc more tolerant t acid soils ;,id exchliangeale aluminum 
thlan imlportcd sorlghul hyhrids. l:urt hcrinore, thev l)ertortil \ely 
wel tinder climate stresses. 

-These tropically ad apted sorghtuin1 hyhrids resuitlt IrCinl t'anl cr 
ate-tropical crosses and hiave 'Crv god perforniance in the 
tropical areas of Vencuela and Colonbia. Front cxperience withI 
evaluation trials on acid soils, these llhrids are superior because 
they tolerate the environmental factors Ioutnd there. 
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lahle 7 S uninari of lie sorglitim regiona: trial carried out a;t II sonibrer,. (,uarico. \en..t'a 1'81 

! 11h~I NwI,_'id 

'c , Itt rcKpct IiI i.. 

-,h!I , Ihctcr>,- I).:iiaec a 
' to 12', 

Cultivar Inn itIiT1I unit, rCMh.)nA c hl trijl
h 

nttnlurc! 
Chaguaramas-3 2 I 'ii 22 I 1 I 2 274.9 3420 

Prosevenca-5 
NK Savanna 5 

2"1 
34 

12 
i , 

21 
22 

I 

5 
I 

I 
1 

1 

2 
2 

2224 
s,.7 

27, 

2374 
G u:riuo-2 6 123 21 I I 1 2 i451S Is!4 
Pioneer 816-11 19 111) 16 10 6 2 I 12t.7 1576 
Monagas- 1 14 146 20 I I I 4 101. 1 1345 
l)cKalb I)K-64 26 126 23 I I I 4 106.8 i132 
IIW 86)) 12 103 19 2 2 2 3 I1.7 1265 
Pioneer ,15-1 15 95 16 8 I 2 2 73.9 919 
)eKalb DK-045 12 85 17 I 2 2 2 72.4 901 

Pioneer 8225 I0 115 18 9 6 I I 71.5 ,,9 
Pioneer 8199 23 10 22 5 4 5 3 65.4 S 14 
Texas Triumph 68-1) 19 112 17 5 2 I 3 62.9 783 
Funk's G-589 18 102 17 2 4 2 4 62.2 774 
Warner 832 DR. Is 104 17 3 3 2 3 61.3 63 
TE Hondo 20 10) 16 3 2 I 2 60.5 753 
tleKal D-59+ 19 112 19 5 4 2 3 60.5 752 
DeKalb I)K-063 18 I I) 17 1 5 I 2 48.9 109) 
DeKalb 1-55 10 124 24 5 2 I 3 43.0 535 
H-791 A 16 105 21 8 5 2 6 42.3 526 

a. Ratings based on a visual scaleAithI being minimum and 6 maxmmum 
b.S 

(V 
- 1244.1 kg 

22 7 
ha 

I,S ) ()051, 4 1. kg ha 
L.S) (l) 0 S5 kiL ha 



I ; h~c ". |Iffe t if Iict. applic.itrir re(JUirt.o , b.(aim nmA\ njlim ;it-l. j(indcr ichi crmdoimi (rt- cf-r! in nit , , f n,rI ,,ttIrri \cneuela. 
Iv\ (w'riiin-! 7. 

A rea 
t ( ( (). 

ha 
liaiil-; 

da!c 
' !c 

P, 

1i Apph,;iltion 

I 

I-Xchaniveablc .-\Ai 
nicq 100g 71icLit ra i/cd 

xchangeable acidit 

meq !(00 V Icutra!i/Cd 

San Tornd 

Guanipa 

0.5 

0.5 

59 

5.4 

42 

, 

9ll4S 

1).97() 0.20 

Ilillli 

.2 , 

(l.90 

0.40 

7- 50 

5IO0 

Shabanta 

I .racoa 

M inarno 

II. Guarapiche 

i.0 

1.5 

1.0 

1.0 

5.3 

5.2 

5.7 

5.3 

13.2 

13.8 

23.( 

16.4 

Y6.36 

31 .S 

9 I.2 

92.13 

1.30 

(0.62 

0.14 

6769 

65.93 

100.(00 

X5. II 

(.90 

ol. 15 

0.32 

;75(,2W 

(););43 

41 .,00 

(uarataro 

San Agustin 

Delta 

6.5 

2.0 

8.0 

5.3 

5.3 

4,5 

29.2 

29.6 

37.9 

94.0O8 

91 99 

96.17 

1.20 

1.25 

0.77 

80.42 

39.9o 

74.59 

1.60 

1.71 

I 33 

N 1h 

37,7 

SOU RCE: Sanchet.. 1978. 
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Potential Role of Grain Sorghuii 
in the Agricultural Systems of 

Regions with Acid Soils in 
Tropical Latin America 

( ul, .vn: and I tkun /)Oar, Iitrada* 

Introduction 

l)uIrig recent decades there has been a rapid expansion in tile 
consumlption of poultry in Latin America induced by the growth 
of per capita income and technological changes in tile poultry 
industry which have increased supply at decreasing real prices. 
This has caused a marked inelease in demand for animal feed 
grains, mainly mai/c ani Asorghumn. large proportion of this 
additional demand has bcen covcred hv increasing imports, 
encouraged by policies over-evlnti ng exchange rates and by tileample availability ol initrnat jorma credit. 

[hcen'C~I ItyCe ,iollhas ievrCsed these rImacroeconomnic ten

deticies and has led to the design ol more adequate policies to 
expand internal suppl.,,. (iivC tile land resources available in 
latin America, 300 million lectares ol savanna with soils having 
good physical charactelistics but marked acidity and aluminum 
constraint,,, breeding programs have been established to adapt 
grain sorghum to these conditions. Initial icsults seem to indicate 
that there exist, agood potential in biological termns. I his paper is 
an economic anal,sis ol lhe potential lr soighuiM production ill 
tile savanna conditions of tlie [i.tern Plains of Colohbia. 
Particular emphasis is given to possible interactions between 
sorlghuml production and predominant existing production sys
tenls, basically cattle prrductiort. 

t'|colnli%. i'h pical Pastutle Program, Centro tniernacional de Agricultura Tropical 
(UIAt1), (all. ( unbia, 
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Importance of sorghtmi in tropical 
Latin America 

Production, area, and yield 

Iahles , 2 and 3 present data tin sor)hurlnntprodnetio. trea. and 
yield in Latin American countrics. I-ven thtough (iopical South 
Amerca has had an extiaordiinar_ pLottt in cuItim aled intiCi and 
prliution in the last 21) yedrs, it is till lehiid hoti (entral 
,' iti1iCat ttd Ieulipct.ate Sotli America. All otllltrics live 
in cascd their yields bilt (llttelceN exitil|g ill I960(300 kg; ha) 
hoe increased l10R) kg ha) in tlaor olthose countric, located ill 

oile fertile legiots. with tile last place held h tropical countries 
with acid soils. Ihiese rultS rflCct ,()sgl)Lllll Iesea+Ch policies, 
where high primity has been givn to high-\ielding materials in 
IrI arid lertile lands ait \ery It)\\ priority gi\en to materials 
;napled to rainy clilntci's. .\Side flrom Venneula. little sorglii is 

,,s\,n in Oxisols o t !ltisols of Latin .\mlrica. 

Iac I 	 Aria (l1ousllllnd Itetlr )p tliilit I I)%orglhiIn ill I.ali .IIitricMllaId Ilie 

("arihltn. 

I/,r:!I{o 	 1 ti ",' 197(0 72 1971) 81 

II) ltal Su(Ith \mntli ca 2X,7 10)5.6 63-,.0 
(.1n tal .\llt'l c I i nd ilte ('I tltllbtl, I ) 14 ()3 2tt72.4 

[)ttl CItJpclI t illl ..\ullt Ca 32.7 1595.9 2710.4 
IClllCIA' Sullt0 AlllCll. 77.1.7 N2 , 162.5 

I IittW.lultltc, ll 1137.4 363, 7 4568.9 

I I IiII I W I Hfn l '., ll dc Arm illI al I mr il i +11; 

Iabile 	 Iroduction tlhlmisand low.,) of onrghtim in Lalin America aid Ilhe 
( 'arilhlet,+. 

ICj!itwl 	 1960) 62 1701 72 1t)79 sl 

I i ptcal Suth ll, illica 41 218 1301 
Cltral AtnIlI 'al jtl tte (alibhb';n 470) 3135 5500 

l tat l ill t atil A llcica 511 3176 0801 
[cllpelai7. Sollh \llellca 1317 3535 5681 

total ILatin Amc~ica 1825 7211 12491 

S0 t()IRC ( IA I l( ciiit Iltriciaiial lit Agilillitil I ropical) I')X, 



I. flc 1, kNvrav, ,,rgtliln iitrld,,( kl!/li) l ii l.ali \llmerica nid ith ( arilhl an. 

.I))),I) (12 197i 72 1979 81 

I rillc ' ShItIh \1' 1,,, 142) 2254 2052
 
i'i An I,-.'w ' 1 lh I iaihhc'.l 1l7 2105 2053
 

] ( ;l11 ti'lli,' I im \t . 1,.i 410 2115 2512
 
1'.'i c~ tC ;"-;,)CI .\1111-t 11 1700 18'59 3049
 

Irtal I 'io .\icil.l 1607 1071 2732 

D~emaznd anod international commuerce 

Inloraition oll tlle tIuullll C0iiI1IC' ofl ilai/ anl sorghutim 
and an Ce1u1;uc l1Nirghum (lt:111alid utider diilercl:t constllmption 

,trIlClllitti ; d nAli/c ,tihstltititi i ;tc sho n in Ilahles 4 and 5. 
Ait 'Av lc. I iatill Aliit'leii I., scll-sillicicnl in the production of' 

2liirlls. bUt the, ite larlge' ditlcren.s anlltong countties especially 

in tropical A ricit Ill ,pitc o1 large increases in area and 
iproduction,, ("entrAl .\trica anrd the ('aribhean have the largest 

corninercial dclicit 3 inillimi toils o mai/e aind 2 Ilillio 1 O 

sorghum atnuall,. Iripical South America imports stnall 

illUllS lO)lgllllll (080,(0() tons) hut imllpol'tS molllre than 3 

iillion toins ofl ii/n., per year, prillrily Iol nllllt ofthe rcilltr 
Ioodsttllis. Brazil. Bolivia, Colombia, and Vne.nell, which have 

laige areas located in well-trined SlviniS with acid soils, wuild 

need to plant approxinately 5 million hectarcs to produc the l0 

million tons of sorglhum required to substitute for naite and 
sorghum imports and for mnai/e consumption in foodstilds (I abhle 

5). 

It inLust be p01intcd Olt that these figures correspond to curre'nt 

demand. An additional marked increase in poteniial dtcmiand Is 

expccted due to the high income elasticity of p uillty ineat, to 

population growth, and to fhe incrcasc in pcr capita incoie,. It 

spite of initCrnal prices being substlanlially higher than interna

tional prices (Table 6), this region is a net inporter ol grain.. 

International reccssion and critical problenils in tlhI. halicc of 

payments create ialditioniia inceniives lor the grewth oWintellal 

supply. Agricultural frontier areas such as sai i~tnii s wvou ld seem 

to have appropriate conditions to susanltiallv cuntribute to 

domestic supply, i1i technically and ccononically viable. 



Table 4. Asaiahili,, (thou,,nd tons) of maije and sorghum in l.ati' America and he (arinhean, 1979-1981. 

%laile Sorghum 

Region Production 
lnternational 
conmercca 1'loduction 

International 
commercca 

Tropical South America 

Central America and the Carihbean 

22635 

14178 
3123 

2%6 

131 

550o 

686 

2o2t: 

loutl tropical latin America 

leImperate South America 

36813 

10133 

6091 

-5848 

6801 

5680 

2806 

-3604 

ltaj latin Amcrica 46946 243 12481 -798 

a. I \prt, 
So[ It0 [ (Writro Iternacional de A-ricutura Iropical). 1983. 



I able 5. 	 Ipansiit Imtentliala ofsorglnzn pro(Itiction (iwmu.ttiMd tons) and areIt 

(tittoisntiid heclre,) in countrits Aith ilnprtant acid Soil r gion%, 

1979-1981. 
C
cI ) -V!tC,at 1\h1 nat11\k 2 Ahlm nam e,Id 

.Azta 	 tPouctiollIRegltet Plodutctiolll Productiont ,\l otl ArIca 

rait 	 17,4 N7 I8( 734 0969 3484 

Iolivia 17 9 0 0 124 62 

Colombia 488 244 189 95 884 442 

Venezuela 530 265 1464 732 1591 795 

Iotal 1209 605 3121 1501 9568 4783 

a. Assuming sorphun yields in acid soils to be 2 t ha. 
b. Alteinative I 	 MovC pCeent prOdIWctIotn areas to acid soil regons. 

c. 	 Vlerntatiw 2: Requirements to substitute toai.,e and sorghum imports. 
Niaj,, sorghum equiva'lent - I :I. 

d 	 AlteItratise 3; NIo.c pmsett sorghtlnt prioduction at ' , 
and substitute 

sorghutm at11 n1aiC ittiotrts atd 30 ol the maile Used 
ill loodstull 

Production 	systems in acid soil regions 

Figure I sho, the niait regions itntropical South America and 
their agrtOecohogicat chi actCrist iCs. ('ottitries with potential area 
lot tilproductiontt of new sorghum varieties have 655 million 
hectartes tinder ()xisols and tIltisols, of which only 161' can be 

used for sorghuttt production and correspold to the well-drained 

savaintas with wcll-deflined d rv seasons (Table 7). Betweentl 197S 

antd 19S2, the (IA I Iropical Iastures Irograin catrieid out i 

characteriat lon stludy ol tie nlain prodictiotl sVslnis existtig itn 

the well-drained saValias, of* Bra/il, ('olotuhia. ani V'tniiela 

(Vera and Scr, 1985). Fortv-one fainis ., selcted in these 

regions to be supervised d u ring a two-ycil period. A innti

disciplinary Iteam characteri/ed the cattle [arnis in teriils of: 

Natural 	resoUrCS: plh'siographeC charactcristics, soils and 

their uses, natv piMsture species 

Technological level: tise o"mineral salts, division of the herd 

by categories, weaning, etc.; 

Production: birth rates and weight gains; and 

Economics: flow of income and expenditures, profitability, 
etc. 



I-able 6 NIPize prices (FSS/t)a to producers and foodstuff manufactures, and import prices, 1979-1980. 

Country 
'rice o 

produce-r 

197 

}TI.C to 
hoodttifl 

manoa clltlurer 6 
Iniport 

pricec 
PTicc I , 

producer 

97,) 

l'ri I& 
hood~twj: 

tLkto !cireb 

lnpirt 

price, 

Pric"I, 

proiduccr 

1980 

Pricc to 
hoolt'Int 

1tiinitLcturerh 
Import 

priceC 

Brazil 128 1 12uS 121) 126 152 209 106 

Colombia 

Venezuela 

174 

2; .1 

1 

214 

99 

176 

211 ] 

268i 

21 1 

268 

145 

IN6 

3)5 

326 

(09 

326 

160 

21, 

a. 

h 

c. 

Exchange rate takeri from IMit (international 1hnetar. 1-undi. (197S. 1979 19 ,o)i 
Maie pricein October, Fr76. 19-9. and it5( taken trom I S)A' United 

8 
tate' )cpartincnt of Agrculture). 

Prices taken from FAO(o-,od antiAgriculture Organization 11the jnited Nation i. ( 197. I979. 1980). 
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'Iaihe 7. Agrmccoiougic form~ations. flnllion ha) in major countZries, of Latin America Vith acid %oiI%. 

Countr% 
()xisk And 

,1 ..Ir, 
I ropicai (W)t I' rI\-draincd VWcII-dz-aicd 

s\n~a~alfaO 

Braid %(232 

Bolivia 

Colombia 

23 

73 

N 

58 

( 

Vt .7ueli c7 

Total 

a Potentil.± area 1,,r or ghtirn,rccI ilcPld 1" ca-d
S(OtRCF- (~ (C'cnr, fci.n.;d \' &T r It1 

FAO ilood and Agritcjiiturc O)gariij.,t;,, !e (ti 

38 

443 

uki; t 

:d 

h-c cd i 

90 

'iciranv 

41 

1() 102 



153 'otetial o'le o/ (tam .5,,rhz, 

The regions NIutdied had two well-dlI led I ainy and dry seasons, 
but diflered in thir precipitation level and length ol dr ,easoll. 

he Velieznlati savatitias are dricr (1000 mm year) coinpaied to 
the Brai' -,(IS00 nm year) and ('olomihian (2000 mino year) 
saVatinias. I lie dry season is sholrer illColoibhia and Veilcunla 
(lour nionths) than in tile1railiai (errado (liye+tonuths) xt here. 
illaddition, discontinued rainfall during the wet season m(vCi 
,i's) require that naterial inutlrodud he well adapted to thes, 
soil conditions in order to suli\'e bv ex traclitig water ltti1 deeper 

levels. 

Fie phvsioolrali hlarteristies ol the lartus showed that the 
well-drained sltVitlllnas make up most of the area, fmillowcd 1) tie 
lowlands and gallery foresty . well-drainedKe lthoeh til:h savanna 
ecosystell W\ rrnitiloil. there ssere large variatiotis illter-ils 
of soils" Im one c'.mitr to the other and evie \ithill tilte same 
l(tr. Iable ,Xpr seit th e Min oilitical chalacteiristics ofthc soil 
(plI. 1 aid K Cotent, and aliIIIimntI ,aturatitu). ('0 olmbia has 
tile MOtM acid SOi, aId the hieei lev els aliltmitnuni satllation, 
lequirinng application, of at least 1.7 t ha of line to establish 
sorghtli \alictics adapted to acid soils. No setious soil constraint 
tI tile new \arities \\as iotnd illii[i il:and overall, the tow 
fertility levcl \%as llole impOrtaltit than the deCree of aidit' or ol
aluttntumn sattratioti. Vene/icla has altuninun saturatioi prob

lems where protultiown would be carried out peirlnancntly. The 
average fertility lec! is a little hichewl thian thai of Bha/il and 
(.'ti1bita. hut throughout the well-drained savanlla ecosysten 
applicatiots of nitrogen, phospliri, and potas+,itm are required 
for each harvest I Fable S). 

Tablet) shows a comparison anlmong the production systems of 
thiediflerent regions studied. In general, they are extensive 
systems wilh more than 15M( ha of total area located in fronticr 
zones dedicated to aniimal breeding. The average herd sie is 550 
animals with 0.59 ha of planted grass available per animal anl 
with beef producti olt varyi ug from 12 to 36 kg yr atid firol 54 to 
65 kg per AlJ per year. Native vegetation is the most important 
forage resource for ainila feed but its imniportancec \aries betwveel 
regions and with arn siie. [lie rapid exltansiot of rice productiot 
in Brazil enhanced planting of grasses at a faster rate thati herd 
growth. 

The more commercial orientation otlthe Venezuelan (marketing 
milk) and Brazilian (marketing of weaned male calves) livestock is 



Table 8. Main soil characteristics of farms studied. 

Characteristic Acf,ic 

Bra/il 

II p(b 2 h Araicc 

('olombia 

1)a (2)
h 

A%ctacc 

Vene/uela 

II)
a 

(2)
h 

pH 

' (ppm) 

K (meq 100 g) 

Aluminum saturation ('7 

5.43 

3.31 

0.14 

13.96 

544 

5.,.7 

).14 

0.30 

4.99 

().3, 

0)09 

46.70 

4.5 ) 

2.10 

0.)5 

O8.00 

4.70 

1.30 

1.03 

72.00 

4.3))04.90 

2.70 

0.04 

90.00 

6.34 

30.00 

5.35 

96)1 

0.00 

4.82 

.53 

86.)) 

a. I-arm v.u.hlm, et degree ol aluminum saturation. 
b. Farm 'ith highest degree ofaluminum saturation. 
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Iahlc ). Principal ph.Nsieal ci:racleristic, of irodutiol N,sis stiidied hi three 
differenit regions. 

C-haZ
Iatte'I+Islt 1980) 119T8) (1980) 

Number of I.i.m, 12 16 13 
Dlishfice ItMli!C0't (kin) 
Acragte Silc ol lito (ia) 

1-17 
2578 

3(0) 
2)01 

50 
1533 

laboir (maiin-imir,) 7.0 3.2 4.1 
,ic illherd (At) 538 520 685 
I'roiiirill of cok%, 0) 41 41 39 
(iraiss toiI (ia) 774 181 195 

Crops 
so iglittili 
Areal (h ) 
P'ercernt o larii s..e 

0 18b 
2 

R ice 

Area (ha) 126 0 
Percent of aim sin 5 

'attic production 
kg'ha Near 15 12 36 
kg A vear 65 54 55 

Crop production 
kg hi harVlestcd 2138 

i )iai'icc l illt in rlosii opilatioin celct with imiore than 291),01)(iinhahilanls. 
h. SlihClS Ol CitpS t MiCiininl 1)7t.d 
S()lR( I Ve'lal scw.andlt 19,10
 

associated with a miore advanccd inr'lastrulcturlle dC\'eopmnlcnt that 
positively aflecs trlhe new crop-integrated Systems.adoption of 

Colombian farms studied had no commercial plantings of any 
crop and pastlic intriductioin wa.s cairricd oitt wilholt fiter
cropping. l)uring thw' ear -,tudied, lic a\'crae IBraiilian larm had 
126 ha plianted to rice, wich rtepresclted 51 ('1the tital falll 
area. clops \erc jeIn these larils, l fl pat nrc cstahlihiilnt 
and lno lll igre cryop, in afpcinalicillnt. t in (litsaillc"field for 
irroreL thial ts.a vwt ihis period. icurs I )nl illp re,' tiliic'rs Were trot 
subsidiied in Vcuiciuclta aind fariiters quit [iaiitilniorlgill which 
wa,, tile traditional crop in tite aeil. I ) trir ie e initiafl 'ear of tle 
stuldv there was all sct'lc of I,8hiaof ,iriltrll stuhc. 

he ise of crops in at pelrrliincuit wt ot fil teire inrttoductioll of 
paStllCS rqCtuires asuhslaitial triodif icalt o il tihe iinlilliistratioll 
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-r.it , , hi .oS ,,"d 

-,llocItnre and C'tlnsidelah;r\ rl lccts economic parallItts palticu
l IN I It,,,, the l rnr, inlctnie alnld exfend itures. Ills isth of 

e idlt in the dilICecIuc hctw,,ee Braiilian paraieters vith
 
ahl.irdant rIOIp, ard (Colomhian and Veneitelan 
 parameters 
\itlhoult ,tqo)J, (I al e It0). 

Ihu reItive liiportance within tIhe countriV of the /one under 
StLIdyV is tertoiFIed 1bth aCvailabili,y of roads and the disIancc to 
the closest markets, Less than P; of the total national population
 
li~es in the (o<lonihian I.lanos. while 181; live in 
 the Hrazilian
 

u"rrado, and Vene/tuclan I.hanos. Ilhe availabilitv of fertile land
 
ill other regions Of 1ie cUlnr, deternines to a great extent the
 
uf ort s to dehelop this region: the mntioned policy is clear in
 
VCnre1mucla and !llraiil s
\ry limited in C(olonbia. 

i k 1 t- 'rinlipa eCollolit' Ctharacltri.lir, (I 'S /ho t(if(li s 5vm1(%-t died. 

( 'h~r1 t ;l'lt'lI B1,1/11 ( lllihiAl gVllt/la2 

it1 c t ll tl 

I t,39 .t0 721.0t0 002().00 
1 tttu ll 24.01) 3.00t 66.00 

6 1 ,, llC')lI 

IWi 20.0) 7.00 
 40.00
 
('by, 45.00 

tanditananimal health drugs 0.97 0.87 1.18 
IcL ili/crs, 8.58 0.02 1.02 
I uel 3.38 I.01 0.00 
I )irh. 9.32 OAt I 0.75 

I"tal 2 .25 1 0 2.95 
lA it (,.95 1.25 9.65 

S),epleciation 5.56 0.97 14.2 I 

Iht) coMt' 34.76 3.22 26.81 

Si i) I Vcra and Sere, I85. 

Sorghum potencial under these 
production systems 

To determine sorghum potential, cornrerci al production is 
estimated at 2 t/ha which is tle productivity normally achieved 

http:002().00
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ith I lie l.'\e\arieties in lield pcrtoiritancc t1ials. lcomno lic 
efficiene\ s,deteriMined hased ot, I94 price Ts0 input, and 
e.ititlng products, in the astern l laini of ('olmhlia. assuning 
that it this altcrnati\ is attracti'e in (Colohllia it\\ill hc more 
advantagems in Bra,ii and \"eneitia, wich have a comparattve 
atdvantage for sorg tini produclion in acid soils. his c.omparativc 
advantage ,due to the greatci nlrs,trunre de\ chopiecit in acid 
soil regions, lov C prccipitation le+.'els.little a\ailhhility ot fertile 
/ones, and a great demand for graill to supply allexpanding 
poultry industry. 

Peanuts. ca.,ava, and rice are well-adapted crops to acid soil 
conditions, bt the first two are less commcrcial ill fronltielareas 
arid rice adapts belter to tones donminatcd h\ " or~led upla:d 
where rainfall snrpatsses 21)(1)0 rm VI. Proutctivity ohtained with 
rice would allow%this Crap to compete with\ sorghuln in well
d'ainled stvana ecosy'stems. but the plcsene.' of diseases at
tacking lWes durin, the vegetative pe ni id restricts these pos
sihilities. 

The to1loinie feasihilits Of sor'hlin production will he ana
I\,/ed utnder two conditions: is a scnestral crop; and as a 
coinpleCnnt fort he1Ctroduct ion of pastutires and for cattle Ieed as 
itstubble crop dirine crit cal pCriods. 

(liven the asnilahlit\ of lime in \;arioiis regions, it seems 
pertinent to consider the economic tcasihilitv of using better
adapted hut lo\cr- icldine germplasm when reasonable produc
tivity can he ichiesed by applying higher levels of lime to already 
existing varieties norlrially used in fertile lands. Irials carried lrt 
(Salinas, 1975) at the ('intro de Investigaciones de Maiy Sorgo 
at ete lagoas (lira/l) dentis It;ttacd adapted gernipl.sinthat 
Nicfeld the same with lime appiions of more than 4 t ha. and 
that its ro''' system reached only 4(1 tn 1)0 em of soil. As the 
level of applied lime decreased and was incorporated mtore 
superficially, (lie varieties adapted were capable of developing a 
root system Lip to 2 meters deep, making the extraction of \atrer 
and nutrients in0re efficient in itlarger subsoil profile. 

The main characteristic of tie gcrruplasin adapted i.,its 
efficiency to extract water frinn suhsoil during periids of verimios 
and not SO Much its tolerance to saturation duing a uniflrm rainy 
period. Trhis characteristic is s-cry imiportant since: 

It allows the use of lower lite levels. 

It allows plantirg with simple soil preparation, incorporating 



i..,,~~A 
 .lrihum /,,r A ld SYoil.s 

I his land prepalatilo 

aiir estIahL"lisnixIcntl iii sas atilIlas.
 

lime to i depil OfIS cill. issIdiliciit fIor 

I ower hirs Cs! icls e Ohlmncd, hut at a lcsser risk. 

It Colld h e eficcHicuItCI illC1raet[iil ulricnls stlich Is ),K, 
ilid \Ig ,liC'IiMiie iliprtlilt illpil'tictltioI aid atre more 

In leehOls suli' ihcla icrn Ilains litte is cxpcnsivc. 

Sorghumiii as a semestral crop 
IllOrlir tO '\'ithiiltC SO hll ,i cOinpetiti*%C a,s aihIai crOpsics llal 

inthlic I o",Colll tu ithe, prOduCtlic0nii
l'. nilltc.hudgtec sOfrgliuni
 
in fcltile \ C1.rsus ,,cid land" %cic IiCpiiiCd ( I ihle I I). I lie udget
 
I0 fertile kints w.is based Oni pI.!CC 
aIi inpl titSed in thc (auca
 
V\illev\ n 
lt ltorCid 1,iIntIS %, hsiSCd Oilinpti rcquircmcnts
 
and pi ices Of it
al il located 40 kill cast of Iucrto I.'pc/ inthe
 
I1.st i-ii llins of ('olmi hii.
 

I he madilfeienCCs Isseen tie budget,, art!: 

Fertilizers 

adapltcd 

aliiiniiunl siliratiln. iarills illtlhc [astern Plains of (olombia
 
had i iciae, s!,iiili]ltioui, making it inece ssarV to appl, 1740
 

S019l~hilII %;iitictics toacid soils perlormlNwell il) to 601,j 

X8, 
kov li hat to reiice aluinumn saturation too tile percentage 
r'tjirCd. I he Iollhwine fr0m-1ull \Nis uscd to (hetmi the 
aillniiol l i O C,: 

RI. I.,XA; -RAS(AlI f (tai M)100j 

RI.llelCh: rcqih'cd linle (t 1ha) 

RAS - r'equited alhtiiiiinII satuiration (%) 

Al. ('Ca, N1g -r nnillic uIiVicnt (IlcL) o' each. eleent 
pcr I(0) g '()]I 

This lrmlilula was used by ('ochiratic (1980) for the Colomnlbian 
Ilnos. It was assumed that %kithOne application, three conltinu
otis so rghiuin harvests could he ohltiticd without further amend

elts. 

'The level of, iiit rogen appl iedl in t he Cauca Vallecy was 



1ahic I I ( mlpuraliN I- lbodgi-I 1 10 halli for sJrghtim prodhtclim)i ill fertile 

1II&k anld ill arcid ,,(Ill,. 

Sol) 

IcI tIc Acid 
I pcri,. , L.H Nield 

) (2 oi 

I alhor
 

Iqtiptltcrtl (M 5 h \ SI)) hi tit )
 
( S I ", I SSI II h )uI) 93.5
 

Manual l l 2))da\ 'iS5 I(10.)
2hi ka~igc, , kapcI I110.0 

Inputs: 

Ni'cL', (16 kg \ l Y1'n 40 kg) (1.4 

N kg \ I 55)1.)0 kgl (1.4 

l llh/LI 
i i 58)) k ,. 1 S$ )11)3 kg) 17.4 

N '46 kg INS))50 kg) 29.9 29.9 
1'( , ( 13 ki! \ (SS0. Is kg) 4.9 

K.() 40 ke \ O kg 16.0I 041 

Weed contrljt , I I i '.$3.50 I t.) 12 25 12.2 

Insect ct i oul I )i .I I ,4.71 Ii} 4.7 4.7 

]arxeM I I ho)li I "S4 )1n(t 1 40.0 40.0 

Scl~ic (;d llll illl l a d lvi'hlli( alI 

aSS II(nt" ) 23.0 23 .0 

P cn).) 120.0 12.0 

PIic ntkIg SI'50. () oll I 0(1kg) 25.0 17.0
 

]limlspoillation (WSNS5 1 100) knob ~ 15.0 .30.0
 

I11(cfesM (I llllI j lhl(I lotl expclidit tie) 27.7 24.4 

1 )tal ( : 1 4X8.)hm 431.4 

;I hIlll atol ln twilll V I( m)i... lw l A llill"llad IRep lomd;' &.1',ifeC t (leiC llcml. l9S2. 
iltn liltill hui t l lh l' 

h , ld h" l l'd l I 1 100 killl ]lf)ll 111,llkci 

considered adequate for-the lants, whose natural fertility wit 

made similar to that of the (aucal Valley by applying 13 kg, ha of 
phosphorus and 410 kg ha of potassium in addition to the 
nitrogeni. 

Rental 

Relntal cost is an estimate of' the availability of good land tihe 
initial budget considered USS120/semcester as tlhc rcntal r lcrtile 
lands and USS12/semester for acid lands. heli irst price is the 



i,11 tl ra IC chI tI eC in tiHe (.ca ct Valle ndl the scctlid 
tt)tIr,lOild to the oppoltUiiity cost of land expltit'd ill aill 

,ntiisc ",a% in the ( "olthiatn lans, with a stockiing rate t(40.2 
A I ha. In spite Of the large dillfreitcc existing hecten the two 
l"itei., this difflrce \\Otldhe IeCFdned toC10 Ion,, than 50); il Cost 01' 
;lMUCntlntts aid tf tliatsptullttiotll of plrducts toItle centers of' 
ctiisitlptition lItcatetd il fetile lantds wert coidhred. lMe prox
in it, 10 C llstnpllllltltIl cCntt:rs inl VeCtl,'eli a ln l a/il as well a.-, 
the lack of in1deruitilj/ed ti ile. lands miake sulrghirulll produclioni 
In aCid tils 1110C IttitCti\ ill these twO CoUitlt'is. 

irais m)rlation costs 

In IC tile lalds, the e !itei,, I1 COtiin ptiull ar, ll lv rageC. 10l) 
kin rlln pttdtictinm icia,; this dsi,,tiiic. 3 0)0kill in the 
cawe of the (olotdnhial I lanus and wtiesetan adlla itional 
I "'S11)( t vthich. touuCthr %\ilt the cost Of tait ,ltrtititnti oftfiel 
mid illlp t,. inciea .e prd n'tl ll cost ill 11flrontiel aelas. 

\lt Ih tii/ litullt. hiild lihol, sed, \, ctd aid if.is'cl ct trol costs, 
a" ,'.e l is ht ,,e+sts, it)nl t N l Iriid l i1% ihst'iitial title legion to 
,1lII hehCl+l'.,t \,t Ci',idcl them to he \ aitcs which depend 

ioi."ti teland lH ts ssu l,u d 1)tiprilltltitl etc.) tltCrvaritous 

pltducli l s andl: the itt nor on1 thenliot oil aiea general
;itlttp+ti, ul ul 1 dle't'erliiled \,atiiI't 

BVs d tiH Cttli 'liati\%'htltdrCs. tile "ttltliV Jll(nt yield" Was 
t"stilntlid antl( d'line(] i, the .'ied Ol sorghtnm per hectare of acid 
soil CLnrIrnl! te smNe cost per ton prodiuced in fertile land. 

lierire~,2pit,,~,tseults ublained whc'l cairvilg iit asensibili
tv al yl'sis ,tin t L ivailihilitv t tcrtilv l (tctil.osttf reital) and oil 
is productiit. 

If vieldA ofrly 2 t h; Ctat hr t(tiled ill acid soils. this activity 
woUld till\ he clmpetiti,, i I t a\ailahility of fertile land is low 
(in ,re thati IS ItO " e-,itc i.),atld its pI trlint'i'it 'very poor (less 

t With rost thethan 2.5 ht), e riita l eti nralml', charged in 
(aica Valle (S "1)20 s,ct r) arid with tre 3 t, ha prtdiuction 
norllll oht aird, it sstld he imiplotissihlc to ctinnetc nunless 300) 
kp were pliwtud.d ini acid frontier Iiln. I his yield wtitld cot.r 
costs of transportatiitn arid terliliters aiI caicel land rental cost 
in a-itl soil areas. ntider tliese etiditiols tile [astern Plains wuil ld 
Collpele only Ir alfewt'iyears aftci plowing tire savanna, while the 
costs of ladi preparation aid wetcd and insect control eniraini low. 
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YICH'lle till'Lwk 

1-igu c 2. I-quiva hcut .t ,,thum i w.1,1 onp icitil, anda, W, w ,t it lb rt'qared it,) 

Observing the comtparative hutsl, we can see that ill the 
fertile land more Ihimi 815 ;:of' te total costs (land Preparation, 
11nMILtI lallbl, SCCLI, wkccdI1f11tilecs, and insect Control, services, 
and rental) are indelpen~dent from tile yield level, stimulatin~gproduicers to melchanism to 'dcccosts 

per ton (lFigure 3), thtts litlccasin~g dclatnt due to) scarcity of 
lei-tile land an~d the ;m-ailability t lhilgh-yielding Varieties. 

At the international level, prices for grains havec decrea;sed illreal ter2s from US$240in 1950 it) IJS$126 i(I19O(IBRI, 9(IX2) 
and the Latin Amcric3( 11CoUttiCS which have 1) 1ble to Co 
pete ari those which I iv/ incased their ields ovil the 3-ton 
national ifcragc. lie inrease il real ptiec. for ffuil ltuccl iuth 
incentive to Produce ill f'ontier utcas ad c 11itsify a theady
utilized mortile to market places. Ilan piepatcCrn.iands clo,, 
could beapplied indpende irnh thitCldceels, tismltincs 
With Vernd and and Brazil, afd with soe small areas i 

Colombia. 
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Solts (1 Iii) t 

Sorghium prodIuction as a complement 
to pasture establishmnjt 

\Vith currenityields (21 h) tde )) C!)ta~i oiti~)e 
Iarge-sculc soyhuit pro~incti1t) he well-draie (Wolwnhian 
Salailas ulessL'5 it Col)iemienits or iitili/es ex\istingL ;;-'pts ill tile 
plesent produitioI) systerns. iterecasinJg the sv tenfs overallI profit
albilitv. liii, section w;ill discluss the econoic leasihility of 
inltrodlucing_- S0ighuli 1w' Using,) iertili/ers aplied to paistur~es 
without weed CotlI, al Conmplementing forage productionl ill 
thte farm with sorghurn stuhble in a strategic use td! this forage. 1lo 
this end, the study' uses results of expelirients ohtained in follow 
up aetivilis durilng si years on a farm ii) the laster!) Plains,
 

wiei imiproved pastures were int rodtuced in 51 ; of the area to he
 



--- 

I hrough the supplellciused strategically hy the hiceding" herd. 

during the critica! petiod alttLt conception.tatitoo o1 the herd 


hrccding co\\s \xcic expected to atalicc theil 'econCeption phase.
 

was td Otn MIN annt. I h,, with only 5 ofA.ttrwatds thlced 
pliod. thelii tl latethe area inl illpro,.d pa,ttCS, ill a 41-\e'C: 

rotn S)'I to 57' th, wTiLht t)f wtitcd calves incteasedvcnt 
ron 109 to 162 kg. and the total stocking ate ol the laril 

0.24 AUL ha. I it economic term,.increased frot 0.13 AtL ha t) 
anthe investment in pastilles and additional cattllc genlrated 

. assuning 12 years ol pasturc persistenceannual retirn of 35' 

\ith retcrtiliat ions evcey 3 yeairs. 

lo cvalulatc the possible contrihntion otf intercropping with 

hectare applied to producecsOr)tgh timL,the additional cost per 

sorghum was btdgeted ([able 12) and included in the cash flow of' 

the investment, assut ing a 2 t ha sorghuml yield and a price of 

tJSS 160 per ton at the fNrm. h impact of this, in terms of cash 

flow, is )resentcd in ligure 4. 

6 

40O 

I(IF 


F 2 3 4 5 6 7 9 t 10 1 12 
P'asture lpeisistencc (yeats) 

- w ith o~utSort~ghu . .. W ith S,,trgh u ll mt 

r'\ibi ovl +olimp~rove'd p~atures+. C.ae 
a .0 / mv,ilt he++<Figu~rc 4 . Aarial 

h et€)'hr e~swe r e d a llied 
s t myid +f r m w i t h!1 54 h n alcr . s ) ) n ,' a 14 4 

he,'ar.%thritig. i, w c'od .Ye(a.
ihrittg th ef.irt year antd 40 

-30 
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IAbIc I (vontJ)aradtlt , . SS/flla atmlsuri iru andI Iid',q for planting g As,, 

gra,,,.
 

I ,ii 	 n 

',,lipiiicni 1,5 I[ x I ISIIhi (O' 93 5 0.0
 
NMliual lI'lll)10 da', wge.
 

I S S dii ) 50.(1 5011) 0.0 

isl.huI x \t1."-'SO'S) kg} 	 6.4 6.4 
t(,I S
S i! [ I "!11I W INl 

5 ki I 'S,.b ki,) 30.0 30.0 0.0 

kin I k0S710 14.0 14.0 0.0 

I I WO kc \ I I'0(3 kL' 42.0 42.0
 
K, I, k' .
 I , ,) ,S k,) 	 29.9 29.9 

I 'O Is ki! 19.0 9.0 0.0 
,' k , I ,'2~, ,'P) 8.8 X.8 0. 

t I 	1 1 I.4 4.7 4.7 

l I ill ,I :.r'qul l .)0 hi) 40.0 40.0i 	 inl\ 1 

23.0 23.0 

Ii,I ii, 1, i Ic I l ) 	 17.0 17.0 

1I ,S U , I00 kll) 30.0) 30.0 

111C'IC )tI' .l \Ct. ii c Ipciti1) 13.0 25,0 12.0 

Ia 	 228.3 43..3 2(15.01 

I lie 	maiin adkltagces oI using sorghum as a pioneer crop are: 

I. 	 Sorghu,m proditon uses 9( ( of the inputs uscd in
 
pasture production: additional costs ( IS$205; ha) cor
respnd to lime. fcrilliiton, harvest costs, packaging,
 
transportation, and administ allion (I able 12). Hiese costs 
arc rceo'C.rCd to a great cxtel x,hen Vile. are good.There 
is low risk in the operation int e the lua)i Costs CoMe 
dring liarv est. It [ile Yicld is \cr\ lIo\k, arethese costs 
uvoided hN gra/ing sorghnm instead of harvesting it. 

2. 	 DIuring the rir-st \'cars, sorglto pro)duction substantially
 
improvics thle cash flow o1 the ivestlmcnt ill pastures.
 



3. Niargirial In ottithihtl of thi paiisille s 1,ii associationi 
Th sorTlimi incrums Inton1 30' to 5S2' per year. lot 

viels ranging rut 1.3 to 2.5 1 of mrkiii l ( l:jgure 5). 

4. 	 Driig iritial soil preparation, tiirt li/ion otritrients 
takes place. jrovidinig nitiogcn ail otassium. If this 
contnibutio is sutfficient loI sorghun pioductiol, proit

,,
abilitv would increase fronm 341 to 6(' with 1.0 and 2.5 
tha yields (tliirc 5). 

