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Foreword

The vast expanses of underutilized land arcas in the tropics are the
agricultural frontiers of today. One of the predominant reasons
that these arcas remain marginal for agricultural production is
their infertile acid soils. The technology to permit these acid soil
arcas to reach the agricultural production potential equal to that
of arcas found in temperate zones has been known for many years.,
However, this technology has not been successfully adopted in
mostof the tropical countries because of limiting factors inciuding:
fack of access to capital: inadequate transportiation and marketing
systems; and the high cost and inadequate supply of production
inputs for resource-poor farmers. Thus. most of the chronically
poor, undernourished populations of the world are found in
countries in the tropics.

Few conventional crop species grow well in these leached acid
soils, primarily because of soil constraints such as aluminum
toxicity, phosphorus fixation, macro- and micro-clement defi-
ciencics, and manganese toxicity. These constraints pose addi-
tional chatlenges to most commercial and many subsistance crop
species. Genetic variability among and within cultivated plant
specices for tolerance to acid soil constraints has been identified,
negating the requirement of large quantities of production inputs.

Among all of the major cereals, grain sorghum production has
the Targest per annum growth rate in Latin America, in terms of
both arca planted and total production. Grain sorghum yiclds are
decreasing as more marginal lands are brought into production,
The genetic variability of sorghum for tolerance to acid soils,
using low-input technology, has not been measured. Few of the
more than 22,000 accessions in the sorghum world collection have
been evaluated in acid soils in the tropics. Many of the published
aluminum-tolerance screening techniques have not been ficld
validaled and few have measured the final product of produc-
tion—grain yield.
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At the invitation of the Centro internacional de Agricultura
Tropical (CIAT), the International Sorghum and Millet Collabo-
rative Research Support Program (INTSOR MIL-CRSP) initia-
ted a project to screen and breed sorghum for adaptation to
acid-soil ecosystems. The project is currently in the third evalua-
tion season (first semester 1984),

At the outset of this project, a small sharp-focused workshop

was planned to inform Fatin American National Programs (of

countries with large arcas of acid soils) of the purposc of the
INTSORMIL Colombian program. Speakers were selected to
share their thoughts and results of tropical acid soil field-
screening technigues used for evaluating tolerance to aluminum
toxicity in sorghum and other crops.

The purpose and goals of this work-hop were to:
¥

Bring together plant breeders, plant physiologists, soil scien-
tists, and agricultural administrators involved in tropicil acid
soils research in a state-of-the-art workshop,

Define areas in Latins America where aluminum-tolerant
sorghum cultivars would have the greatest initial production
and utilization impact. (It is understood that the research
reported in these proceedings would also be useful to
seientists in other tropical regions where acid soil limits crop
production.)

Discuss the future exchange of information and sorghum
germplasm with all research programs in Latin America and
international rescarch agencics.

Project the roles of Latin American national programs,
INTSORMIL., and the International Crops Rescarch Institute
for the Semi-Arid Tropies (ICRISA'T)in conducting sorghum
rescarch in acid-soil ccosystems for the next five years,

The support of the sponsors INTSORMIL, ICRISAT, CIAT,
and Instituto Colombiano Agropecuario (1CA) is gratefully
acknowledged, as is CIAT's contribution as host in providing
facilities and staff for the workshep, and publication of these
proceedings.

Lynn M. Gourley José G. Salinas
Mississippi State University, USA CIAT, Cali, Colombia
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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 (CTAT). Ttis a great pleasure for mie to have
the opportunity to say a few words at the opening of this
workshop on sorghum and its adaptation to the acid soils of the
tropics.

As you are all very well aware, the tropics are well endowed with
acid soils and this is particularly so in Latin America where large
arcas of well watered acid savannas remain to be developed for
arable agriculture. CIAT has focused attention on these areas in
the Tropical Pastures Program with the aim of developing grass-
legume pasture combinations adapted 1o acid soils. Tn addition,
rescarch in the 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 nich could torm an integral part of farming systems involving
both pasture and crop phases.