5. 	 IC peIrlill on the vari't\ planted, sorghurm stubble can 
providc approxirtiail,, 5 1 )M ha with an cnergy cogntcnlt 
sllpcriolr to that ol native savanna. Farm cows with initial 
low wcight call _rta/c or. stubble itsan nelgy bank for the 
savanna and achiev, "tioht ganis o more ntham250 g day, 
reducing the tit ecuiicd to reach adeiquatc weights and 
alowine a siatc1C ralih'CI than a .ontinuntS use' Of tile 
past ile. 

6. 	 Pasture esta' lisIintnt I riar I by hhit-tt rll loans, tlirei 

Sille is aI mad r(t) tclellIIl 'iitIlcIrors stitl a rowthI.)lc cg 

of less thii olie vial i I,, ld ellharlce the. possiilit\ w 
establisllllnli of iltipro ed pasltircs, tlot tiil. because: of' 

tle asuilaibilitv l ititot :uiilc filnanc'iarl tsttrces, but also 
because of the suStliatlntial itiipIroCHICilt illthe caish flow 
2tenerlalt b sorltin10 Itlduetlo. 

7. Sknulatoit- intliatet itatl wit! grss aild egnruepast ores 
with te+ oenfsist less tll si\ yCars it \,\asutit feasible to 
obtain adequate lroflitabiit\, C.specially because of the 

dlrrnil first years. 
rasturc Crol) assOtCiatlttis sstdttld rCsult ii a profitablC 

return iliriproved iasttries pisistcdl turing at least four 

nCgati,,e I'ttn\ the Ihe intrlduction of 

years and sorhuhum yields renidhed 2 t ha. Ihi, alternativc 
\wtuld brtidetn the )ossIbilities Of introducirg m,ore 

rtiluctivc thoigh Ilss lpe'IsistenItt grass lcguimc Mixtures 
or of substitutling pasttlr', as soon as their potential 
decreasCsslien th lCleCiriteIdiSal)ICears. 

Once sorghrini materials adapted to acid soils have been 
obtained. tileiraiil conttraiiits for establishment of, this associa
tion would be: 

Regional infrastructure for sorghun planting (harvesters, 
transportation, and warchnising); 
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i td ;tbil% ,It , utA paitoLts an lt) vItiir cuit -l in that Illintcr li/iti l 

probleuus of damage caulsed by birds duie to limited area of
 
tlese plots II relation to (tle regio: and
 

lack of agronuomic researeb data lin relation to planting
 
d!nsiiles and it Isl o liation to efficienlyIN,
dIIates ltee s hnt 

IMl*ige the CoIllpelitiol between sorghum, grasses, and
 
forage legumes. 

Conclusions 

The f'otlowinrg conclusions can be derived from t be discussed 
material: 

1.rWith yields of' 2 tf/ha, it does not sem feasible to pt,111
 
sorghum as a permanent erop In acid soils of tie well
drained savanna the
areas o e astern Plains of Colombia. 

2. The Use of sorghui as a pioncer corpiementary crop in 
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the establishnlctit of oripro\,cd pastures is ,e'' attractive. 
It solves hiodogical problems and rlcts c(oilloliC disad
vantageS (Hngatl\c Cash fl,,, durirIW variouis vCar.s and 
mediitm prolitahilit. ) I ite istltre irrtrodticin SY'stcul 
lsed until n( . 

3. 	 In this combined a ropwisttral system, sorghum yields 
abov .5 t ha make the investment in improvcd pastures 
attractive and enables tle us- of ctmplasm less adapted to 
acid soil., 

4. 	 'I he economic feasibility of planting sorghum every four 
years enablcs the use of Ilss persistent but nore pi odnctive 
lcgumc as.;ociat tolls. 

5. 	 Bra.,il arid la/ic] hta\. a coillg)alti'... advanltage Over 
(olorttblli ill prod ction of ,org'ltlull in acid suils. lhis 
advantacC is dlctIIIintd b\: the hOCaliot i the acid-soil 
region ill relation to p'ptilation ceterMs, loIe dCgCC of' 
alunrirurn aturattion.l IS,, a,,ilabilit Ic tile land, andcsl of 
higher interlial price,. 

6. 	 'Ahese Ie,LIlts are CO itut witlthe procs of psIlturte", 
introduction oCberved ill trlpical as w\Cll as inl tel perate 
countrie>.N ai'M ' plaritin of paistlltc is always associated 
with tile c.\istcrlcc of a plroitab l crop. c.g.. rice in the 
IHralilian ('eados. ,heat in the Argeitincan Ianllpa. 

7. 	 Ihis,.\ atcanal\ sis indicates aconsiderablc potential f'or 
"orihtllul adaptld to acid soils to ilake iuIre dynarnic the 
e\insiv. systcrms currcalv predominant. 17o make this 
poteintial becomic effective, basic and applied research 
efforts, acrenede'd, 

,. 	 (ii\cn the relation (1 prices between the fixed crsts per 
hectare in sot1hiln liodtiction for land preparation, 
planting, and puatiCUlarlv for har'esting. arid the price of 
lime as well as thc price of sorghunm in the region, it set, 
more important to increase yields thtan to achic','c aid.pta
tion at highCr Ievels of' alniunm satnriatio. IrCliuiiarv 
evidence secres to indicate that it is cot\'clittit to focus 
research on increasing yields at levels of 5(I); alnrinurn 
saturation. Braiil and Venezuela hra'c laige aircas with 
these characteristics fo; potential sorlum production. 

LI)uc to the low bulfering Jm'.'.eI of ()Xisols [prCdtrriFat ing 

in the Ea.stern Plains of' Colombia, limited amounts of, 

http:Jm'.'.eI
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applied lim' at' rLltlilmd t0 Ir+LeICe iimimIrIl ."atlultalitiO 
to this lc',l. 'u 1 th[ lec tc si()on land it(Ifaialle. 
rlClatoill t the ofittitarea planted to o'lltllm l(q uired 
to suppl\ the ittrltal tatkCt, it ,ce>,lo0gil to wa;it until 

Cl,
lands wit It lovr altiiiutt ++,at'lratio .le, arc d,:C.StIted 
to thi, Crop. 

9. Varieties hlll tolh+rant to aluititiniti tO+',itv can play an 
importatt trole itl past illc Cstahlishhtlttit ill associat loll with 
sorghtuttt. Illtte eaSe o) lsturCs adlht.d to high tlulnnlinLllll 
Satuaiotin "le, it Is more importantt to reduce Initial 
imtcstituet it li ingtt17. Applied agtotoilic Icesearch is 
liecessarv to C allatc at the field level the viability of, tills 
pro misinuig st rategy. 
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BREEDINCT'AND SCREENING
 



Effective Screening Techniques for 
Tolerance to Aluminum Toxicity 

R. II. I o'/cr* 

Introduction 

It has been estimated (Sinchc/, 1981) that in the tropics there are 
2050 million hectares, or 42"' o! the land area, occupied by 
()xisols, lltisols, or Inceptisols. In tropical America these soil 
oder,s occupy 101) milion licctarcs or 72.0ci of, tile land area. 
lhese soils are gencrall charactcried by ctreme acidity and low 
levels of as ailablc ntrills. I'r that reason they arc subutilized 
and torll olc ol tiw !ast land ICSOne'CCS ito which agricutltural 
prtodl ction cot!d cxpand. 

llowever, olllr) speeies are s(sceptible to high concentr'a
tions OfdaluLnninU (Ah.l). which is one of thme major limiting factors 
of, these soils. I his call be overcome cither by liming tile soils to 
neutrali/c the exclangeable Al. or l selection of species and 
varielies tolerallt Ithigh Icvcls of Al. Ihe second alternative is 
more practical. mice ,,pplicatiol Of 1ram1ounts o1 lime isVe'y
expensive and can altcr oill\ the Al content of tile topsoil, 
resulthImi inshallow root s\stenms of Al-sensitive crops. ly selec
tion of AI-tolcrant clrops and \aricties it is often possible to obtain 
good yields ssi1t1miminim|mi of the latter servinga itlpitllime, 
mainly as isonrcc of calcili ((a)and m1agneSium11l (Mg). 

Figure Ishows the respoIsc of val'tius crops to lime application 
illCarimagna. Colombia. While cowfpca and cassava were hiJh 
very tolerant to soil acidit., pr)dicing 40((' 1maxiMnum yield 
without lime :application, cowpCa produced near-maxinmum yied 
at 0.5 t lime ha, while cassava required 2 Iha. Sorghulm and rice 
(dwarf varicties) were both highly .usccpible :o soil acidily, while 
beans and corn were intermediately susceptible. 

*
Sii Scicntist, ('assatiPlotgram. Ccrlr Inte acit nal de Agliculltua Iropical((IAI).
Apartado Aclco 6713. ('al,C'olhombia, 
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Willh expansioni during the past decade of' thle interniational 
agric-urlt i research centaer. ach with large geripiasml col icc-
IOn, interest in cValnating tIhis rgernplasmn for Al tolerance has 
rtririkedlv irlccasvd. especially ill Latinl Anmericar withI its large 
perentage oA acid woils. In addition, in North Anmerica. weveral 
bwcder., of terniperartc-clinlate crops have stalled to incorporate 
Al tolerance into highl-weldinlg varieties for acid-soil areas.Ihs 
bothi in filne tropics aind in temperate elimlates, several screerning 
techniques haw been dcecloped form(alniiting the Al tolerance of' 
large numbners of* varietieS or hreedinrg lines. Some1 of' thle more 
effective techtniques will hie describhed in thIis paper withI some 
indication oft thiri adv'antages andl disadvantages. 
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Nutrient solution techniques
 

I-oli plant brcders,who havc to evaluate large numbcrs of matc
rials, ot'ell with vcry limited .tlliitltit of mitblil CSeed. ite 
ntltricint solution tccllniquc has Iiiaili adva1tac,. It is rapid, 
r42til-Cs littlICe ed .1110 Of tell is io) ,ILStdt i\tc h, bc,tmiaterialsr c 
Call ltter be transplanted to tilit hld to tct Ifodiscase and ins,ct 
tolerance as \%ell itst yield itothja. I h IIIin d ia,, ack is that 
nutrient solutions are lint.. Cons,,,tlniig and dillicult to managt. 
since the toxic dIeCCI 01 Al IS elrAl inI fluece)Cd h\ ttinplelCraltlre, 
pll, and the cotlcentialiolt ol A;, phosp lwn (P), (aI. Mg. and 
potassium K). As pla nt,ahsoih1 antrints from tlie So utiton, the 

t Citlatiol tf Iest: nUtrienlts. a.well as, the Pll of the s',olttioi 
change. 1 hus, a calctll Cointrol of all lactors is Uss,+mtial to obtail 
rtproduCiblc results, lIht tcoIiqt is nost suihable lr species 
12rOi\ 1r'n1 ',tlf \]\tlwsithi ntrient icservcs and rapidNeed ,inutl 
initlial growth. It is tot \sCll stiletd for species such its casava, 

li cli trc Chi\ tl uiom\iI stakesvct.tiC reLprtOdu+cd and ftioin on 
lootcd tip-euittings \kill! I aitbility.hlrgC pLiut-to-plant 

Amliong the iitriCit ',olitioii tfCChniitUeS therC are essCnthill\ 
M\'o tpprotccS. cach uth a.iiltitoli, *Ilie first approa.,ch is to 
SubCCt llIuitior il\ -selected scdS 1 it! IIC (if AI Collcntr'utions 
durihig atrclativcl, sliolt pviod (20-4),I liors). Ihis At "pllse" is 
then loh,,Cd 1,\CitheCr : iCCo\CerV petriod in normal lntl'iclt 

sollithn tu Iv ; ,t nllligprocedtue with hienicitoxylihl, in order to 
(dlelrine1 at 0tiicli AI Concentration ilhere is irreversible and 
permanutilit daitna.. of tihe loot meristem inhiihitine futher 
growth. I lie second approach Is 1o gl'Ow VNt!Ae plants a it Ihigh 
arnd low AlIcotrltllll'li of tilesoltition lor scvcral weeks and 

eteHriiuIc the ettic root or shoot gl'o\'tl its I IIIiLsI'C o1' \l 

Aluminum-pulse technique 

I le \l-pil ,eiMlih4i uC has been employed by Moore et al. (197t) 
for SCteInji:te \heats ill lhcv subjected varictyv tolet iCs. each 
stex oral Al concttct I ltions diring 4 houtrs, followeud b ta rcCovrv 
period of 72 hours initon-Al toxic tititricnt Solution. Aflter this 
period, root, ,.cre observed to dicrninc the lowest Al concentra
tion which caused irrreversible inihibitiut of cell division and thus 
regrowth of the root tip during tie rcciivcr pcriod. Il this Case, 
the root tip is iliisshiapeni, often swollen, anid discolored. I)uhring 



20 

10 

Figure 

20 3o9) 1001 2 

Aluminum c~ 'nrtim(ppr, 

A Hle\ or 0I l)rich;amp . hincNe Spring 0 Atla, 66 

2. (zange in prinart r,,,tl ntnh in Mhe 72-h Trrer, ,ier'p(rit,; dfioIewing'a 48-hourpulse 
1rea6en (of At(for for reftrenv. ch' ulitiar.. (Adapted froni 1). P. Aloore et a. 
1976.) 
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the recov r\' lhW. thet tottip does riot I-nltkiate grtv\th. but 
instead, lItclaI l fools develop at sonic di .tkl.,froIit the rto()t (il). 
FigutC 2 lIoWs ilit Vuly Al-susceptiblc \\hteat va'irtics halve 
ille ClsllV dtlalil.tl I t illsat A% clet+cl t1l0 l Co rations 6-10 
ppiil: lo 1Mohteinl'I s'ii\e vieitie.s this oLcclls at abot 14 
f)))iii. 1o iildIliltel\i Id +ollraii \ faitties at '4(ppnm. and tltvery 
1i1clialif \ a ittic.,, .3) Sal jlj l. I fill. lC 5 iiclicsl ic 5luCpIlteld 

,
filll() cItll,l disilict Caiite)t icls ot AI uHstl>l V eacite h ic' 
,,c kiitIY\tls,lll( l 50 \diW. vIII ih i'i cliitl.'d it) eWlch Ist. 

A , ition (l iwclllci ,as b\' PolIkua li'\I-pot, % l\cloped 

Citiicd by a u( pi)i t21- ik et eoiieeiitt ioito AI t s II ltl 
tionli. lict' ctli'o t sclcl- l + tl \%, anii \ ued lot r1t1lll i isSol 
(d 5, 10, ild 2( p i)i l\ \I1 1i '' tIMt'oli le\ ICtCOn ieC tCd 

ltdtltioiti, 4A.), >*. n.ti 0.7. 121. d 17i,S p i[n. ,\ltr 2ciruilila
li l. sCtsd" oI iiL%,1ict\ fl "dti :cctImt il il \ anId ilrech ti 
shs ar iniide,.s in c.i+iclix is~\oloanull strips, Alter' 24pi eud~~ 

lut ,,ill nol,i l 1 +11 .ii.111C Nir t'cliutt(it ;tr l ct.l-.Cd[I0
",tl l lit.it v\t u.itlt'l iliurIs Ii 2) hous.lollo",cdl by 
tiN+Ifllp itll liliilt. i adl viiil l p pieute inior ;p.lit d 
htcinlo~t) 
 V ill A\~ l "" thc.'ol tifft .'L\Xc'th" ill, Ito f(tipsli.cillatlox'.0 


icu cptalcil d 11)1lt 11ht pl illitd tllhlilt.-I illmul:II pI)ItC'd lIai)CI+'Ol<d++l Of 

IIIti&t. Sillj, .\l-Cin 'ciitiui ll Iie dC 'ie ol .\li l iict isMdetti
rIIel_ b.\ Ohhse Ill t Mllih .\I Ctullltlra ntit behind thei lie ;ic 
Fttit tiji letlliicsi diiiied b tlt liii thi\5liu \Vith ,'\lWICitsitiV'C 
li o whei ll tili,, t55l s culed :t 5.4 ppm AI, \ hii. viti the tolerarnt 
AtlhsVarier SI his occurred at 3.4 ppmL.B iluding 3-4 tandard 
varieties in CNiII i-st,[ the biediii, lines can" Ie iCCitrialV setid f'or 
Al ltoleialice. 

Relative growth at two aluminum 
concentrat ions 

Alulinumll tolerance: Canl also be auat ed by growing each 
arrityl ,\ iions, oneto Al CoffeeIIt Iill !ow,or le') coIicnl lion it 

which plant glowth i, iltiifnal, and one high ,'mncnltratiotr at 
which growth especially of nt.s, is affected by Al toxicity. Ale 
several weeks of growth in these two nutrient solutions, Al toler
auce of each variety is then determin d lrn the re1live root 
weight o+rlength at high aind lows' Al in soluttitn. While most species 

http:dtlalil.tl
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sho, opt imal Pr(mth wilho0t11 AlI if] w Ullintcll solution0t. ,()file
 
SpeL-'i, Artually gro\ btthrII M lo' A orlcoentrations ill solulion.
 
IFor rIce ad ea ,a, a, II owelet- and ( dtavid (1970),t Id lh.,fCCell to
 
]t1.I Mr.aiOnalde Agriet.ttura ItOp)ieal W(IA I) (1978) rcorolrert
ded atcotiL ,eitlration of' 3 ppin Al Ior- optimum rot:h.,11I Ih h1i,
 
cOnCe'trliior Shoill he sCirLed SO tire Al-lhrIart , aiti'es ar.
 
little alleted while tIrIe Al susceptible varieftis show a markedly
 
redUCed root eroMwth. lw elCtion t
h o li,, high Al colCL ntrali..lr
 
,tit on ti AtrlA.lItol.raneT tI a to he
Of plhlhll lntpeis 

'Ctied as,,well ias tirthe eotnetim;ttion of 1, (a. Ni, K, and tire
 
pi arid ItIpea'reltI'o tolt Illtillt ,olution. Ihie and (irogan
(1970) reeormmudI0. Cor It ii pi oi 4.6 and a Ireshly pireparedirirtiieit soltionl sitiee a hi g il or aJi i r of the Wt~ l 

der-,ased tire. tox ieeffe t tie Al ,'\ pll aho,, 4.5,.espeially
 
\,itli high cotictIIIratiOts of \L . arid (Ca, the Al preeipitatcs in
 
tIr it et+iI ', t uii.r1 arid its t()oIeef feet d etieilses. Sire tihe ptl of'
 
thi ntrinlt sollution eilhr inCrease. 
 or decreas,. utre t d iftreri
tial aht pliot o1 N(, or NII, romr tire solution, it is \erv ilor
taut to adjust tlieso pl to its original
piolldal vel ut.ing diltne
 
sulutions of 11( 1 arid Nr(fll. I hC 
 ) Mtd ('a Coreer'ratioti f the
 
,,hit on should hie o\u elitlrOfh I(t prcert the pireipitation of Al,

hitI righ etfcnoug to ',IrIpp I,\ad [Ioitt. sofhl,these Ifrnrtrients
te 
 to
 
liw pliat. auitiotIo prei,ut the coniplete e st of the.se nuttrients,
 

li '".lutitis,should he otIitl\lIl-.Y tellIeed atil errrtCnl ilite l;.s,
 
dc-.u lltitle oil 
 h, rare of IlNit .!Io\tlh arid Iltlent extraction 

'\tlerl %.\,,eek, of ot0iti outs growth ill these two Al-,'nutrinlt
 
,olutions, plits of caelh ,i irie,, ar harvestcd, arid their Al toler-

Mire, e,alurateld eithel by detetrurrU tnionr ot total plant or root
 
\,,eight. or h% tietiri! rraxirllrillt lotrnolllng at e.a+Ich Corl1eera-

Itonl. All Al-tolairee index, iS e.:aleuraled trril the reclative root
 
lhieth (o1 \Leightl) at huil arld hos, Al Staltrlard iarienies ire 
incl luded ill each test to ;ri(US lor slighit Chaiges!,S ill the eXcrt-rnrr
tal co.rditlo ll,he Ctei test,. I ypiel ,al teI oI relatiVe loot length, 
usin 4.3 pplrl AI ais the high-Al eorentrlainr. were 0.14 for 
Irevo _Ifo I )Ir'eharlrp, 0.54 lftr ('iinese Spring. aid (.83 lorttt.38 
tIre Al-toleratl Alias ,,,heat titie, ( IPolie et al., 1978;1). If large
 
lRIlt)bries Of truieinig litre, aS to he evalated arid their 
 root 
lignlr (or. weight) is nearlv tire: same wkit mot Al stress it Is often 

coiv.'r'lnrt to screen at unlv (te highr level of AItthis dourlhling the 
nimcr of* lines tha t carl b srerlteId at urtlltite. Il thi.sease ot 
gruwtlh ol ea.ch line is omrpared with thie of attrutlnlher ol 
standard vareties, f'rum whih artAl-toleranc ince is ealulated.dx 
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IBolh tle experimental CofltitjOnls and the nethod of caulctlr
lion of the tolerance index varies a1mor1 researchersainl Crops. 
.soml workers (I loweler and (Idavid, 1976) used germinated sed 
suspended over a nut ririt ,oltiom o tlut 'he roots glr dlt il\ 
in the aerated solhtioln others ( Pollc et ;i., I978a. 1078b) had the 
root systeun growing bIwecnl a Ilcite plate and filtelr papel 
partially sirlCirrd il tOIe Lnutrient solution. \Vith the latter 
!,v tefltl. aeratt n is iot ntccesSar'. Il dttor (I 9)() used it sand 
culturc Systet. pcriodicall IHooded with nutricnt solution of 5 
ppi Al collicutatioii, to ,elet) /'ihoeti specics atd brectling 
line, tfor Al tolcraice. I his s\stCr ob\iatC tire rCed tor aer-atiort 
olr for a special plant SUrppol t S'stern. but is fairly costI]', ill ertIMS of 
punttps and tirtiCr anid 1CLuiiiS a dpCrnleaC source ot enrg\y, 
which is not al\% "a,sa'.iilablI ithe tropics I li systcl f periodic 
listing of tile rootl . th nutlittll ,ltlioll is no[t recommended 

unless a dCpClable ciuei' 'rtcc is
, a'. ,ilablc: oie is likel\y to lose 

all plaits M.hen til pt.el supply s intetllld _\Cll If short 

pC-ods of1timhe. 

I'Mo cailclaktion o1 ilhc iiiariv oi kers, usethe ltolecl \. \ tIle 
relativc roo cuietlior .'.rt.ic.out Icuilthat liii Almovertoot 
lcngtli at lo'\', Al. C)lhclusthe tcltiic tutu plant \cight. or the 

Varuet' , first iabtut o e \,.'cCk ill ollrlli l rll+ Illo ,ilrsl ioll. trCIt InersI 
l'oot h. IIci trinrst Ill ncutsootioti of high Al. arid aftcr 
allothct 1-2 \%ccks friia nrcll lt Ici Iighaiun. Ilic lroot length 
itcrease in the AI Solutio di icd b. tIre oriunal root length 
obtlaincd vithottt Al " ano(ther clfectic . iCthild fo citlclatiig an 
Al-tolCralcC ilrdexIhc latr ' stern is less titlic conutning and 
reduces the problcrri of' plat-to-plant variabilit\ since measure
illlcts are iiadc twice (1nthe satme plants. 

Field-screening techniques 

I'ild-screcnitri tc'hniqute are similar tol nuttrienit-srmening tech
rIiquicS at \k.o I\concentratiots in that the sane ,aricties or lines 
are gromnti at ti'.o or riorc Al levels in the lield. (;erally, ain 
Al-tolerlaicc itux is calculaled froin the yield o'btained tnder 
high anid low \l Stress. [lie dillrerit levels uofAl stress are ob
taied by applicatioti ol different aniourits of lite, often applying 
no lime in the hiigh-strews. phi antd eiough lime to rrutralike ail 
exchangeable AI in the low-stress plot. lhe little levels to be used 

have to be determienid firi prelinminary trials in which hiric 



Iepollse ClIrves e l d \ a ics ha\ Il1 itl tlrlte'rIiIIllt Ior sttand(It tlet 
lt I'c range in AI toleranice. t ider the'hili-tiress Coiidithiois, tihe 

silSiept ile varieties il",tHi m Iits. dIN aItl'ct-d bv AI toxicity 
Nihu th tolel an Vii W 1l tlllt'lcNa11 tits tI tlnder tile lIo-stress 
CoItlflitIOtis. aill IIS 11 1 w Al s Ircss a.oid,dicI Iust t \ \\II\sithtliit 

,\ki tut theinductIOi H 1 tWlnlt detlwlej ics. I hus, cue must be 
IAkcn [li to ilducT K. N.i, on \nitoi CICHCnlt ileli,:icitIC.s by
 

apIIIiCi ti uii oI hi,l I 'ls(f .tt ic SI)adin
litm ,..1. ct Iu1.(1)75) 

ducleI() Indti )1 /1il1: i' i\ linlonltl (/Il),m.li |lliliy tile (;C'tcrml 


11011 ol '\ltolt.atillC ntlit'C', Mltllill ,aiIC,"N. ()llce ello h /.it \'is 
;1 ell it ill oth hI h ati li .\I-,l ss piluI l beSillictics CO'ldlu 


Ihw .\Il'i alicc lllIlC\ ibii'le calculat d\ i\ iin the" .yield 
lhlu .1 stIies., li h;it~ lilioCbla Ito\ stess, \ ithi IIhis tl ds to
 

', l, 'iii illl i tl i 0 \ iftlul (Iv \Itoixiity', also
hy it 
i Ithl tl l\ I--t1lCt 


,u.-it tIhlC %,IUilCi, IInshi\ IMs IMti iIhtnii 


dl, iOdetl..\1 il :\i atin l illltii those Al
it vi.lt ilial \ Stress. 

a, Ialitsi t 
~lts ulicl'th . lst ,\elds tinittlt high 1t ls stress. (IA F 

I tlu,, \ titiis e'Lc'Ltit s l higli st AI-ltolerallee 

k) c mr ct nlv the 
1 t.i NickI il1li01 ;iiitf lust imi vicld at high Al, 

L'~T:; lls ii C' iimi thils ulisClIr)ll \ iiuiliplyiin 
, t Al b I t\e itlul 


iX'.. tht \iII irliiciilii t\al high \l di\idid bv tie
(d 111V H;CIi 

Iii1licl ,lhi uhlialiul ill Ii h .\I. 1lI, ivte athlditiuniii l Weight to
 
lilt- \;il " olllact. undcs h(h, AISi1 's(lile ICll obplC'tive
i t\ pcilS 


I. \0lilIcI cir 

,.ite-iui-sitt. ,,\ liAi ut l lli Xptliniental Cotlitiotis. Insteadl 

(11 tilt' sLc'en iniT i iitillk cti g It el -to-year tir 
1 o the
 

lli-ih'tl yiel uihldtjiield illliJdl AI stress, i would he better to use
 
he* ,is aiiiihcrt) ii stoindard varIeties at high AI.This
ci iC.kield tlit 

ill\ C" i ie cliliiellt 'orrcelitn lactor lt variations in experi
iilit Il ui t ittiii, 

t \ ot tihe screnil. 
in ;I SpeCilicICieition iieLicC well Under both low and high A! 

It the hlti). is Ilillily loselect varieties that 

t.ess, i.e., riIdunc'Cwell 1ti1leCr Iith+stress, but even Inueh better 
whemnelloi, litte is applied to eliminate the stress, then the third 
lormlla tor nitAl-adaptlation index in [Iable I is more sulhable. Ili 
this ease, \i hds at high stress iiremultiplied by those obtained at 
low stress, and divided by the Nallc produ t of the average yiclds 
of' all varieties at low aild high stress. Ihus, varieties with an at
aptailon index tbove I had inabove-avcrage prodiuet of yields tin
der low and high stress. When 'ields til ceh variety arc pl)otted tin 
i graph with yield at low A oilthe Y axis aitid yield lthight Al oil 



I ahle I. 1 hree formulas IIsd it v.letilate aaditiji foluraii& indies.of 'iiritliv o r 
breeding Iitle% of virious crops. 

I) Yield .iilhou hlim 

Yield A,, h cC Iii l" t 1, -, i,I 

3 Y) id h I Ntciit ll' 11c \ N ,wli ithf iue 

\ littie 
'\x c' ;i.',e \ ic,.l i~,i' Itln c \ -\ t ,e:h \ith lirtt,. 

3) 'rieiliiiII1gi10 i 'hl '\ tlihhi litnhe 'iclil%la\,rithi%iliuit me , 
ct+ii., 

the X axis, thes. aliti.' lall ,ho c tihe linu Y N\lcrrc ( is Itie 
,product o the averCage ,,iel: hitg anid Iiv.Al (Al'inuIc 3). A gain,

( iS tlit'(d 1 Cd isI CItfljCutiOn I Iaco10 I ICOR'l feCCtfd year-to-y'ear 
tf*site-to-,ite \ itiahbiilt\. li ;1\tiag Sjhld (I a set ot standard 
\ aIiIliC, \o, uld lie hJ ) I o., 1e )I 1tCol ititi li .IoIIt c thI 'Iclit verage 
'icIl iid thI lI 1(1 i, I itl l *I feIth. b\ tle CX IeiICerit al 

cOrnditiots hut alo b\ the ctcil AI tilet.iriee and \'iclhl potential 
(it the gerlnrplastin tl be "'rotcnl . 

'\lilot hfer ilhittatie i , I) ploit the , w sIs t high aind low Al as ill 
rigure 3. but didc tlie gr;r lll inlio \ainls fields, using lines of 
average X and ) \ alue ioi ide lhe graph iuIoi lotu fields, or the 
linei ,o a,'e rut ail I\, lt.it-ii Xt.' Y \ alies to divide theN and 
yraph it titr lield,I liirv 4.A lacih fiel cmi be aissigned a 
InImb or ltet aid1 \III l lei it re Ir.eolIpetl itIti to " o frf nine 

Caiterh ICh. IAIltl Cl._iit aII be: interpreted is acrtaill CoInlhina
iti[ (I At lid ani tanid: limtle it rs"ImnivCress. (ieorally, 'arietics
 
ate SCleet 
 d thalt are hrihlS Al tiler at hIl also lime respoilsixe,
 
i.e., tile%' riCL WCll at high ard at lo\ lime. Ihese would be
 
apploxillatcly tile samte varicties selected as highly adapted in
 
ligtrc 3. 

When varieties are screened for both Al and low ) tolerance, 
space and work can he reduced by combining the low-stress plots 
for both factors. In this ease one can ISe three plots: the no-stress 
plot with high lime and high 1P; the I'-stress plot with high lirte ard 
low P; and the Al-stress plot with low lime and high P. Yields at 
both low lime ;and low ' are compared with those of the rw-strcss 
plot to calculate At and 10\k 1) tolerance o1r adaptatioir irdices, 
respectively. Since the yield in the ro-stless phit is used to 
calculate both indices, tie same variety is often found toibe 
adapted to both low P and high AI. Because Al tolerance may 
have resulted from a better ability to absorb 1), a high tolerance to 
both factors is al:,( physiologically compatible. 



.d',182 . ,,Qhn /, Aid, AW1 

-- I? "°." 

* \~~aacr~if dp 
, " Index* ..dkit::to 

2X 

: .*,* . *• ~~.1 0 

I.. *d " ... .. ...... 

), bi- II . 14 

N N d hA.MICIL C 

C (XfI S I)) IT 1 1 SD)) aui Q IN t 2 SI) t 2 SD) 

where N anid T' are itiii IetaLe ',jdjdt wittimit lime, andi SD) is the 
StandardIn. des t 1 .it 11d it a 

The hlt/'i (abt cc tait %arict, s to heneit from, an effective 
association s'it 1 ,aewill definitely affect the(l low 1) 
olranee since it teduces their external ) requ ire ents (I-owe r 

Mi and " .i 

'VA-ts',orlt 9 

Si-verditg. 9)2L)\hether or ntot aflfes their Al llernc
 

has yet to he dctcrtnined. If it does, it would militate against tile
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of,,l' ll +t /. l il( fit co saeasthat sonic~~ ~ hihl +lorli cthuut 

thig root syl inl 11111sint 'ltis a sellldo inted ithe 

c o ia whiletis to sori a . [or, Iiglh lrmeoirhlis ip 

ducndntcroas like cthavd -S'i2 Inwherg sci ol1) thrgehi 
oy of nrin psioliAl o rpin arom1trI thsir. ihih 
quite differet from that ii: a mvcorrhi/ae-infecuted soil. [he fat' 
that some of +these hgifdhly myco rrh iiae-dcpeC ude nt crops are iliso 

highly Al tolerant may suggest an iterrelchttion het ween these 

ehiaracterist ics. NIo reo\ver. hi hlyv m\'ctitrrhi.'ac-dc enndent crops, 

such a+s eaI++ssava tenld to have' a! high P> rcq'tiir':nlent inl 11(l11

mycor'rhiizal nutrient solution ( lios, ler et al.. 98)2): tails ina higzh 
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Al-nutricnt solutions, which muSt havC losW J) oncntCl1raitions to 

pircvent precipitation of* Al-phosphatc. these plants mlay sulfter 
Loin P deficiency. 

Comparison of techniques 

Ficld-screening techniques have tie adv+antage oei niitrient 

solutions ill icrined at the samethat large ilumbers olilnes can hr 
time, being subjected to the same climatic condition,, and often at 

a greatly reduced cost. Moreovcr, th Al-to lcrancc indcx isbased 
on actual viClds of lIarVestablc products instead of on root length 
Ol 'CIltght. which arc not ncccssdril, wcll correlated s+vith vield. [he 
rclatis cost of each tech irttie dcpcilds onl thc crop. Ricc isCasv to 
scrCC in nutrient solutions becaise it d(ocs 1rot require aeration, 
Pross in a miitIn.m,,fspace, and has enough ti a range ;i Al 
tolrcancc that \arictic.s ,canbc casils and accurately scrcened i 
soltution; in the liCf it aconsidc1rale amtont of attentiont*, 0 
and the data ia% be affected by disease or pest attack as well as by 
bird ditmnaiu (Ig low'rand (adavid. 19761). Cassava. or Qc other 
hand, is difficult totscen it1solt1[ti bcCausc of its vc;( +:+tive 
l;:opaatiul, high m,)orrhi depenidencc, acration and large 
,piicc rCLIllirCment. ,10d cxccssi'e plant-to-plant variability. This 
crop can be lairly easily scryeened in tihc fiCld, beca use once plant
cd, it r-cqnirCs little ;ttention lor aboui a ycar when the swollen 
rools are har+c ,tcd. In thc field, nearly 701 varieties could be 
sercc Ld illone sear, and the same field could bc reused for several 
sears wkith a nit iuiniumntu anlount of, additional inputs. 

However, the field-screening techniqucs have two major draw

backs. Hic soil has t,)he carefully sClected to be uiilorily high in 

AL. loss ini idP,and without excess Mni. Also, in some soils(:-

high iniorganic matteri ()M), the toxic effect of Al is partly 
reutrali/ed by the formotion of organic complexes with Al 

,uNiesa r and Wolltur + 1983). Thus, inltwo soils of similar 
exchangcahlc Al content arid Al satliat ioi, cassava showed little 
response to linling in tle high ( )M soil of Quilichao, but a marked 
response in the lownediul ()!M soil of Cariniagta. I-or that 

i. varieties could not be e\ aluated for A l to lerntCeI in Quili
chao). Tlhus, i1rnialn11 d slfll'iciently high stress coInditi(s are 

sorietiriles difficult to lind for Al-tolerailt crorI. Oi the other 

hand, for Al-susceptible crops like hearts and sorghul stress 
c(nditions iay he too high for alY variety to sursise ;and in that 
case some lime lias to be applied even in the high stress plot. To 
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maintain the samc cv cis of stress o\ cr sevcral planting seasons is 
often impossible to athiue. and scuciling resuits of ole sason 
arc no' recessarilY cotnpaiaiu wit It thosu of anctlicr .,caIo. 

Ili second major draw.back is that plants in the lid aru 

suh*iccted to disuasus and itiscut pcsts.S,.hich auc oItun il1posihle 
r
to control etlltful h\.Ius. s, thu itcl -discasu 

complex in it 

aitiut hic ptihlu Ito 
ittil h Citlit1 In V Show lhItl, AI t]lracll in1that 

locatiot, hut much better ltolurallc in locaitolt ,,huru tlhusu 

insects and diseases do not occur lor u,xample. dtic t the high 

diseasc and pest pressurC in ('arinlIgUa, Onlh a small putccntage of 

the cassava, riuc or bua n gertnplasrn can hu scruened lor \l toler

ance at that location; the othur varieties aru killed by diseases Or 
insects, or their pCrfotrnmanc is seriously atIuct.d by thesc othcr 

st russ Iactor's. 

Summary 

Results obtained with nutrient solution techniques have to he well 

cc rrelated with those of field screenings. So far, the nutrient 
solution screening methods developed by most rescarchers have 
not yet been correlated with field resutlts. (ambphcll and I kducvl 

(1976) lound ithigh correlation between restIults of MIct srccn

ings itt nitrient solution and those in thc field. -i hc correlatito wias 

slightly better when relative root IL'wth (R RI.) iliics tsud aiswuic 

th , "olerance index t solution instCad Of i tolucrantlCC iiduCx hiscd 

ott averages of staiartd varieties. 1lowelcr and ('adavid (1970) 

found that grain yields of 240 rice cuLtivars at 0.5 t ha linic level 

,ere well correlated (r - 0.04) with R RI. valucs Itlhc samc 

varietics determined ill nutriCt solutiOr. (f3 and 30 ppm AL. 
Ilhus, f"or rice and wheat, which both sho%% ia\,idu allgc of AI 

tolerince, nutriet soltionitchniqeLCs aLClast aid quitc accitlltIc 
for selectioin of highly Al-tolerant Va'ricties. Il species like cassas a, 

with a high mvcorrhi/al dependency amf a iCh sIaller raieC of 

Al tolerance, field screenings based o actual \icld sucul mtnorc 

reliable and irt many cases more efficierit in select iug h igh-vicld irg 

get mplasm with good tolerance to extrrCee soll aCidit. 
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Tolerance to Aluminum Toxicity in 
Upland Rice for Acid Soils 

('t;.ui P, rtfic'. and ,'urapot;, SarA artnmng* 

In troduclion 

l Itatin Ainerica, approximatelh 8.2 million lectares of'land are 
plarilcd to rice, (if which 74C( is upland rice. Total production is 
estimated to be 6.3 million tons with 47 'j being contributed by 
he uplaid rice sectol. 

It is not true that upland rice culture in Latin America repre
sents a unifori system where agronomic pract ices, climatic con
ditions, and production constraints are similar. On the contrary, it 
is characterized by con in nous changes inecosystems with pro
(Luctivity levels that range from the lowest t,)the highest. C(alti
vated soils, rainfall, and rainfall distribution vary considerably. 

The savannas o1 Colombia, Venel'ela, and (lVanal the 
Arnaion region: the Brazilian (ierrado: the Bolivian sa'valna: and 
other minor areas constitule one of lie largest incXploitcd hind 
areas of' the world and represent ai iniportant resource lor tlic 
production of crops such as rice. A large proportion of this area 
combines abundant arid well-distributed rainfall 00ith acid, low 
fertility soils, but with good physical properties. ()ther climatic 
factors such as temperature, relative iunridity, ar1d suiilight are 
favorable for rice production (WIAl, 1983; . ichez anrr Salinas. 
1981). 

The objective of this paper is to discLIss some of the effects 
produced by aluminum (Al) on the rice plant and to point out 
methods used by tihe CIAT Rice Program in developilg varieties 
tolerant to Al toxicity and low fertility for savanna soils of' Latin 
Armerica. 

Breeders, Rice It'iopiam. Centro Iintemacional de AgricuItura TropicalICIA*T) Aparoad:t 
Aeico 6713, (ai,Colobniia. 
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Aluninum tolerance research with rice 

Varietal differences 

Toxicity produccd by allllinull represents an important Con
straint for rice production in acid soil,. Alunminum levels of'2-3 
meq 100 g Of Soil ae frCquCnt in tire S.alannaS Of Colo1mbia, 
\'CnluclaIa,INana. and illthe Bl'/ilian C'erraido. Soil, with 
alumiiilnut satualItion liler thunr 6()' ha1ve al tutun urn toxicity 
problems (.ochrane and Smirche/, I9.S2: S;ucie/ and Salinas,
19 I: ( 'anargo. Ilowelcr and (ada\ id, 1970: IR R 1,1978,IQ,!:2: 

IRRI. 1980: Martine/, 1976: Sarkartng, 1984).
 

StudieS carried oLut nruder field colnditions Of Using nutrient 
silUtjoj, in the grCCnhousC have found variCtal differences in the 
rCSponsC of ice to alunuini t,)xiCity. VariCtiCs such as N onolaya, 
( olonihiu I,Blucbonnet 50, IA( 165, IAC 1246, IAC 25, TOX 
1010-49-1, IOX 1781-15-1, IRA 112, and NGOVIF were 

CeasSifiCd as to;,, Mt, While cultiVars such as IR8, 11665-23-3-1, 
(CICA'4,and Mletica I w,'ere considered to be susceptible to 
aluminum t()xicity 

I oxicitv caused by altrr, nur is niiifested in susceptible 
varicties as severc yello\ilg of young leaves and dCuth o1 oldcr 
leaves, and as the synptonms intensity, the plants arc damaged and 
dC'Clop fc, roots. Indirect CffCcts caused by toxicity are also 
so r10iteItu obscrvcd., such as magnesium and phosphorus defi
ciencies (vartine/, 1976: Sarkarung. 1984). According Io Dc 
I)atta 1981 ), the eflCCt ofaluminuL toxicity on the rice plant can 
be represented as flollows: 

Water Strcss 
dimigzht 

t,)XICIt., growth Jlld ah. ptil 01tiaPtionltdevelohpmentI 

_ Icdl1clionI ill 

1) 
C.m:iactl
il
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Niartmic/( I1)7) StudiCd IKhepcr1ormancc ot sOCn rice %arietis 
ill\'ill1I it 11111itiIll-L'tIllccllt It lw" ilnu ( I ablLelrllicIlllu [olil."' 


i).I hIC lIngt 'I tilLte,tintt unt \%,,15 t..castiLred itIllicdi tlI aftur 
v.cc placed Inatreatment silt ilo iul and then tlie plntlet, 

nutrient solulilo tree olaltitini I 4t h urs.,At the cpu kii ihit 

pelitd, the r-lit \5as mlcisellcd 'aiel.iid dl te i heteen 

c.I(Iable i). tile of altiuititinA,,s contentnleasiraIcnits euirded 

Wits itCrCiSCd, totot lengtlh decla',ed in all of the vaieties. 
Iltlevecr, tilor, \kcic sieronicant dillcretene s atll)iu\;rictics.g 

11c~C inofi leiigtfi i1, I hif][1h of alllinuu mi roolil Ieil illisars. 
1 1 1 1 i  


I l t t l .. ..... .
V It [IIll ll ll l h l ... 

l ii, al7 

M onlha 

IBluchonn.l 54) 

11 65-23-3-1 
IRS 
('1( A 4 

115-04-2-2 

( lii i I 

Si.i ldmioidi4l 
in:t]caiilly diltiti 

SlOlt11 : \Ltiiiic, 

26.1 a 74)1 ., 

25 4 ab .01) ab 

1.4 Ahw .3 d 

20.5 AiL 3.S td 

19.1 1 2.) cd 

16.9 c ( . Cit 

15.4 ' 7T) c 

(4 ),til Itil 

nuiil5; Ind)(d Iiuu.iahilwi, in In)iiiitii 

I I 197o 

0 t a,I4,llujn bi, lic .iin 

Effect of aluminum on 

,
 

13 7 Aih 2S a 
,


14.7 i 7 a: 

1.4 d 0.4 a 

3.3 cd I.,sa 
I1. it ),6 a 

2.8 cd 2.3 1 
4.4 cd 4.7 a 

Itli .0ii LAhi ii Alt' lill 

Nltilipic 4aluyu I,, 

cellular division 

The effect of aluminum ol the iitotic process o1 iilosis was 

studied in meristcms of rice roots( M artine/, 1976). Samples were 

taken front root tips of plantlcts gron in nutrient solit ois with 

and without aluninun. A he samples \weic taken at regular 

itervals and in each ease the number of cells undergoing the 

process of division were C'tutllltetl 2). indicate that(lahlC lhe datt 

less initotic activity otccuried in the root nmcristcnls ol varietii 

susceptible to aluminum ttex citv. such iasCI(A 4 and IR665-23
3-1. than in tolerant vreties,uch as Molnola. 111d ilnniearct 

50, even with oly 0 houls in the solution \tIl uininum. The 

number of Cells uindCrgulig, cellular divisio is S,I low tt 72 and 

95 hours and, in the cai..e'A' IR665-23-3-I and C'I(A 4,tie values 

differ significantly fron those of Monolaya and Bluehonnet 50. 

[turthiermore, the number of cells fotnid itl cac!i phiate of 1l1 

mitotic process (proptaph. metaphIase, aIph1lsC, Mid tclophasC) 

were counted and it v as found that aluminnul aflected each 

nitotic process and not one phasc in particular (Martinei, 1976). 
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I iblI 2. Effeccl if ah1. inijiiul (211 Ill oiln iiil ber if cI'Is ill provesI if% 

i amlell lls lenll.I~.if|lit dlikisiol' a (' if 5(0 C o tilerm,)( Illcir 

lrcilticiii \l , \, ,l (I \ ll I'II ,n . {iciiiiIm
 

(,rtieul .it1 in', I 14{) 12(1 I0.(
bc
 

26 I r1)111 ' 14'I 3.X\ I 

' l! .11' ,1I4 , 17.l 17.3 17.,2lti 21)3 
c


211 pul \I 1.3, 6 5 13.3 ,.Sbc
 

l4t i ' 21 3 Ii.. 10.0 17.0
 
-0 pp . l I1.h1 7.5t 11.8 4 .0h'J
 
. l 1
it 72 lm , 1i.8 15,8 17.8 18.0 

bd
 
r)o A 15 h 10.51 2.q211 I (), 0 

(.mil ai 9 hlu,,iiN 14.8 14.8 17.3 15.0 
bd
 20 p iii Al1 11,5 3.011 10.5 2.3


o( I' d 
ll ;I Ch tII an 
'1 huwl I3.s 14.h 15.3 15.3 

hd  
20 ppm l'J 14.5 3O 11.8 3.0bd 

., " 1,07!4 TOd~ll~idv 1 S%1) J5';) 
h IhP 1 i I he It'nlcllu.vCoIIltio .Illl'allll 11.t+ 

Dddler sl!lIr;llllik 1llIlnM o millalij let.bollLt 50).
 
,
11 IWL):l jj llljj ll M1,, d I arid t SO,jpdr~ili in 111hlchtolll 


Inheritance of tolerance to altminum toxicity 

Martine/. (1976) made crosses bet ween \ aridt Is tolerant and 
sUSCCltiblC to aluninin) ttoxicitv and evaluated I,F, and JIR' 
gcterations in uttrietlt solulillos using 20 ppm of altininutn. It 
was found that in the Mon<olava antd ll lbonnmt 50 varieties, 
tolcranlcc to alumfillutll toxicit. v,as cCessive and was controlled 
by t,,Io genes.he genes inthese two varieties ar, possi';ypalrs ofl 

llclic, hut ha,'e dillreent degrees ('I expression or incon,.,,ice 
penctrance. Cariargo (1982) used a similar techuique ad I'(.2nd 
that tolCrance to alutminum toxicity was ulider genetic Conltrol ill 
the varieties IAC-165, IAC-47, IA(-.25, and IA('-1240. Moreover, 
susceptibility was partially dominant over toleranct. 

[he discrepancy between the two previous studiCs may be duC 
to differences illthe methods used, siince the length (i time the 
materials were cxpotsed to soltions with alutinum W' not the 
same. Nonetheless, both stud!ies indicated that the getlctic va na nce 
varied depending on the atnotut of aluminutm use. ihlthe 
evaluation of segregating populations. I here were no maternal 
effects in the expression ol tolerance ItoallilInuitt' . 

http:genes.he
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Varietal improvenent foi acid savanna soils 

ILocation and characteristics of tie ecosystem 

erat'll hi 

sull ail beil!LL i, ldi'lted at \illa lctliclo. ('olotnmbia. at tle 

(t'l I (eLiuitial (I luve' tiua iiii I a ibt(.'ttt ad.; x11 ictlluental 

,t'tioll thatM belontg- t Ilis ,wtinto(tlonihiano .gropccutl'io 

(W:\). I his rltin i ,chmratctimd h\ atittdant (34,77 nlm year) 

anucd)lll peep aiuti ((),,It. 1982). Ihe Soils used 

arc k o i., ;Ia ()xisols. ue acidic (p11 4.4). htla , ;in altlluitil 

coItet iti 3 1ttq lIttl)ol oil and N3'( alumlinum satuIlioll, and 

base very lok, coiltets of phosplhorll, potassiltl. calcliumll), 

mal 1esitIIt, ,ulphmt, and hoir-n. \V;!tcr retentiolt capacity ill tile 

soil is ct l\ ,. 

I\ itlt itIhII ill0d 'l eI.ii o totIOC alt i l It cid avilln 

Objectives and strategies 

Il,.e generalt- ratcgy focuses on obtaining{Idet'date varieties for a 

tcchnolog\ of lim inpuls. I hese varieties must he tolerant to 

ariolh still r)hOltCH,I specally :Iluminutti toxicity, and to lilt 

utain discasCs and pess (pyrictlalria. leaf scald, blast, grain stain. 

brot Ical spot. itllatodes, and stltlhorCl) pIesent ill this 

ec.syctetl. IsI-S it.ettes tMIsi als hAS, good g.rinl (Ilality and 

be abl" toCeli(cIctntil [Is .Iesca' ce lltltllllts available in the soil. 

The breeding p, oglant iriltiall\ cOI,s twit mail aspects: 

Introdiitnd evlaliotiotgmlalstn l ot its Itlerance to 

aluminum tox,city. 

A hyhridi/ation ind selectiron protgranl to incorporate into 

the altirninum-tolcratlt utaterials other desirable character

istics such , pCst and diseaCe resistance, go(od grain quility, 

and high yield potential. 

The selection criteria followed in the developmcn: of tn ideal 

plant type for this savanna ecosyst,,',n are: 

Long, thick, and deep roots; 

good initial vigor; 

low or intermediate plant height (90-120 cm); 

superior erect leaves, slow senescer.ce; 

http:senescer.ce
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hurrnc. thin, hreavy g 'iirs; 

intermediate tillering and strong sterns; and 

hkm sterility., pCrcentalge of 

Materials and methods 

Approximately 1360 cultivars including breeding lines, native 
VariCtiCs. ald triditiotnal materials Coining Iron diflerent Irnstrtu
tions Such as tire Interlational Instittlte of Iropical Agriculturc 
(I 1A), Instilut de Recherches AwOrrIOritiC! IIrOt)cirlc,, Ct IC 
(ultics \;ivricrs (lIAI). Internationial Rice RcCarch Institute 
(II,,I,), ('cifrt) Irtrnaci .rOal dC .A\ericultura I ro)pical ((I A] ). 
and the l+titrtutt) AL1+n)i(1licO dc (,mrpiir, HIA(), (( II. 19X5: 

sa;rrk rng. 194 )v,rc cvalufatcdl in 194. A ficld d cigner iti g 

Of -ircid Strip., formtCd ly t o hands., uvms high and ho, aciditv \sec 
rrscl. lIhe lattur as,ohtained +yafpplying 3t h (I.hdomitic ritc 
15 dayv before planting with tire objective of irrcreasinrg soil plH 
'and ncutrali/inre ;tltlnlrrnrr. No linic wuir appf)licd t(ot0 hiLly2V 
acid hanld. 

Il 11 Urtritur-als urrnder cvaluthtioirl ct ill blocks covcrtirg oth 

high arnd low acidity bands. I lie varicties Ncltic I (susccptible), 
llRtVl 122, and IAC Ib5 (til -rant) wcre plated as controls every 
12 cultivars. All plots recei\ co a riniritrurri fertili/ation al the rime 
of planting with 50 kg N (urc l, 60 kg P,0, (tipIc SIrpCrpIhOs
piate). and 40 kg K.,() (potassium muriale) per hect are. Io avO)idl 
ctonlfusing cICts (flre to p)o:,:,i)eC (imiges eaucd by diseases and 
insects, insecticides and furirgicides were a,-Iiecd rcgurlarly. \Il
minum toxicitv wa.,, CValualCd at 40 ai1 :,v after planting, 
using a Iratinlg scale of I to 5 (1 able 3). 

Table 3. Scale to e%tali aluninmui to\icit) s,rnploms. 

Scalc 	 SyllptollIs 

I 	 No dillercnce i dciclopmcnt athigh and low acidity conditions. 

2 	 Slight \clh\min g ol a Ic%,plalls ithigh acidify colnditions plant
 
mtcl.cheopinent is ,carccly affected.
 

3 	 Celtain vclhmiin in the pilans Slight decrease in height. 

4 	 Utniform ,cilIolio g ;nd marked decrcase in heighlt no dead leaves. 

5 	 Severe vclowinmg, m:ir.,J .1r-ease illheight and death of inferior 

leases. 

SOtURCY: Sarkarurig,. Nl')5. 
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R tuIs and discuioni 
lI t+ C ut ll l \ a r 

+ 
Ill o t ', U e a l t l llf i l l+tN t.p t i hlfl i t) ln to i i t y,, h a dJ VC l \ 

intenc t , CIIumi , and plant and iloot grovth Vrc alccted 
"Bt sAcIitI), ' I oI rit cHlIti\ars (I aIlc 4) gicw well inder 1t)t 
conditio, (high ind Itow aclitd ) and welt claAlh.d in ca.egorics 
I and 2 of the rating scale (I ahle 3). () the 1360 cultiv'uars 
valtlatUd, ols' IND) sho,cd ;ooddalptatkii to a\ail na condiit 

tions and will he tiCd ts pl)gellitols ill the Crttssig pl-oi2ranl 
(CIAT, 1985; Sarkarung, 1984). \lurmionum tolerance \ ,as tound 
in ctltivars ofdiflcrcnt geogtraphic origin. Impruivedn hus Coiltilie 
frot the breeding prgranms at II FA, IRAI. anid IA.-'apinm,, 
showed good adaltation and see ed to havec a higher degree ol, 
altllnuliln tolerance thin liW lcal ,arieties, ~lNitnola\a and 
(olonmbia I. 

Iill 4. ( uili,,irs hiig I ntihrauit i l ihilluulluuimih c),jt.ulitmid their ,rigiti, ( tilnt 
lRt'iomia tt llc mt sligaciui tI), In Iibih rhJ, ( htimlii , 1984. 

( tuli , ul )-\ 
-illli+cLt lil'a d Xlk lclt-d hlt, .. .. .. .. 

I OX 1 1- 2 -2- 1, 1t1 A. Niy lt'a
 
I (X ) 110-49- 1I1 
 li A. N igcota

l()X t()ii -.4t - IIIA. Nigtrl~u
 

lOX 1515-3-1-2Ol-20i1-1 I1A, Nigeria 
IOX 17X1-15-11 IA, Nigcita
 
IOX 1781-5-7 
 I IA, Nigetia 
I RAl )4-1-2-11 IRAT, I nry (o ast 
IRAT 112 IRAI, hrory ('oSt
 
IRAI 122 IRAT, hoy ('ost
 
IRAT 146 
 IRAT, IoryU Coist 
IA(C 164 IAC, Brazil
 
IA(' 5032 
 IA(', trzil
 
IA( 25 P.-1 10-9)9-1-4-1 INIA, Mexico
 
1)S6 IRAI 13-AI-ltNI-I+IM iNIA, Mexico
 

I l it tit tld tilt tl" varietics
 

Ngts ic 
 Sierra I cone, Africa
 
Iac 23 
 liberia, Africa 
Ku 28 Thiland, Asia
 
Patti lokokul 
 Indonesia, Asia 
OS6 Zaire, Africa
 
"/.chi Philippines, Asia
 
Monolaya Colombia, South America 
TOS 5H1) Afric,
 
63-83 
 Ivory Coast and Asia 

I A Iternatitoal Institutle of Irpical Agrictiutre 
I RAI Irtiiut tie Recheiches Agrunomtiques "Iropicaics el tie (ullives Vivri/es 
IAC Istittao Agrontmic,) tic (ampints 
INIA hitittiuto Naciomnl tie Inesigaciuncs Apricktas 
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Inveneral, it was ohser'cfd tl:,t all alunijitini tolcaill citivas 

IIiVeL deep roots, 1)u1t 11o all igutIIrt'p. Wit h dcp roots ael tollaill 
tO itu toX.cit\.ltirinnltt 

Among the Imterial, Cvatluated. Sonic high-yielding dwarfl geno
typves were included. Itwas observed that these genotypes adapt 
pmorly to this ecosystem. I hesc irrigated genotypes are character

i/ed for their superlicial roting system and excessiv tillering and 
probahly because of this tile\ arc lredetermincd to upland stress, 
to riititional tinb ali ices. atildto valcr deliciericY iII the soil. 

I hetre ,a, riLocolTio1t het\%t"rI liIt.i1eht aid t(),leCnc to 
;ilitI 01111 tioxcuit\ ( I alIe ).%law\ i pland d ,kaI penot pcs had 

ltIII and 
.''Odito,. I Ihe",riplitrd d\,;irl lines ha\c thick and dJeep roots 

heIh thltil00l toleraice -,ood adaplittionll to sasanna 

I ( .. "I) .\ I , 

, it,\ Ild (Itic to ;IlritrlllrirUtI t)XIcrt\ \ is ctstilliten d CI l e 6). 
RclhI IIic , .lds t u (I CrirItt, Iitel susceptiri,dui tolcrant, anti 
hIe Colt ars" were 1. 71 ,.and 48,' . rep'cti\ly, relative to tile 
,icd tbtaited iII the lo, acidit \,trip,. 

A Vr (,l1ipof Irice" cltiars prc%luv classified as tolerant ill
 
'liiiinrI rit ricnt ik.rc C less tHUan ot
CrttiiC %% a included, I(P: 
2S8 culti\;n, ,Cr,' rated it.,s ill tie fiheld. [lhe ajr itytolerant 
C.Iibt(d 'C\Cre NCllowinr2 ill tIheC high acid st.,ips 410 days ;fter 
plilzllulw. alrttouph ori( %cred at Illtilrit\. type oftc\ 'Ihis 

Irldllcc I,,tllndemibit bcrc;Iti,, it\kOrld cils \ild reCdulctiol.
 

,I'i kkl llIlln hI,'lVt'll h it'ii ;mldlalu iinhl o \icil i of %oict satrie '+, 

t, httIid IlltIhaltid ,trips, R iej tiveht"tesiacjo)tIt, ( I 1), l.t( tis, It)na 

Libterlati, ( tjhmdbia. 1984.
 

Ilcm llll imi..I Lt l£% Itl
 

It iN S I-212-2- 11)2 55 I I[pl+ld 
Ii)N Is15-.II.2n1-20t -I 75 1 tplanud 
I(i in00 24- -- I--It Il 2 Upland 
I<.\I 14,) 55 2 Upland 
IRA 
 122 77 2 Upland 
IR \ t 19-- 1-2-3 66 2 Upland 
IA 25 P.-I IM-0) I-t1-1 63 1 Ipland 
( tconlb I 1 312A 07 t Upland 
'IlA ;i !12 5 Irrigated 

LtC 16t5 il ,tir tcontrl) t0 2 tUpland 
McticaI isumcctible otctil) 55 't Irrigated 

ti 1e lt . .; tI itlcd thi 'Calt'pl'rc illfailleIlevatlate atllluillltoXiCit %yIllptmll 
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lahlc 6. Relative it il a 
slfilh reactIra', toof Ni;rielies different 

aui l oI NH
u\i ,
 

RdatixC 
C~aSN vield
 

I olerant 1-2 92 
M dciately miclant 3 70 
SusceptibIC .1-5 48
 

I.Icl iticd, ichid I hlyh acidhlt hand, 

' id III 11i1C halnd, 

h Iii Cicli'Id "' 'aniI)I . S)i%% iia :, laken,. 

I"i d on 1ci scl]c mprlt''il ini ]ible 3 I( meilil|e ailiiliurn toxicity 
, Illjlhll; 

S uin ma ry 

Ih I Ice !'rograrn at CIAT is intensifying hreeding for tolerance 
toIthe acid savailna stIls. Major production constraints for rice in 
this ecosystem arc: the lick of' adapted rice varieties for acid, 
infertile soils: hiologicai (disease and insect) constraints; and 
nadeqatte inlormation (n altoMritc practices. The approach in 
varietal imp; ovcrICvt is directcd toward development of' rice 
varieties suitable Ir i riimum input systern. A field-scrcening 
pr~cedure i.n I)orr clti\'ars having high tolerance todescrihed, 

alutminuno toxicitv %.crc identified.
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Breeding Methodology for PhIosphorus 
Efficiency and Tolerance to Aluminum 

and Manganese Toxicitles for Beans 
(Phaseohl'/s x1daris L.) 

.,if.7 u JllI,.. O)tega. w11d (). E;rlzt)*
 

Introduction 

Ito, .clds in l.atin America are generally very low. The largest
prodtucCrs, lrail (FAO, 1976) and Mexico (l.epii, 1977), with 
morc than 70'1 oflthc area, report yields undc, 700 kg la. These 
!o%\ \iClds are causled In,aollong other things, adverse soil 
conditions such as acidit-', low phosphorus I1)), nd high alumi
num (Al) and mangatcse (Nln) toxicity prohenms. 

I'losphoius.dc iciency is the most c.nimuon nutritional probiclm
of be,ms in Latin America. tither Al alone or AlIand Mn toxicitic. 
arte 1lmos1 al\ays *,resentin acid soils with low base saturation. 
Muller c.al. (1968) sho.sed that 20' 1 of 1l1t soil samples fro,, 
Central America had pll \aliCs tlder 0..0.Beans are known to 
perform better in soils with p I- value het ween 6.0 and 7.15 (.lacoh 
and Vexkuell, 1963). 

IJnfortunatclv, beans arC cultivated in areas with pli values 
under 6.0 (NMu11er ct al ,1968) and wh,re j deficiency is common. 
Smaill applic;tions of t'aC'O reduce Cxchangeahle A blow toxic 
limits without increasing the soil! pi. Ileans are n',re sensitive to 
Al and Mn toxi tv and nocd higher (a level:, than other cr)ps, 
including ilPOa!ccous specie.,. I.ifii,-d liling is wct'2ssar, to 
overcome the AI and Mn coinplex without induci ,,&/iac(Zn) and 
boron (13)deficiencies when breeding hean.,,for their efficiency to 
low phosphorus levels. 

Application of P ietilizers is too expensive for the common 

Outposted tnroIllmrlist, (CCrro Int'rnacionaI de AgricuLura "rtopicalICIAJT Ilan
l'rogran, t(Cntro Naci'dil ddc Peqtisa' m Ari krr ijao (UN I'AF). (aixaC Vostal
179. 
(A4000( imart t.(ioias,ili il,research aisociat . CIAr Bean Program. Apatad 6713. 

Progran,(all,CIlmlbia; rescalch a; isrmi, C1AI lilcalm Apartado671 3, (iah, 'olirmnbia, 
respect %,cl. 



flaricr and lticlcns is hl . K hr Land N7iii.( . t.ted
 
thatit' hC iCl
i[t 	itili/-s hc % cQ IH ' tnd 31), ol ti titihi/I

tppli ',d. lil, t'to (197 0)Iot. d thI t b,.'Ii b ()i 9.1 kpz
C 
 I-',tI\ 

ha 	a Ltrlmr,,c (Il\ 3.6 ki-, I hit th i .o 1n6 1 k ' l ccd. .A,,
 
::ct.nr triult,
ti,hiihel th+ 'oi( I ' ,eltici t hsit"l,,,c i.it the
 
piltItI( ) lh,,rl F aIddel t,IntI'II;/erI lc uI t ,,cit'+)i, it i,blt' to
 
look In ;Iplaint lliilent iII th,( t,,C P tlld lc', tolranlt to
t I:' fitode 


I\ t(",+'It\. atht.i th a:i ti\,ii tl itiprM,,t1thcf i l I'.oitiotls.
 

Ihe obheeti,. ' 11s1 L:I:tIlik, aeh0 s 

IlnateI cSb:ii .l .lit \ if the tac IkmI 1 lc I if) the 
s ail its,tnl I,,l5(f t iil2 [,bI liti 1) applications. 

2. 	 1a e\ llli e beC' ttI)Irinc to AlIani \1n toxicities arid its
 
It- lI"C h) addit j lli iii
t . 

3. 	 loai.entil, I'm),! ri drI I ,tlltInn! IItn Cv: lations III Steps 
I and 2, 

4. 	 I o rtc rt:irtn lidplotn ,isin,rtnitdia; identili.d it step 3 as
 
cili.'it t tol._cil
itlti ait.-bI.(.tLe
IlU OtItIfLC., 1t llpiOvC archilec
tlrc. and te O di.,t.iscs. and piests.,israaee I Iton t. 

Phosphorus in the soil and i1,deficiency in 
the bean plant 

Phosphorus iS alwavs chialinte in 	 the soil ,ntl can be lotid iCa 

three different h'o!ms: 

I)irectl, available to the plant throu2gh file1Soil Sotiution; 

minstahle but with possibilities to he transformed into a form 
available to the plant; and 

conlpclcly fixed :11rd not available to the plant.

In 1,nCnral. eIswiabilitydccrciscsphoru
with soil acidity. Pi'i 

delICIe.'IcV in the bean plant is shown by leaf color changes,
necrotic bordef Cealy (elojiut in. uL'I fro"th with v'ery thinre(Id 
stUMS. Ind short ifitcrnodc,. [he flowering st~ige is delayed and 
the period to physiological maturity is shortened. [he principal 
root is very short and Sometimes the tap rot i';replaced by 
ad 	 tentitjous roots. 

http:di.,t.is


Aluminum in the soil and its toxicity! in lhe
 
bean plant
 

.A\IuLlillltl is tile eeotto d luh,,,I ("nlle majol clilc ritsith tl 

present il the sil Schelt e tnt ,eltatsehtl+l I7U. h7ut it is
gpeterally not a threat proided it is not assnitilatet On saseeptiblc 
plants. 

Al m inlui lt\i.'il, alicets hai ilIthe 0,,, ithilit nu cell
divisiol, reduein2 loot .,,stcltl d-.'lopnttctttt (\I i lod antd
.a'ksomt. 167: lI'tminL!mit d .I(0t,.J' I')74, and ediucine
grOMI 01 tlt'plaIttt ill ee'eral as a ScConda, elect. Suscejptihe
plants ah,,orl Al and accurmulate it ,iti it totund the toots.
Aluminuttm also ieduL ,sP itItake due to d l, ion hct,,'n the,v,.eh.etmentsfortmhl,, akinjillum pho~sphate,, \Ilulmilltllll,\ocit \i's evtident ,,henj the plants arC sttUted and lo()ocl\ 1ooted in111soil. Young Ic\'cs heeonu yclho\w and. it to:cit\ i, vse eC\re.
.,(tfle Itert(tie Spots becomte visiblc alonthe herdes. Roots are
the most alleeted o" landd UMe used as ipal'almte to e\ altiat 
tolerance (Armiuer et al.. 1908: Reid et al.. 1971 ). 

Manganese in the soil and its toxicity inthe 
bean plant 

Mang'anese is presetnt it the soil tn three diliercent fors: Mn  -
MilT . atd ,rt\)nly K o the Mn i form is readilyasstmtilated hy tile plant arid carl he found in tle absurptioll
complex or Iree in the soil solution. High trgatic seillwhich arl"a cid.suh as tle AlldosoIS lla h a ighIliretertn and eai eattse 
severe danage to tIe bean plant. 

Mangancse absorption and mo,ement ssithii the plant isilt the1in+-+ forn. This formt is not crv mobile and cantnot pass into
the phloemn van (oor and Wiersna, 1974). High atmtounts of Mn 
can he accumulated in the leaves without producing toxicitysymplonls or aftect irug tile yield: it is Common to find leaves with ai 
Nin content of 1000 ppm. 

When the tolerance level is exceeded. Nn toxicity causesyellowing hetween the leaf veins, deformation and shriIlkage
leaves and buds, 

of' 
and necrosis of old leaves when toxicity is ery 

seritu. 
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Genetic variation of beans under adverse 
ccnditions 

Ilhere is strhnu c\ bmLthipc'l tiic \a iato iLttLdi tAits
 
cllicic cv inth e se of Pa id its l)l a0iCe ti .\11 
 f to\iCitiL,.
Soilrle colillncrciail %alictlics!rlnl iBra/il W(alioc~a andt M ulatlnho 

349 l(50)59)) tie lit onk I' clicicnt, bit its tolcitt !o

o'lncit.raIclv high ICcls ol \1 and (ulnc itlLticSrm. lionr
 

('Cntrlial%llCia anid (oorh ia,are suscCptiblC to Sulch soil
 
condtlitios. lR'ccnt data sih11(m that cliLillL docs nlot affle P
 
cliicietice Or tolclillce to \l or %nii problcnls. 

Screening methodology 

Scviral invesigators have hlkcd lot aiterithodology that allts 
casy mna agem enltillof large numhers 41 lines in a rclatis'clv short 
period of loinic. at low cost, and %tithgood corellation to final
 

icids. In [ihe case o0 tolcrance to high ICCels ofl\1 inIthe soil, lost
 
resCarhereis agree (fhat tile 1oots the ttMost atCCLd part of tire
 
plant, ate a indicatorol tlte index. Foy( 1974) used
wglonl olcrane 
fite gios lt rltc tnlde\: RiY ct al. 19711 tUsed the intensity of the 
loot clolir: altl la,1o1 l ind Kainpratlh, (19')) nsed the activity of 
the dcn<osintc riphosphatc (AIPl)l in the foots. All of 
thern thlaircd good correlations with \iel.l 

Planrt pi rts tiscd to stnd\ Al itd P cllects arc destroyed during 
tih ahtatit process. It is then irrpossible to use the sare plant 
!ot sced produtction except with tlhe Poll ct al.( 1978) method in 
%%hichthl plant can he recotcred alter tlsirig hetiatoxylin. Plant 
dtIsi eCtion slo\,,s tite breedig process incarly generations and 
inakes it dilficult to assie tt geretic ideitv of the nmateials 
selected, Cxccpt itt the Case ot gcrctically identical plantts. 

Another factor tihat tturst he cotsidcred is tlhat whllt selection 
cctrs during tlte %vgctii'estage itisassuied that the plant has 

the sarte P ahsorption capacit': dnring the remainder of tlhe 
gto wing period ignoring theliighest P iohili/ation activity 
during the pod lornoation stage. Haag et al. (1967) sho,wed that 1) 
absorption reltchei a naXilullt by the pod formnation stage and is 
mtainrtained at this level until physiological maturity. Absorption 
of P is very low bet 'cer the germination and the flowering srages. 
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(raill l'.a S'l ;v,a:in'icld eCiltia on pillaiat e 0 lacilitalc 
brCe I ii Of 1itmcrlials ;icc.,lditli t0 lheir cllicicti's 01 tolcfral e. 
(TOP pr %\,,Ith i', t1 \k: all obSCerCd ILoriil17 all states \'it touliii\ eorrc'laitlot to ithe tinal \ j'ltl. I~laitii j eroin plerf~l-ectl.s wcl1 it 

I 1)lI ,, pt to the p d formatt At this Stale. pods inni~tjon ,tay. 
oltl- pli Ots1 1illcd nlrln-allv wvhile pods in strcS.S plots (didI.l fill 

Field technique 

site 

Alunllinuni aid, Or Mn toxicitis 1,t, tile Sane ts ICrtility.
aiccordinge to thC 1ot.. FOr this I'te ,o it %;,,s nCCessarV tlocondUct 
preliinary I'ld Intdic" dCtCrinC ,\l. \l1, nto d I' StrC"S. 

I)termiialion of"Al aiid Nin stre, levels 

10 etitaCllitW Ai land NMl 'ILt[C I1L\o+. ia Iiilitto trial. aplply'ing 
diltetejit le\el' o1 dOlo111tie Mrealciti \%itslitit. 'tOndittd hvP~lail1 il) tdil;lC tnbL'ani a icic iillh illiy t lC'lanit anld siiscepii

ie tpcs. :\lumiinm .xicits \as calculated according to) its 
SaltlratiOlt Ileel ill the soil usitg tilh Pearson (11975) formula: 

AlI 
A saturation ((,7) =- -x 101) 

(A t ('a -I g -- K) 

\vhcre liet units for caions were given as mihlieq uivalCntS il 100 
1rams of oil. 

1igure I shows the results oif such a Stuidy at the Centro 
In tcriiactonalt AitcgricuItura I ropical (CIA'l)-Quilichao ( 1979A). 
It this esc, application oMUD00 kg ('a(CO, euivalent was etioigh 
to achicc 65(7 Al saturation tinder the ('lA'l-Quilicham condi
iotis. With a owcr iatc of lirn, Al Saturatioit percentages vary

elraticall\. Ihis lcvcl Of Al atluratiotn nia appealr too high, but 
the presence of a high organic Illatler content (71 ) helps reduiceuc AI 
toxicity through its asorption contplex. With higher rates of 
li re, bot h susceptible aid t lecralnt \arictics grow andwell 
p. oiltc t1 ood yields. 
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-+ - O 
., l c t d 2 IU( 1i; AI l sailjrtlltliat " 2 
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I- i- LL. 1 '9 080 .qlii100IWO)1201 601 1000SIO 5000 

CA'(), cquItlcahent applied Iki, hal 

I Ii/i id: i ripn thi'/] cil i 1I'It' , a /l'ete 

t A 197 
lt/ir' !t fi it-nI/ 

I.) equals 22' 1 and the atdard evrtatior at0.05 eq'u: 40. 
Ira t (w'/.I -Qurli Irao, ',.it u hnt o/variatiotn 

(I)) 

lhie amount o ('aC( needed to rediuce Al stress can also be 

dctrlmincd usirig the same trial. According to Figure I, more than 

410) kg of (a.() q required toc-ialCnl were reduce (without 

eliminatiig) the AI toxicity cllect. Application of more than 6000 

kh t (' ( uivalent causes other prhlile is such as Inohili/a-LI I 
Iill or ixation ol microclcmcnts, I fixation, and the promnotion 

"il1ne 11plant discases. 

)etermination of P stress level 

Ihle same system used to determine Al stress vas used to 

determiie 1)stress levels using different bean \sarictics. 

Phosphortus application levCls ,,hoUld he carefully a naliZCd. 
Under CIAl-Quilichao conditions, beans can grow well with 1) 
levels around ,,ppm I!Bra' 11)and applications of 2000 kg ot 
(A('i0) eilent. ile other sites this conccntration is notWhle,at 
enough. 

lo dLtcrminc the 1)stress level, a graph is constructed, such as 
Figure 2. where the poits represcint data froIm each variety and 

the dispersion is nIaximuin: that is,dilferentiation of varieties is 
the most visible. [his is used the P)stress level.rtetc as 

The ito-st ress level is determined by observing the closer points.
 

I he diflerenccc btwee is assumed to be the difference
, them 

bet cen the levcls of maximum icld of the varieties. The no-1I

stress level has a limit: if applied in excess, P b comcs expensive 

and can changc the relationship between elements. 
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A A250 -	 0 
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230 -
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170 [1 	 El A A 
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130 I I I I o: 1 I IJ 

0 25 50 75 150 300 600 1801 
kg P,()/ ha 

(0) (li) (22) 133) (66) (131) (262) (786) 
(kg P ha) 

Phusphorti lcxcls 

A UNn-licicnt matcral O 0 Non-elficient materials 

Figure 2. I'ho.Vporu.Nrfi'f'u ont /h'l prodla gtlu ('at J')-Quilihao, 1979. 

Simultaneous breeding treatment 

Once the different levels (stress and no stress) are known, they can 
he used in combination for it si ltiai eous breeding process. 

Each plot represents it treatment with it least three replication!.. 

Treatrment 1: Al strcss plots with no 1) stress. 

Treatmen t 11: 1Pstress plots with no Al stress. 
Treatment III: No Al or 11 stress (opti mum levels). 

Soil preparationfor large-scale screening and breeding 
piots 

Once the Al and P stress and no-stress levels are known, the field is 
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prepared for lintrili. Hall ol the is id('ast andaile() 
incorpoiated it, deep as possible (ahout 21) cuN). the ohcr half is 

loadcast lctic lailltiniit. Scels a)e o\cl planted (201' nc) in 
, htiid ( 

thlinnci t\k( ,Cc ks tivt i ,clilillati)li I l tilistllds of 25 
3.0-nctrc-lne Il\\S xtih 0.6 II hct111cii 5. statiad', are 

lah nt', III-. lic_'!Il -,clIllpIl I11 sh()uld hc :.+tc!aiatc+d acc ol.t dill , Ito 

gro\Ilh Irilit. ( ur), lh lal',it, iinl II (hush t, pc) can e plalted 

sclil ,clt , M\hilt ti ,,t h hahht Ill (]+l&'stratc) ilu s sIlittld be 
pl~ilitcd bee~tt Irci It) aitc s c a ctaul lin 1'!rutI .t)llilpCt it itl ulg~lilt~lig 

line,, and not hetvcn grttssth i allitst ni ctic i,, hcit at tach 

end of the row and olt, tlh 2.0 in rctiolls in tnle Centel' are 
ht r\ sted. 

Modifications to the I)reeding lethodology 

];.sed on field reslIts. some ntdjfjcatins were ide and the 

methodolog y \'.as di ided into three stages which included tile 

following aspects: 

.Stage I. 1 his -,tai!c \%as integratd by bean lines (2)0-300) from 
the lrelitin'trv I nitorm-Yield I rials, plus seven controls tolerant 
to acid soil conditions- Advanced breeder lines and or lines from 

adaptation nurserics caln he evaluatcd at tile Same time. Each 

varicty or lilne is planted in four-ros, plots grouped by growth 
habit and VraI color. IrcatIunIts included in this stage are AI and 

1)stresses. [-or the ) strCss treatnCnt, I ton ('a('() Cquis alcnt ha 
was broaldcast and incorporatcd: 75 kg t(& ha as triple super

phosphate (I S.1,46I ), 60 kg N ha as urea (46 ;). and 6 kg 
K ,() ha as KCI ((4) "ucrc applied in bands: Ii and / ((15q 

were applied to tile leaves it deficiency svimiptiurns werc present. 

For the Al stress treatment, f00 kg (ia(C), cquialenl ha, 220 

kg P20, ha its ISP (46'it , 70 kg N ha as urea (406 ), 6)) kg 
K,('hha is KCI (001i), and ruicronutrients .vcrc applied in the 

same way as for the 1)stress treatment. No replicati onis wcre made, 
and data were taken oin adaptation on i scale of I (good) to 5 

(plt)-r). Central rows were harvested for yield evaluation whert 
moisture content of the seed was 141,'i. The plot was protected 
against insects and, or diseases and complete soil an alyses were 
carried out at 0-21 and 20-40 cm before planting and alter 
harvesting. 

Slage HI. [his stage contained those lines (50-80) that showed 
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good yield and , Ut atHi it aii I and the ,',aitie hiIc usm as 
ctolit() in the Ii st lhue tiiitillelits \\C[lItiiye. included in this 
.,ti'ie 011e \\itlh P ,teC,,,: Ant'hcl v ih AI atus,,,ind the third with 
u< I) \l\, sPt e1 diStl ilit( i in I ardi l p)lt de"sei v, ith three 
rcplicaliou. I ach line 1,s plutnucd ii ioi uu\k\, 1 mltre" long 
with 0.0 in lbct\5tit l'houuhi,;uI dattav,',..I;Itul tukeuu utlllthe
t\\W. c,.Lt ]I1 ',-(t)w, t, -- * g lii nt l. lim,\ctinl , p~hysiolhogical 

ltattulitl, ) and i Id c u,, ouueuts, ( tluluil-ui (i plants el plot, 
uitihlr ofl posI p!, ti\( plautws., ntiuihib l t scd puet ti,, plants. 

ttal ,evcight ini rautns plt at 14'; moistuire cunteut) lo,1 the 
corresponuding ,iriSal licc ;itla\Lis. 

I"or the no-sircss trcatment. 250) k,, (A(( ,L quivalCllt per 
hectare pet scnestcr, 3(00 kg, I0, as I SP (46 )t 10(1 kg N hi as 
uirea (46 L IW)0 k'vK .) ha as K(I (61). 20 kg S hA, I kg Myi. ha 
(20k&,MgSo., ha), I .g13 hI(0Mkghorax ha). 5kg/n ha(25 kg 
nMA).naid I kQ Mo ha (I kg NaMN) verc applied. 

For the 1) strcss treatlment, 1)00 kg Ca('(), equivalent ha and 
50 kg t(). ha as IS (46'1 ) sserc applied per semester. ()ther 
nuitrients Wverc applied tile samc wava.as lor the P stress treatment 
in Stage I. 

I-or tie Al strcss tleiatmnelt, 500 kg (:(( equi,,alent ha and 
200 kg P2), ha as I SP (46'i ) were applied per semester. ()ther 
nutrients were applied in the same way its for tile P stress 
trealirueitt in Stage I. 

Stage Ill. Included in this stage were outstanding lines from 
Stage II (around 15 plus 7 controls fron Stages I and l1). '1he 
same treat ncits used in St age II were applied here. The plht sie 
per line was live rows. 4.0 metres long and 0.6 m h,.twecn rtows. 
Agronomic inauiagcment .,iWas tile same is ['or Stages I and lI: tile 
three central rows were harvested aind the same dsata evaluated ol 
Stage II are also es aluated in Stage Ill. [he no stress trcatmient 
was tile same as ftor Stage II. 

The 1)stress treatment received 1000 kg (ia('() equialcHt hit, 
30 kg In(O/ ha as ISP (46j ), and the other nutrients were applied 
in tile same manner is 'or Stages I and 11 per scrllester. 

The Al stress trealtment recci, ed 400 kg ('aC() eq lriValent ha, 
180 kg P2), ha as ISIP (46(:i), and the other nutrienrits were 
applied in the same manner as for Stages I and II per semester. 
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It is important to note that P and AI tic.s levels, were
 
establislhed tor the IUltisol conditions u )uIlichao. Ior this
 
rcaon. it islnccesarI, Ito
CarIr\ out Colielpite ',)il allal\ses before
 

platititlig and alter halirvestig for each parti ulo 'itati On.
 

Data collection 

a. 	 Plhcnological 

I. l)ays-to-gernlination (wheni 5(,'f ofthe plailts have 
emerged) 

2. 	 (ermination rate 
3. 	 l)ays-to-flower 
4. 	 l)ays-to-physiological maturity 

b. 	Yield analysis 

1. 	Number of plants harvested 
2. 	 Number of filled pods per plant (sample of 5 plants 

per row) 
3. 	 Number of pods;plant 

4. 	 Yield at moisture content(g Im2) 14(ll; 

Data evaluation 

Statistical evaluations did not give satisfactory results because 
yield differences were large among lines. The main object ive was 
to observe yield s;tabilit in the three or four replications within a 
growth habit. 