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

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

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

This leads me to sorghum. In CIAT Long Range Plan for the
Decade of the Eighties, published in 1981, we analyzed the future
scenarios for various crop commoditics that are grown in the
Latin American region, including those in CIAT'S mandate, It
was concluded that two crops, namely sorghum and soybeans,
were not receiving the level of research attention, cither interna-
tionally or nationally, consistent with the expected future demand
forthese commodities. In CTAT Plan for the Eighties, we foresaw
the possibility of rescarch eolluboration with other institutions in
order to stimulate rescarch on these crops, particularly for the
acid soils of the tropics, which would complement our own work
in CIAT mandated conmunodities.,

Accordingly, in 1980, we approached both the International
Crops Rescarch Institute tor the Semi-Arid Tropics (ICRISAT)
and the International Sorghum and Millet Program (INT-
SORMIL) with theidea that CIAT could host a sorghum research
project directed towards these ends. Agreement was rapidly
reached and a tripartite Memorandum ol Understanding was
signed by TCRISATT, INTSORMIL, and CIAT. INTSORMIL
subsequently developed the project at CIAT with the initial
appointment of Dr. Lynn Gourley, professor of agronomy
{sorghum breeder), Mississippi State University,

CIAT has actively supported the project through the provision
of infrastructure at headquarters and through our iniernational
cooperation channels already in place. We have also actively
encouraged the excellent research collaboration which the project
has developed with Instituto Colombiano Agropecuario (ICAY in
Colombia. We are very pleased to have seen the 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 progres., being made by other institu-
tionsin 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 in continuing to provide a home for this
important collaborative initiative.

Acid Soils



The Role of INTSORMIL and Other
Collaborative Research Support
Programs in International Research

R. Rodney Foif*

[tis a pleasurc and an honor to participate in this workshop, and
to share with you a few thoughts regarding the role of the
International Sorghum and Millet Program (INTSORMIL) and
other collaborative research support programs (CRSPY) in
mternationa rescarch. In 1975, the Congress of the United States
accomplished o major revision of our toreign assistance legisla-
tion. including the passage of Title X, “Famine Prevention and
Freedom trom Hunger. " This titie, jointly developed by represent-
atives ol higher education in the United States and such long-
time political leaders as Senator Hubert Humphrey and Congress-
man Paul Findley, established several significant new programs
forinvolvement of U.S. universities with problems in the develop-
ing world. Onrc section of that title called for the ereation of a
program to “provide for more effective agricultural sciences- -to
increase long-term support for the application of science to
solving the food and nutrition problems of the developing
countries.”

From this peneral language has grown the Collaborative
Rescarch Support Program  known by the short title of CRSP,
and through INTSORMIL one of the sponsors of this work-
shop.

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

First, these programs are truly collaborative. They represent a
partnership between ULS, institutions, cooperating institutions
overseas, and the United States Agencey for International Devel-

* Director, Mississippi Agncultinal and Forestry Expeniment Station, Mississippi State
University, Mississippr State, MS, USA, and member of the Joint Committee on
Agricultural Research and Development (JCARD) of the Board for International Food
and Agricultural Development (BHAD)



6 Sorghum for Acid Soils

opment (USAID). The cocperating institutions include national
research institutions in host countries, the international centers,
and uriversities. As designed, the programs are collaborative in
planning, implementation, and funding. The collaboration and
funding deserve mentioning. Unlike other USALD programs,
CRSP’s require matching funds in the amount of 25¢; of the
USAILD contribution. While not always required, couperating
overseas institutions in almost every case provide additional
matching support,

The coneept of collaboration and funding is very important,
According to the architects of the program, the match was
conceived primarily as an expression of evidence that the true
mutuality of interest was present. Thatis, that the U.S. institution,
and cooperating overscas institutions, would enjoy direct benefit
from participation, and demonstrate this benefit by exhibiting
locally funded rescarch capacity which can be focused on global
problems to the benefit of all parties. As the CRSP's mature, this
mutuality of interest has become more and more evident.

A second and more important aspeet of the program is that it is
truly @ rescarch program. CRSP'S are not designed to provide
technici, assistance, participant training. institution building, or
teehnology transfer. Inalmost every CRS P, these other aspects of
development are beneficially impacted. but in every case thisis a
byproduct of rescarch rather than a major objective.