I he salle control liites were always plaited in each screening. 
[hey wCrC isld to measure the relative importance of differences 
between lines, beciusC yield is affected by a range of' climatic 
conditions, and the standaid matet ials can be used as a correction 
factor. 

Blctoro selecting lines according to their characteristics, it is 
nccessary to select two additional paratneters derived from the 
yield and the treatment to measure their response: 

(yield inno-stress plots) - (yield in stress plots)
 
(1),,kg/ha no stres;;) - ( l'Oi ha with strcss)
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Fhe lmlount od in1p ,,,,as not sewd h,-eLISC chefmitcal 
analysis data eicitl\ depend upon x,ater conditions alnd tittle 
cl;apsinllg atter application. 

(yield ill mm-sttruss plots) - ('ield il stress plots) 
(('( Al satirt-atioln with ,tress) - ('i Al saltin atinlt without stress) 

lines within it grot,) (glail color or growth habit), caln be 
classifid accor-ding to the i',eagc yield for the plots wittIt ress in1 
the sanile group. 

Figure 3 shows a classi fication of lilies according to efficiency 
;1rd their reslCponse to the application of I) lertili/rs. The yield of 
the linies ider 1) stress is on the X axis aild tile rSponse to P 
fertilicr is on the Y axis. 

Ilhe average yield (il this case 99 g/ n12) divides the bean litres 
into two groups. lhose on the left are inefficient, while those on 
the right are efficient. The average Alpha line (in this case 2.2 
kg kg lP(),) divides tile bean lines with response above the line 

Average yields with 1) stress 

99 g In'
5.0r-I A 

.. 4.0

, 3.0 • 

S2.0- 2.2 kg ha P1,), 

0* 

50 1I00 150 g/m2 

Bean yields , ith I' til-

Ot *2 n3 

II abit 

Figure 3. Evaluationuaiuriala''rdhurgt theirc/fluienuianrspunrxe to the 
application of phosluuuri, lfrhiluzers at CIA TQuilichao. 
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and without response helow the line. We can then classify the
 
brecdinu line, into lour categories '
 

. .itCICii line ith '_nod response. This is a line which 
ll(itodusco cl'ti both with P stress as well as wih 

2. 	 flficiCnt line without response. This line will yield well
 
Itnder 1) stress, bit .,ill not prodttce the same as other plants
 

) .vo h optimm 

3. 	 Inefticient line without response. ihis is a genetically poor 

line which will not p)odicC good yield either uidcr adequate 
or inadequate 1) Conditions. 

4. 	 lncllicient line with good response. This is a line which 
pi od ucCS less tunder 1) siress levels but which will produce 
the sa ic oe hictter yields than ll efficient line with adequate 
P). 

llis in catcgory 3 are re.tcctId oi disc:rded immediately and 
those in catcgory 2 can be usedf directly by small farmers whoit)o 
iioi apply fertiC . lines in catecorv 4 can be rclcascd to farmers 
\',lit) use tertili/r if theteconomnic VamlC of the lines is acceptable. 

' 1.iies In tllegoly' I ctil he usefd directly by small farilers. These 
liulies l, iced as, tolerant if cfficicii breeding sources to improve 
oILr lines, with iCSIstance t) soeic iliportil int diseases. 

It is interesting lliat tile results obtained confirm the L.yliess 
1 93()) p mtulate, "I fl most cfficient matcrials under advetse 
c0iilditi()ii, ;11C ii0 nl(uCu'ssaii tile bCst under optiimium, conditions.. 

Nitrogen elfct on seleciion is also v'ry imil iitant. If tile 
selection process is conducted with li iLadCqiatc N supply, the 
variety rcspons, it) 1) fertili/cr is masked by the negative effect 
prod ued by N deficie ncv ( [igure 4). 

lin this C\ aluatioji. lines were selected oinly ii they showed good 
cfficiencyv ':hiatatcritilics tinder ) stress conditio s, a good 
response to 1P fcrtili/cr, or gool characteristics for tolerating 
moderate Al and M n toxicity lcvcls. Ahecre is a positive correlatlion 
with their poteitial yield betwccn lin es conditioned to P stres and 
lines tolerant to Al and M 11toxicities. 
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1- -U YiClds with acquate (,--. Yields with low 
N supply N supply 

Figuic 4.Ram,' f rc'v,w t)dill'r,I' Ih',i'at s've.(s affi,cteu hy diJferem N 
h'\,els. 

Join evaluali(,n to obtain tolerant materials to adverse 
soil conditions 

These lines should ha\e all desirable characteristics: efficiency in 
the use of the 1)Prestm in the soil, response to the application of P 
fertilizer, tolerance to moderate Al toxicity, and response to lime 
applications. 

Lines with desirable characteristics can he evaluated and 

identified using Figure 5. Lines in category I are identified as 
tolerant to acid soil conditions. Most of the lines identified until 
now as tolerant come fro m Brazil where they have adapted to 
adverse soil conditions. 
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Yield of phlots %ith AI silt', (g 111; 14"t' moisture content)
 

I'iurc 5. l'a ,t /t'r o :on/, h'root itt'r/\ t ud\'crae soil conditio, 

"hesc results show Ihc eliciency of this breeding system at 
CIAT-Quilicha., where Al and Mn also affect production. 
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Worid Sorghum Germphim (oilecli on 
and Conservation 

Itrtati (,tirot' i 'uil *Hltl II. nt.rh* 

Introduction 

Ihe impeortance of gerniplasin in any crop improvetnent work is a 
wkell established fact. TIe main purpo.e and responsibility of the 
(Jenctic Resources nilt ((R Ui) at the International Crops
Research Institute or- the Su'ri -Arid I ropics (ICR ISA ) is to
collect and preserxc tile vanislng griplasi and llake it readily
available Im prCeCnlt mid hitu utili,Mt iom. Ilic gervipiasimllst' 
he maintainld, aI uh as. r,,.lc ccioC.
to+ its original lorill aid 
genetic coll,0isti i. S\ ,iiic c I atioi ani documCntatioM 
arc \vV ipoitllalt and kLettcSarV us ks t help ii iidCStMand ad 
classilV the cOlcoC1d lmlrial. I 1icy' aS facilitate idcntification 
and rctrieval of u.ise! ierm plasm lines, lot di,.iihtitiol and proper 
uti iat ion. 

I ately, ICRISAI has attenlipled, throughili citistionnaire, toatsseis the vlnl and use of the emplasm that has been supplied 
to many crop iaipro\ciicrit programivls httlighorit th semi-arid
tropics. the rcsponscs th:t have becn rccei\'cd. so hir.I are Mlost
Cco(uraging. |he results of thik assessmeat are being studied and 
compilh:d for ci rilttiol. 

origin and early domesticatiOn 
took pl'ace i the ;iorthcast aLdIInlt of Alrica, from the Ethiopia

hI-e of sor'ghun tntmst probably 

Sudan horder area cxtending \cstward to ('had (l)ogget, 1970;
Harlan, 1971). areas Africat hcri ;i West and Asia arc also 
important celters of diversity. 

Collection 

The svorld sorghun germplasm collection work at ICRISAT is 

I('RISA I ',orghmn brieeder for LatinAmerika atthe('entro Iniernacioral de Meijoraluinto de M vl/"rigo((t MtMYI ),1l}tatn, MWxico; leader Unt.ofGenetic ItesourcesIrternaiional Crops Res'arch Institu|It'for theSemi-Arid Tropics (WCRISAT),Paian
cheru, 11.0. 512 324, A P.,India, respt'civcly. 
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Current ly iicclping at an accelerated pace. We also continue oar 
sea'rch 1or th, n1,iS.ing iCccssion0. ol the vA rhld Collection tur0tn 
other unc hankls. In addiIo:. to tle aliadv assembled world 
Collection. I0.l68 nov, accecssionls \were aicld frlom 79 Colln
tli" h\ rlctitt e:.,edititlis ill priority aca,, and bh 

CtitricM-pt)tiel1c. \\itlh these nCwIadditions, iittntile sI, gCrnm
pkat"n ,tolici il at l( AISAl has reached a ttal of 22.466 
,tcuNttL,+,h , (I tblc I ). In addition, 209¢7 new acessit ls, recently 
btinid 12 CroncVtries are "plant qularantine fot- releaseM lld 

ill1t)4. When these linies arc released. the collection at IlR ISAT 
\ ill reach 25,163 acccssionts. 

I ahic I. 	Sorghum geriiipla'ni assembl)hd atthe Internatiunal ( rps I -lciarch 
hititute foi Ih'Seni-Arid Trotpics (I( II ,, inuarn I'183. 

\ M111Mt~ t 'It .+.o l hN,,C111h1Cd 11) 

IRIISA I IIl1(Il{ 

t 
R,+,ckcucllci WS I NI)MbNational 

lkillt l ,iS"(1c 1 (1'1 1Id"O P~rog21;) I otl[ 

Africa 
A..ngla 23 6 29 
Ilcmiin I 3 4 
Bl~w anla 28 162 19(I 

litrkina lao 160 88 248 
(amcroul 1753 82 1835 
Scntial Al'icai Republic 37 2 39 
(had 125 13 138 
I-, 15 7 22 
Ithtopia 1446 2796 4242 
(ihana 11 53 64 
It .. CoVtasi I -I 
Kenya 313 448 761 
I csotho 8 8 
Mad agascar - I I 
Malati 58 379 437 
Mali 95 16 III 
Morocct - 3 3 
MItoanibique 42 42 
Naitmiia I I 
Niger 25 383 408 
Nigeria 897 276 1173 
Senegambia 12 282 294 
Sicra ILcone 3 3 
Somalia 5 120 125 
Sthtiti Alrica 483 243 726 
Sudan 855 141)1 2256 
Swaziland 18 I 19 

(Continues) 
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Number ol accessions assembtl hy 

Source 

Ianzania 
IJganda 

Zaire 

Zambia 

Zimbabwe 

Asia
 

Afghanistan 

Bangladesh 

Blurma 

China 

India 

Indonesia 

Iran 

Iraq 

Israel 

Japan 


l.chanon 

Nepal 

I'akistan 

Pcople's I)emocratic
 
Re public ol Yeicn 


Philippines 

Saudi Arabia 


South Korea 


Sri Lanka 
Syria 

1ai\%al 

Ihailand 

Ihe So ie, U1jitmuo 

I urkcy 
Yemen Arah Republic 

E.uropie 

Ielgimn 
('y'ptm 

Fronie 

(Oilmn Ilocratic
 

eLcpuhlic 

(Ghecce 
Hungary 

Italy 

Portugal 

Spain 

United Kingdom 

ICRISA IIll(RI 
Rockefeller ()RS IM Nationml 
I-otlndathinll hogi ais Iotal 

31 41 432 
471 141 612 

24 - 24 
3 207 210 

123 63 I16 

5 I 6 

- 9 9 
2 6 8 

24 44 68 
2732 ?406 4138
 

6 26 32
 

6 I 7
 

2 2 4
 

22 - 22 
106 5 11I 

- 360 36(0 

7 I 8
 

18 II 29
 

-I I
 

I 4 5
 

- I 

2 - 2 
- 25 25 

4 4 
12 I 13 

5 5 
5 64 69 
I 50 51 

- 216 216 

I 
I I 

5 - 5 

4 4 
I 

- 26 26 

8 - 8 
- 6 6 

3 3
 

I I
 

(Continues) 
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IbK I.( oniled). 

N umbehLrAA[access10 assembledions h.v 

W(RIS.A I114I'(i
Rockefeller ()RS'I() 

h National 
somcl c 	 F'0111i~ln IliOll Ilrograln l-otal 

Amerita 
\I gci ina 2 14 16
 
('uba I 2 3
 
I-ISak ath - I I
 

( hlumemala 6 6
 

IIon dums I I
 
Imco\ic 217 27 234
 
Nicara ula - I I
 

Irmlid Sta,,c 1208 671 1879
olAmcica 
Ilu ,~.I 	 I 

\ ,yiuitci 	 1 I 

\\Lct Indic, 	 - 3 3 

A	uralia and Ocealria 

,usila6 22 28 
IP.ipla\C%.%(kiinca 	 I I 

Inkno)n 	 370 27 397 

II 	 1,778 10)688 22,46t, 

all1116H/ Intemnat iAl I 1w)tdPlan! (it Rt.-ulrcc. Romct., Italk~ i,~lt 
4
 

p 	 (ln I t (}llc tIcI,,I S nrt1, tw c I')lk-t'MCI. I han cl)\ t'¢hrt4 ,.IcIL1 
1 

Iehr l4hUC 

Types of collections maintained at ICRISAT 

IIle \aIrious t\[)(" ,(d Collections to[ mlainlhicahce ha\ , heen 

identilied aid deCiIhcd h\ \; riIous inid\ idals, comlittees. and 

orgalli/al ins ( hoite, 1981 ). hc Rockclcllcr ]-oundation and 
the All ( olrghtwi l tmprovcment lrojectIndia CoOrdinatCd 
(AICSIP) have played leading roles in the initial stages (Ra, 
1972: Rockefcllcr, L970). Rccentlv. IWR ISAT ( Mcngesha, 1981) 

has taken the respnnsibihty of world collection, maintenance, and 
Cols'. liltinll of sorghum gCelll)lSiI. 

Accession collection. I his inclIdes the availa ble ; ,)rid collec

lions. All new accessions will he added to this collection. Sn far, 
we have 22.466 accessions, each represented by a sample of 500 g. 

Basic collection. A hasic collection of' 1245 accessions was 

selected from the world collection with stratification based on 
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tIxo tlloItIic a p IIaphicatli hracc. tibtlion, and cco logica I ida)pta
tion to the Platziliclicitl Indialt tocation. Simtilar hasic CoIIcctiiltS 
ta, ltaztc to ti c Imlltici l otlhcl lhceI alcas. pse nt illtteial is 
beitIg clOSl,\ hcrCIl\ cd il d IbLS1)v solhni bicc eICI,ilt( "R ISA I 
ts \ell a, inI ( rlli tltol.( tl'ltcitia li, dltia ., lapa Nli li. 1, tatdl, 
Butrkina tIrs I ltmcl\ I 'ppc Volta), a d tie Imitted States. 

Spontaneous Collection. Ihis consists of \id rclittivCs and 
s\eedvraces of s rghtir. elhave been able toui.sIii- initini278 
accessions of 13 tixur. 

hulks collection. We are now it the initial stage of' making
bulks. lines require careful observation and assessment before 
merging similir ilaterial into a number of bulks. House (1981)
suggested that cuntries in one bulk should be similar in origin, 
height, maturito., and adaptation. We are now selecting different 
series of similar material from the conversion program to 
maintain them as bhlks. 

Named cultivar collection. lhis collection presently includes 
otvly 237 named at IeleCSCd eultivArs. 

Geietic stock collection. This mat erial inel Udes gertiplasm 
with known genotypes thalt aire of special value Is sources for 
Cert ain desirable characters such as resistance to a specific disease. 
Fach sample is Inaintaited by scifing. to obtainl a stock of abolt I 
kg, except lot the llle sterile litres thtt are maintained by hand 
pollination bet\eut corresponding ttimie sterile and maintainer 
liles. 

The genetic stoeks maintained by (R LI.1CR ISAT are listed 
belo,: 

Pl omiising lines for shoot fly resistance 556 
Promising lines for stemborer resistance 212 
Promising lines for midge resistance 60 
Promising lines for aphid resist ance 9 
Lines less suscptibfle to grain molds 515 
Lines less susceptible to leafl blight 35 
Lines less susceptible to antiracnose 124 
Lines less susceptible to rust 43 
ilutes less susceptiblc to downy mildew 95 

Promising lines for drought r!:sistance 246 
(lossy lines 501 
Pop-so rgh urns 36 
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S \'cet-stalk surritlt ,s 41 
Sc, Ied s(Irghlluns 17 
Twin-seedcd lilies 131 
I.arge-glun e lines 71 
Cytoplasmic A H li.ies 186 

All resistant stock, are mailntained as suggested by the ento
woogy, patho\lo,, and breeding disciplines and many of these 

ilnes are+still heitg tested. 

(onv'rsion collectitin. Iollm, inL a 1976 reetinllienidatiorul of 
tlhe l11(IR Adisor ( (lllill'tte onll Sorghtnnui and Millets 
( icrniplaslnl (I II(IR, 1970). %c are naiintaininu 176 coriverted 
lnes ohttined 1iti1 the Iexa A,&\ I nisc-sits tIlited StlteS 
S)Cpartinlcnt of A ricuture (I'SI)A) (olivelitln P'rograi. lie 
I(RISA I cons ersiil pi oI amI will soo()i pirodle additional 
elIl\Crte(l lities ti'-rili trtopieiI gcelliplisil. 

Special Collections. I hcsc collectiorus arc heing asetinbled to 
e',er e" cctain iinpor'anl lilies h'ectt+ed and des\eloped for their 
speeial lualities, bv lollohitill votkcrs. Stlar, \ e alle twoaiiu, 
',iell Coleliotis miili:tiuid at I('I!SA I. We ktIow there are 
maiiol e suich \ailhiablc colctcioins heing kept by various 
siirc'hiii ili-pIClilil t elei, %KtIlhope t(i assemble5,t arid 
miini tlwlla I( RIS:\ I. 

Karper' Nurser' N. I ll, seIr\ ssias developed hs the late I)r. R. 
F. Kairpei in I cxa,. I SA. aftei the introduction of yellow 
endo.peni it"Kama" vciilplaisl hrolt Northrti Nigeria. I hese 
lifue arc ,iol t alit pholopcilod incrisniic. lI h'\ were assigned 
Itidian ;eleCtiin ( 1.hI),Itlllbers ild are pilt o( theck(rld collectioln. 

A LA I) N irst, . I t Illat c i il was des\ clope intl aseibled by 
the Arid I'and \irieultIla) I )cclopn'ltCt (AILA!)) Irograil, 
!otrie I)ba,cd il I cbatioti. Iv )r. I.. IR. lo atiC oIlleagUes at 
Iel Ali:ira Statioti, I.cbanon. Sote of the yellow enrdosperm 

"Kailas toimotipriseder's the hasic iiaterial forKar iurservle 
this itiscr\. Wlhen I)r. I'. R. Ilousc lelt l.cbatiloli, this gcitlnplasl 

as "Ct to I(,RISAI for maittetlatice. Iliere are 1674 accessions 
ill this lntlrsersv. 

Future areas of collection 

The priority areas for fut tire collection o siir huti germiplas , as 
listed by Mengeslla aid Rao (1981), arcsi Idhlws: 



Asia Nepal. Hlurul, Inidonesia, Inlia. Pakistan: 

Easierii ,\fiica Ithiopiai (islated areas), sotithein Sudan, 
I l'mida, K( ,,t, u, /imb~iqhdab\vu':
 

\\esf .\frica S'it a I cone. (ihaia, [opt), Ivory ('oast, 

Olier \re;is ,,uh and Nt h 'eme i. China, irkey, 
a. ( cittiAl \iiL anl Republic. (on,,,(, /ah, Angola, 

NttMtt -'-', ")Atld;l \l~tih iO,:111d I atill A,\tli,+ta+:. 

Ilie fitriolrit \ arc'-, \.C.+identified it) collaboratiol with the 
Food 61nd Ap\iC'ltteC ( )rla'al/ati t , tOte I United Nations 
FIO ) I[Itertiowiil l,)ard lot. Plant (enetic Resources 

t+
S \ I . attionts atin iI 1 l'(, R), I( RltIN itul ', t hlr iciri to1 la+t l io, ll 

scientists i c +lil.I )tlL'c t at. Nc"+ and impotnt 

collection1 al cal ;nc idr.'ttil id amiall\) ACtuHal collection depetnds 
upon ,eeral l iti. llilrl. .I,\ ltlllltlt eleuluil, anCL, financial 
l'C1,O(ltF.',,C()IJl~hM tH pi nati lt+J olglli l ilmls, env'+,ir+olnment, 

andul i klykliiica piilr'ulilrt. 

l IISA I . \'r thinl 19,000 Cession" blae beenl evaluated lor 
itlt) ii~tlt MMiipt ilutllii"icehitr,( MIll(i aid I(RISAT, 
loo I 'r descriptors published ii the aboet)rreport willlI lie, .htin 

lteta almore Iarid nirir.n lllitt i and exclange" _tellait+ 

ofIitlitlllatiutl irtlotid tile . it Id. I lie ,ariationl v,e have in 
sorlOhtillu ' t niti I able ?.. Ihis diversity. theCe iplastml tssir ill 

i ,s)till esau ct'siitered the 
apect of eu-iltplattu colleclt, taa d tuilatioil. 

itre 01 vAhih dinr-. is, iost Ilportant 

ScCinng sor!l nl l gerpC1lasm ftr insects, disease, Stri,,a, 
dtoulght ressncet,. fu qi lit. :dlld other characters is cing 
carur id out illcollahbortio ,!ill oither disciplines. lie results of 
tih l.', eluarrtMrgrth lihll Vids icnttiy (0ik arl sown inl[able 3. 

Regional emaluliitiiin. I alultiortlifdsorutlhiu gerniplasu inl the 
ami seas n t Khalil) at Patatchinu, India. cannot provide 

complete infn'li-ation becaulsc lliu;"t of the tlopical gernuplasni is 

plottperiod selritli\s. I lie i)roblemIof .valuating photoperiod 
scnsitivc pcrmiplsmi has beii reco. i,"ed As several workers 
(Dalton. 19701 F1brlart, 1970; Mengesha and Rao, 19MI; 
Webster, 1975). 
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lahlc 2. Ranrge of sariaumi inlthe prevIntnl asrmhlh'd mrid rtln gernorg 


( hiiacre' njimlut N1a xi1irrl]iIn 

i. , ( ; I t %cII111. 36 199
 

I'lawnh ciL ticri 55 655 
P'CdiciLc c\CeI M11)uI' 0 55 
adih conlr 
 While Brown
 

I'.1 'LIC IClIII
lcerici 2.5 71
 
'allick i.h h 1IIi111 
 I 29
 

iie Ii 
 S traw Black 

Wimic Lme'iw E-xposed Covered
 
(?,iii1 i ii 
 White Dark brown
 

( i 111110)
lc 
 1 7.5
 

('ini cihi (P
i I)1) 0.58 8.56
 
I , crlim,Ir , ) 
 1 15
 
"1.1' I't 'lltll ( 1 12 !1
 

i Ailk iResiults (of wirghum gerip)lasmn m'.duatim :nl screening. 

:\cc"eioII\ Il')riillg Identried 
IN ) ifcs, and 

~cicued Ior I N,.) decribcdI by 

ihi,,II 
 11,287 556 Smolhuio ,ntonrology

Slieiiirer 15,724 -12 
 S,)rghum entonlology
 
\l idge 5,21(! (0 Serghrr entomology
 

I il'k. Ic.itancc 

(I.ii[ mldi 10.209 515 Sorghumn patlhrihgy
 
I c a l ( ,ciS,
 

I cai bilglit ,978 35 Sorghum pathol)gy
 
\1tihicitric 2,317 
 124 Sorghum pathology
RiIi 602 43 So rghtur pathology
 
I), iileiuhII 2,459 95 Sorghmn pathology
 

[Ioilphl rcSIM,lncc 1,752 246 Sorghum physiology 
anrdbreeding 

(1lher chlalcters 
\
imo irlulant prinlctctio
 

Ihr Striga gerrinalton 15.754 645 Sorghum breeding
 

61o.s., character 15,260 511 Sorghtim physiology
 
ard genetic
 
resources ulnit


I'tp prig cl;,racte 21694 36 Sorghmin brecding
 
.'wct-stalk character 7,200 
 41 Genetic resources 

nOr , hirchein stry 
aid ,orghtniLr physiolgy 
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Iis is the reason much ilportance is plIaced ,o multilocalkill 
evaluation of germplasm at or close to its original hahit. Ihis 
project will be conducted at selected regional centers in col
1:tboratholn v,ith nathmial p ,kr t, 

L.ast v'Car. \\ suceessItlly ValuatCd the cntire lthiopian 
SOlghtltni gCrlllfplsill ol 5155 accessions at Naiareth and Arsi
negelle, Fthiopia. Ihe work was done inclose collaboration with 
the Ethiobpian PInl ( cicutic Resources (enter ('GRC i:)and the 
Ethiopian Sorghum Improvemnent Ilroject, with the financial 
support of l eutshe." (scllshaft fiirlechnische Zusaminernarbeit 
(GTZ),West (Cfrmnay. 

l)ocUmentation 

)ata labulatcd or 7114 IS numbers were cornmputeried at 
I (iS ISA, using the ILXIk piogram for easyR, Colorado, 

rctlic\al, +Ilhesame data were transferred to the IWRISAI 
computer through l agnetic tape and a computer printout was 
released inl the form ol'a catalogt. Illaddition to the data alrcadv 
Col1nputeriIcd. cVaalitlh data tor illportlat dcctipto)rs \with 
passport inlortnalonlfom I 10051 orl,. ads ha, c hecii tabulated 
tor Clollplltcri/~atioll. I+v thit" this 'w. ,all C'aluation datall tlt 
\01\Inise bren itcill tihe coMItIte fr retrie\'al and diversity 

Rlejuvenation and mainienance 

I hc '.iuop 1,;hat!eich Ihe ,ritical level of quantity and/or fall 

hch",A5: %iatmlitq ae tcuvenated, and maximum care is taken 
it)as\md ;: incf the oridinr.l genotype. ]lowever, limited change 
I,tlia\otaic \\ith e\vry regeneration. "lie llost practical and 
lualagceahic method of maital unig t lie genetic purity of sotghum 
during remeneration is achiced by slyi aniboul 20 representative 
heads ol each line and vwxing the selfcd seeds. After controlled 
dryii .+a bulk sam plc o1l.5 to I kgoflhe threshed seed is placed in 
storage. I lie ncd for Ire.lent regenclation is rimiiinlized with 
appr oliriiitc coiscr\ ation practices. 

Conservation 
(icltplasni conservation is as important as collection. Once the 
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2erillplasin is collected, it must he properly preservCd hy appro
prialte technliques as detailed h the IBIP(R (IV79 and 1982). In 
geneial. the fllowing po)ints are prerequisites for a sound 
gmrupla,,m conservation system. 

I. 	Seeds must he clean and free of foreign material. 

2. 	 Sceds must b dried in ad rying room with cool temperature

and !o relative humidity WiRl). 
 The recommended stan
dards for the drying room are 1511C 
 and 15(/ relative
 
hulmidity(IIW(R, 1982). The moisture content olsorghum

,;Ce(
ieaChes equiiiI(iri urn at 0.41'j when the relative hUimidit,
is ahout 151 (Roheris. 1974). The temrnpature re-

Ceo1nmen1tfdatioill 
 iiav he too los, to be prarctical. Justice and
 
Bass (II978) disciis, sc\'ral met htods for determining and
 
reducing tIe content oif
II(t:i-l 	 seeds in storage. lme
 
atlthors stalc that llioisttte content of seeds plays 
a most
 
n pttm i [atI in 1In It\. Seeds should be thinly spread
 

on ti a\s while( dvin_.
 

3. 	 Viahiliiv or pCl'CCUt;ic. nl i2criiinatiol inmust he recorded
 
illimuill\ and ",vstc..
i ti lvtliliitte,.t turilg storage. 'I his
 
itfritllatiOtl is nltletdIt 
 extent 


ret ii 

d ctn minu tilte ind interval 

cvenatl illn 

4 	 At lelpattl tit -( Ir(1 i r:'urited Nate mediclum-term
 
totat,,c and --
 I 	m(Iltuiin -t:IIuI st age (I*llis ct at., 1980). 

.A 	Stitilicinlit Illltit0y of seet 1 ut be stored to elstre
 
clety.pic reprcsclitatiotl.tt 
 ) omlitotir viability, and Ior
 

g e rtin plasm disttrihtiu. At .IISAlI we keep about 500 g
 
, 


tit 	 each acce'sioi inif)tmht-tern active storage. The 
I[<(; , rcettinetded sitring about 12,000)seedsI lB)h2 

tof 	 hleterttgencIul s llaterial and abtout 4000 seeds of hono
gclle ttumtrnial illIImi-terumin base storage. 

6. 	 Storage contalieilr diotild he selccted carefully. At
 
I(RISA1, \we arc ordering alunuinumt cans with hermetic
 
scals for long-tcrm and with airtight screw caps for medium
term cod sloraLge. Plastic b(ottlCs with screw caps presently
 
ill 	 use will he replaced in d te conrse. 

7. 	Storage chanhers: At ICR IS AT,we are constructing mod
ular rooms insulated with I10 cm polyurethane walls,

ceilings, and floors. The floor is Finished in heavy duty
 
galvanized 
sheet steel. The chambers are essembled ill a 

http:reprcsclitatiotl.tt
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n. "'kil.P I c c 22.3l arg I P I itllll+ I h Iai PIN ncti ol d lP rap: 

hers aitc kepl:,tinho Lt it.AV ; .. ,. ith the. u.-, ' a ,I .)tair 

Mtdel N. 300 tlchuriitli'i . Conl1Incsstors u 3-hp Capacity 
and air-coil Idcolidcitcl', ILCtllHillto'd 0t,,i& the Nsorage 
Ch|allit il ioi ,,i) cluid il. , hich i,,constiult\ citctiated by 
tin.aliN id op clicr-t, lill n . I ;tch CIiaiihcr is etuir~pd 
%kith a Coii1t )ipIicl IM c CCtiC and lcliahle muanial or 

I I)n~lieatecotI [I\ it ltFll I m th- ,ak l ,.iacly andt ease of 

Llitritbit ot. it 11, ,i, iN c to ,lltC the Wo ItiLcollection ill at 
least , o ij eat it ll,. l'rc ciltl, -,sc it[ ,orgluill Colec'tiin', 
are stoled in diIl,.eii coullintic, oitic %,ruild.Accoldinu to 
A ishctt,, (AaL. I I ), itclali . laI .c so ehtllil Cllc tion., 
M' l a t'ti ilt the locations listed ill Iablc -I..\tltttptsllf;ili 
ale u lti_ ill ttc. it), ,htiaii ,.c-laiIl" tI( ,icil iotl,, t-ollcctioln,, 

a;i to tiimIl.tni nplIc., o f ttI Ito1 i, I(' kI A I l!nc halnk. 

'I here i t p. l o~, ll titutl it+ i andt l:,-l't_ o,, lrld sorphu tn 

L'CltIIIlIl uill IM t l110ll IlW,., il1 . inteluidiu thosU atWul , I 
('IS'A I an. li0 ( (i.( u0luitl(i , t.'S\ Ilhe list ileC 

ICL'ioill' ctilIcC I ll lltt hiC Illdl llaiiitssil Nwcil. I hicuc tiottc is 

111l'ltl t 1iso ( ltMl \[neWic I. I hle, lWt_'l !i;tl CtM -,i\" latlO S are 
jiu titiid t hC''l'c it i utc' liiinii _, 11111Wdiittlcl ti t tial .iiitr tj'itl 

jiaiii lili lt'Iuai:ll l l . !ili ill , because 01 tolt altialliell 

Intitrogression and conversion 

(l)nvcr,is ll plitlupciiod sensitive, tall sorghui gellotypcs to 

iSCillSriti,%c. i ti,pt, is a useful tool tr aln clTcCtivc and easy 
lhl\, of tropical gvti luai into variouts sorghum improvement 
prOgMs (t),110ii. I197); Iherhart. 1970: louse, IYNI Stephens 
ct al., 1967; Whstic I175). At tpcCtit we are itt tihe process ol 
Collsrtti,! -/li-/cra" latldrac-s troli Stlidan and Elthiopia, 
v. hich ate hihly lri/Cd Or their s"l[itr arolinlic characters, 
hut ie ol IT -t,:ed use hecause o4 their photupcriod sensitivity 

tiltd planlt hcitnt. lIhe 1" p'opulatiots of these patiiill convcrt c d 

lintitaces have producedcti priollisle segregants, as described 
below: 

The desirablc /'ra-/era head characteristic was retained; 

ilprovement of grain .yield and qulility wits observed; 

http:tiimIl.tn
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,Jri 'aIwn 1,)r .'iil Soils 

I ,ihli 4. Major siirghimi tiI)diiCij~ji 

( ,ril ald o' N timbe loI rnajjrk 

niIN .cnl~ 2,700 
at o c I .000
 

hni. ( \\acti~c 
 3,000 
olotubila. K., uns~pecified 9312 
Iliollia Ianilraces and( duplicate

cultivar% 5,000 at ICR ISAT 
I n ISW I ()N Iiif(Its, Wildl, partly

and wedtpes 2,626 transferred 
I ance. INB .\ clilivsat- dwarf.
 

tltage, and gI aini 400
 
ndia. N01I6R
I{ Idlates 2,000 

India, IRIS.\ I world collectioin 22,466 duplicate 

at NSSL 
liqlarllandi accs and 

culti~ars 466
 
\ . dIIIIIiesc iiici td 
 300 

larndiaces atidl 
s Ild 1)[lt 483 

NIintroduciedl 
clltisal 3,000 

andl.ttvt pje, 4,900 

1wII S , I tiiiit mon kiii aces tiIlfivals,

I Ijon11tlIt 
 and %,1I1,1 pes 9,615 

Imii,I i Staitt . IiiIk CuInivai, 
N 51 

15,000 duplicate 
ii] I ype., at ICR ISAT 

I hw I aliled Slait". Stiel soilg11I1l1i

.\lississippi 
 111(diiheis 4,610 

I16il d : o is a d a n d uplicatel'iti~RCotilisal's 4,000 at 1CRISATr 
\tnt/ lad rates andari 

Ciiltis ars 494 
Yeltiii .\ih YSXemenand 

B rpihlitintrod~uced 4,(10 

I 55 N I I~ii ,kLIdello of '\griciilliinif SCir]Le
stain,,( lo,al, *\rroperiilili,,
 

I( k S Iiliri~i~,,,~ij(uios I~cst-rch 
 lnii;,11 for lite Nu-\rd (tpI N luto Naitioniai do e lgacio,~,. Agricofjs m rd Iop %
 
N S 
 isiI,,i Naionji ft R,,Iiercfic Ag ronorniques
I 5 IllutIIl i,N;Ii 
 c soloiderfI AgiopecuariaNItil 'R -N~ilofl litre.,l f Plant (,Lctic RcsouircesN1Yll N;i,,nl Se Sloraiyr Lholator\I(<N"14 1 i)%I dI 1.1 It 'ilmh Ie s6r-11sl i etciOlr. lechique d()iilre-Nlcr 
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the tropical, photoperrod sCnsitiv'C material was succCssfully 
convlrted It)It.cnseitive gcnotypcs; and 

plant hcight was (educedto abotut one-hall that oiithe original 
land racc. 

We ha\c reccctl Initiated an liltrogresion program by crossing 
.1. prop¥ini,'un and a promising Solghum cultivar (IS 18758, 
connmmonly known as 1: 35-I) from (iambella, lthiopia. Prelini
nar,' results of this work are promising. 

Summary
 

(crmplasm is the most important raw material for any cup 
inproveruent program and vet the possible extinction of this 
invaluable r.sourcc is a realitv the world has to lace. (inc oflthe 
mla~or Olhcti\c, of the ICRISA] (i:netic Resources tJnit is to 
collect almd prescr\t tie \vanishing gernlplasm and make it read ly 
available for present and future itili/atiou. l te germplasui must 
be maintained as Close as pos:,ible to its oriyititl tomriand genetic 
constittltion. IhC sOrghtnti 2e'rpllstit collection at ICRISAT 
coitains a total ol 25,163 accesstins. S'ystcnhtiC c\i.lhatiOll an1d 
docuenllltion of these accessions arc very impom tant to tndcr
stand tnld classiy the collected mterial. [Ihcv also facilitate 
idCntificatho and Imtrieval of useful gcrlplasni lines for distribu
tioll and piopcr utili/atiol. 
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Prospects for Sorghum Improvement 
for Phosphorus Efficiency 

N.Seetharama, !,*. , Rego, anm .Burlrd*R.Krishna, 1 R?. 

Introduction 

Phosphorus (P) deficiency is common in sorghum-growing 
regions of the semi-arid tropics (SAT) (Salanpaa, 1982), and 
ranks second in importance only after nitrogen (N) deficiency. In 
addition to the deficiencies of these two nutrients, other nutrient 
disorders may he common. For example, zinc (Zn) deficiency is 
com1mon in India, polassi tim (K) and sulphur (S) deficiency in 
West Africa, and aiuminurn (All oxicit\ in latin America 
(Snchez and Saiifnas. 1981). Amelioration of' P deficiency by 

:ipplication of 11fertilizers iscostly. Thus, improved farming 
practice,. have the best chance of adoption by the smnai! subsistence 
farmers with limited financial resources if they involve only 
moderate amounts of low-cost in puts. To achieve this,we need to 
determine efficient fertilizer practices in conjunction with the 
development offP-efficient cultivars. 

In this paper we will briefly summarize the relevent research at 
the International Crops Research Institute for the Semi-Arid 
Tropics (ICR ISAT). near Hyderabad in India. We wil! report our 
results from studies on three aspects of P nutrition, viz., soil, 

plant, and the associated microorganisms;, and will discuss the 
prospects for crop improvement in 1P-st ress (and related) envi
rO i1llIen ts. 

Response of sorghum to phosphorus fertilization 

Because oft he wide variation in response to 1)fertilizer in farmers' 
fields reported in SAl India (Pal et al.. 1982), much more critical 
base information is required to predict the occurrence of P 

deficiency. Both the nutrient demand by crops, and capacity of the 

ipgist; mierohioIgistI soil scientist; and principal 
Internatitnal (lop, Rescarch Institute Iorthe Sciti-Arid tropics ( I,SAI ). }tPati
cheru, P.). 502 324, A V., India. 

Plant phvo, soil Chemist, respccu,.tly. 
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soils to suppl. are not well tundeCstItod. Plant demand tor P by 
high-yielding sorgh urn colt vats is high (labre I). For['inlormation 
oin the soil SUplp and its adequacy. we rely on fertili/er response 
experiments, a iUillbcr ot which hae h lenconducted at 
1('R I. 

Iahle I. Mineral Concenltirationl"t hi granillad Nfral%, (i tilt, oill tIttnOtllt% (if 

mtine'ritls rettm ,In1 n ' h'st. fils, lit'cFlps of Soil gllllll it Nield ifS (if 

graini'til 444 fl% i durin;g lhlet firstr pei hioclitre 1i071)i iaint%emtitncrop 

Oil%lighll, aCidit' l 1( RIIt IAlfiol 


,

\ (I ll-111 I I i ti'd ,t ,+'lO t 

.'xlm,+'i\l dd+-hhn l'Ind 105lor>. 11gtlalt 

\ ' t! I ptt1lk'tlC lo,, Ua\\ Ia (k1v) 

4hrtlii Siii'A (Irtin Si Iutal 

N 14.6 8.0 73.0 80J) 153.) 

K 5.2 10.3 20.0 103.0 129.0 
I 3.7 1.2 18.5 12.0 30.5
 
Ntp 2.2 2.2 11.) 22.) 33.0
 

('; 0.3 3.0 1.5 30.0 31.5
 

S 1.) 0.9 5.0 9.0 14.0
 

-p/g g-


Al 213 947 1.07 9.47 10.54
 
Ic 55 269 0.28 2.,,9 2.97
 

MN, 21 58 0.4 I 0.58 0.69
 
/n 28 25 0.14 0.25 0.39
 

{ii 6 8 0.03 0.1)8 0.44
 

,I D a ont ( Icllt'lirliI,)lIlI eT l 0lit lIuic, i t I ,Ill itll iIllllcI lot cuthlit o lou
 

lcilliiy ' 1iih 1tall fJuiilct?. N, kg ha.
IcN % gipliI acihi.-liLiCit. Il 4S k i9 P 

SOIR4 Sc N ii, ilali a;i aid 0.1k Ik II l,1ih" 

Comparison of crops for their response to 
phosphate fertilizer 

Most lof the sorghumn grown inl the tropics is IntCrropped. Il 
order to be able t1predict the fertilizer needs of sorghun-based 
cropping ,systels, we uecd to know the responuse of each of the 
component crops 4(1 1)1ertilier. A Netubautcr-typc pot experinelt 
on a serely P-dclicient Mfisol (about I )i g ()lsCn- P) showed 
quite clearly the mtat ked difference between sorghun and pigeon 
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pea In thCh- needs for added P. Without added P. pigeoC pea
growth was sat isfacto rv )ver a pct'i(I of4 day,,, hut hoth grvowth
and 11uptake b,' sorghum cWrCScy'Cfcl\ limited ([able 2). 1hc,
marked diffcrencus between sorghum and pigeon pea proilotde 
confirmalin f results obtained i) the field. 

fhe experiment ,,vas ta,:;itcdoin a sliehtlv acidic (pit 6.0-6.5)
Alfisol (dctal.s in next section). Applications of wa',cr-solulhe P 
caused inuch larger responses in sorghtmll and millet lhall in 
pigeon peas. I he rcsponse b these cereals exceeded 100"i, and 
the application of"as little as !0kg P, hi was sufficient to achieve 
much oftthe maxi mun pos.,i hie rCsponsC (Figure 1).[he henelit to 

table 2. Effect ofladditiwl (ifillolrus tilgro, th of %,m)Iluiitanid igoiin pta
40 (1mys after +lmergelice ina1u)Ilcurillev on a P-deficjiewl AlfisoI.
IC'RISA I, 1980. 

No t'u~~t ~ [I c~aI lelsigm2ilicauitdgIIi.ll\o) 
 P addeId diticilce 
li(' rCladIli .idded P (pig g) (1.05) 

Dry-lnati
ei protluction (g ll) 

Sorghum 
 0.9 3.5 
 0.3
 
Pigeon pea 
 2.5 2.2 0.5 

I uptake (rag, pot 

Sorghum 
 0.6 3.7 
 0.3
 
Iigeon pea 
 3.4 4.4 
 0.7
 

3000 -
 I StF. 

- )1
 

._ 00
 

5 I0 
 201
 

Applied I (kg ha) as singlesuperpholsphate 

- Sorghum - Pearl millet ---- Pigeon peaFigure 1.l1,'' fa~d~~(s~(r +, h'k a..,I q ogut milh,t, and 
.ffec ofappIci'pISo..rri 1 (n t1i97I.grain 'iuh olsui,
p~igeonI pea). tit l( RISAl , 19V76' to / 9 
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cost ratios trout the lirst increment (5 kg, ha) of 11were verv
attractive. [y'e'n mo(rC iumportant, was tile cojsistnCl1cv )I sor
ghni' rsporhe,1. to atldled 1) ol this Alfisol 
over thie years,
independent () seasonal raiif all (lig2ure 2), in Contiist to the
%ariahi iity in N respouses arl'.,a[
Ka l I I). Il pigeon pea, the

lespoLns WasslC.<sistttl, siniall iwa 
 VUas thill crop has a small


demand, allot allpeirs to hLeelicieitt in ahsolhn, ' r)
horn the soil. 

4001(1 

30(0 T
 

/ 

/ ...........
 
:L . - ..
 

,,,+ J/.... 
000 JeSE 

o 5 10 
 20 
Applied P (kg/ha) 

....1976 
 . 1978
 
---- 1977 1979 

Year 
Figure 2. Seasoalvarianoir init, rEispnse ,ofvorghruritosinglestuperpihosphate 

at ICRISA 7: 

Effect of sources of phosphorus 

Studies of different sources of 1Prequire caclruIlly designed
experiments, because residual effects from a single application 
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last sccilil ycar 
needed. 1Isuch cxpciIillCuens, cmtil'IouS I11oiloe'iOpping is ilndc
sirallec bcli.ausc oll ile ikclihood Of pest aid diseasc buildup. lo 
ovcolIC this p ohlem,we dcsigncd as iliple Iwo-vcir rolt lion of 
iiproved clopping s'licill. couisisiJii!, of an inle-clo) of llillet 
pigeon pea illolie 'eikr illrotation wilh a soile c o 

m1a1,y for . Ihus, long-tlril experiments arc 

'rop Islhiil in 
the next ycar. ) uplicatc ilain plots, one fo each cropping systell 
(millet pe pollea, iild Sorgmllllll) CI'eSInrtd thil each 'rop could 
be examim,_d in eadfi lear,with a basal i.ressing of 401 kg N "ha 
applie' to all treatments if millet, and (0 kg N ha to sorghum. 

Using this general design, we con mdic an cx perimelt in 1976 
on inAlfisol to deternine tle ctent to which lock )hosphate 
could substitute for water-soluble 1) source. A ijor reason 1or 
studying the effectiveness o1 tihe rock phosphate was the shortage 
of indigenous sulphur sources in I dia to convert rock phosphate 
into soluble superphlosphate, 

Sorghun responded to rock phosphate but to a much sialilIr 
extent than to water-soluble 1)(Figure 31. Applying all tile rock 
phosphate initially for the whole period of 4 years caused i 
signilicaltl\ greater responl., 1thanlannual applications, bui only 
at the highest rate. This expe'inltin mlnore: to rullhas thko yersils 
before cotmplet ion of its second ,t-year cycle. ThoroLigh soil 
salpling then will indicIC tihe chiIlges in soil nutrient status. 

...........................
 

1It 
01) 5 0 21) 4 

A\ci gc I applietd(kgl Ia) 
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Figure 3. " sf itfu'Ialn'p/i tu. utglun gratinri'hj 
at ]('RISAl "l 1976i to ON20 
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Effect of soil 

Preliminary experiments at I(RISAT have also indicaltd that 
Vertisols and Alfisols differ markedlv in their soil-testc op
response relationships for I applied to Sorghuntl.In field experi
ments conducted in the 1981 and i982 rainY SCasOns, srigh iiin
 
responded apprccialy to added 1)
Poly when the available 1)in the
 
\erlisol was extremely lw%(les, than about 2 ug g t)sen-I).
 
lager- responscs werC ohsCvCd itntile CXpl+rime..nt oI]
Ing-terI 

th: nearby Allisol (des(,ribcd above), with an initially higher

a1%ailable 1Pe'mteit (3,ug g). I hius, the two soils appear to have
 
ditterent Critical ..lllts.oIIC rigoit ,,iLiittg was a ii pted in
 
gLCnhousC ,-.kpfrintcnts, using lfmr sampling sites for Cach soil to
 
prtovidc a angc in .availablc-) status. Relationships based on the
 

)lsern test diftcied little between the ts,
o soil orders, but when
 
other predictive soil tests werc used. very substantial differetnces
 
werc obscrved (Haile, 1983). Iort hCr research is in progress al
 
I -RISM. 

Variation in sorghum genotypes for 
phosphorus nutrition physiology 

(ienotypic variation in nLutiltioal flieiryi C an bC dc to one or
 
moie charact,.ristics listed it Iahle 3. Plants adapted to soils of
 
low fertility appear to have charactcristics different from those
 
adapted to optirmal inutriernt supply IBiClCski .d I auchli, 1983).
 
!tence, we should evaluate sorghum gcntot ''pes for their nutrient
 
efficiency under two different conditions:
 

Performance nuder moderate to adequate IutiiCnt supply; 

performance when itutrient(s) is scverclv limiting. 

Selection for nitrogen and phosphorus efficiency 
under adequate nutrient supply 

The differential respconsc of sorghum genot', pC" to the same level 
of applied ntrients suggests the existence of genotypic diflercnces 
in the efficiency of nutrient absorption and distribution in tile 
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1able 3. Possible tInlpollnenls of genet,l ariations for nutrient efficitenis. 

. Atqtisi1tmn 11lli l eIsIC \Irolilmn t 

I.lficc lit lo lt .,\, clin. 
a) Hlig hio to ,lhiiit railo. tinllti ntlntll dlficiency. 
b) (Oreatr latrial anl \rtic: spicad of toots. 
0) lligh Inot densitv otl ahsoihitig sturface, more root hairs, 

esp.ciall, undel tless. 

2. 	 lPhysiotogical ctficicnc+, t nutrient uptake per unit root length. 

3. 	 GeIeratIMn anlld att power (e.g., Fe).oreO iCnlg i lag 

4. 	 '"Vtenion' of the i1t syetlls hy iytcorrhi/ae. 

5. 	 l.ongevity of tots 
, 

6. 	 AbIilits lrootsto nodil rhi/iosplire to overcome low, toxic levels of 
minetral. 

II. Nutrient inn elttl crioss roots and delivry it)the xylemn 

I. 	 Lateral translef through endodermis. 

2. Release to .lem.
 

.3. C(litroltion upta ke d is t ri buttol y citiler
root or shoot systems, or 
by both. 
a) Ii)clivty to root or shloot under deficiency. 
b) <)verall regulation of nutrient uplake and use at whole plant 

les ci. 

Ill. Nutrient distribution within plants 

I. 	 Capacity for rapid storage when nutrient is available, for later use. 

2. 	 l)cgree ot rctranslocation and reutilization under stress. 

3. 	 Release of iots Irotn vacuoles under nutrient deficiency. 

4. 	 Natural iron chelating comnlpolds in xylem. 

5. 	 Kate of leaf abscissiun and rate of hydrolysis (of organic P, for 
exattIplc). 

IV. Growth and metabolic efficiency under nutr;ent limitations 

1. 	Capacity tor nor0nal filutCtioninig, even Under relatively low tissue 
nutrient cotncentriitol. 

2. 	 Hlement suhstittttion (e.g., Na+ for K+). 

V. Polyploidy and hybridity levels. 

SOtIRCIS: 	 Chaplin, 1. S. 1t980. 
Gerloff, G. C. and (iabelian,W. Ht.191:3. 
Goodwin, 1),C.and Wilson, F. .1.1976. 
Saric. M. R. 1tW3. 
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pl:it. %Vc have observed considerable variation fnr dilfctchar actet istics concerned with both N and P+ uptake and atilii'timn (lable 4). (ur studies ls sh(ved that N ard P uptake were
highl, correlated with crop total drW matter production, arid thec'fficicylc,, of tiluslocation (proportion of the total above-Vround
jlant nutrient ill the grain) of these minerals was also highlycorrelated to harvest index (FiulC 4). lhis sutggeste( that:selection kpr crop growth may automatically include select ion forefficient N alnd 1) uptake: aid that genotypes vkith reasonableharvest index will also have a reusonahle ability to transfer these 

mirn erals to the grain. 

Sevcra experimen., vere Lnouucted under different fertilitylvcls nd ,oil tvpes to study the genotypic d ifferences in nutrientuptake and utilization+. We IuoUd that genotypes \ilh approximnately the sanie hiojlass and harvest index could vary s iiznif'candv iii N and iuptake: as \weil as in tralliscr olnutrients to the grain.Su'h diffcr:-nce, are usuall.\ ma, ked when the data for the whole 
"(1ct( s le aICabilty forll trCire aural Cd together. lable 5',htmk"s tile variabl+ithy for ,'ch ch lciU, iii agotyLpii)C" ,li set of' live selectedwithin i coiparahle ritaturity class (except IS0380). Not, for example, that hlth 1 721 and )1 oc42 have similar 

I ;011C .1 linnige of sariabili.) for nilrogel and phosphhtrus Hntf irhIII)%oucllion ill14 suorghmllngvii,n l jup% II.+t II Atfiol,. polrr~uiIO twanuu, 1971). 

( ' tcclti tei r 
\tlcxnnccnrn M\inimumccn \tcacni cc 

%a(rlaitoll 

(ni.11 %icic ig laili) 54 s 30 
0 % kcgillt(P plunt) 511 16 79 20 

ltcr ,t lnt l( \ uft)V;) (1 12 42 27 

N illi piam plant I ) 1.02 0It 0.51 33 

N plam (g) 1.25 0.51 0.74 23 
N IlicsIchciitloll
 

mdc ixa iNi) 1;1 
 S3 25 69 21
 
, in iailn lplanit (g) (.60O 0.07 
 0.26 44 
I, plalc(g) 0.€)5 0.19 0.33 32 

P' r Ilcctchcallcfl 
imdc+ tWtti 93 33 79 20 

a L. l d ,i n tc t'mnccj~nnlcl.t,ltleoIcc.' iinc)'e ctidNr inllie gr ic. 
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Table 5. Nitro!en and pho,,phorus uptake, tranlocati,.. a.d plantjr:ir dr%"k iht, in Nekleted ut . jiI . leaJIs of thrvc en' irof ttnt, "i;.i moderate or 
high N and P fertililation at I( 1?ISAI. 

Attribute,, 72) IS l>, 2223 m'i)l t'42 IS (3, i \ican man' 

Grain Nield (g plant)-~~ 

Total dr\ Aeight (g plant) 

Harest index (I'3) 

'lotal N 1L plant) 

NitrogCn translocation index (-) 

g grain v N taken up by the plant 

g dr' 'A g N in the plant 

Tota! P g plant) 

Phosphorus translocation index ,i) 

g grain g P in the plant 

g dry wt g P in the plant 

Days to 50"'(' flowering 

. 

60.6 

30.2 

0.78 

44.9 

23.5 

77.7 

0.19 

63.2 

96.3 

318.9 

65 

27.2.... 

79.1 

34.4 

0.77 

46.8 

35.3 

102.7 

0.38 

605 

71.6 

208.2 

67 

2 ,24.1 

53.6 

40.7 

0.48 

56.3 

45.4 

111.7 

0.41 

41.5 

53.2 

130.7 

67 

2..9 

61.5 

39.2 

0.56 

42.9 

43.0 

109.8 

0.43 

23.3 

56.0 

143.0 

69 

5 119.3 

70.2 

7.3 

0.67 

23.9 

7.6 

104.8 

0.31 

35.5 

16.5 

226.5 

82 

65.0 

32.0 

0.65 

43.1 

29.7 

i00.0 

0.34 

44.1 

56.8 

191.2 

70 

3, 

4.4 

2.6 

0.06 

4.1 

13.1 

14.1 

0.05 

3.8 

12.9 

31.4 

10 



dry weights, but 11721 takes up 39%; more nitrogen than )1. 42, 

and has 9, greater niti ogun transfer ability. Sinila ly, IS 858 and 

642 have nearly the same harvest index, but the 1),ransloca
tion index for IS 858 is 22%i greatr than For l. 42. 
1)I. 


InI otder to conclude whether or not the selection Ior dry weight 

ani harvest index also includcs selection for nutrient uptake and 

translcation to the grain. crosses wece made hctwee n parents 
listed in 'lable 5. -:phMi s were selected for a range of dry weight 

per plnt and harvest index, and in IK progenies .stimates of ldry 

weight, grain yield, as well as N and I' in grain and whole plants, 
were deterlmined. '[he corrclations betwcc biomnass and total 
nutrient taken ull- by the difraTent groups of I:qprogenies were 
a; , ve'rv hn'rh P v.().W observedt ) ).Similar relationships were 

between harvest index and the N and P transler efficiency. 

'Ilhis, the selection lo bionivss and harvest index under 
adequate nutrient supply also includes selection for traits con-
Cerned with nutrient (N and P1 uptake and translocalion to the 
grain. U.!nder moderate to high soil-fertility status, breeding 
progiaits specifically ailed at increasing the efficient use of' 

ilaitior needed because tle inleffiicnt entries willnutrients are not 

be culled out in the routine process of nultilocational trials, or 

when tested Under different iertililv levels (lRao et al., 1981; 

Scthlirana ct al., l9X4: ilso inpublished data of (. Alagarswamly 
ol Carl Miillet a I(' IS.\A I : p r01)ial commullication). 

(enotype evaluation wider low soil 
)io.sphorlis and without fertilization 

I he " iablits ltil)1,2 tie lcs selected genotypes in physiological 
tlrientl USc' eflficiCncV is shls 1in I able 5. )ry matter produced 

pCI uniit P taken up by tihe plant was mole variable than the dry 
iattcr prodtiction per unit N. In1977, wc selected 140 gernplasn 
clrics from adlouohit-scice ning nursery consisting of 1200 entries 

originating from drier ieions ofthe SAT. While most of the lines 

showed se'v'ere 1 deficiency, these selcected lilies were free oflsuch 

Symptotms, and ha\c COmIlparativCly hi -hgrain yields- later they 
were repeatedly screened iniia ield of low soil ) status (2 pg"g 
Olsen-1i; in AIfisol, with soil-P ltirther depleted by repeated 

cropping with maike) for comparing their ability to grow and 

produce reasonable yields. lable .hows the variations in a few 

seleted gerinphisnw and check entries for several characteristics. 
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I.abc f, (enottpic diflerence, in P u..t effic!rincs ad m ctrrht:izJ! ,i-tit in n Alfi,.i ,ith ( er. > 0'1-.5 )gA' durin, Oic IQ83 rain, season At 
*H 1.RIs. 

Sorghum 
genot.ype 

(I)g:' ). 

Ilo" 
t 

cr 
( i >a;j. 1.., : -- .r: t 

:I]d L. 
i i, i. 
,::!1i ,,-l'::T!'Fl UptaitkeL7il 

" usc ehj:cnc'. 
plant 

, , . 
. 7,c~l i~ 

d 

'P I I
111:, L::'. u1: plarti ("rain Hinltass i::cd 

0 Pot sttudva 

Germplasm entries 
IS 10734 Chad 62 145 If' 28.5 73.4 0.41 155 124.3 34 57(22c 
IS 10747 Chad 67 h4 337 24.9 6S.7 0).2 134 54, (,4 34(25) 
IS 1501 Nigeria 102 35 12t4 3.0 19.3 0.84 42 1531 67 16(8) 
IS 1320 Nigeria 99 19 676 3.5 18.6 0.54 39 1202 47 65(33) 
IS 3860 Mali 95 23 51, 4.2 27.3 0.37 6(0 1392 34 28(23) 

Breeding lines 
DL 642 India 80 6 188 2.9 13.4 0.14 43 1358 25 23(10) 
CSH 6 India 66 113 531 22.0 73.6 0.58 196 925 43 -, 
CSV 5 India 84 7 294 2.5 8.3 0.32 21 887 
P 721 USA 80 4 110 3.5 11.5 u.12 32 917 --.-

Mean for 24 entriesd 78 40.2 415 10.7 35.0 0.42 101 1015 45 31 

Standard error of 
mean (SF) (±) 2.5 14.8 112 2.3 8.6 0.08 23 166 9 I5 

Coefficient of 
variation (CV) (%) 4.5 34.4 38 30.2 34.7 28.7 33 23 20 49 

Minimum 61 2.7 110 0.41 1.6 0.12 4 548 25 23 
Maximum 104 15.7 1264 28.5 73.6 0.89 355 1531 67 65 

a. Sampled at 40 days after planting. 
b. Sampied z- physiological maturity. 
c. The figures in parentheses represent percent colonization when the pots are irrigated with 10 pg g 1' solutions. 
d. Entries sudied totaled 24 except for root colonized by mycrrhizae whicL, totaled 7 for field and 6 for pot study. 
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While diffcrelle'C, illoatIN it*v ;n Ilharvcst index hilder accurate 
neiasulrcnluls (d cliticic-v, the etpfiotvjttY of some_" gelotYpes 

(e.g., IS 11)734 m IS1(0747 ovel I )1-042 and ( 'SV5) is clear both in 
grain yiel and ) Uptakc (I able 0). At)uug lht luccascd Cutivls, 
the Conlloll Indian hlybrid (S11 6 shoud colmparalL eftlicieney 
to IS 1071.4 oi IS10747, indicating that theCVcentlional breeding 
progran ha.' also estdc in a'rl, l-cfliciCnit CUlti\vars. 

No relationship was observed bCtween Concentration of IPin 
plants and either grain or biomass productivity (H[igure 5). For 
identifying the clicient genotypcs. t,,c need to consider both high 
)Uptake as well as high cfficiency of 1) utilization in grain and 

biomass productivity (I able 6). H1owever, uih,:11tiol q,otients 
cat valry widely within a gcnotype depending upon the quantity 
and pattern of nutrient supply (Myers and Asher, 1982; also see 
followinlg section). 
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) iI plant (' () 

Figure 5. Relationshi). htt,(wen /t, t(oft',ulratintu oj' in plant at maturity and 
grain (A), or dry niatter wields (Bt)at ICR ISA 'during the 1983 rain.) 
season. 
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Mycorrhizae 

Differences among host genotypes 

A survey of sorghum grown at I('R ISAI inAl fisol is showvd 
extensive coloni/ation of the root, b vesicular-;trhuscular my
corrhiiae (VA, We found spole typcs ofi lilfollowillg four 
in.akj(r genera of VA %Ifungi: (,u..mms, (iia.vpora,.,caulospora, 
and ,(h'Iroctsis. lie extent of root coloni/ation varied with 
location arid plant cultivar, suggstling :"possible cause for 
differences in the artount of benefit" that the crop derives frolm 
such a symbiotic association under different conditions. The 
MiCorrhi/al root coloniiation, plant growth, and P-uptake 
rCsponsc to inoculation ,ary with isolate of the mycorrhiizal 
I(ungus usCd (Krishna and I)iart, 1984). lhc dependence of 
sy'mbiotic efficiency on the fungal isolate and soil environment is 
now well known (Abbot and RIobson, 1982 Itaynmnai, 1982) but 
differences between host genotypes are poorly understood. 

Differences between host genotypes for percentage root colo
ni/ation vere detected both in field, and in pot culture using low 1-
Alfisol (I p,'g g soil; extracted with Na IC0) (Table 6). Addition 
of 1)resulted in a decrease in coloni/ation rates, but the "efficient" 
genotypes such as IS 10734, IS 10747, and IS 1320 still showed 
higher colonization than "inefficient" hosts such is )I.642. Some 
interactions between P)levels and host genotypes were apparent; 
the interactions between P levels and isolate efficiency (Howeler 
and Sieverding, 1983) have not vet been investigated. 

Response to mycorrhizal inoculation 

In a Pot trial, using Alfisol mixed with sand, 1:1 v v, inoculating 
sorghum hybrid CStI 5 with five separate species of nycorrhizal 
fungi increased growth by 1511 to 12011 tlable 7. Ijilfcrcnt 
mycorihial cultures varied widely in their ability to stimulate 
plant growth. lhe percentage of mycorrhizal calandiation and the 
inorganic 1Pin the xylem exudate corehted signifieantly, just as 
the correlation between coloniiation rate and plant P content 
( Figure 6). This indicates that P in xylem exudate can be used to 
select plants and fungus isolates for effectiveness of the sylnbiosis, 
interms of P uptake by the plant. 
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Glornus . 'icluhcinot I 93 5.1 66 
(;ho,,u. m 1.,a,, 3.52.2) 52 
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mariarita 2.07 4.9 48 
(loius fit+culatiim (E3) 1.43 1.8 40 
G(igaporacalmpora 1.14 3.1 36 
.t'ailo. p)Aora laevs 1.33 2.2 32 
(Control 0.98 1.7 25 
Standard error of
 

nean (SI-) (-1-) 0.2(0 0.2 0.5
 
Coefficient of variation 

(CV) (%) 21 13 II 
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Discussion 

Our current understanding oftihe nature of crop adapI;ationIIolow 
levels of natural or added inputs is incomplete. ()n the one hand, 
some have unreasonable expectations that crops can he grown 
continuously without fertiliier; btll, on the other hand sonic have 
the concern that use of "efficient" genotypes may "mine and 
squLIillder" limiited soil nutrients (lambert and Arnason, 1982'. 

Clearly, tile problems of 1)stress cannot be easi ly csolved, but 
they can be reduced to manageable proportions it many different 
dspects pedological, soil amendment, fertilization, foliar feed
irg, ecological (e.g., intercropping), and plant breeding are 
studied in concert ([ox, 1979). The efficientl uptake of tie soil P by 
planuts (directly or through mvcorrhi/itc) offers only ;Itemporary 
solution inI the absence of input ( externall P into the system. In 
the case I N. illleast when high yields are not important, farmers 
wilh limited resources callnminimi/e lertilier N application by 
inti ouciug legumes into their cropping systems. In the case of P, 
fertiltiation can, illbest, be only delayed. but its eventual need is 
Una.oida blc, IHence, our aiml ;hould he to s'arch for illor specific 
coithflaintios of plat gentotypes, soils, and soil fertility practices 
to Optimie net returns (l-oy, 1983). 

Bleeding for P stress call he nitst efficiently carried out in the 
wCll--defined target illeswwihit narrO\Ver limits of the theoretical 
maximum stress and optlinurl growinrig cond itioii: ( luddenhagen, 
1983). Extremely high levels of' cfliciency (or stress resistance) 
may not be a realistic goal, as the different mechanisms involved 
in adaptation of plats to nutrient stress countervail (trade off) for 
each other. Plant breeders must be conscious of, and responsive 
to, both the specific local features of the environment and the 
possibility of bett:r management Icch niquies. Io' examph th1 
acid soils of low P status, the soil acidity catn be!n,advanl . i! 
one way: tie cheaper rock phosphate may be almost as elfi nt as 
the more costly water-soluble P. As P deficiency in crops on acid 
soils is commonly asssocialed with a variety of other stresses 
(including drought or disease stress), breeders must carefully 
select and characterize their test locations. 

Because the inheritance of traits related to P nutrition in 
sorghum is more complex than that of resistance to Al toxicity 
(Clark, 1982), screening and breeding for the former is likely to be 
more difficult. A nutrient culture system may supplement field 



evaltiations to a iiitich greater extent lor screening ftor mineral 
toxicity (I)uncan ct al., 1983). but its useulness for screening lor P 
uptake, cspecially with mycorrhiial involvement, has been ques
tioned ( Howcler, 1981). II owecr, considering the case with which 
nutrient stress can be quantified, and the possibility of creating 
unilorm stress loi screening, it should be easier to breed for 
resistance to IInrliel stress, thanl for resistance to drought or most 
other biotic stresses 

In addition to improving P uptake in P deficient or high-P
fixing soils, mycorrhi/ae are believed to assist plants to absorb 
other nutrients which may be linmiting ulndel acid soil conditions 
(Hayman, 1982). NIvcorrhi/ae alsO conler drought resistance by 
increasing the water iptake, and confer disease resistance either 
indirectly by prcventing predisposition of' host plants to weak 
parasites, sIIch as stalk rots (Jordan ct id., 1984). or directly by 
colpeting with the soil-borne pathogens ((ierdemann, 1975). 
Nvcorrhi/ae could alSo be helplil in ox erconiiig tie negative 
interaction betm~ern elfciency of uptake of' different minerals 
(Brown et al., 1977) such as the interaction between tie uptake of 
P and that of iron (Fe) or copper (.'if) (Timmer and I.ayden, 
198o). 

The efficiency of imycorrhizal fungi in promoting nutrient or 
water uptake may depend on a wide variety of factors. Fungus 
adapted to an alkaline soil may be less effective in acid soils. It is 
necessary to have an understanding of tlie effects of environiiental 
stresses (e.g., temperature or waterlogging), aid cultural practices 
(e.g.. application of lungicides or lime) on the mycorrhizal 
association of sorghum plants. Research at I'RISAT is being 
directed to select sorghuni lines showing higher co i/at ion rates 
under a wide range of environmental conditions (inluding soil P 
levels), and to quantify the mycorrhi/al benefit to the ]lost plant 
when grown in soils with low P status, especially in lateritic soils. 

Research on several aspects of 1) nutrition of sorghum is 
urgently needed. Better definition of the efficiency of mycorrhizal 
colonization, and the efficiency of use of 1)Itaken tup by the plant 
for its growth and grain yield are required tor praclicil appl ica
tions. However, gross agronomic evaluation of genot*ypes tinder 
representative field environments should prccede sclectin based 
on physiological criteria. Evaluation aidl improveitent oif rmeth
odologies are needed for .'haractcrizing tie critical limits of 
nutrients in diferernt soil types. lie role of mcorrliial coloruia
tion in detcrmuination ofcritical levels of' in the soil should also 
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he r'>rc'hed. ('ritical tssuC conlceltrllations iii sorghun geno
types, 'long with th possible interacion with other tactors
 
affecting crop growth (Myers 
 and Asher, 1982) and health, also
 
need to he in)estontcd bIfore ,tatrling any large-';c'lc breeding

efforts to increase nut1trient efficiclcV. Such work on critical
 
COnCitrCaltioint is currlentlv in progress in Australia (('. i.Asher
 
alid 1). (i. Idwards, |InikersitY ol Queensland, personal coi
luni cat ion).
 

As seen inTable 0,the solglllills collected in West A'frica seem 
to be lore efficient in ) ul)taike and utilization. (ictintypes with
 
tiebest deseloped nutritioial cificiency traits can be expecteld In
 

he f.ouind in the local cultivars fromt the most infertile soils, e.g., the
 
leached, Alfisol region,, oflWest Africa (S. W. Hluol. North
 
Carolina State I uiversity, Raleigh, NC, IUSA, personal comn
ii) iUnn'iliii0). It is worthwh 
 Ile
to screen moresorglhtn germnlplasin

h ll; (h i-Li-Saliaran West Africa, especially from the niediumnb 

high tainiall areas, and frimn slinilar 
 regions in Tanzania,
 
Ihaiillilnd,thl hilly areas of*eastern Ind ia.
and 

Summary 

IiIosphorus ( P) deficiency i%,coi mon in the tropics. Because tile
 
need fr Iadded P)depends upon characteristics of' both the crop
 
iid tilesoil, s'stelliatic stdides lrebeing made 
 inOitir experiments
 
at ICRISAI, India. Sorgliuii atal pearl millet 
oilin Alfisol
 
responded substantially to added 1PIrtili/er, bilt the response of'
 
pigeon pea 
\aismall. ( )Illy 11kg P) ha wa iteeded to achieve ilost 
of t lie ll.%inti l possiblc response; rock phosphate wsi., much less 
efcctive than w ter-soluic ), i.as tle soil was oily slightlv acidic.
 
Indications have been obtained that Vertisols difir fromt Alfisols
 
in their soil test crop response relationships for 1) applied to tlhe 
sorglu 11i. 

Where iertility is adequate or nearly so, no special breeding 
p rogra l for intcireasing tihe CfTiciency ituptake or uti li/ation of 1)
appeitrs ti be needed; plant pertli ance gives inadeqtiate index 
offP efficiency. Htowever, because isthere significantly more 
genotypic variation in tile efticiency if' ) uptake and utilization 
under vcrv low I) supply than under i ioderate stpply, breeding 
cultivars for low 1) soils is worth irsuing. 

(enotypes adapted to low )conditions showed agreater daegree
of root cloniatil hy yieorrhi/al ftingi. Respoise to inocula
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ion with diflrentt nyorirhialI ungi increased dry mlatter ad P 
content of sorghumn plants more than two-lold. Estimation ill 
inorganic P1in the bleeding xylem sap can he a quick test lor ratc ol 
coloi,atioll. Ihe signilcancc ol tie ahovc lindings for impro\c-
IIenlt of Sotghum g1oWl oll low-nutrient Slittls soils is disculssCd. 
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l'Valuatioh of M ineral lflemlents in 
Sorghum (rown on Acid Tropical 

Soils 

R. H. ("larA atid /.. 1,,trh-i 

Introduction 

lccausc o its tolerance to drought and many other stress 
conditions, and its relatively lower rcquirement for Icrtili/,er,
Suolgllill pro neoduction has expanded througl.Out the world, inelIUd
ing liatin America. A major constrint uniting soThtt (r
4/t11m /ielor (I..) NiOCrch )aMid olhct 'rop prodltCti~ll in latin 
America has been minnral element probleluN associated with acid 
soils. Since considerable land Jrmasses ol South America are(Fiure ,I.aly nll 

acid 
n erali,.l dee'inicli and pobrttxicitvtplobl s occll 

implnts glo\Nlo tl hsoilSol Itis cOntinent. fnl the Miuieril 
element problmcrs inherent it) th'C soils iiii\ be desCribcd lrv 
noting the Melbets of pff on the aailahilit, of miiniahl elcenterrs 
essCntial to plant gr-Oth (II- iurC 2). I),,lcicrIciL, in Cea,'iun (.':C). 
phtS+,ophorus (P). itracuesiuri (MN,). anidtoxicities ol~fi,,{tiinr (l,\1. nii;rieInest IC viybdcl ,n1(M,0), andL Mit,).liand ronZ(eC) might 

be predicted hir plant, grow on acid soils, Wl e.tersiveness if 
mineral deticierrc,, and toxicirv pohlCm,, On the rCid infertile 
tropical :,tils ol Latin Anirrica has been, cp)OitCd by S'Anrche, and 
Salinas ( 198 I). 

A feasible riclhod to CrnhatIcc p)odtCtiot ol Sorghum and other 
crops On acid soik is,to dCeCelop plants I hat better tolerate mineral 
deficiercV arid toxicity stresses associated with these soils. To u. 
this, dillerenccs arrorrg georetypes to grow, absorb, and use 
mineral elements need to be identiied and evaluated. 

+, 

Ag IItI+l, 'ptic [I'lII IlIa I Rtctl,CI It 
 t %I,'tc, I )Lj'lII li 11Nl~t~l, ofIIo Aptoll I V lllwlt21t 

Nchra~kj, lll nr,NI r jtO 1, i'SA. lnd I )Cpmr(tie it of A olmll , , ,iu"ippi stilt
In hfl+IiV i'",IIppi slaw. %1 I 19 6I2 ,5 SAC. t l) IIllil Itl ' ,t*l i rIerllil
tional Sorghtim and %hllct1 IN INS)I(Mlt I pri,,t :adcr ahigied t le 'enit,Inlerrnacionai tic Agirmultufa t mpical I I,\ ),(. h.i dur1mg1 tIe petmid of [tit,
SItid, 
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lia objectives of this study yvere: 

Ii( describe he methodology Used to determine mineral
 
elements il plant tissue:
 

todetermine tmincral clemient concentrations and contents ill
 
,orghui plants grown on acid tropical soils of Colombia,
 
Soruth Aierica: and 

(0 observe diflCrCncCs and CValualC genotypes for mineral
 
element COIcIltratiOnS aind Col11ns.
 

Determination of mineral elements inl plant 
tissue 

\1;11!N nCtliods arc used to determninc riincial eleints ill plant. 
Wvter, arid soil samiles. Ilhe \alis tcchlnique" a,.ailablc and 
lhcidesirable ol uirdisirlhlc Charactciustics are not discussed 

heret. .\ flier hod that has h(e'11 incOrporated aiid usedl succcsshrlly 
;it the I!ll Nchr a it I i ict,[l ( Ii sur" t)f ,,k l.)or the a a!l\'sis of 
tirCri.l cC CtiN inIflairt! r ialer ib .d. ,,,de..'-C 


uiCd to 
:iiiI t it n lplli a cof the liriitilng 

Ihu ! ct hi l dt+Itlhh"rin rill lrl elellCrIts in plant 
i 1 , iil'p ii " d stilnll l rc'., 


I,'rr\1 , hil\et . ,C i d h%Krir cici itl.er C ( l9,l ).In short, the 
ILuhrir,.Jui, 0 1t;,',-ec-,.rIail )I pt:,isiir pellets r nt dried 
cunilld pr,1i irriteCr al ( lier1r1 3. IUt: +uittttllgthe pellets into a 
tiu\. p lriltle i the is-runiri t c thlbCr (l:iguit+ 3,the \ illt(i arCl 
upper't lIrtl it ,-a \ aCiurni iii rlie charthci: :rs\eiing lour,): 

)ttinslimluroil a 1niieCiirerrrputrI tCminal ( Finrc .3,middle right; 
and I allc I K and \\ating t"r the re+slts A igure 3, lower: and 
I ale I ). I sill!! the plr..,Cnt pigerim, a tta\ oh 40 ,amples carl he 
anal,,,Cd ili a h ut 2.5 fir iilrs,,t l t15 ntiolures per satintple. 
(recctatiol, ofl(a. P,M., Mn silicon (.;i),lM,. :\i, I-c, slfur
 

ehlC 
ribtirid Itoleach saiiptC illtie ucreral ptograni used. Additional 
pi ogruutIs h- dcCh analy'c other elements. -lhe 

l. I(1). potassim K), coppcr (('it), arid ,ic (Z.1) are 

ceeln dpc'. to 
instirllme t is capable i) ai;,ly/ing elements above number I I in 
the periodic table Isodium (Na) with an atomic weight greater 
han 23. Sodium can he analvcd if it is in the tissue at about .5 
rirg g. Ihe only nineral eleents required lor phlit growth that 

cannot be dtcrtni nCd h\ energy dispersive X-ray fluorescence 
(INI)XTII ) alc nitrogen (N) and boron (B). 
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lahlc 1. Printout of mineral uh'ine! c'on'entraizm i l 1)) I nII. 

RI(( (()I )MI( % 1-83NI+N 1-39
 
8010 ANI 1570-10
 

IPIO1( 2
 
Iant Anal\si,: Small Iellets
 

Sii)l,',,: lHov many? 40 
lii,. No.? I 
I ir,,l'ou itio .lI 

1)I .\Ill ( ol.mihia Mg Al Si S C1 KE Co:SP Mg-CI 4/83 101 

ht 1()()0 - > 10.231 Al 

RNit [00( > 10.231 

(" )] (I)MII.A I 75SECS CHISQDY-109.86 

D~id[ I-achol 0,900 

%Iit K -Ratiu 0.)538 Nt! 0.58219 
I K-Rathuc -. -0.007990.00000 Al 

Si K-Ratio 0.02321 'Si 2.08518 
P K -Ratio 0.(0938 "f' P 0.39147 
S K-.Rui " 0,01264 ((S 0.20916 
(I K-Ratio- 0.00295 7j(1 0.97619 
KI K-Raioi 0 .15793 " K,10.0000 Mo KCa Mn FeCu Zn CO:SP 

K-Me 1 83 11)2
 
Fit 12.00- >22.4Th
 

)(IMIIIA.\I 180S1ECS (14 ISQl)= 2.18 

\1, K-luio 0.00217 U; Mo 0.00227 
K. K-Ralul 0.20153 1; K 4.44660 

( i K Ratio 0.)0598 m7Ca 0.4178) 
%Im K-Ratio 0.00023 iMn 0.00555 
Ic K-I;tt it 1T 0.011020.00070 7F 
(mi K-Ratio 0.00029 1.4(j'u 0.00195 
/n K-K,atiu. 000199 17Zn 0.01310 

The low detection limit by the lI)X R t- procedure is not usually 
as low as that for many other nethods. However, the low 
detection limits of' F DX R F arc lower than the concentration of 
elements in severely deficient tissue, ex'ept for MO in phlnt 
materials like the cereals. NIolvh(enItu, req uMie me nt in sorghumIn 
is less than 1.0 jig/ g, and at this Concentration, Mo i ; difficult to 
analyze by most methods. [hc lt detection limits ftor many 
niinral elements using it slvcr X-ray tube are given Il Tabe 2. 

http:CHISQDY-109.86
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Iahk 2. I.mm d er'ction limil ( ) oineral cer le"t anall}iJcdni for inp 
mlatrkh I)IX)\U.. 

ig g (pgi g) 

Na 170.1 

Mg 135.0 Cd 9.0 
K 40,) Cr 2.3 
AI 32.0 Co 2.0 
( a 30.) Rb 2.0 
Si 28.0 Sr 1.5 
I 
 25.0 
S 19.0 Ni 1.2 
CI 9 3 Pb 1.2 
M n 1.9 HIg 1.0 
Fe 1.4 As 1.0 
('a I. Ih 0.8 
Zn 1.0 ita 0.5 
Mo 1.0 Se 0.5 

oe IIIIe. 

liall 


Fl. teliable qlantllll alli lcnenltCllCCltriitjorl Llm',houldhe ;thorn| three-told highlr 
Ire 1I)) 

Th is procedure hias benefitd outr research program immensecly. 
We canllmake element analyses with 5) to 100 Ing plant tissue 
(rleerablv 100 nug). which is not the usual case for many other 
ruliielnCilt analysiS techniques. lhis allows ts anailZeto 

mineral elements insmall anounts of tissue such as individual
 
scedlings, specific plant parts, or scgntcls,of' plant parts. Sample
 
dies that must he sent long distances, especially forcign countries, 
are decreased. I he sample is iot destroycd in the anaysis 
procedure, so questions that My arise ah11ou leeclII icCnntra
lions ill particular saMpleS can he answered by reanalysis without 
marking new pellets or losing the sample because f i.(s iectlion as 
a liquid into ihe instiruCnt. ACC'Ulate wcighlinps of s:niipleS fo 
pellets are not needed (weights caln be within .25"; of 100 Ing 
without encounitering crrors). Other time-cC)t.uIing and t;!hor
intensive l)roedures such as digestion, ashing, dilutioin, resuspen
sion aind disolution in acid!;, alnd decanting aire iOti,'eded. The 
need for special glassware and chemicals is also reduced. 'Ihe cost 
for specially trained personlc! and time involved for analysis have 
been lowered. This nethod has allowed the anal'si, of the large 
numbers of plant material that Imust be evaluated in a plant
breeding program at a cost that is usually lower than most 
procedures. 
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A major disadvantage of the I )X R 1Iprocedure is that so few
 
lIaboratories ,,sC it that somc of the normal aids, 
programs, and
 
repairs have ntot Icn dccloped or are not available foi routinc
 
tiSe. Ve lase had to dC, elop ouroA talvsis systemi without the
 
benielit 01 (itsidc ,Xpelience.
 

In the Co pt)lisu Iliteuatinal .orghtin atild M illet l ogliaitl
(INI S()RlNi II )reserh programt wehave perlormed the tllieral 
elCmtI inalvses ofl plant tissne when these atalv'seS are re,+iired 
or desired. I hiesc ailyses baeetihianced our researeh ability and
 
base gil err ,U.dCd irfornlliat iotlthat wotuld other\isC be
tunavailable. Ilh ability of physiologit, to better itcr act with 
breeders has been facilitated, arld reasons wh' individtual plants or
 
oeCrrstvpCs are 
more tolerart to tiitrl stres,s Conditils ate being
 
bettet tirderstood, defitred. and reeo!ni/ed.
 

Mineral element variability of sorghum 
genotypes grown on acid tropical soils 

In cooperation with I)r. I. M, (iou rlc. Mhile assigned at the
 
('entro Internacitral ole.\erieirlttura Ilopical (I,\l), Cali,

Colombia, titeral lertiler:fil ,,ses oI so rghum 
 nCt \ pes Prown 
on Colotbian soils have been perflr td. lhe analyses were 
petforrmed to better understrand dillrences itlgerotypes fortiptake and aCciulatit of elereilts illpl.ilts grosi onl ltid 
infertile trorpical soils ai]d how these mttinelal elements might relate 
to platr tolerance to these acid soils. [Ixperitents were Conducted 
itt%which 6( sorghut genrotypes were grown on both Carinagua
anrd Palmira soils inl a greetrhouse (lExperiment I), ard 50 
sorghttum genotypes were gro\sn (in a ('ariiagUa soil limed with 2 
ald 6 tolls;ha irn the field (Experiment 2). Some of tile chemical 
pr(,pertics of these soils are listed in Table 3. 

Materials and methods 

Experiment I 
Plastic pots (16 cm diameter x 18 cni deep) were filled svitr 2.0 kg
soil which had1 been fertilized with 45 11 ind 42 K kg ha. 
Micronutrients and urea were added to the pots as a liquid at the 
rate of 15 N, 1.8 B, 1.8 Cu, 1.6 Zn, and 0.3 M o kg ha. 'swo 
additional liquid N treatments were supplied weekly at the rate of 



Table 3. Chemical properties of soils (limed and unlimed) on which !orghum %as grown at Carimaua and Palmira, Colombia. 

Carimagua 
Palmira 

Parameter 
No lime 

0-40 cm a 
2 tons !;me 

0-20 cma 

ha 

20-40 cma 

6 'ons 

0-20 cmd 

lime ha 

20-40 cma 0-40 cm a 

pH 4.3 4.5 4.6 4.8 4.9 70 
Organic matter (mg,;g) 38.0 37.0 25.0 38.0 24.0 35 0 
Bray 1I-P (Pg! g) 2.8 7.7 1.7 6.4 1.7 78.0 
Al (meq 100/g) 3.2 2.9 2.8 1.6 2.1 NDI) 
Ca (meq 100/g) 0.4 1.2 0.6 2.4 1.0 10.3 
Mg (meq 100/g) 0.16 0.31 0.12 0.42 0.13 5.2 
K (meq 100/g) 0.12 0.25 0.12 0.22 0.10 1.00 

Cation exchange
capacity (CEC) (meq 100ig) 3.83 4.65 3.65 4.64 3.33 16.50 

Al saturation (Q) 82.0 61.0 76.0 35.0 62.0 

a. Depth oif soil or which analyses were performed. 
h NI) Al not detected in this soil. 
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15 N kg ha. Seeds Were planted and watered ,+SncCdcd with
 
distilled wvater. lThis experiment was conducted dourinig No
vtnbc I )ccciber 19H;2 in a greenhonse at (CAl.Ile daylength
 
was 13 hr and anbintt tempelraturcs were 2() ! 2+( daytime and
 
17 ' 2''C nighttime. Pots wcrc arranged in a randOni/Cd complete
 
block dcivil with three rcplications.
 

,\hout 20 secds of each sorghulll gnCotypC (listed ill[able 4.1 X
 
415 "sasduplicated) "ere lanted in each pot. At the 2-leaf stage of
 

0"lth. plants were thinned to 10 plants per pot. Plamts were 21
 
dass old I from planting) and at the 5- to 6-lcaf stage when the
 
v\petimcnt was terminated. At this time, plants were visually
 
c\altctd for aotol tal growth anld ulusual svmtptoms Ol the
 
lca s.Plaints \wrc sc\crcd (.5 cm above the soil surface, the stalk
 
,a', rinsed in di'tillcd skatc. blotted dry, and the plants illeach 

1It combined o eatch itlis\iual santplc. Roots frol the plants 
(d each lt)t werC \\.ashed tree ol soil and visual abnormalities 
tlte.d. Iottlt~nd leates, \'.cmc dricd in a torccd-air oven for a week 
atl60. then \\ciuhed. Rt s ere discarded (because of soil 
co tamit[at ion), but lcascs were g und to NasS a t.5 mn (40
mesh) screen, and samples sent to UNI. for mincral element 

1xeridment 2 

At ('arimagua in the Lhmos (eastern Colombia), see,+(oiso ofthe 
soghtm genotypes (listed in [ablc 4) were planttd during early 
April 1983 in the Carimagua soil limed with 2 and(6 tons ha of 
dolomitic limestone. Other fertili/ers added were 75 N,40 1), and 
8(0 K kg ha: 1) and K were added before planting and N was 
sidedressed when plants wyore at the 5-to 7-leaf stage of growth. 
I)uring the previous year I.6An. I)1 , I .(i and t.3 Mo kg: ha 
had been added to the soil. I he design of the experiment was a 
randomized complete block with three replications. At the 3- to 
4-1caf stage of growth, plants wcrc thinned to 21)0000 plants ha. 
Weeds were cotrolled by hand dutiring the experiment. Plants 
were grown tinder raifed ctd itions, and sitIllicieitt noisture \wias 
received (100 cm Or mote) during this time so that water was not 
limiting for normal plant growing cortditions. Mhen plants were 
75 days old (bot and floral initiatiotn stage), vistal ratings were 
recorded for latnt performancc to overall tolerance to the acid 
soil condition. I X 415 and IS 7173C genotypes were used as 
standards to rate all plants (TX 415 is very stusceptible to Al 
toxicity, and IS 7173C is tolerant to Al toxicity). Random 



sClections oI at lc;st ltorleaves (second leal from the top) wkerC 
collected frot plants within eaeh replication. [ach sample was 
dried at 60(V fot olled ~lefore being tiransferred to C'IAT where 
samples \were dried at 601' for a week. Samples were ground to 
pass a 10.5 mim scrcen and samples werc sent to I NI for mineral 
analysis. 

4. Name and source of seed of sorgh um genotypes groA 11onSable (ariomagu. 
and Pahmira soils, colombia. 

'edigrec Somutc ,,1 sccd I'cdiicc Source ot seed 

('MSXS 154 Mlai MN 1706 Mississippi 

31)X57 I I 910 iraid MN 1708 Mississippi 
51)X6 I 6 2 Bra/il MN 1735 Mississippi 
I(CA NAIAIMA Colombia MN I MIIN ississippi 
I S R-I "lexas I N 1912 Mississippi 
IS 1207C) 1cxas N;N 1958 Mississippi 
IS 3625C Texas MN 1959 Mississippi 
IS 5887' texas MN 2877 Mississippi 
IN 6KX45(' Texas MN 4508 Mississippi 

IS 6964C 'Iexas NI N 4581 M ississippi 
IS 71731W Texas Nit 9040 Neba.ska 
IS 72541) texas NSA 935 1exas 

IS 7273( Texas 156-P-5 Brazil 
IS 684 tIexas 156-P-5-2-1 Brazil 
IS 75421) Texas IS 12564C) Braid 
IS 7786( Texas IS 12610C Brait 
IS 7909C Texas IS 126611) ICrasil 
IN 7994C Texas IS 12666C Bra/il 
IS 225" 9C l'exas IS 7419C" Brazil 
IS 23464( Texas IS 7173C Brail 
IS 12610(C 'exis IS 1309C tirazil 
IS 12,12(' Iexas IS 1335" Shorit Brazil 
IS 12685C) Tcxas IS 1335C) Tall Bra/il 
" N 712 Mississippi IS 3625C Brajil 
NIN 12(14 Mississippi IS 7254C Bra/il 
N N 1388 Mississippi IS 83371) Brazil 
MN 1391 Mississippi [X 415 Texas 
MN 1533 Mississippi (IS 126101C der) Texas 
MN 1557 Mississippi Wheattand Texas 

MN 1705 Mississippi 



. Ial anfples 

at least one day Ito expel nmoisttre hefore pellets wNrc pressed.
 
Samples of 100 rg (or the %sCightasailahie if less thall I00 rg)
 
Nscc pressed into 13 mm diameter pellets and analv/ed lot 1), K, 

At NI.N e werc put into a forccd-au mct (70'(') for 

(a, Mg, S. (1. Si, Mn, Fc, Cu, /n, and Al lv1)l R F according
 
to tohc procedure of Knudsen et al. (I 9X ).
 

Results anJd discussion 

IFxperiment I 

Sorghum plats grow on Nthe alitua ,m,i hd no itustial or
 
mineral element dcficicncy or to\icity -, Imptim,, ,i thei Ieu\ c,.
 
atnd plants appeared to gloss ntollrulls l'mc\5, plant, crosIt(on
o\ 

the (ariiap'lela soil were rClat iCly small. iu,, ,hossed deficietIc.
 
(0I ti0.\iCitv) sVtlIP 

t)ItXS On theiI ICa Cse, a td sOItle %et.lc dead.
 
Sogthum plant, glmn otn the I'altitia soil "wcecuthoit ,h- old
 
latget than plan, go.,tl on tle ('attuia soilt I WIhles5 and 6).
 
I lie (Calimnacua soil ,s,!s mote acid, tad lio.,t availahle 1), ('a,
 
Mg. atnl K, and had higher aailahle Al thon the IPalmira soil
 

I ahl 3). 

(icnOtVpCs that had the highest and hVs',t dry rtatter yields 
shiiv,cd 4.) - and 4.1-fold difierences lot platt.s growon on the 
(aritnagua and IPanlmra soils. rcspcctively <IIihlc 5 and 6). The 
gett typus that lid the highest and lowest dry tatter yields whem 
gross it otii the l~altuira soil] did tot ha~ve the highest tld loss. est dts 

inatter vields MshCn gVossn otl tile (aritniagita soil. 

I[he get tvfs \.ith the highest and losscst itteral clement 
concentratiotIs \heltl lot, Ott ilt ('tl illl a soil did lt have 
the highest ot Iums tttincri, cleleIt conmccentrathots wkhen grown 
ott tile IPa:lmira soil. Ilxccpt Ito S. (I. anttd /n. lea C of plants 
grostI) otl the 'altttila 'soil had highr ttlln cottcetntrations )f 

mineral clemettis (hy abot 2-told) than did the leases o plants 
grown ot the (ariitagua soil ( lhi 5F Wan S, (I and Zn 
concenctrations itn leases (f plaltis gros I) otn tire (Caimaatt and 
IPalmnia soils sscrc similar. No eleiment ssas lo\,cr it leases of 
phtits ,rosgt- on the Paltnira soil than ini leaves of plants grown ont 
the (ariniagua soil. Alumintuatt sVas not detCctCd in the leaves of 
plants grwn on the Ialhnira s il (the loss detectahl limit of Al 
was 130 mg g), but Al ssas readil' mteasured in the leaves of plants 
grown ot te (ir agua sAl. Ni available Al was reported for 
the analysis of the Palmira soil (lable I). 



Table 5. Dry matter ,ield (DX1Y) and mineral element concentration and content ranges. means. standard errors (mean). and hiVh/lh,, %alues for 60 
sorghum genotypes grown on a Carimagua, Colombia, soil in a greenhouse (Experiment I.
 

Element concentration 
 Element content 

Range Range 
Parameter Low High Mean SE X High lowa j.oy, High Mean SE x High loa 

mg, plant 

DMY 16.3 79.7 47.8 1.2 4.9 

mgig pg plant 

P 1.00 2.29 1.29 0.02 2.3 30 98 60 2 3.3
 
K 15.2 31.2 23.9 0.40 
 2.1 381 2070 1160 40 5.4 
Ca 0.81 3.09 2.08 0.04 3.8 19 203 102 4 10.5
Mg 2.37 4.86 3.74 0.06 2.1 60 321 182 6 5.4
S 1.55 2.66 2.07 0.02 1.7 36 161 99 3 4.4 
CI 1.99 9.20 4.88 0.20 4.6 52 613 242 14 11.9
Si 1.73 6.60 4.11 0.11 3.8 44 494 204 9 11.3 

Pgg pg plant 
Al <130 956 389 22.0 7. 1b 5.20 48.7 17.5 IO) 9 .4 bMn 34.4 112.2 72.1 1.4 3.3 0.79 7.18 3.46 0.11 9.1 
Fe 146 408 251 7.0 2.8 4.00 23.4 11.8 0.40 5.8
Cu 18.8 47.1 34.9 0.5 2.5 0.49 3.32 1.71 0.06 6.8 
Zn 26.2 88.9 56.5 1.5 3.4 0.64 5.84 2.79 0.12 9.1 

a. High l.w = amount of change noted between the highest and the lowest genotype.
b. 	 High lo, Al differences may have been larger than this value since the low detection limit 

was 130 pg g 



Table 6. Dri matcr. ield (DM j)and mineral element concentrstion and tontent ranges. means.standard 'rrorN (mntan). and hih h-A Nalue*, for 60 
sorgh-im genotype, grown on a Pahlira. (alombia. sil in a grznhouue (lExperiment !1 

-!c .rnet conc-ntraiI . n -

Parameter Lov, 

Rancc 

High Mean sEf: HIlih hovki 

Range 

11 %1ghMean SEL- High io%%a 

mg plant 

DMY 116 447 287 8.0 4.1 

mg g tig -lant 

P 
K 

Ca 

Mg 
S 

CI 

Si 

1.99 
38.0 

2.68 

3.92 
1.50 

3.31 

16.5 

3.57 

58.5 

4.79 

6.21 
2.50 

7.31 

33.8 

2.64 
46.0 

3.52 

4.83 
2.00 

5.08 

23.4 

0.04 
0.40 

0-04 

0.06 
0.03 

0.16 

0.30 

1.8 
1.5 

1.8 

1.6 
1.7 

2.2 

2.0 

305 

4481 

434 

470 
235 

573 

2980 

1290 
2400 

1730 

2440 
967 

2910 

13200 

723 

1320 

995 

1370 
553 

1390 

6720 

17 
39 

27 

40 
14 

50 

220 

4.2 
5.0 

4.0 
5.2 
4.1 

5.1 

4.4 

g g pg plant 

Mn 

Fe 
Cu 

Zn 

23.2 

92.0 
21.8 

22.0 

51.2 

226 
49.4 

37.3 

38.1 

144 
34.5 

29.2 

0.6 

5.0 

0.9 

0.5 

2.2 

2.5 
2.3 

1.7 

4.3 

16.0 
4.1 

3.5 

19.4 

78.3 
22.2 

17.1 

10.7 

42.1 
10.0 

8.1 

0.3 

2.3 
0.4 

0.2 

4.5 

4.9 
5.4 

4.9 

a. High/ low amount of change noted between the highest and the loest genotype. 
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I)iffrce-nices ill the lat ,,atIttIng t c.stoIt Itittel Ich.letn Iut 
colcentrattitis \scte greater loti plants gtiti I on the ( tnlllagUta 

t1otit the irl soil (I 
the ranges otanlle lfir plalitltgronl onlthle Palmitlasoil( I able 6) 

are considered to be normal range difletencs expected in 
plants, then ('a,0.I,.ln, atnd /i had Ithihcr than the ttortnmal 
range diflereccnes lot plants growit ot the ('ailitnaga soil ([a'Ii 

soil thall lot plants lr\0 ltIl tlhl's5 and 0). It 

5).
 

ol the ('arimiagna soil, the 
lot Al concetrations it leaves was highecr thIan ot the othe'r 
nicial elements ataly/.d (1Iable 5). Sote Ic.\eas ( planis grown 
oil the ('aIliaglia Soil had Al \.alucs approachittg the low 
detfetablt litnit of tile atllis tihltl l I lw itll 

F'or plants gro n\\ aitee.dilference 

'o was some 
ueMlt tI'p.S. ' T li'ilr.titt >o1fl II i leases ilo \ c itoit 2(0) to 4() 
Jig g were not considered ti he hich or So wit of balalce: thatito 
Al \tluld iinectCl scs'eiV'Celv ssitlloth'r Clentiits. SincC Al il 
SOrILhiln i. nIt readil\ translosteiCl ltitln tllts to lca\s (R. 11. 

lairk, d 'ta.consial Motohile ANOIld he exlct' 
C'lillloot thanl ill Ic.i\Cs, .SiceA NIs )itlsletertnill in toots 

caneiifsloil eotltinitioii, theOsefe its iii Al ilitlactiotnswith 
other elements \wis litl ass.ssed. Roots itsorltim plattts growli 
\itl AI IlllitiiIIuti st tonsti can accttlate relatiselv high Al 
levels ( .. It.I('lark. titpilihed (llit). Silic t t , \khiclt is seldom 

terttermite(l iti plait tisnuCe, Sllo\ssd tile gIcatest anoiit of, 
cotlientratioll chnlig, illplatil"t. ',ttm ilnth two soils (i ables 5 
aid(1). IIt leiaveso plantstgtoss li the .ililiia soil ltd 5.7-fold 
higheltr Ittali cotnc'nt rat llls i) i th(ill ass ut plaits rloon itl 
thte('aitnagita Ili prllinr stud'.Y, tilkC l higher Sisoil. i 
coicltuitrati ltS Were ituuteil illsolLltllel civ!' ) plalitglos lit a 
limtl Qtiliecltla (I itilsol) Siil thlli illthe leases ot platIts rlowit il 

niteided it 
association oif Si with plant tolerniice or ability to o\elcolll 
susceptihllitY, tit acid Soil cottditiits is nlt clear, hotlt 

the same ita Soil (dtaill t.eCsCtCttI). Itlotltatioliton the 

Si has bel 
reported to heVCulnte1i plattt S(isCelttilits to Ni iltldI-etoxiCIt' 
(Fovyt al., 1978: \Verie aid Roth, 19 3). Silicotn cotncentratiitsn 
in leases ofsorl glhtill plants gro i itl Soils IFC IleCLUtl\' a ie It), 


mg, g (lhles 6,7, atd \Vertter ait Roth, 1983 P.. II. ('lark, 
unpublislh,'2d data). 

Contents of I', K, ('a, Mg. S,Si. Ni, he, ('ti, aind Zn were 12.1, 
11.4, 9.8, 7.5. 5.0, 32.9, 3.1, 3.6, ., and 2.9-Iold higher, 
respectively, in leaves of plants grown on the lPalmira soil than in 
leaves of'plants grown in the ('ariiagna soil (Tables 5 and 6). 
Agalin, the nmineral element toshow ttegreatest content change ill 



"lable 7. )rs matter .ield (I)MIY) and mineral element concentration and cntlent ra1t2es, mtans. standard crrolrssorghum genotspes groin meani, aid ii hhvsalues for 51on a (arimagua. ( olohmbia. soil linted Niihh 2 t/ha dolo.itie limestone in itlt field <l.xperimeot 2). 

1 Ic nicrit c(i c ri t ratI, n 
I MCL(': C TI: 

Range 
R ange!

Parameter Lo'., lliih Mcan sI \ igh lowO low High Mvaji SI Highf loxa 
Visual symptomsh 1.0 4.0 2.1 0.1 4.0 
Plant height (cm) 33.0 10" 102 4.0 4.9Stage of maturityc 1.0 4.0 1.7 0.1 4.0 

DMY (g/plant) 3.6 85.6 38.6 2.8 23.6 

mg g 
mg, plantP 1.84 3.42 2.56 0.04 1.9K 7.8 238.7 98.3 7.015.7 30.729.2 21.8 0.20 1.9 58.0 2270 861Ca 67.0 39.41.51 4.49 2.43 0.06

Mg 3.0 8.1 209.9 88.81.22 2.66 1.88 5.9 25.80.03 2.2 4.2S 150.1 72.9 5.41.24 2.26 35.6.1.70 0.02 4.9 131.6 63.8CI 0.85 4.57 
0.9 

4.0 26.82.35 0.09 5.4 3.3Si 352.8 92.9 8.82.18 12. i. 1065.30 0.23 5.9 18.0 646 196 17.0 51.5 

Pg g 
jg plaatAl d< 130 2650 592 42.0 20.4 38Mn 715 18938.5 16 18.691.8 61.1 1.2Fe 2.4 0.21 5.83 2.33264 0.17 2791020 514 17.0 3.8 0.30 4.41 1.87Cu 0.1419.3 54.0 14. ;31.2 0.8 2.8 0.08 3.56Zn 8.4 1.22 0.11 42.950.1 32.8 0.8 6.0 0.08 4.12 1.30 0.11 53.5 

a. High low amount of change noted between the highest and the lowest genotypes.b. Visual deficiency toxicity svmptom ratings ,ere. 1.0 - none. 2 0 =:slight. 3.0 = moderate. 
and 4.0 sevcre. c Stages of maturity descriptions ,ere: 1.0 vegetati;e. 2.0 = floral initiation. 3.0 = bloom. 

and 4.0 = grain fill (milk).
d. L.ow detection limit for the analysis procedure. 



Table 8 I)r. matter .ield ()NI ) and mineral element concenlrati-,n and content ran1ec,. means. standard error (mean), and high/lo-A values for 50
sorghum genot-,pes gron on a Carimagua. (olomtbia. s il!nird ,ith 6 t ha dolomitic limtone in the field Experiment 2). 

Parameter Lo, High Mean SF x High loss - I %.ii.. -ih Mean S t:X Hih los. 

Visual symptomsh 1.0 3.tC I.6 0.1 3.0 

Plant height (cm) 70 192 124 5.0 2.7 

Stage of maturity c 
1.0 4.0 2.0 0.1 4.0 

DMY (g plant) 18.2 75.3 40.0 2.0 4.1 

P 

K 
Ca 
Mg 

S 

CI 

Si 

1.96 

14.8 
1.50 
1.33 

1.19 
1.29 

2.42 

3.46 

26.9 
6.72 
2.72 

2.18 

5.06 

16.9 

mg g 

2.76 

21.6 
2.90 
1.93 

1.71 

2 91 

695 

0.04 

0.20 
0.09 
0.03 

0.02 

0.10 

0.32 

1.8 

1.8 
4.5 
2.0 

1.8 

3.9 

7.0 

44.0 

381 
48.0 
29.7 

35.3 

44.0 

92.0 

233 

1950 
354 
161.4 

136.5 

231 

842 

Mgr plant 

110 

868 
112 
79.1 

67.0 

I1I 

260 

(.0 

50.0 
7.0 
4.7 

2.9 

7.0 

19.0 

5.4 

5.1 
7.3 
5.4 

3.9 

5.2 

9.2 

Al 

Mn 
Fe 

Cu 

Zn 

< 130 d 

22.0 
154 

21.3 

18.2 

966 

74.0 
438 

56.5 

56.0 

Ji g 

372 

46.4 
280 

35.9 

35.0 

18.0 

1.2 
8.0 

0.7 

0.8 

7.4 

3.4 
2.8 

2.6 

3.1 

27.0 

0.68 
0.43 

(.57 

0.63 

381 

4.33 

2.34 

3.08 

3.15 

pg plant 

148 

1.88 

1.11 

1.46 

1.40 

10.0 

.12 

.07 

.09 

.07 

13.9 

6.4 

5.5 

5.4 

5.0 

a. High low amount otchange noted betacer. th.highet and the l cst genotypes.
b.Visual deficiency tixpcit ,,rptorn ratings wcre .Ot nore.2.0 - slight, 3.0= moderate. 

and 4.0 = eere s'%mpoms 
c. Stage, of malaturit% dc ,cr rpis se"e. eg.'ati'e. 2;0 - liorainitiatin 3.0-hloomn. 

and 4.10 grain fill irnlk 
d I omdetection hln.t hr theanal... priocdiirc 
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l'cl\' x',,s Si. Although less titan ihit noted for Si, marked 
clih iinl P. K, ('a, and Mg contents were noted. [he rangie 
dilleICrenCC of Iilnlal CIelenit contents lling genotypes wele 
g-reivler in lea CSof plantsm grown on the ('ariimagia oil than in 
leaves tof plalt, rown on ilhc Ialnira Soil. 

Experiment 2 

gnotypes 

\ clI xhcn groix n in the field on the ('ai.magna soil limed at 2 and
 
hI ha doloitic lirnetoic (Ilables 7 and 8). "Thedifferences were
 
eiIidetahllh\ idcir ho plits grown at the 2 t ha lime rate than
 
ii Plants pr .' at the (t ha line rite. IPlants with the highest dry
 

metier 'itd,, when 


SohL e showed marked differences in dry matter 

tio\\ n on the acid soil w\ith 2 tI ha lime were as
 
high as. anld liightl hiulher in soie cases, than the nlants with the
 
higlies't il r liatter jlld w\hen growNt on the stil with o t 
 ha lime.
 
I L - 1.i the plant" , ith tile loNe t dlr matter viel wtehll grown
 
mlitil "liil \k lib til e r hI tineItec tcicilcrablv snallcf than
 
tie1 plt x\, ith liee lo Cxt d\ ialllte. ViCld Whlten grownt on hliesoil
 
%6Ith the liuhcir l1t1C lite. ()x'erall, vi.,al defiitiCy toxicity
 

,iXlttll%i,lre I lo iet_' ,in pla nts g oI on the soil with 2
 
I hallicthan fio plaits rovtn tthe soil with ot 
 la lime. Plants 

,i i io th' soil ., itl th. Lo,.uem litll:C'iit \ ,cr enerally 'hol'tcr 
til \,,re tlllixd siultlI itv than platts grown on the soil\ matii 


v.11th the hicheir ]line iate.
 

"iontetiatioi rin.cs a id ine ts lor P, K, M'g, S, Cl, and Cl in 
leic\ cs t plaits 1loxmi lin the 2 aild 6 I ha limed Uarimagua soil
 
"wesi Wiitilai 7 and Xl. Although differeitces aimong these
ilhcs 


iiierUl eleuiets extewd for platits 
crown at he two line rates, 
lhed ilctix es \ eic, relatively small. [lie .llnts that showed the 
,_cieale l i iiit i if coliictilat iott change hecaUse of Iime addi
lions \%ci ( a. Si. \n, IC' ard Al. As [inight he expected, the Iealn 
(i'a ciloc'cnlarlion of lca\ cs increased as tile ratiie of lime added t(i 
ite "oil iiicr"isL. 'iliicoll coilcenilatioil was also higher in leaves 
a ll p t ix, iat (it hI of lime htain itt leaves ofIlAlnis growtt at 
2 1 ii lAinc. ( luncetitratioi s of Iit, Fe, and Al were lower ill 
lcal tissue of plais gro,, mat the higher level of lim n anit in plants 
grtn at lte l ixeU level if ltinc. [he rai ge of Al concentraions 
was espccially 'ile lir pluts gr owi at 2 t ha ofliic compared to 
planis gri in on 6 t ha of Hinc. 'Ilie low conicentrations of Al in 
leaves of platntsliowni ai cither level of line werc similar, hut the 
concetntration of ill ie h leaves of tihe geiiotype with the highest 
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Al grown at the lower lime rate was about 3-told higher than the 
highest AI concentration in the genoiyp grown with lthe higher 
lime rate. 

Mean mineral element contents for plants grown on the acid 
soil with the 2 and 6 t ha lime rates were no:, greatly different 
(lahles 7 and M). Ilowevt, the range of rninera! elemenit cotments 

show.d large dillerenccs. This was due to the dilferences in the 
range t dry matter yield. R:inge dilterences in element contents 
tot plants grownat the 2 t ha lime rate were considemably hirger 
tha, br platts grown t 6 t ha lime rate. Ranges of20- to 50-told 
d ifferences ini elentit contents were noted or plants grown on the 
soil with tile lower lime rate. N'liicral elemetts to show, the largest 
content range dilttrnlCC, \\Cr, (I, /n,Si, and ('u anid those to 
sho \ tile mallest ange diftfcerncs wrc I c and AL 

Summatry and conclusions 

Ihe concentrations atid contents of mineral elements in leaves of 
pla ts grics, o!, the (lomhian soils used in this study were 
g,:tcrally lowcr when litte applications were low and the soil pHIt 
,vas Iow. Wid!"range di fler'ices were ioted for clencnt contents 
thli for celement concentr on. tle elecitts to shov the 
greatest change in concentration were ('a, S.i, NI t Ic, and AlI.The 
greatest elemnit contetv chaiges wer noted or ,n.Si, ,and Cu. 

Conicentratio ts of 1),K. ('ii, Mg, (it, and Si were lower; N4, 
Ic,and Al \,,re higher: and Ul. 5, an-,d Zn remained unchanged in 
leaes of phmts growit on t aid soil (CariNnagua) compared to 
leaves df plants grown on the neutral soil (Palmira). The 
concentration of Ca and Si increased and Mn, Fe, and AI 
dWcreased in leaves of plants grown on the Carinagua soil given 2 
and 6 t ha of liime. Wide differences among gcnotypcs were noted 
tor leat concentrations, and especially contents, o( each element 
for plants grown on the difterent soiIs and with different rates of 
lime added to thi ('an imagua soil. D~ifferences to element content 
could readily be used to cvaluate genotype differences to tolerate 
acid tropical soil conditions. 

[he element to show sitie of the widest changes in tissue for 

plants grown on limed or higher pH soils was Si. Seldom is Si 
analyzed in plant tissue, so most studies do not report the effects 
or changes of Si. Silicon may he associated with plant adaptation 
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iidto lox,, oils. tulics have shown Si to hC jissoi.iamel with 
oMCrcoIir l2- %II)anod Fe toxiC tv in Some plants (Foy ct al.,1978:
 
\WCInet mnd Roth, 9I8i,3). More iil-Ination isC
nCCdCd on relation-

Ships (d si in sor11hm (and tilr plants) grosn on 
acid Soils. 

I hc Iil]Ulda ,IClleCIIits ICl)()i'tCie It)he diSlrItL-d the mOSt WhenII
 
plants ic tV.1 ii n acild soil:; aV 1), ('a.K. ;ndo 
 M L, hut these 

io ,Iet.reii" 
 ll tilt.clcmnni slio%, d cial ges tha l man other 
ClCiiiSntt. \Vhcn cs,aluatilg plaints for tolerance to acid infertile 
soil , iisin, mineral ClCllents, a complete analysis of the tisisue is 
im p rt aillt. 
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Breeding Aiuminum-Tolerant
 
Sorghums
 

fl.1I.B,,r1-,m,,vi. R.I' a/'. aid 6,.1 1. !'ma* 

Introduction 

The "Cerrado" region of Braail is the agricultural frontier of the 
1980's. This vast region, once thought to he unsuited for crop
produoct ion, isnow receiving the attention1 that it merits from both 
policy makers and agricultural researchers. By the end of this 
centuory, it isexpected that this regionl0 will he a principal prod ucer 
ot both tood and teed itBrazil. [he Cerrado has its peculiarities
and proiblems, and techn ology mu1tlst hC generated tor its agricul
tural potential to he tnlly cxploied IA\les. 1983). 

Distribution and characterization 
of the ('errado region 

adot \eieLa!10 
mately 180 million hectares Ot .tou' 201'i ot the total area of the 
cotlltrt. I,distriblled ill of the live major 

The area unfder ('Clr illBrail occupies approxi-

I lie (erado tour 
regions of IHiaul IIigure I). the Central West. Southeast,
Northeast and ilie North tIFeri, 1977: (ioedert ct ,al., 1980). 

'[he climatel at lie (crradothe ma.ot" part ot can he classified as 
:ahot and humid climate. with a ong, dry seasoII. The average 

'
darly temperature ranges fIri 2()u(to 2611C and the average 
annual rainfall varies betweenl 1000 ail 2000 I1(l.opes. 1983). 

Water stress is CMomorn durig the rainy1season ard frequentl
reduces tile yield of tile variotIs clops illthis region. Wolf (1977) 
showed that periods of uric to Iour weeks smithout rain frequently 
occur and are cormplicated with high levels ofsolar radiation and 

,Sorghurn breeder (deceased) at the Naciona Peoquisa Milho e('entto de de Surgo
(CNIIMS)! Fmpresa Brasileira de Pesquisa Agropecutria 0: N It 

thlterallerican (ooperaci6tSt ist th ieInsii[to de para 
RA 
Ja 

PA): 
Agriculura 

sorghtm 
(IICA). 
special-

MBIHAI'A; and soil at CNPMS, (x iostal 35700, Suespecialist FI RAPA, 151, 

Lagoas, Minas Gerais, Irait, respectively. 
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60 42, 

212 

kill 

L .Iafk., 

1 
.i-iiii~ ((I/'(Ilfl(4Ce(rradl( tand tjrea~k in transIitionl in Bruzil. 

I.dahll'd(l E,1A/11RA PA , IY78.) 

high potential evapotranspiration (Figure 2). These periods arc 
called veranicosv and may cause scrious limitations for sensitive 
a innual crops wit hout tile use of supplemnental irrigation (L opes, 
1983). 

'The topography of these arieas Undcr Cerrado vegetation is 
generally characteriied as plain or slightly rolling, facilitating its 
mnechaniiation ((hedert et al., 1980). 

Fifty-six percent of' thle area under Cerrado vegetation is 
classified as red yellow, dark red, and "Roxo" Latosols, according 
to S~incliei. et ail. (1974). ['lie great maJority of' these soils arc 
infertile (fie to thle hligh phOl'horuts adsorption Capacity, low p -i, 
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2. Principal climate (haractersi.stic 
I .Idapt'dfronm I- I- ('l.( '("(Ctro (it Ie'.quisa Agropecuaria 

I'igurc a j (Cerad)sis. 
'BR// 


do's ('errahs)1978.] 

high aluminum saturation, low cation exchange capacity (CEC), 
and a general deficiency of nutrients, principally phosphorus, 
nitrogen, potassium, calcium, magnesium, and zinc (Lopes and 
Cox, 1977; F M BR A PA-CIPAC, 1978). The latosols are normally 
high in clay content but, duc to their structure, the water 
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irlillration rate is high and tle water-holdiup capacity is low, thus
 
aigg!avaling the situation of reduced 
 vater content inI these soils
 
(Lopes. l9X3).
 

The potential of the Cerrado region 
for grain production 

(urrently, about 10(i of the total gralin production (inlCluiditi
soYbeans) in llhasil is produced in tile (errado I(me.dert ct al.,

198(0). ('onsidering that the exploitation ofthe (erado for gain
 
prodtuctioni has recently been accelerated \%
ith spccial progriallssuch as O J(StirnlNtIRO." the authors) that within
 
20 cars (2 million hcrares have been incarporatwd per annum) 50
 
Million irable hectares of the (traldo 
 %,ill he in crop lproduction..

I he principal crops 
are expectoe to be beans, corn, soybeans,


grain sorghum, and whcat. [lie area cultivated with so-ghum

Iable I) is expected to be 4('j of 
 the total area. However,

Cousidering that one of the sorgh um production s's4eims recom..
 
mended by research alld being adopted ly farmers in Southern
 
ioia, and tle 
 Minas (erais State ( riangle Region) is the

soybear-grain sorghum douoble-cropping system (.M GOPA,
1978, 1979, I980, 19 ) tOe area planted withI sorghum should be 
ctsiderably greater than that stggested previously by Goedert et 
al. ( 1980). In this case, considering that 20Q7 of the total soybean

acreagC could be 
 easily donuble cropped with sorghumi in, the 
projected grain sorghum production for the year 2000 is 15 million 
tons per anIiriuru (Table 2). 

Iahlc I 'rojection for tire year 2 t) of total grain and grail %llrgIum 
produclion in Ihe (errado region of Brat ui g ad %anced tecthnoll)Itiy
reconllelllet for the re ion. 

Annmual Annrual 
,'tea yield pro~duction

SnLtloo1l Inmillion tha) 0r t1I) (million t)
 

fhotalC mrrnt grain) 5.0 1.5 7.5 

Pt .'roCctCtIrortl graina' 50.0 2.5 125.0 

' Oliccted (solrgto nl 2.0 4.0 8.0 

.1. ('1)nSiRIdL I IL(C(15';). hea s (4'; 1. toin (21; ). so. h ij , 35 i. l(p in sotgllli (41 ),
 
.icat 
 (4 ;), and othei ciops (IS,; nalte20 eai, ol de.elopn15(1SHI'R(' : (;ot'lel, W . I.: I ohatho. I . and Wt,ilmI I . I'9Sl. 
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1ahlc 2 Irojectlion for lile %ear21)1) ifll Il- grain .ild. prio liction, and area 
ilanintd %tilihgraini sorglhtim io gii[ roductiuiii Nslems in dio k urrauli 

reg ionl of IBrat/il. 

,Ann|l)ual AIlloa 

Pltodu tl l A I yk'ld oi l l nlt'i I)[+ 

system (iitll n ha) (I ha) (imillioin t) 

]Principal cinp" 2.) 4.0 8.0 

SoN ban-sorghuiii 

(douhle-crupping) b 
3.5 2.0 7.0 

lal 5.5 15.0
 

I. F lt pc it' .1 t l la iCa kIt gliati Iltlillclit'll.
 
1). 1 ,tl peo-clll "t li e ilto-l plantt.d t+iith so%beal.'I,
 

SO)IWR(+F 6ocdcli, %V ., I ohbah,, I , 'tid Waglv, I. 19NO. 

Assuming that the cstitmates in Tables I and 2 are valid, we 
shou Idevaluate the ava i la ble technology for sorgh umiprod uction 
for limiting factors that might affect these goals. A complete 
analysis would involve several factors, such as the appliCation of 
lime and fertilizers, the use of adapted varieties, types of farming 
equipment. etc., which are beyond the scope of this paper. I-cnce, 
we will discuss the perforalilice olgrain sorghum hybrids that are 
currently available. 

(l.aill Sorghum prodtict ion restlts from vajrious locations have 
denolstrared that the commercial varieties gererally do not 
develop satisfactorily without the use of adequate levels of limie 
and fertilizers (-M BRAPA, 1978, 1979; HIlAM 1G. 1979). 

The use of' high rates of lime to correct soil acidity, in many 
cases, has not been cconomically fcasiblc bccallse of, tile elevated 
costs, i.e'., transport, application, and credit. Also, from technical 
and economic points of view, it is not generally fcasible to 
incorporate lime in the subsoil layer. Ahe acidity flo.nid.in the 
subsoil inhibits root growtlh, principally the root growth of 
aluminum-sensitive species and cultivars ( Foy, 1974). leaving the 
plants more susceptible to mnoisltlTe StleSs d u riilg tile veranico.s 
that occur during the grMVing season. I lence, the rnportarwe Iof 

developing cultivars with tolerance to toxic levels of alluninurii 
and other lirmiting factors ofl these (errado soils or "(.errado soil 
complex" iS clearly Obvious. The species aId cultivars better 
adapted to this Cerrado soil complex are expected to have a 

http:flo.nid.in
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greater "vieldpoterntil., tinis alItv\cl pI1)ticti,11 risk lactord ti t)
 
ialIOwer rt arlid tu
brMl ail ] ItClie/r. 

The terms "tolcr lco the (Ccrado soil complex,'' "tolerancc to
 
adurllintml toxicity," id "itda 
 lirrnium tolerance" arc used inter
changeahly ill this IpICr. It must be kept il 
 Inild hllat alumlinulml
 
tolcrance, ill this case, is acomplicated topic not well understood.
 

A review on aluminum tolerance in sorghum 
for the Cerrado Soil Complex in Brazil 

Ihe research piograri to c\;luatlc soiLtum tolcrance lor the
 
cOlrditionls od low ipII and 
 high aliti ntlrinltsaturatianl ntha1
 
prcdoriifatte inl the soils unlder (Ccf,-ado vegetatiol was ilitiaCted at
 
the National Corn aind Sorghum Research ('eniter 
 (NIM ) of 
lFn~presa Blrasileira dc Pesquisa Agropccu~iria (E-M RAIPA) in 
1974. Since 1975, various papers hIavc bccn ptnblishcd regardiig 
tie range of genetic variability (Schalfcrt et al., 1975: IPitta ct al.. 
197,. 1979b) of illuillinlll toleraIncc itl sorghulm. me0cthods of 
scrccning (Santos elal.. 1980; Malavoltaet ll., 1981 ), response of 
sorghtm to levels of litte and depth of incorporatiol (Salinas et 
al.. 1976). genetic control of alumtinum tolcrancc (Schlert et al., 
1975: Pittac t al., 19 79a), as well a.niatny rela ted topics. A genetic 
improvement progran \wis also initiated to develop adapted 
cultivars and randon-niating populations with high levels of 
tolerance to alumintil toxicity (IMorgonlovi ct al.. 1982). 

Shaflert et ill. (1975) evaluated 30 grain sorghum hybrids under 
field conditions and showed that the variability to drotught 
tolerance was closely relAtcd to the dillerential root growth that 
was associated with genetic variability of almi in, ., tolerance 
atmng the hybrids. Later, experiments conducted in the green
house using a dari red lattnsol soil, ('crrado phase (Tablc 3). 
showed that tle cxperincoal hybrid Wheatland x TX 2536 aind 
the commercial hybrid laylor Ivarns Y 101 had greater root 
development tCtani the sensitive hybrid RS 61). It was also 
obscrved that the toletant h\brids developed neither discolored 
rootls nor leaves with a brotlilg color'atioll, syillptomll. Iruclcntly 
associated with aluminum toxicity (F,.Ov Ct a0.1 1978) Schalfrt et 
i. (1975) showed that there wais genetic variability for root 
development, indicating thit selection for tolerance to alUmintir, 
toxicity should be successful. 
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1 ilc 	 Suomteif Ihi ldimical tI.haracturi,lit% i1 it dark rtd .Ialosii,,. ( trridu 
I)haSt. a II i a 1itldII" II vht'l I ,ii ,d( li ,%u,,t'd h( ei I hI Ie 4lrghtil 
germplas m and I vvi'i pingi clulikar% ( \l\1S/LNI / I. I AII A, Stet 
I.aggoa,, lina,, ( t-rai,,, Blrail. 

1 \tMv 	 K .AIluriinutII 

It hI) lii I(I1 i-	 (1C 

0 - 20 4.7 21.0 I 1 3.0 19 3 62 
0 

20 - 40 4.6 2l O 8.0 2,5 1.7 2 66 

0- 20 4.8 140 19.0 2.7 1.5 3 41 

20 -40 4.6 19.0 9.0 2.2 1.2 2 59 

IXt' AI X IO)UAl[I 	 Mg K 1 

Pitta et al. (I 979b) evaluated 1200 sorghum lines of various 
origins in field conditions with an aluminum saturation ranging 
beteen 40'/(, and 60",, and ide ntiflied a few lines with good 
aluinum tolerance, principally germplasm that originated from 
Uganda and lanzania. These authors also observed that several 
lines were negatively affected due to the high incidence ofl oliar 
diseases. The agronomic characteristics evaluated were: pheno
typic Al toxicity symptoms of the plant, grain protuction., harvest 
index, and reaction to foliar diseases. The rCsults obtainCd showed 
good correlation between the phenotypic evaluation and harvcst 
index with aluminum tolerance. 

Various methods of screening sorghuum plants in nutrient 
solutions and in soils under greenhouse conditions have been 
utilized to identify diffterenccs tor aluminum tolerance. Salinas 
and Sanchez (1978) used a nutrient solution with two levels of Al 
(0 and 8 ppm) and tx-,o levels of P)(0.05 and 0.20 ppm) to quantify 
the relative Prowth rate (R(iR) adlt relative root extclsiol rate 
RHR is tools to characteri,e aluminumi tolerance in li\vc 

so-ghll genotypes. ' o0 colinlercial hy\brids (TI Y 101, and RS 
610) and three breeding lines (S-' 112-14, SC 3349, and TX 7078) 
were evaluated. Root growth rate and R FR responded similarly 
to that of the best R(R with 8 ppm Al and 0.05 ppm P. The hybrid 
T. Y 101 was the most efficient cultivar under 1), Al, and corn
bined P and Al-stress. l)os Santos ct al. (1980) obtained signiticant 
correlations between greenhouse and field experiments for toler
ance to aluminurn toxicity. The correlation coefficients between 



278 .'ri'ii1,, i ,, ..1h I . I,/ 

the variables at 64(/U AI satturation were: dry weight olftops I grain
 
yield (0.72"). and dry weight of roots x grain yield (0.64*).
 
%lal:\oltaet al. ( 198 ) evaluated 30 grain sorghtm h ibrids in
 
rntli solution with live levels ol'Al (0, 3, 6, 12, and 24 pp1) and
 
Coctluded Illat total dry weight lof the seedlings (shoots and
 
roolts), alter 3-weeks glowth was a better estiiate kt 
 aluilrlrrllln
 
tolerance tIrani seedblig shoot \eight, root wNeight, seedling height,
 
or roolt cnti,. lhe Al Concentration that best difiercntiatcd tile 
gent..+'pcs V a.,, 12 ppm.il brid IF' Y 101 and three expceriniental 
h.\ hrids \\eCre tie llost tolerant gellotypes. 

Salinas et al. (1970) evaluated two grain sorghum+hybrids (TI:. Y 
101 and RS 010) that had shown dlifferecrees in aluainuni 
tolerance in atfield experirment with lfive rates of lime (0, I, 2.4 and 
8 t hal) and vlithtwodeptisofl'lime inct)rporation (0)Itt) 15 cra and 
i) to 30 cm). I ie differenices between tihe treatlments were directly 
ri:lated to tile le\el of aluriuinam siturationr in the top 15 cii olthe 
soil, the grain yield (fI tire tolerant hybrid AT V 101,l tas less 
aflected and responded less to deep lime incorporation thai RS 
01). The cro, one, and two tons of liae per heetare were the best 
levels to differentiate aluinum tolerant aind susceptible germ
types. 

ihe results of Schaffert et al. (1975), Pitta et al. ( 1979a), and 
Furlani and lastos (1984, personal corimtinicatiorr) ill field 
experimerts and nutrient solution suggest that the inheritance of 
tolerance to alum11inuml toxicity iscontrolled by a small number of 
malior genes with a dominant effect, probably One partially 
dominant gene, and it ntuber of rrrodiliig genes \\itli iltiiior 
effects. 

Breeding sorghum for tolerance to 

aluminum toxicity 

Program strategy for sorghum )roduction 

Three basic alternativcs exist for tie IsC (f tIe ( crrado fo0r 
sol.inil production. lhey arc as lolhs: 

. A moiiific of the il civirolnrren thn oughi thre iiuiralin
lion ol tire soil aciditv arllr application Of nutrients until tire 
requiremnents of tile plant li reachCd. IIle LI,. Of this atrIliative 
has serious restrictioms because: of Ife high cot off lite and 
fertili/crs as well as high transportation ild application costs. 
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2. \ii adalalioii of tlw pla[It to Ihe IatCCiic Ofhlici he soil b\
ieCtS Of01 e CiuctC itliiliiplatioi, CilICI by genCiIc cLuineerine or 

traditional plant-hi-ceding inethod,.'Ihis alternative has recently 
iCcci\ cdCOlISidCible atlct1it1Fi byv ;ijois resarchers and svcral 
lclclctillcOn ailliplc gitcic sa.irialtic lor tolclancc to aiiiillln 

toxicitV have bCCI pltlishCd llistos,. I9 I Ilrl andlone;,
19 77: D I~ l li,ig la , 19 8 11): I' ulllli.19J71), 198 1:P itta et .ill., 

1976, 1979: Saiiclic/ atid Salii,, 197(: Sclhallcrt et il., 1975). 
HowCvcr, it isdoubLtl thati tile gClic 'ariallCc a\vailable is 
adql Iateto tile SoighuiII plaill o all adlCquate yieldhdiv 

p0tential for piOdHICtioh illllos (Celladlo soils.
 

3. \comiilation ol teraiis es one anl ts,0 (strateg' pursu-ed
by (' IPM ),iicliliigI a .adual modilicatioti ot tihe oil by 
alyitig rtCdiicCd ailiOiltitS of IiIIC andiii tili/crS illa.SoCiation 
with thc developntm (I elite sorghlimu cmiltivars more tolerant to 
ail ti ti and \\ith boiler lutlritlilt I his colibillaclfficicncy. 
tlion
should provide a gleltr cilicicucy in the utili/ation of 
niultiCints 11 h pleitits allo\ ing tie root s eillofiltc aluminum
tolerant plants to absorl water ail nutrients fromnt life su soil 
la ycr, thus reducinig the cWffees of the vermnios that frequently 
occur. Several authors have suggested this allcrimative for the 
exploration of prokbli soils (Brown, 1979; I[pstcin, 1976; Foy 
aid Ileitig, 197H; ('lark and liown, 198(: Salinas ci al.. 1976). 

At ('NIMS [NIl RA'iA at Sete Lagoas., liias (iclais., Briil, 
the objectic of the sorghlium breding pograii for Ihighly acid
soils is to develop sorghutiliCulivars ilh adCquatc yield potetial 

i . inalsoilIs with tuilln(iitIn satutrIat ion bet wci 401 iilnd50. Thi, 
range is based oll tileimnpossibilitio tolal substitiltio tiOf liiC ill 
acid Soils. I his AI Sat iiratioli PctIerallr is reached wilh 2-3 t ha of 
little. lithis br'edilg w)[gtraI o tWOitils 'houild be iupnIIha.si/Cd: 
it is necessary to comltbine adequate levels of aluminum tolerine 
with eLtmod yield potetitial to obtaill gcrtype.s with good and 
stable yield potlitial (these tpC ha,C not beei idciitificd in 
sorghumi geriniplaiSL ctiid for uJliiUlliiill tolcr aict: and theC 
ilaititenance of a nililmii lecel of resistlicc to the printcipal 
foliar diseasCS, riiCipaly anhllrallillcose and rust that are widel', 
distributed (Fernandes and Schaflert, 1980) and have tihe poten
tial of, limiting the expansion of' sorghuiii in this region. 
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Method of screening for aluminum 
tolerance 

(;reenhouse screening 

Various methods for evaluating sorghum germ plasm and segregat

ing breeding materiai uide r grcunhouse conditions, using cither 

soil or nutrient solutions, have been described in the literature 

Kon/ak ct al., 1976: Brown and Jones, 1977 dos Santos et ial., 

190: Lurlai and ('lark, I 9)81 ; Malavolta et al., 1981 ; Furhai,
 

!981). In general, these methods involve the use of nutrient
 

Solutions that facilitate the handling of the plants and tile
 

evaluation ot the root stells of the seedlings.
 

I hi go mplasm scenitng experiments conductcd in the green

house at CNIS FNI'BR\P PA to identif' sorghun lines and
 

scegregating fanili s wit illf rent degrees of aluminum tolerance
 

began wit lithe met hodology suggest,:d by Clark (1975), and more
 

recently those techniques piromsed by WOrrti and (lark (1981),
 

lForlai (1981) and Nlagnavaca ( I82). Ihe seed6 are germinated
 

itt ppu towahung rolled int: tubes am placed vertically in water
 

amnld aerated tor seven days. On the eighth day, the seedlings are 

exanmined tor possible root damage and the initial seminal root 

lengt h (IS ,I ) is tmcasured and recorded. [he tnutrient solution 

used is that recotimncnded by N agnavaca (1982) except for a small 

dillerenctc in the Al coticentratioti. i lie source of alt inintlt is K/AI 

(SO,)2. 12 I 2O and tile Al concentration is IX80, M (4.8 ppl).The 

pH of the Solution is initially adjusted to 4.0. The conmposition of 

the nutrient solution is presented in Table 4. 

ILight and one-hal' litres of the nutrient solution are placed in 

each containier. A plcxigla.,s top contoining 49 holes 20 tin ill 

.iatlieter for the ymoing seedlings, and two holes of 1(0tu for 

aeration and tonitoring the system, is suspended in tile coni,ltner. 
[lic seedlings are fixcd in tile hole- with pieces of sponge rubber So 

that the developtuent of the adventitious roots is not imipedCd. 

I lh iutrietit solution is constantly acrated during the growth
 

period, 1o1m01all\ 10 to 12 days.
 

At the eid of the growth period the seedlin.s are ramuovcd and
 

the roots irc visually exatined for sylm lltotls of aluminum
 

toxicity. The final semitnal toot length (IFSRII.) and advantit'ous
 



Table 4. omposition of nutrient ,,o!ution u,,ed for the groI to uf sorghum PlIant . (SN\1. 1 I- .\HAP...,ett l.atoa,,, Minas (erai,. Brail. 
Name 

.';tOCk ',01]uItorl 
ti-tk;t!'hl-llialtl r.lr-r'l(1't.t,1iutl un t ,tiil ) 

Ca 
C a 

('aNO)-4H() 

N H,o 

270.0 

13.8 

~ I Kick, l . 

3a 

~ ~ 
( 

NH"N 

= 

(m. clement Ir ~ l r c 

W41.1 No--N 

I 2 NO- N 

9.o 

1.2 

IlnetI le m e n ! 

(a 

K 

m ~f l -, 1 . ) 

141 I 

90.1 

( " 1 N I 

1527 

341o 

K KCI 

KSO. 

KNO, 

18.6 

44.0 

24.6 

2.31 K -

K+ 

K 

= 

= 

= 

22.5 

15.6 

22.0 

Cl-

SO--S 

NO--N 

20.4 

18.7 

7.9 

Mg 
NO,-N 

NH 4 -N 

p 

20.A 
144.1 

18.2 

Ia 

"55 
10293 

1300 

45 

Mg Mg(NO03 ,-6HO 142.4 1.54 Mg + = 208 NO,"-N = 24.0 

S 

B 

18.8 

0.27 

581 

25 

P KHP04 17.6 0.35 K+ = 1.7 H2PO--P = 1.4 
CI 
Fe 

21.05 
4.3 

596 
-1 

Fe 

Micro 

8()1* RU!. 

Fe(NO 3)-9HO 

HEDTA 

MnCI,.4H,O 

,BO, 

ZnSO,.7HO 

CuSO,.5H'.O 

Na,.MO.,2H,() 

.Magnv.:ue R 191,2. 

20.3 

13.4 

2.34 

2.04 

0.88 

V.20 

0.26 

1.54 

0.77 

Fe.++ = 

Mn + + = 

Zn + + = 

Cu + + = 

Na = 

4.3 

0.5 

0.15 

0.04 

0.04 

NO,--N = 

HEDIA = 

C- = 

HO;=-B = 

So.=-S = 

SO.=-S = 

M,, O.--M, 

3.3 

20.6 

0.65 

0.27 

0,07 

.02 

0.08 

Mn 

Cu 

Mo 

Na 

HEDTA 

0.5 

0.04 

0.08 

0.04 

20.6 

9.1 

0.63 

0.83 

1,74 

75 
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root nIcgt h aIC recorded fofr eiach t.lan) [he relative seminal root
 
growth ( RSRG) is calculated as follows ( Furlaui., 1981):
 

Field screening 

I he field screening of sorghutin germplasm and segregating
 
hreeding material fbr aluminim tolerance are normally restricted
 
because of the lack of unil ormitv of the experimental area with
 
respect to alniinrn Satu1lation, hpiortIS and potasSilmi1 levels
 
etc. Wi.h the objective to minimi/.e these problems, the following
 
procedure is being used to prepare an area for better uiniformity:
 

Id. Idettificatiomn of a virgin soil with high aluminum satura

2. )etermination of a response curve aLd ap)lication of lime 
to obtain a desired level of aluminum saturation between 
40% and 50%. 

3. fhe phosphorus, as simple su pcrphosphatc, and potassium, 
, KCI, are applied broadcast and incorporated into the 

soil. 

1Ihi, technique ntot only improves the chemical uniformity of 
the arca, but also tends to minimiie the effect of dilferential 
availability of nutrients to the plants. Nitrogen isthe only banded 
fcitili/er applied. 

Soil and plant samples are analyzed and evaluated dtiring the 
growinrg Scason, so that the Al concentrat ion, nut riCnt status (e.g., 
I Mg, /), lland soil moisture can be monitored. l)iffereuccs ill 
plant moist nrc content dutiring the veranico probably indicate 
differential root growth. Agronomic characteristics such as plant 
height, howering date, disease reactions, grain productior, and 
harvest index are also recorded. 

Sources of tolerance to aluminum toxicity 

The llcthodo!oy describd abue ha,s allowcd (NIMS, to 
identify sotUIrcS, ofalunminlun tolCranlCU and also c0infirii1 rstSlts of 
other researchers (Table 5). The genotypes SC 283, SC 175-14, 



Table 5. Reaction of selected Al-tolerant sorghum lines ;n nutrient solution gros n at 4.8 ppm aluminum at CN I'MS/EMBRAPA, Sete Lagoas, Minis 
Gerais, Brazil. 

Identification Or:gin (roup 

IS 7254C (SC 566-141 Nigeria Caudatum 

5 DX 61 6 2 Uganda 

M N 1204 

IS 7173C (SC 2-3) Tanzania Cow picium 

IS 1335C (SC 4181 Tanzania Caudatum-Kafir 
IS 12666C (SC 175-14) Ethiopia Zera-Zera 

IS 3625C (SC 549) 
 Nigeria Conspicium 

V 20-1-I-1 
 Uganda 

15 6-P-5-Serere-1 Uganda 

IS 12564(' SC 048) Sudan 
 Zera-Zera 

IS 1309C (SC 322) 
 Tanzania Nigrtcans 
IS 7542C (SC 408) Nigeria Caudatum-Guineense 
3 DX 57/l/1/910 Uganda 
(TX 2536 x SC 112-14) der Brazil 
IS 11612C (SC 112-14) Ethiopia Zera-Zera 

TX 253( 
 USA 
IS 8361 (Wheatiand) USA 
TX 623 (A!-sensitize) USA 

B - N nrc,t.r:r 
PR tPartnalk. rm. rc rpL...nc nale-sterile produc::di h+ brid to male fertility
R Fulls rc+ior>-, ,u.p . ialc-,tcrdlc producd)l hrid 1o male tertilit, 

SiM R(lI : R \. mimarc,. I) V. Magna~ava. R.: and Schaffert R. E.
i I ,p th, ~ .aa 

Restoration 
reactiona 

B 

R 

B 

R 
R 

R 
R 

R 
R 

PR 
R 
R 
R 

R 

R 

B 
B 

Relative seminal 
root growth 1 

39.5 

38.6 

38.5 
34.2 

28.6 
26.0 

23.4 
20.4 

17.2 
15.5 

12.8 

12.7 
11.9 
11.8 

8.7
 

5.7
 

3.3 
4.5 
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SC 112-14 
and can b considcrcd tolerant to the ('errado soil complex. The 
othei eenot !cs in Iable 5 were selected from erenhltouse, stUdies 
(uutriet soutionanI d or soil texpei inents). 'he genotypes with 
R';SR(i less than 2()' lase been selected hetaeS of their 
perlormattcc utde field condition'. 

SC 4 1,8, )4,.jd S( were seiected in field conditions 

I he results indicatte that screening in nutrient solution should 
be cionlemiented with ficld Confirmation to select soirces of tol
eranltc to the ( crrado soil complex and to identify escapes. The 
lieu I X 023 has consistently shown a sensitive reaction in both 
lieL and ucciihouse sttidies. 

I 1iCreactioti of the sorch urn lines Wheatland and TX 2536 per 
sc doi not indicate t olerance to aluminum toxicity. IIowever, the 
hybrid of these two lines has shown tolerance in several studies 
(Schaffert ct al.,1975; Salinas et al., 1976; dos Santos et al., 1980). 
thesc results suggest the existence of genes with complmentary 
ctlects. I lie roots of' Whcatland form1 a massive fibrou:S s\'stem 
untcd normal coditiots and the roots of IX 2536 reniain white 
and do tiot lorrti the typical dark brown coloration of susceptible 
LcnotVpcs ttnder high levels of alum1inumI. 

I licp rformatie (Table 6) of the hybrids Currentiv available, 
m11ate with the best sourcCs of toleratlc'e to alumittin toxicity, 

Iablc6. Averag. performance of ilhe hilrids of three female IUnesa and seven 
male lines tolerant to aluminum, in a dark red latosol, ('errado phase, 
('NFPNS/I-IMt,\,. See Lagoa%. Minas IBraiil.(;tvrai,,, 


NMtlc patili:o Ii h1 i I) . ,. 'li height (iitin yield 
iiTl c]I +k I 4, (cL ) (I ha) 

S( 04, 69.3 137 1.80 
SC 41X 09.3 137 1.81 
St II 69.0 141 1.94'1-
3 )X 57r 9 Ij1 ()h 84.6 186 3.19 
V 2)-I-1-1h 87.3 189 2.98 
156 t'-5-Scrcic-th 86.3 184 2.67 

h
5 1)X 6) 2 85.7 186 2.66 
Al-snsiti,.c check h\ hridsc 72.3 106 1.06 
Line SU 2X3 68.0 119 2.03 
Line SC 112-14 82.0 72 0.78 

a. BRiO07A (Icthine dciative). Wheatland A and Rcdlan A. 
h. Susceptihle itolodgig. 

c.FANIRII,\IPA IM 30. Agoccrcs AG 1003, and Pioneer It815.
 
SOt'R('F:: Ilo iiLonoi, R.A., Santo. F. (i.: and Schatlert, R.1!.(Utnpublished).
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dCilelrnist rate that it i snot possihl to Lucsthese SOLICS per se in i 
plant breeding progran. In gcneral, these hybrids are late
maturin. tall, lodegii,.-si;ccpt iht, and relativ'eIy unploductive. 

Preliminary results of alumirnum 
tolerance inheritance studies 

)nl ae tidie , des' line wit h inheritance of aluminum tolerance 
ill sorghumi have bccn reported ill the literature (Pitta et al., 1979a; 
Furlani. 1981: iastos, 1981: Iastos, 1982). lPreliminary results ol 
Pitta ct al. ( 1979a) relativu to the evaluation of two [tmale liles, 
(BR007 and Wheatland), three male lines (TX 2536, SC 112-14, 
al] I ANM 428), and their hybrids under field conditions suggested 
the presence of a Simall number of gcnes wit:l a dominant effect for 
the Control 0I alnminttn U '.crance. A~cording to Furlani ( 1981 ), 
tle type of genetic behavior involved ill aluminum tolerance 
varied dependitig upont the gcrmplasin used as well as the 
aluminum coMceutratiun ill the iri t solution. The author also 
showed that with an al'-'inum concentration ol 43 jumoli I. ( 1.2 
ppm) very few gcnotypes *.c e identified as Al sensitive. H-towever, 
at a concentration (If 96 Aimol I. aluminum, the genotypes 
previously classified as Al tolerant, S-' 283 and SC 112-14, 
firmed their behavior. The author considered the inheritance 01 
altnmilnan tolcranacC in sorgll.ln to be ColpCx. 

Bastos (1981) evaluated the relative root length of liines and 
their F, hybrids in nutrient solution with no aluminum and 154 
pmol/, (4.0 ppm) aluminurn and cottltLdCd that the genetic 
control of tolerance was complex. Ill 1982 the anth ol, utli ing 
five F, crosses involving two lines considered tolerIant (SC 175-14 
arid SC 237-14) and two sensitive liles IIX 415 and 71B113) and 
the transgressive segregation of the I.2 populations of' these 
crosses, showed that different genes wee probahly involved in 
alum ilium tolerance. 'lie author suggC;tCd that three or more 
pairs of genes wcre involved in the co1ntrol1)f alunminum tolerance. 

Preliminar\ results of Borgonovi Ct ,al. (unpublished data) 
indicated diftcrnces between the hybrids made with thfc alumi
num tolerant line SC 283 and various susceptible fc malc lines 
(Table 7). The relative seminal root growth of 'lie hybrids made 
with :he female !ine Wlieatland, CMS XS 168 A, and Redlan was 
superior to the RSRG of the hybrids made with the female lilies 
TX 623 A and BR 007 A. There isan apparent specific combining 

http:sorgll.ln
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I lhic 7. Relatic %,miniatr,,i grizti S (.)l, IS of sorghu i line,,, mud their
kh)rids in IlllritmIt suliiijo ru1i 4.8 pp, ,n al almnimim ( NPMS/E.MNIBRAPIA, . t'e IVagoas, Mimis (;vrais. Bra/il. 

Idun I Icatm 
R .t , ( i

SC 2S3 
IX , . A34.2 

1X\ 023 AS. 
IX 623 A x SC 283 

10.8IR 007 ,A 
5.1IR ))7 A \ SC 283 

I(. IWcatlknid A 
3.3

Whcatland A x SC 293 
21.7 

Rcdian A x SC 283 17,4
(' .\XS Its ,\ .. 8
 
(.IS XNS 168) A 
 x SC 283 

24,0 

1,W R( I lh''rnit A.. (iumdarac, l). V.. Nignavca, R.. aand schaticri, I. L 
I npIihW ,!1cddata.) 

ability effect for alumiumurn tolerance, indicating that the inheri
lance of this trait maybe complex. At CN PM S, we currently have,c\eCrdl studius unaderway aiVulvi ng variotis sensitiVe and tolerant
lines, their F, and F., hyhrids, and the respective backcrosscs, that

xhold help clarifY tile inhrcitance patterns for this trait.
 

In gL'enral, it seems reasonabl to assume that there are a fewnlajor geacs ,xith adonillance trend and several minor genes with,
at least. somei additive effect involved in the genetic control of'
tolerance to alulinum. 
The major genes with sonic dominance
 
emn hecexploited and transferred to elite germplasm for immediate
Usc. \"hercas, it appears that the 
 p(,)pnlation iniprovemrealt
approach seems most adnCqtatc to eXplit all the desirable genes
controlling the inheritance to alunuini 
tolerance il the long -in. 

Development of aluminum-tolerant 

elite cultivars 
The development oftcultivars tolerant to the ('errado soil complexat CNPMS has been based on methods traditionalfly employed insorghuml ilprovcment. iasically, the following methodology is 
being adopted: 
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Introduction and evaluation of gernlplasin for 
tolerance to toxic alumtinunm 

Ilie ('N I.MS hicedino pwoi',i Ihas, hen working2 increasingly
\%III thielim od(.lllit IIitimi)mi PCIIel Inh c ~)M:~'IeC(.mlI0 slll II HINVa 

IoSmall pottio ,Ithe \ (ril collection has been effectively 
c.,ilaItLI or AI)Ieranc. Iis ploeraili c)llaborates with 
re',archcrs ol the \elonoillic Ins"Iti. ofIS5o Plaulo, at Cami
pilias, raiI. in ssociationi with prolect , b thc. Jathomial Sorghum 
Research roglaill (f' FKA IRAPA. I ie(Nl'M. has been lising 
field-screening techniques at Ste l.agoas, MG.lrail, comple
mented With It1titienlt soltlitio techniques at both Sete Lagoas ald 
('tllipilias. Ihe hest elite hreeding lines idcntificd at preseilt are 
istcd in I able 5. 

Transfer of genes for aluminun tolerance fronm 
exotic liles to elite lines 

[hC transfer of the 11ajor gneCl idntilied in exotic lines (e.g., 
SC 283) to tile elite breeding lines of the (INPM program and the 
devcloplent of ne\ cultivar, with aluniinum tolerancc are being 
conducted otilizine nutrient solution screening in the greenh(ouse 
to identif, tolrait plants IIIsegregating families. We n:c utiliiing 
a1 f's.laa " bi-ceding approach to incorporate the majo r effect 
genes into our elite B and R lines and. in a second stage, more 
attention will be given to the modifying genes. 

lopulation ;rceding approach 

Utilizing the hest elite lines and tile host exotic aluminun tolerant 
lines of the breeding program at C'N PMS, a random-mnating 
population has been developed using t lie genctic male sterile gene 
Ins. lhis population, 3R lP5l3R (I ablc X), has undergone three 
cycles of landoill-'ating aind is currently planted to select S" 
plants. [he folloWing selection pr occdurC will be used in each 
cycle: 

1.Selection of So plants in a uniforl Ccrrado soil (I000 So 
plants). 

2. 	 Screening oftSt progenies iti nutrient solution to select about 
40-50% of the superior progenies. 
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Iahfl S. Sorghill lint'lies IIISrntht,li/tC the raludohim Ilaling, Impullition,,t,(! 

01111'511R), fo~r AI Iloteranlct. 

_ c_il__itica___ (l)rigio 
IS 12504 C (S 048) 
IS 126 12 ( S( 12-141 
IS 1206 U( S 175-14) 
IS 7173 C (S(' 283) 
IS 131 C (SC 322) 
IS 1335 U (S(4I,) 

Suidanl 

[-thiopit 

iithilipia 
laniani 
'1an/ania 
Tanzania 

I 56'-CS-- cc-I 
IS 375s C (SU 326-6) 
I 251(, 

Uganda 
Ethiopia 

USA 

",(110 ] I h .i ,, R A...Sdnt,. . i. and Schallert, R.F. 1982. 

3. 	 LivaltatiOt of approximately 400 S progenies from step 2in 
,auniform Cerrado soil with 40-50% aluninum satura
tion. 

4. Recombine the best 20((,<(sced of remnant S. nrogenies) of 
the S,progenies, appr--ximately 40 families. 

Thil sclection procedur should effectively concentrate both 
the major genes and the minor modifying genes and increase the 
degVree of tolerance to the Cerrado soil complex. 

Summary and conclusions 

There is, apparently, a large amount of genetic variation in 
sorghum for tolerance to the Ccrrado soil coniplex. Moreover, the 
sorghum world collection needs to be systematically evaluated to 
identify additional sources of al uminiui in tolerance. The inheri
tance of this tolerance appears to be complex and needs to be 
studied in greater detail. Some rapid progress for at niinim 
tolerance can he made by utilizing sources like SC 283, which 
probably have major genes 

An 	international cooperative research program involving the 
International Sorgh,:m and Millet Progra (I NTSO)RMII,)and 
lItcrnatiOaill ('rops Rcscarigh !nstil ute ftothe SCmi-Arid Tropics
ICRISAI), in addition to the existing program in Bratzil 

('cntro Nacional de lcsquisa dc Milho ('NPMS). Insittuto 
Agronoalico de Canipinas (IAC), and tnslituto de l'esquisas 
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Agron6micas I PA) should be developed in order to identify 

regions o Africa with high Al Siaturation, sources of gerniplasm 

IroinI lhese IrCeiiIIS, nilt] to exchllge gerllplasll for u' iIInational 
1)1 I{ iI 1I I S. 

An intei disciplinary research approach Involving plant breed

ers, plant physiologists, soil specialists, and economists for the 

development of technology and production svstcls needs to be 

undertaken for a rational explotation of the (crrado and Similar 

s,ils. This interdisciplinary "tcai" needs to develop and/or to 

improve screening techniqies for the corn plex interactions 

involved in Cerrado and similiar type soils. 
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Finding and Utilizing Exotic Al-Tolerant 
Sorghum Germplasm 

Ivtm M. iourhvv*
 

Introduction
 

Today's frontiers of agriculture arce the margin al, underut ilized 
land areas in the tropics. It has not been possible to apply 
traditional agricultural practices successfully in these irlCiiS bc
cause Of liting lactors including: lack of access to capital: 
inadequatc transportation antlnilarketili, s,yvstel! limited irriga
tion systcnts: and (lie high cost mIld inequitable sunplv of 
production inputs for resourcc-poor farrnct. I lie lajifr produc
tion constraints in the tropical savinnis of South America larc 

related to low pll soils with iniadequiitie nitrc (N ), phosphorus, 
(1)), potassium (K), calcium (('if), ingniuit (Mg), aid trace 
elements, toxic levels of soluble iltumitumn (Al). and various ot her 
envirolinlicntal factors such as inIsects, diseasis, an1d uneven 
distribution of rainfall. National rcsCarch agencies in South 
America and elsewherc arc searching lot low-cost produictionr 
technology that will alleviate their food and feed grain deficits. 

The distribution of soils in the tropics occurrilg generally 
between 231N to 2311S latitoide is shown in Table I (Sinchc and 

"ablc , t)istr;,,,,i tropicsan of soilorders in tile . 

land ara 
of 

Soil Americas Africa Asia Total tropics 
order (millions of hectares) (%) 

Oxisols 502 316 15 833 23 
Ultisols 320 135 286 741 20 

Iticeptisols 204 156 169 529 14 
Other 467 536 340 ;343 43 

Total 1493 1 143 8 ti 3446 t)0 

23 
SOURCE: Sfinchei, P. A.and Salinas, J (i.198 I. 
a. Generally includes areas between latitudesN and 23" S. 

Professor ol agronomy atMississippi SuiteUtins,rsitny, 1m,ssusippi Sate, MS,39762,
L
USA. lIewa assigned toC entro Internacional deAgiculttua h opical ((IAT), Cali, 

Colombia. and has since returnel Ii hi lv,crsitN as,gnilent. 
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Salinas, 191). In tlopical ,,\ric a there arc mcsr one hillit
 
hetaCrteS of acid, inlltil, oils. IIis va.,t arla l,d itt1 lted h\
 
0xisol, and I Itisls, in :hc ,Qa\atma trions of th( Ilaios ofI
 
(ololbia mid \",tiel;, thu ( ,rrdo, of Iva,'il, andm chl 1 the
 
Atlm,'otian ala ( I ahIL_ 2). Ih cons, railtts of thes soils arc
 
usuiallvchetItical ratIer thaI ph.,sical (I ahle 3). Nearly 75' of the
 

llpltodUltive aiit has ,l-satUratiortlehvels that tie toxic to tilost
 
,rln crTop spec. A" ociatud \ith :h, high levels of Al arc the
 
added coritraitts f ,er l()\qtllllitics of eXe.\hattgcablC ('a and
 
hich I) fixation (Reeve aid .St1tttr,I970).
 

Whenchetnical cotlistraint, to Co'pI)prodlCtiol atc Clittitnatcd
 
bv limin, and fCrtili/ation, these soils canl le ainlotig the most
 
produet, ' itt the world. Howv'cvr, the cost of litie reqired to0
 
reduce soil acidity to llow high-yiClding crop protductltot is
 
eClt..lill.' MOtCO\'C, linling the
) 'eylod rcsourcC-poor farmer.,. 

soil stl ace does little to correct thechcllical itttpcditclts to root
 
puncration found in the subsoil. Cotnscquently, erop yictds are
 
reCdlced hV drought stress whenrc\C rainfall or irrigation is
 
inadleq]uate to replenish water iII the limcd topsoil as the soil
 
moisture level approaches tilecrop wilting point. 

,A ntoc teasible alternalie to tihe Al-toxicity problem is to 
breed and select plants that are more tolerant to acid soil 
plodulction COtIStr'ainItS thln those CULICtlyv aivailable. RCsCalch 
at thle ichternational center, (',ntro Internacional de Agricultutra 
Iropical (WIAI), has demonlstratcd that several pasture grass 

specis intrroduced from the acid soil savatinas of Alrica and 
Bra/il grow well in the (ofolothia mittititutil soilI.lanos of \vith 
atnendment ('IA I,1983). Rcentl\ , the. AndCan Pact cotunes 
and Hai'il have showrtv al interest iI icreasing gtain sorghum 
prOdLuctiott iIt .atin ,Atnerica,mainly for potiltry Iced (I able 4). It 
has beCC stggested that the itMtttOdCtill o osorgluu Ccotypes 
from Africa the center )Iolrigin for sorLdunt, where more than 
50' tfits tropical land Ia M,, cohas acid soils provide Al
tolerant gertplasin for use inI ti lpilctl Am'rica (I)Moggct, 1970). 

lietpulp C o this paler is tolreport a systcIttatic approach for 
selecting, and identil\itg solurtti cultiars, frt101 the world 
collection t tat alrtolclant o llt acid soil cvioiltult of tropical 
Atuerica, atd toplescttt the U.S. 1itlc XII International Sorghum/ 
Millet l'rogratn (INISORMII.) breeding strategy for tropical 
acid soils. 
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Siblc 2 	 I)isriluiioji i, andI Ilil,, b Counrr in I atin Amn rita and 
tihe (aribbci am iu ii. 

distributitn It-ccilntage of
Countly filmos of lcctaucs) countr. 's total area 

South Arica 

Brazil 572.71 68
 
Colombia 
 67.45 	 57 
Peru 56.01 44
 
Venezuela 
 51.64 	 58 
Bolivia 39.54 57
 
GUyana 
 12.25 62
 
Suriname 
 11.43 	 62 
Paraguay 9.55 24
 
Ecuador 
 8.61 23
 
French Guiana 
 8.61 94
 
Chile 
 1.37 2
 
Argentina 
 1.28 0p 

Total 840.45 48
 

Central America
 

Mex ico 4.42 2
 
Panama 
 3.59 63
 
Honduras 
 3.13 29
 
Nicaragua 
 2.92 30
 
Guatemala 
 0.96 9
 
Costa Rica 
 0.70 	 14 
Belize 0.40 	 18 

Total 16.12 6 

Caribbean
 

Cuba 
 2.42 21
 
Haiti 
 0.52 19
 
Jamaica 
 0.45 41
 
Trinidad 
 0.42 84
 
Dominican Republic 0.42 
 9 
Puerto Rico 0.16 18
 
Guadeloupe 
 0.09 47
 
Martinique 
 0.05 	 43 

Total 4.53 21 

Grand total 861.10 42 

a. Percentage of total area is 0.4. 
SOURCF-: Cochrane. 'I . 1978. 



Table 3. Typical characteristics of two order-, of tropical soitsa. 

Soil 
order 

Uhisol 

)epth 

(cm) 

0-20 

20-35 
35-62 
62-91 
91-105 

(la\ 

(7 

71 

77 
84 

88 
89 

().m nlC 
mattcr 

(:; 

7.1 

4.0 
1.9 

0.7 
1.5 

P 

(ppm) 

1.8 

1.1 
0.9 
0.9 
1.2 

pH 

4.1 

4.0 
4.3 

4.4 
4.4 

Al 

2.7 

2.7 
3.2 

1.t 

2.0-

Fxchangcable 
cation, 

Ca Mg 

(nteq 100g) 

.65 .49 

.31 .04 

.24 .02 

.15 .02 
.22 .01 

K 

.36 

.13 

.09 

.06 

.04 

Eftectixe 

CEC 

4.21 

3.25 
3.65 

1.a3 
2.34 

Al 
saturation 

1%) 

64 

83 

88 

77 
85 

Oxisol 0-12 
12-32 

32-58 
58-88 

88-148 

38 
41 

43 
45 

45 

4.0 
2.0 

1.7 
0.9 

0.6 

1.0 
1.0 

Trace 
Trace 

Trace 

4.5 
4.6 

4.8 
5.2 

5.1 

3.8 
2.8 
2.1 
0.7 

0.6 

.20 

.10 

.10 

.10 

.10 

.20 

.10 

.10 

.10 

.10 

.10 

.10 

.10 
C 

.10 

4.40 
3.10 

2.30 
0.90 

0.80 

86 
89 

91 
78 

75 

Ultisol characteristics from CIAT-QUili,.hao suhstation: Oxisol characteristics trom a well-drain:d savanna,
CIAT ICA-Carimagua substation Method of extrac:ion and; or determination was P - Bray II. pH-I:I
soil:water, exchangeable cations - neutral salt from 100 g of soil, effective CEC - sum of exchangeable cations,
and Al saturation-exchangeable Al divided by effective CF-C times 100. Data from CIAT. 
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1able 4. Changes in selechii colnniuo ilics in .11 NA 'a cc nutri,%and I1rai fujr 
period% I,974-76 arid 1 80-82. 

ie . hbperI L'clt lt '!o alillll 

('olllnd ,\ttcapkinictl Yieldi.V 
 hodutltlt~
 

o~l[IL1II101cUI ;llinlsll'
of 

Wheat 
 -2.I -0.3 -2.4 

Corn 1. 2.4 3.7 

P)atdu rice 2.0 0.9 6.0 

So rghum 13.0 -1.9 9.6 

Cattle 
 0.9 1.6 

Pigs 4.0 4.5 

Chickens 7.4 19'1 

a. JUINAC iita dci Acuicrdoi dc (.;iiigcl;tn ; ilka kilt wiorsithc Andewi t'aci. ('(tliliics il
ii NAC are Ih is i~t, ( hlhii, Icttll, ,111, ;,d \'i,,c/ucla. 

So)[R('I., -A(t)(I' i d \g )rgckl /;it Il t h.\cllitl i ie Irlicl Nations). 1983. 

Evaluation for Al tolerance 

A review oi h, literatlurc (if the different methods used to screen 
plants for tol.rincc to Al toxicity is beyond the scope of this 
paper. A fcwc pi1lcS \%ill he provided, however, to help explain 
the rationale for thi system recommended hlC lot' Sor)'ghLm. 

[a LsnceLstl ev l tills of the l()lrancc of .sorghtuit to 
toxic cI IcctS of Al \\erc cnd uctcd, ill ield tests on)acid soils of the 
Ccrrados in IBrazii (Schaffeit ct al., 1975; Pittt ct al., 1976). The 
Brai,.iiian National 'rogram,. litnpresa Brasilcira de Pcsqtiisa 
Agropct aria ( liR.- A tBA) lasstaff ,.rccnct sorghtnl l gelIl
plasm scnt to them irotm Iganla by l)oggct, as wxell cas olnvcrtcd 
linesfrom thc lexas A&IM ini\c-sity IUnitcd States I)cpirtmci 
of AgrictliirC ( lSI)A) contsersioi program. les thtan i of the 
sorghtum x\World collcCtion has been s.rcncd ltr AI tolcrance itt 
latin America duc to the liacr of availabilit. 

Prior to, ,,oming, to (ololbia, tIh: athllol and soellc of his 
students t Nilississippi S atc Ultitersitv tised t m()diticatioll 
(increase of Al and decetsc of' ) concntrations) ofl at nutricnt 
culture tCchIlniqtte to screcn) sotghtmit s.cCdlins for tolerance to AI 
(Bastos atnd (outrlcy. i92) developed by lark aind his students at 
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the Ulnivdrsit\ (d Nebraska t1-1urlani and Clark, 1981). lie 
correlation coeflicictt obtained whlen a tingc (d Al-tolerant 
genorvpC, \,re c ei heild validated ;n (Colorofia was p.asitivc. 
lo\\c~ex. loss thin ic.-halil of the variability \was cc,:',.Id for 

by tle of reill\ prlilnay I theO.ion root rawrh using 
nutrient cultur,: techniquIe and AI-to1CraInc rating under field
 
Condition<s (U(wrurl\, tinlpul hC data). Rescaocfhcrs il Brail
 
have rCpOteLtd s1,i 111)1ar ! a coelicicnt (d determination of
tindi cI 

511' or less (dos atox t ,. 9,W).
 

Ssines otfl! rrhill pulit id - t' l ', iiu IIIiItit C c 1tCtie 
reni e rli1, ;iItIJ 111i 1i h l ,rid,, HIsl s 1981 ) fotilld that a 

si,,iificarrt p tirtt ()! the t,.aritiion[uAl t0Ct,tIrcc Wias under 
gCetIc cot)hii ..yeoililie to the results Ifot- a sttidY of tvo 
diallels. Ouh choral COrihiIinIir ailir\ (G, \ld) ,pecitit 
cOllibiirit abiltvS.A)coirihuIIc(d siunii rnt Iv(ll --. ) )Iol the 
genetic \ariaircc uofboth diallels. I-trthcu. tie \trii ce lot (;CA
 
aci:ouitecd for moust ofe hcrcic Icviricc aiid (( '\ dlc'ts of the
 
parents were eolssic witht tilucir rankiie llr1 
 Ito!C. :!lice.
 
fIowvCver, continuing the s, ald 
 of some ol thTe diallel toIlanl-be
tolerant aid tolerat,-by-siceptiblc crossc, in sgic arii g gen
eratiorns, Bastos 11982, lound no genctic ,:r.ri ini ,etlecting the 
ipper 10j C,; 700 scCdlu'1es Irmt cach of livC I, p pulations and 

theirI F offIspring usi'Ig the nUtrient uCiltr Tilt hod ol e\aluation. 

A gr'eenlhouse screenig2 ItechiIIirel dC\Chlp i at (IA 
[IsIlg a virgin ()xis.oI soil 1iarh the ('oo)biill I lanos with 
different levels of Al saturation I((iohlo. I193). 1lree Ic\cls of Al 
satuiration (82"1, ( 0( 1 ani .45 1I \ecrc ohtait-d using different 
levels of lime. I oar sorglurn plants \vre grn per pot it' lhise 
soils for a 3-\eck pcriuii. I h intermedate lc\cl of 600Y Al 
saturation prodt.-d tile -e"t senarnation ol gIrIIurvpes. I )rv rnritt,' 
yield if -o its, tops, and tota plant, as ssell as vi!uial ratings did 
not, howevel, corrlllate \wCll enough with hC top dIry weights "f 
field-growa plants at alrtlhesis iw UonltilrUrC uwing this techniquc in a 
breeding prcrarn. 

Because ti a lack ol coniidence ini thcso-called ''quick tests"for 
Al tolerance, I field screeni., techiquc wkas developed. The 
procedure v,;as designred to rleastile A tolerance and, insofar ias 
possible, not the cf',ct of' 1)or the AI- P irteraction. lhe objective 
was to establish an Altox'city icvci high encgii to kil sensitive 

genotypes but riot too high to prc\'elt tolera rit genotypes from 
producing a reasonable vieldofgra!:. Au AI-satiation level of 
60% to 70,( was sefeeted to accomplish i: research goal. 

http:cc,:',.Id
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I his high level of AI sat u ration was scIcted for seve, ilIcasons. 
In the initial scrcening of 3000 entries i rom the world collection, 
only the [Ist tolerant (oMIItyCs WcL dsl'irCd for further 
evaluat j i or hrcCdin purpo,,cs. Scvcic A -toxcit\ strs wias 
applied i order to reduce the numhur of cinot .Vpes quickly by 
ehi atii.e lines %O to nlidcralc lCewls otith lo', AI tolerance aird 
"escape,.'. ' liac' Cc oillicill potelti;'l, 1xnottpes wih the 
highest 	 CVCl of Al tolerance ,. mud allov rc.solic-poor liivrs to 
apply it lhifililu iL i Inttll iV' (d lileior101 M icircial PrOduclion. 
)in c t!)ll the tltipsoil is istmlll\ imidlicd ' ith soil ;tn idmi tlls, 

the rousl eCuit\ pCs \itli h1 lih e xsot liVst hel ,fAI tolernc 
not P.: cotplcl\ itilihitcd Ifom lcmtratiu • the h:hCi level olf'l 
.tlration CticolteCreCO id itls showill tiC sbsoi l ,ohs".er 
that the t01 -7011 level ,I AI attirat on v0ill accomplish these 

to;ilIs. 

Iahh: 5 conlttains a lit of tihe soil test results (fda virgit liltisol in 
perllancnt pasture ( olnlia) before aid AQtliehao,i:cr lmlnd

~ncts + s.verc inicorplratcd. lhoadeas, :ipplications o; 500 kg
dolomitic,110,1C. !000 ky 10+-30-10 timed tutlc5 kgi~ /l) 

antd I kg horon IM) per heCtare wciu iiicoilpomated into Ohe upper 
20 ctn o soil..Altinninu:t tnrator was redued foitl X (' to (3., 
but the gil rCalined untchilngCd. I he Ltiliitilis's 0l loifteldelnts 
required 1t achieC shnilar condition.s ill .oher sois w,,ill dCpeCnd 
upoll nn it {,, that th,- Iceder wirktactol , Ireconiiiended 

closely with a oi0 se+inlist familia with the clIenieal eharacIe; is
ties of the soil inl questioa. 

t ihk 5. 	lopsoil chikrcteristics of aiirgi t Itisol before and after amendment 
with 500 kr/ha dolomitic line ani 1000 kg/Ia of 10-30-10 mixed 
fertiliter (and small amounts of Zn and B) at Quilichao, Colombia. 

Suil chrarictel lic- teirut illenidiciv Mlier imen dmen 

pH (14,0) 	 4.5 4.4 

P (ppm) 	 2.3 17.9 

(a (meqi 100 g) 	 0.68 

Mg (mneq/100 g) 	 0.18 0.52 

At (meq/100 g) 	 3.9 3.4 

Effective 	 CEC (nmeq/100 g) 4.91 5.40 

Al saturation (%) 	 80.4 63.J 

1.24 
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Ihe follhving simple visual rating scale was used to evaluate the 
Cxotic 1,1ghUill gentypcs: 

I) 	 (,nOmd plant color, well-filled panices, few stress or Al
toxicity ,\iiipIt01111. 

2) Some yellh>ving of leaves. reduced 
and AI-tomiteli syumptoms. 

panicle size, some stress 

3) Stunted plants, yellowing and dead leaves, small panicles with 
little grain, many stress sy mptoms. 

4) Severely stunted or dead plants 2 to 3 weeks after emergence. 

Field observations 

Field evaluations are less controlled by the researcher tIhan those 
conducted in the lahorator,. Iherefre. the causc-and-,elfcct 
relationships of the final observation or resilit must. in manyll 
instances. be obtained b v cdeuctioin or i ai1fort ier elaboration. 
Such appears to be the cae illfilcd Cvalur io." ol sorghuits to the 
"Iropical acid-soil ColiplC. "S(' crall od tiee factors, are discussed 
in the following paragraphs. 

Aluminium. I oleraace tokAl i,. ()I Ltml sc, the forclost factor ill 
the screening rl Without an1ocedurt. adequately high level olAl in 
the test Iedia. a susceptible eeriorvpc w,ith 1o prcl ical degree of 
Al tolerance could be 'CLcted arid tie measuel of ally Other 
einet ic or agror iic a,ctors vutii be icieatd. Ilie degree of Al 

satturation in the tpper 20 cm ftlnle topsoil rtbane altered to the 
desiretI level with a relat isly ici degree olaccouracs. Ihi, levcl is 
huite sable for a period of atls ecar s. IxperiicCe has slhwrnIhat 

niuist -orglluhtin ucnotypes appear toItolerate Al-satt'ritiui lc\cls tof 
a boit 21)' with little yild reduction ()f lie genotypes cvaluated 
t date. lC, will tolerate 801i Al ,atturaton, ard these produce 
very littlerair + 

ihosphorus. Although trot intended is t variable in this 
scrccning procedure, the association of P availability and Al 
saturation Mrust be conidcrcd. Some genotypcS screened showd 
the typical purple-leaf synptom of P deficiency tip to fbur weeks 
aftr planting even though the high rate of300 kg la of l() 5 had 
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been applied wvhcn the test plot was prepared. Mineral soils 
readily fix added phosphatCs; thus added solbie phosphates are 
only partially recovered by plants under optimun conditions. The 
high hydrous oxide content of' iiany tropical soils call result ill 
enormou, hosht-fi.ill' cap:aciiies. Mycorrhiae call also aid 
plants ill P titilijiatiotl. ,olrghlnl is used to Mitain strain's Of 
rnycorrhizac in grcenhonse studies, and the association of lUtl'cor
rbhic ard 1"iptakc is hcing etlcidted. (icrt ic variability for 
root mass anld lvcoCtu'iilal associatioln could possibly account tor 
apptirClt lillcrCnccs in 1Puptake obcrvedl iii the lield. 

('alciurn and Imagnesium. ('alciUl andl rnesiurm carbonatcs 
in liming ratcrial, will rcduicc the ltel of AI satiration wheln 
lpplied to tiropical ;cid (soils. In li, c leached, low-hase status 
soils, ('a and \1 pin fcrtili/cr qunitii, r c also imlportaint in plant 
nultrition. ('alc lir is, essential to ot1 Clo)n11irtior a[, it is not 
translocatcd (o the ioot lip. Ihe qlnantity, of('a ini ,oiie trIpicr 
subsodis is insl fficieit l r root rot, ll. ItIh , t il. (I 9t80) hlavc 

tiown that the ('a ions of some coipound,, such as (.aSO4, 
('a('l,, and ('AN( "ill move downward ii the soil prolc (up it) 

()0 _cm I his is 11o the easCinaear)inassociatiliwith the aliliO h 
with (O('().Ilhe critical ('a ConecUtratiorn for sore'itlll root 
growth in these soi sknot known. \Vithrut a sufficient dlegree of 
Al tolerance, ho.Xvcu. I lie qtltiOlli i icailt'eirC. 

Rooll ilass.Ie l rclali\c rate of rort and shoot growth of a 
particUtlar ,orlriill getllypc will aflect its Sisual Al-tolerance 
field rating. Somei/ genotypes produce rapid top growth in the 
juvenile stage of d.ltlopmtent while others appeal stunted and 
stressed. Man y of Ihose ines producing good early top growth d_!i 
before or during ilie grain-filling period while the slow-growine 
lilnes seeil to rc'er and produce grain yields nearly equal to their 
genetic potnial on a soil with a lovkcr AI-' 'Ition level. This 
phenomenon appears to be(Ic-toriproity Wcpiirtltiin)litg of 
photosynthate throuhlut the stages of growth of the different 
genotypes. Ilose genotypcs tolerant to high levels of Al apparent
ly partition it grctlcr portion of their photosynthetic iesoulcCs to 
developing roots. lie resuls of this difecrncc will influenc the 
visual Al-tolcraicc rating at different stages of plant growth. 
Since grain ilrotltiioin is the ullilatC goal Lllder the prescribed 
conditions. \isual 'ield rating for Al tolernice is of little value 
before the geoi ype reaches physiological maturity. 

Drought. I)rought can he a production constraint on acid soils 
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.5,r 1,')tat/,r Acid S'uils
 

inl th. tropical sal-im', vcri 

I),csPitc a ca,' conttint of 40(i to 701 j.().i-ols aid I ltisols in tile

tropic, cspotd mole like ,, sand 


s eia duritg hItvorafbl, raminllI puriods. 

loamltillti ctcmlpcrlatc /one Wit I
 
lcgard to watrlinliltrati 
 . l h e at ,tl*ticttLrc of thc- soils
 
allow%\s ficl 
 op ra! iofl \k 1nhin Ihours affcur a raiin. \\,ater-holding
Capacity inl thc . l+olilcuppe ol p,1 is thulclfoc rcdlcd. )uring
5,h(1+t
pcliods oo.itho t a;i., vrN j %.,piant. W\'tOflI ,ulfhCicu t
 
.. .;lit_.i t ltie i I
AI il li t optsoil frnuHthUrtl flail cca ,se

(l I iOLI lt. I h lCIC ,iC.if i , l 
 utiit to l cm t.lic itllt\. hig:\[-Sattill~titon ]t.'\tCIf 
HILIit llp'+ dCqliatC Al-f Ilorlcc 

(f th int l.\\ I , tilli" ocul tii l plttt ,it,ii lioliaec, \6ilt12 
(l itn jijll (1lft ie'ilfiittalImof is JHli rIic~SUirC (i

t-
1tic tegacu liAIA ltit+'.,Iera ic tlit ii\ titi mitItii t ,ilet hill
 
dtil itail ldotlbtied tl,hlaitalicll S lliitit
ittf \oal 1oni01 til
 

nuh il.(ct \ pIt's that \\iI tlnd 
 ctditlmtoi,l the ,c" dt, not hasc 
iC .\I tIctLtc ncecss i \ oCTa it,IMr tl to pcnetrate tilc higher

.Ai-situration l 
 [Ifthic ,tihSmil. ROot i SS atnd otfIct frittlht
tOlhrlaHC'C lclatcd Ilteto illialso ilIflt cTIcc t .t_.lrvitltit, t)n \I
 
Sll aiticc.
 

Inleractit'. Ihc t tal ,tum (d thes factors atntd licir iti'ac
touts \\ill alfcct tIc \is al ratinglor Alt olcralicc. lotl apractical

stnpoint, thc: 
 plant hrccdcr iatthis static oI ins estigation is
ohe"fving what a furiter always secs c 
high iatings for Al tolerance nnder the condition', prcscrihcd ill
 
the scrcening plocess will dllotc tit nppcr c.\tt oftIll, 


thccnd csult. (otsmistcntlv 

lantg of

genctic variahility for the o\'iall "AI tolerance conplc .
 

t;nder the 63,7; '\l-sitlurationi conditionoll' iC sectccling trial, a
 
airlylrge lllbelr of gCnotype, C.lihitcd it 1ticlcriitc-to-liyl


dcgree of' tolerancc to /\I totiicit\. Most ofI these rellotype. ,
 
hlo\m .., tre ;agronon icall ' 
 i+,gmill ornaa,.adlC
,,ralhumn
%aricties intheir present lorm. I able 6 shtws tile ratin s of the 
lirt 775 world collection gcrtotypcs evaluatcd, hv ct i+ ofl
oriin Acid ,itls arcas Kcnin a and I1,c..; haltd a hilter 
percentage ot enInrics itcategorics I aid 2 thltn thos c. alutted 
front the other coLtu ntries fisted. Itc ritti plroc<.ftrc waas designed 
to eliminate the poorer .(PT:to 75 io the guntttyps in categories
3 and 4. ft appears that art A-saturltiotn le\eI 01 Ifhtt\vc 001: to 
701i is sufficient stress for this purpose. Additional world 
collection entries are being scretierd curitl . Finul conclusions 
Oncerlllnintg the best SOIrC CoLnt rics illAfrica will tnot be Ilade
 

until all 3000 of-the gertotypes originally selected htx hecn tested. 
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table 6. AI-tolerance ralingsa of 775 world collection lines b country of origin. 

Al-tolerancc rating 

total I 2 3 4 

(Oun1tI lilnes Percentage of Iics 

it origin 

hlrk ma Fatso 82 4 36 32 28 

Ithiopia 158 13 21 37 29 

Kenya 16 15 37 30 18 

Nigeria 161 6 25 38 31 

lanlania 14 14 36 29 21 

tUganda 104 i4 48 22 !3 

Zaire 16 12 37 31 19 

Miscellaneous 224 10 23 35 32 

Total 775 I1 31 32 26 

a. I = Al tolerant; 4 AIsusceptible. 

A few of the more agronofiically desirable AI-tolcrant geno

types are nlvo being evaluattted for yicld. PIrclimninary results of 

yield trials a lime-rate study at Quiliehan, Colombia, are given in 

lable 7. After furtiher testing, the release of some of these 

gCnoVpC ,ftIrdICct C0eelotIttcnrcial use ltay he recomttu )lded. At tile 

verV least, pat ctlal Itatctial !(I breeding prograils has been 

identilicd. 

Breeding strategy 

l)elegatcs to "lhe 1983 Plant Breeding Research Forum" outlined 

five steps req nircl to ttiliZe exotic gertplasm (Conservation and 

1984). [hey were: collection, maintenance, cvaluautiliation .... 

lion, enhanceme nt, and (list rihut ion. The breeding strategy used 

in this procct parallels those of the forum. The steps in the 

INIS()R NI IJacid motls research progratt are: select genotypes 

front the sorghum world collction; increase the seed in the 

tropics; cvaltitale or Al tolerance under field condition.; incor

porate Al tolerance into elite lines and hybrids; and distribute 

superior germ plasm to national programs and com miercial seed 

companies. 



Table 7. Results of 1984 grain yield trials of sorghum gr,,"n in ficld plots "ith o.5, 1.5, and 4.0 t/ha lime j( a( ()) at Quilichao, Colombia. 

ViualCultivar 
rating a 

IS 2765 
j.3 


IS 7132 
1.0 

IS 7151 
1.7 

IS 8577 
1.3 

IS 8612 
2.0 


IS 8860 

2.0 

IS 8933 
1.0 

79 SEPON 8 2.7 
79 SEPON II 3.0 
79 SEPON 54 2.0 


M-9105 7-117 
 2.0 
M-90378 

3.0 
(F3B55XF3B441)-] 

2.0 
(F3B554XF3B441)-2 

2.3 
(G PR 168XCS-170-6-17)-1

1 2.0 

(ISI2573CXSC108-3)7-3-5-1-1
1 1.7 

3DX57 I 1,910 1.3 
IS 7173C 

1.0 
TX 415 

4.0 

Mecan 
2.0 

1I Al tolerant, 4 = Al susceptible. Visual ratings for cultivars in4.0 t ha trials were all 1.0. Aluminum saturation levels for the 0.5.4.0 t ha lime rates were 63%, 45%, and 32%_ respectively. 

1ltLI 
(m) 


1.4 

1.4 

1.6 

1.4 

1.4 

1.9 

1.4 

1.2 

1.2 

1.0 

1.1 

1.0 

.9 

1.1 

1.3 

1.2 

1.3 

1.3 

.6 

1.2 

1.5 and 
1.5, and 

€ ' 


ield 

ha) 

4.0 

4.3 

4.8 

5.0 

3.2 

3.1 

4.1 

2.3 

2.0 

3.8 

4.6 

2.9 

2.5 

2.8 

4.4 

4.4 

4.5 

3.6 

.5 

3.5 

licieht 
ri) 


1.5 

1.3 


1.7 

1.5 

1.4 

2.0 

1.6 

1.5 

1.4 

1.2 

1.3 

1.3 

1.0 

1.2 

1.4 

1.2 

1.4 

1.3 


.6 

1.4 

J54.0!
 

Yiel 
(t/ha) 

4.6 

4.9 

5.7 

6.2 

3.3 

3.6 

4.9 

3.2 

3.2 

3.7 

4.4 

3.1 

2.8 

3.4 

4.7 

4.5 

4.6 

4.3 

1.2 

4.0 

Hieight 

irn 


I.7 


1.5 

1.8 

1.7 

1.6 

2.3 

1.7 

1.6 

1.5 

1.3 

1.4 

1.2 

1.0 

1.2 

1.4 

1.2 

1.4 

1.3 


.7 
. 

1.4 

Yield 
it ha) 

7.1 

6.9 

5.2 

5.7 

5.t 

5.4 

6.7 

6.3 

3.6 

5.0 

4.9 

3.2 

3.9 

3.9 

5.1 

5.5 

5.1 

4.8 

2.2 
. 

5.1 
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the Internatiional (ops Rusearch Institute for the Scmi-Arid 

Tropics ( I(RISA ) has ;i v.tridwidc nlandate for siirghun 

improvement rcsCarch, which includes gCrinpiat-i collect ion and 

CtonServ'atiiin. Ihe ',(o1id COllect iono 22,0)1) sorght)omeIIW linS 

is nIainiaiiied hy I '+,ISA I at Ilvderabad, India. More than 

15.001)At these line, ;ie inhijie-trin stoiagc at the I.,. National 

Seed Storage I abotatoe\ at hrlt ('lIins, 'lorad,. An aldition

al 9000 hnes arC naitatlnCd in the I .S. hv the I!SI)A and Other 

rescarch a.gen. I .\che;iruip, o' al., 198-). 

i cl iltplasiti as dom 

selection (11thw, linte e lialiility of beine Al 
I le litl.'tep illullilic his-, l s, nonraiu 

that ii ac hihlier pi' 

!oleraiit and that ',o..Ic Inl the lIenmispherC in(0btainabl,.' WCste'In 

orde1 to aoid , ltltlinc dclas. In Il+; 2, the author, in 
coo~tpel al ion \ ith .]J~di A\tclt. agHtolwt llist at+P l'itc tnik rsity, 

develOped a pla ito ,iilCt iablit 300)) IllUs ron thet potion otthe 

world collection Inaintinud ;itPulduIe. t singp soil classification 

Maps t It t e tat 'catlon "khere a pattictilar tilnewasArica tc 

originall collcte,. hues s,t .,,tumiticallv ,,elected jolin tile 

acid soil areas. (tnie ,+,,,tld I mllruiilv expect to lind tle erCatest 

genetic ti,.ursii, ill tropical areas.fir AI tlcianuC the 

Seed oft he first iM0O line, v,;s plntoed ilt(IA I. ( ali,(' olombia 
during the winter ol 1982-83. Since thuse ies ,weuicaiitained in 

llmeditlno-terlll storage, iHWey t pllleCd Ill soiis of optitlurn pli 

and fertility. It is necce,,,ar\ to 1t1CReac tIhe sCd ol thesc exotic lines 

in the tropics because about 00t)(d tile W\orld collcction is 

photoperiod sensitis e. Where plants "vic obtained. he s.ctd rom 

10 self-pollinated heads oit cCh line %kasharvCCted. 

ln1in lice licld coindit ions con-IFivli ltit AI tIlclr lldel was 

dulted as lurtnsioil dnckibed inthis paper. Ahlitiomal advani

tages of ield-screening trials o\cr lahoratory nlethods are the 

agronoiic notes that can bu collected. I'hiii height, number of 

days to anthesis, pai,:lc ,hapc. sed color, and ol;ial iseasces are 

examples. 

Based On observations ill ('ohorobia and discussions with 

EM IRA1IA scietists, it appears that the inhcritancc ol tolcralce 

to the "tropical acid-soil ciiimplcx" depends uplm the parents used 

in the difleremnt studies and the degree oii Al-t),,Icit stress. Some 

general conclusions can he drawn. I Ibrids are generally more 

tolerant than either of their parental lines. Somne lines (e.g., Is 

7173) appear to possess on: (ir two mnaor dominant genes for 

tolerance while other, with iuore niodcrate levels of tolerance 



306 .',rhnm 6i,,r.. d i.; 

pr(,duce an epistatic response in hybrids. This would seen to 
indicate that seeral penes are interacting, hut each gent contrib
utes less than a majo responsc in hoth hybrid atd parent. When 
cit he I X 2530 01 N 1t 904( is tuscd as a pollinator on Wheatland, 
all tltr-e lines being sisceptihic to all hut low levels of Al toxicity,
tie hybrids arc rea onahly thlrant. When (other factors inl 
additiotlto \Il ;t;e ir c(nsidere2d fo1 tile genotype grown in 
the lield, it is i t ,tirpiking th ,t ntitilo , ruitior, tmodifier, and 
intelacting, gnics shOud he encounlred. 

.Additional intIrta.Ce ,tlihCS arC under,.,ay to determine
 
whether Al-t0eriait soiulrcs di Ur artd if -0,to see if they can be
 
co1jibme"..d 1t pl'roduc lines 
 wnith higher degree.,, Of Al tolerance.
 
lse.d t the dillerifrt quattnties Ofl in the leaves of 
 tolerant
 

line's, it seems prohildl that different ruchanists of tolerance are
 
p(I ssible. 

Several dilerent appro:lhs tor inolporating the best sources
 
of ,\I tolerance into lite) or ,lti 
 line, arc heil tiphoycd in the
 
('olombiari INI S()R 
 II l0hiceding p-ograr t ',eectcd exotic
 
crlotypes with ,tod Al toicrlnceo. al first rossed to atstanda d
 

I S. male Sterile or .\-lin. and tle seed set of 
the h blid panicle
 
(oetld with a pollinting hag) 
 ohscl .dNo sCed se!t irtdicates
 
the exotlc is i rt or
miinitciinl H-litre: full seed set, a le,torer or
 
Itlin (irh. lottoher ta bohltturnuenl lv sriIig The
n be 
hybr id 10r height and rmiatiitt iliteracliuOIs ced (olor, particle 
characteristics. Con ng ahilitv or sIeld, etc. If tlie lvhrid is 
plainted illtilesrertiig plht, the pjrece Of riMli( domillant 
genes for Al tolelancet Can he deteltlrild b\ th high degree of 
tolerance to Al toxiit\. 

()ncC tir restorCr lA StOrCl Stati is detCl uined for tle 
exotic, hiybrids are made using elite liues \itli the sai rstorer 
response, restorer 1y retorr arid rrtistore hy ritlrest(rrcr. /\
general improvement progran is iftl).cd rising tie pedigree 
breed ingint hod. 

)Itile nearly 100 evaltetd B-fues rCIaed llrom the U.S. and 
IWRISAl progranuts, Only a fe, indicatc aislight tolerance to Al 
toXicitv under field Conditiort. ()rI the Olher hand, several exotic 

theH-litnes 1rom lexas A&l Universitv 111)A sorghtuni con
version)prograrir pr(d ntrernge ottolerance. IS 71 73( being the 
best. Hackerossiri into sterile cytoplasm iscrrny being carried 
outit with IS 1309(% IS 3625( , 1S 7173(, IS 12539(, and IS 

http:iftl).cd
http:intIrta.Ce
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12685C to plrohi uc Al-tolcrant tester ,\-lines. %lost oI these lines 

are utnsuitable as., piarunts for conimercial hvhrid<, therefore, lilies 

IS 71 73(. and IS 120C85(Ihave been erossed to elitc I1.S. B-lifes in 

a standird puediercc hudiug approaeh. 

I Wo ra nd i t ii , p o pulations vith Ils, genetic male sterility 

from the anthot ' .Iisi,,ippi breeding pioglatl tc used as 

diseasc-reitatllit ht ,' ptulitilmis 1tr the deelopmlelt of Al

tolerant l-line andl R-linel pwl,. , promlising ness. Al-tolerant 

Cx'.PtiCS arC btouil, they are Ctos"'ed ini' the apprtlopriate pool. Bly 

replantih g tlie-se pq ulatiomis oil \ ith (+()-70 1, At saturation 

twice eat.i \e;it. ucls I Atl tolei ai ':! hillc'iltem itated in tle 

surv\i, ihtg pllatnts. I his po olaltiliti in mtitI etuilt ippmir)a,1: is ideal 
,

for Al tolcrattee hceiti-t the sileptibl, plmit die betore they 

contli telu the ir jg nes+t th it .liepIp+)u 

i',ithoot satitles the 

Al-toleralnt geipiain is, distlititi'd I CIv to0 iatailal sorglltiLii 

improvement Jigr liis aid l to c 1iiiAicial C eilopalies 

and the fariner. t ve.atCi, til host rwrii ieall dtl i :bhlc AI

toilerant gentllpe I arit I le avaj(CI*;1 Ii i rIeit t i:IlS. 

This SCC'reeiiine and hiltHi 't it lls 

it nal yield 

OtilerCeXOtic genotkCS, intpIrovdCd lutCs, aid egicgating popul:a

tions ale sett to brecdls iiplli rcqucst. 

Summary 

A syste maticscreening procedure is being cniploved to evaluate a 

significant portion of the sorghuni wo:ld collection tor tolerance 

to the Al-toxic low base status siils ill the tiripics. 'lrough 

cooperation and collaboratiiin with inteinatiolial agricultural 

researcih centers. iititiiil ams. universiities, aili comm1ercial 

companies, IN IS(O)RM,Il has helped make aaillablc i large 

infusion (it Al-tolcrant exoitic sightim g rmplasmi to scicutists 

conducting rescarch ni the tropical acid soil frontilrs in develop

ing count ries. 
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WORK GROUPS
 



Group 1 (Scientists) Report on 
Working Session 

Resear'chers 

Gr oip met oi 30 May 1984 and discussed the provided agenda. 
I ieneting was chaired by Dr. Vartan (iuiragossian andinotes 
, Crc rCcorded by )r. ()scar de Cordoha. ('onclusions and 
Ircoulmlliatillls are listed hbl\s. 

Ilnproveients and selection of sorghum for 
aluninuni toxic soils: goals and strategies 

w i irccotn/,Ihe 'ol iloini tc,iltu \ln\c ktliko the prclilinary 
\ the lILtteil i ill%\o k iliiltled C Il i l So 11tuthiil d Mvillet Program 

I'I"( )RNI.III.I 1itllaional (iops Reseaich Inslitute forand 
the sctli-Aid Ilopic" I[(RI SA I )inIecking llew gct'nmplasl 
which Calcn he growin oilSouth AtllicalIn tropical soils that have 
high acidity and Al to.xicity proiblems. 

Coordlinaion inlllaniing alnd executitil of tie \aritions areas of, 
investigation among ihe natioil plrograms and the international 
orgaiini.atins SICh as INISR MII., I('RISAT, andtlhe ('Centro 
Internacional de Agricultulra I lt1;IC,!l (IAF), is inefficient wa v 
to resolve and find solutions to pertinetit problems, to flnd 
adapted genotypes to the acid and high Al soils, and to dcvCll) tile 
necessary tehno.ogy to identify andt improve thtese gelotylis. 

Apart from tile countries involved, the international orgaii
/ations should also asstme responsibility for finding asolution to 
the problem. 

Agroclimatology 

Thz agroclimatolo.gy information for the Soutlh Americait are1ls 
with acid and high AI soils should be gathered. I)r. l.ynn Giourlcy 
was given the responsibility to collect the agroclinmatologic and 

http:agroclimatolo.gy
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edaphic dala f01 !hC /ofles Vith acid al:d high Al soils in
 
col tbahmat ion , itIi
!ep isentatives oIthe countries ,tttcndii the
 
woi h)op and %ith I)I. I. NiCholaidCs Who shtild be al advis-,or
 
for the CollCtiiin ahd interpretattion o the data. )I. N.S.,thi
raiNI i,to c.nl I)!.(O 1urlcall of tie inlf11atilla.ailalie at 
('RPA I elati\ to aroclinataic data nol il ncthlmotlie ics 
used. Ihe lntitut1 IiitCranerjcant (IC('o)pClraci6il para la 
\ ricultia (Il( A) should nerve as the center for sending 

agfocIllirntio ill'ornatioll to the varioustones. 

Germplasmn 

For better efficiency in seeking appropriate germplasm for lones
 
\"ith acid and high Al soils, germphasm movCment shonId he
 
tII'Ough tile INfSOR MIf- research station at CIAI. (.olombia,
 
and ICRISAT in Mexico. Iodo this, interested countries shOttld
 
send 20- to 40- ,samples of the seed of each genotypc to ICR ISAF
 
present legislation and r':quirermnts of each country !or the
 
Atpoit and expor, of experimental seed samples. Privatc compa
nices
interested in ohtainting sorghum germplasm of INISOR M I I 
and IWRISA shoUld follow the established rCgulations of each
 
country. ThCy shohld inforn INTS(OIRMII. and I('RISAl of
 
re'I Its tile% obtain.
 

lhc national programs and INTt;0RNII., wh'io have some
 
germplasn with tolerance to the acid and high At slo:. should
 
send 20 to 41 g samples of the scud of each genotype to ICRISAT
 
(I exico) for in mediate inerease so these materials can he made
 
available to other interested countries.
 

Since Brazil has conducted some advanced investigations on 
sorghulin tolerance ta acid soils, scientists there should receive 
from ICRISAT the lan/tania, Thailand, INI'SORMII+. and 
"IAT collections I'm testing. l)r. (ourley of IN[SORMIlI 
should evaluate all materials that are collected in the laboratory 
and/ )r in th2tfield. 

Since the world collection i,;large and difficult for a single
institittionl to evaluate, I NISOR M 1-and I( RISAI should ask 
the country national progranis and private companies to help 
evaluate sonic of these materials under I NISORM II. and ICR I-
S ,\I ;u pervisioni. 

The information obtained by the tational prograins and other 
instit utions on germplasm evaluation should be channeled 
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through INISO 1 Ml. rid l('R I A I rcprcsentatives for distri
hution to int in\C(tulm, in c;~ll ccuintry. 

Physi ology 

Physioloic lilns for tolerance or susceptibility to high 
Al levet in acid ',its ldntllnot '!"- knowledge ofare i r 
the problem, btil alo for the de\teloptoent of' more appropriate 
methodologies, ,otlat "lests in the l;tboratory cal he validated 
withil the ficld. Ihus, genotypes with greater agronomic produc
tion potential cati be selected. 

It"as Icotn niei Die Ritchev,mlded that I). ilcollabhoatioll 
with l)rs. 1). I- -lani and (i. Pitta, he icsponsihlC to!cO du,.*til)g 
ni utch olhc p0hysiological research. IN'I S (, ",M1and I( ,!S/ I 
scientists should study the in ire basic mechanisnis on hov. tile 
physiologeical incehanisins for resistance to At toxicity opratlc
and collaborate with the cotunLrv scic ntiStS. If possible, graduate 
students should be assigned t(,collaborate inl the ievcstigalions 
oriented to undcerstand in!: resistance mechlan isms. 

I). K. Clark was designated to collcct and distriiutc meth
odological informtion (nossihlV as a newslettcr) s gge,,ted or 
availabl. to the in .:cstieators in each of the ittresLCtd countries. 
Standard ization of ntcthdology. anialysis, and iiuLIcric;tl cxp res
sion should be incorporated. A proposed Al toxic soil definition 
for field evluatioti of 'So;rghml lines f'rol the world collection 0" 
breeding material N , presented h Drs. iohni Nicholaides .Ir., 
Stanley Buol, and K. Date Ritch'y. 

1. 	Surface soil amcnded to a maximum depth of 50 cm. 

2. 	 Method of analysis and degree of Al saturation according to 
that method. 

a. I N KCI method 

nleq (AI) x 	100 = 60% 

meq (Ca + Mg-+ K + Al) 

Unless soil has a very low effective cation ex,-hange capacity 
(ECEC) the meq Al per 100 cm3 soil should be at least 1.5. 

b. NH4 OI-I method at pH 7 

mci] (At+ 11) 
x 100 = 67% 

meq (Ca i- Mg -1- K -1-Al - H) 
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C. Al(l, 'IIFA Method at p1l 8.2 

meq (Al 4- 1) 
x 100 = 76% 

meq (Ca i+ Mg -d K + Al + H1) 

3. The following elements should be at the level indicated or 
higher according to methodthe used. 

1) 15 ppm via Bray Ii 

12 ppm via Olsen or Olsen modification 

18 ppm via North Carolina (double acid) 

Ca 0.50 meq/ 100 cin- soil via I N KCL 

Mg 0.25 meq/ 100 cm3 soil via I N KCL 

K 0.20 meq/100 cm 3 soil via Olsen o r Olsen 

modification. 

4. Other elements must not be limiting. 

Improvement 
IEch investigator should use appropriate methods for plant 
mprovenlenut compatible with the availability of economic re

ures ;atd technology. 

I lie inheritance mechanisms for plant tolerance to high Al
•iils is important for understanding the prohlei. 

in 
It was suggested

i hat lrail and INISOR NI II., who have already initia;ed genetic

studies, t,,ntinue these studies. 
 INTSORMIlL should involve 
t,rateZLtc students froml interestetd countries to collaboratc in

Lcnet ic studies as part of their thesis work. INIS()RIMII and
('RIISAl should invo0lv'e the national program:, or other instituionsr in stludying generic mnechanismas for tolerance or susceptibil

ilv H) acid and high Al soils. 

lEach country should perform tests in their own countries
during 1984 and send the data to Mr. Renato l3orgon,i in Brazil
who will collect, analy/e, and distribute then. From these results, 
iniforni tests can be designed in different problem locations in 

each counitry for 198 and thereafter (Table I). 
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Table I. Site% of inrterest to national progtam., for uniform testing. 

Country itC 

Coloinbia 	 La hhitltad, ' lamos
 
('ariniagua, I, mos
 

Venezuela LI Somblrclo, ('Cnltal Plains
 

El T cigre,F'astcm Plains
 

Peru 	 Yurirnaguas, Amaonia
 
Puerto Maldonado. Amitionia
 

Brazil Ittstii(Itt) mP11t11o1liCo di ('arinr as 
(IA('). Mot',a, Sio P:i11Io 

Eimpica li asilcira de I'sttuisa Agropecuiiia(I:M ltRAPA), 
Scic Igagoa-. Minas (ierias 

-MIIRAIPA AGROCER S, (apinopolis, Minas Gerais 

Agronomic and economic aspects 

Both of these as peels arc very tII portant and should be considered 
once basic information has bccn delivered. 

Training and 	service information 

The professionals of intcrcsted count ric.s can request thelollowA'ing 
types of training from INISORMIL and ('RISAI: 

1. 	ICRISAT offers twO courses ol training: First, a ot1C week 
course in MexiCo everyrvc;1r about different aspects of 
management, biological production, and cultivation of 
sorghum; and second, a five- to six-month training at the 
principal site in India of Mexico. 

2. 	 INISORNIII, olfers oppotilutfitICs for couducting basic 
research for the M.S. or Ph.). degrces in the lISA on 
problems associatCd with the productitn ofsoigh'un related 
to S;outh Atncri:tti tropic ,s,)Ik, high in Al. Somctimles 
research is conducted in the h mc countrv. Short-term 
training pCriods, with specific scientists or laboratories 
should he considercd and a-, often available. 

Recommendations with r,,ard to service information are: 

1. 	 Persons seeking inlorm ation oin various aspects of sorghitim 
should contact the Sorghuim and Milets Information 
Centre (SM IW) at ICRISAl. 
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2. 	 It IS, mt'i~.,rtant that existing information related to 	 Al 

tolerance iII each country he sent to l)r. l.nn (;iorlev who 
will collect the Iflrlma+ti1l i MidI dispense it to intcrested 

Ilhefn \ estigat,s r,, mCCting should take place ii 197 i one1 
ofthecountries of tihe Icol|. Fllu \Ser. the national cooldilnatiS
 
Should rlltct at least iannullv to inform each othejr 
 of' recent
 
atlivitis in thcircounttieS aRd to plan actions for tie futlur.
 

Other recommendations 

[he official representative from each country should rTq uest 
INTSORMI. and I('RISAT anthoritics to extend their 
acmitics to South America on the acid soil prohlens. 

2. The group of tropical American sorghum ir,,estigators
WorHking oil acid arid highiAI soil prohlenms should he given a 
name. for example, ISA I (Sorghul Investigators of IJ o
pical America). 

3 	 The group should scriously consider plrcpaling a regional
 
proposal to he presented to international financial organ
izations so that continued investigations Can he assured in
 
case 
I NISOR MII. and IWRISAT terminate their involve
fient. 

[hC so rghumi workers -I tropical America acknowledge
INIS()R I Il., IWR ISA,. arnd CIAT for organi.ing, financing,
and providing excellent facilities for this meeting. 



Group 2 (Administrators) Report 
on Working Session 

Administrators 

(iroup 2 met on 30 May 19S4 and discussed the provided agenda. 
It was agreed :it the outset that scientific priorities would be set by 
the scientists and the administrators Would ltocus Oil orgaliZation 
and struclu ial issues. The mleling was chaired hy I)r. Fernando 
Arholeda and notes were recorded b I )r. R. R. I-oil. ('onclusions 
ild OnIIdiletilli10s11re listed bCOW. 

Agrocliniatology-eriviroiwent 

Ihe Intel nat ioM, SmIutmin ;iitl Millet Program (INTSORMII) 
with the help fl ,m the I ropical Soils Program of North Carolina 
Stite I nisCsitv (I R( )"S(I,.5-;) should seek input fromn the 
Natioml Programs and the Instituto lnteramcricano de Coope
r;,ci6n para lat Agricultura ( I(A)in the development olsiandard
i/cd criteria for test siles inlthe tropics and protocols for uilorm 
Cooperative tests. Potenitial sites inl the tropics are listed in table 
I. 

Iable t. 	 PIleilial Sites ill the trollics for tihe deNel )pmen of stundurdited 
criteria an(I prulnocls for unifirn c.u prati, e tests. 

('u)tllirV 	 Sitt 

(lom iam 	 I a I 11rtiad. I low 

( alimagiua. lams 

Vee/tIcia 	 I I NSomlbcmo, (cimiral I'hiaii
 

I ligit. I m15 m I 11Nii.
 

';ll 11161,Perti 	 San 0 ,Allil ol()li,! 

Puerto Mldolalmto,. Amm/o;miia 

Brazil Instituto Agi on6mico dc Campinas (IAC), 
Noicoa, Silo 'ahilo 

I:lircpsa It asii'i a de Pcsquisa Alruopecimiria (F M IRA PA), 
Setl Iilagoais, Minlis (erliis 

MNIIt AIPA. "riingul Mnciro. Minas (erais 
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Germlplasm 

The lnternatioial ('rops Research Institute for the Semi-Arid 
Tropics (ICRISA I) should lead in dc,+igning and coordinating a 

ntechanisiltl lot collection, ' o \ et . and :at livlllp of South 
A lie; Ica I) gC1 1111),1it"ltII i I I) d lI l\.tl I kI. l|I h'{J icd III p[ o~L .tiII',. Ibhi*s 

sIould i,:Ifudf the cst Ibjh tt t 1 \Stml+ik(!a collectioi at the 
(CeIti': Iitte naclitloial (it:' \,rieultuir'l I opicaI ('I. I ) aid the 

11 & - M CvlM AtIttlC+1.) Nti (( 1.1.ltt 1 Iurn',0+t 	 t l / \ai I 11i24) N1M 

siall.'MYI ) to he cmoooiitatcd h\ I )I V. ( tlil ::-ieo2 

lhysiology, breeding, agroeconomics, and 	 farming
 
systems
 

lhe national programs present agreed to orgailic and to 
coordinate activities. )ata fr1om tniformI trials would be ex
changed and reported in a standard format. lhe secretariat for 
colminnunicat ion and coordination would rotate beginning with 
Brazil itn 1984-85. INTSOR M IL and other international research 
ag,:neies should participate aid tollow up with needed detailed 
;IInd fundamental research. 

Training 

I(CRISAT welcomes trainees from South America to its training 
programs in sorghum (English language capalility required). 
INTSOR N I. should continue and increase the degree tr..ining 

coiMnooettt of its program. Joint or separate ICRISATi 
INhS() R NI II. workshops at Ct Al CI M MY'I ,lan other South 
American locations arc needed. the eroup agrecd to explore 
possibilities for cooperative inservicc training ictivities through 
)Cl-.,ontmel exchanges. 

A "Sorghum in South America" symposium every three years
 
woulId be appropriate.
 

Dissemination of information 

ICRISAT will work through (he ogani/ation of national pro
gram:; to ensure that ;outh American researchers and INTSOR-

NIIt. will be on mailing lists.
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Otiler recommendations 

('ollahbration of II(fA in organi/ation and planning for the 
legional pitul dmmishighly desirable. 

Participation 

wIl(ollqing delegates wN'ere present: 

)r. Fernando Arboleda, national coordinator and session 
chairman, Instituto Colombiano Agtopecuario (ICA), 
Colombia. 

Dr. H-ctor MNena, niolional coordinator, I'ondo Nacional de 
Investigacioies Agropecuarias (FONAlAP),Venezuela. 

I)r. Antonio Pinchinat, project leader and plant breeder, 
IICA, ILima, Peri. 

)r. luis Narro l.on, national p)rogram leader, lnstlituto 
Nacional de Investigacioncs y Iromoci6n Agraria 
(INIPA), (ajalmarca, Peri. 

l)r. Ctindido Ilastos, director of industrial plants, Instituto 
Agron6mico de ('ampinas IA(), Bra/ii. 

)r. Renato IBorgotovi, coordilnalor, National Sorghum 
Research IProgram, FIM BRA PA., Cent ro Nacional de Pcs
quisa dc Miliho c Sorg ((NPNIS), St e I agoas, Brazil. 

Oscar Jurado, Programa dc Invcstigaci6n de Proacol. 

Hugo Montealegre, Programa de Sorgo ('olscmillas. 

Rodney Foil, mcibher oft he . oint ('ommittce on Agricu ltural 
Research and )evelopmen t (J ('ARI)) of the Board lor 
International Food and Agricultural Development 
(i FAt)) and director of the M ississippi Agricultural and 
Forestry Experiment Station, Mi:ssissippi, USA. 

Carmen laserna, Semillas el Zorro. 

John Peacock, principal plant physiologist, ICRIZSAT, 
Hyderabad, I india. 
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