As research programs, CRSPYS are funded by grants and not
contracts. The CRSPs are recognized as long-term in nature and
are jointly planned to focus on constraints 1o food production on
a global or regional basis,

Arclated, and equally important, characteristic is that these are
support. programs. They are designed, not only to provide
applicable technology, but to create and nurture a base of
scientific copability, with linkage to USATD strategies, sustained
by a cadre of seientists with global outlook and cxperience,

With these as foundation principles. USAID and the Joint
Committee on Agricultural Rescarch and Development (JCARD)
of the Board for International Food and Agricultural Devel-
opment (BIFAD) have moved to institutionalize the conceept.
Almost six vears ago, the first CRSP. focusing on small
ruminants, was approved. Since then, six more have been created
and 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 commonalitics. Inevery
casc, a land-grant institution is the management entity, joining
with other institutions to direct the etfort. Administrative guid-
ance is through roards of insututional representatives. Technical
direction is through committces of scientists, and ex:erral evalua-
tion panels provide periodic judgment on progress.

These are not small or insignificant efforts. Forty U.S. institu-
tioas cooperate with 63 overscas entities. Work s underway in
thirty countrics. The USATD commitment has grown to US$20
million annually, and total commitment from all collaborating
parties no doubt exceeds USE30 million.

It is too soon to evaluate he scientific impact of this young
rescarch program, but significant accomplishments are alicady
being cited. Results of 1S, domestic research have already been
validated overseas. and 1 several instances inplementation is in
sight. Perhaps more important, international networks have been
created and are tunctioning weli, as isevidenced by this workshop.
ineffect, new rescarch institutions have been ereated and are now
taking on lives of their own. The multi-institutional, multidisci-
plinary nature ol the research eifort is exciting to scientists .ud
administrators alike. It is significant that the mutual benefit
concept is being proven. With few exceptions, participating U.S.
scientists and institutions can already point to scientific benefits
that have or will accrue to U.S, agriculture 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 proup to learn that
some of the firstiinkages developed by the CRSP’s have been with
the international centers of the Consuitative Group on Interna-
tional Agricultural Research (CGIAR) network. The collabora-
tive work here at the Centro Internacional de Agricultura
Tropical (CIAT) is only an example of the kinds cf activity that
are underway around the world at other centers and with other
CRSP. Interest and support from USA D missions are growing
rapidly. In every casc, the CRSP’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 insiitutions that was badly needed.,

Although the success of the CRSP concept has now been well
proven, the outlook for fature growth and the creation of
additional CRSP’ is somewhat clouded. There is strong support
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for the continuation of currently established CRSP’s for at least
an additional research cyvele. Resources have not been made
available to establish addivioual CRSPs, however. and the
approval of the fishery stock assessment CRSP will round out the
firstset of high priority arcas identified and approved tor fanding

by USAID.

Although obtaining additional resourcesis not likely to be casy,
leadershipin the ULS is alrcady tecusing onihe need to reexamine
global priorities and secking to establish additional research
thrusts. The Joint Committee on Agricultural Research and
Development of BIFAD has committed itself to a review of the
recently developed rescarch priosities of the regional brrcaus of
USATD with the godi ofidentifving consiraints that meet the tests
ol mutuaiity of interests required lor the establishment of a
CRSP.When thisreview is completed. resourees will be sought to
create additional RSP,

As the programs have developed, they have identified the role
within the Targer international rescarch community that appears
to be well-suited to the needs of today and tomorrow, Through the
CREPS the leng-termeexperience and commitment to rescarch in
the fand-grant institutions ot the U.S. have heen wedded to the
rapadly developing capbility of the international centers and host
count-v institutions to establish a continuum ol scienee that can
address the major problems of the world with bigger and positive

effects.

Arecent<ummary evaluation of one of the CRSP's, conducted
by a panel of world experts in agricultual research, provided an
evaluation of the CRST concept that says better than 1 can the
progress and potentia! of this unique concep:. I'llclose by quoting
parc of this report,

“Similar to the movement of several decades ago which began
the establishment of a network of international agricaltural
research centers (TARCS) CRSP'S were introduced into an
evolving international agriculturai research and development
systent as a new and needed component. Their unique charac-
teristics presenta cost effective model, a model that can perform a
critical international role beyond the mandates and capabilities of
the IARC’s and similar rescarch organizations. 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 rescarch facilities, and the adminis-
trative support structure represented by the U.S. Land-Grant
system,

“The diversity of professional disciplines available to be
called upon as appropriate to contribute to the problem
solving cfforts.

“The working partnerships of committed colleagues rewarded
for collaborating 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 TARCs and other public and
private rescarch organizations by broadening and deepening the
overall rescarch support base. It has shown itself to be a highly
acceptable, interactive mode tor technical assistance which brings
diverse, largely untapped resources of U.S. centers of excellenee
into collaborative international rescarch and training activities.
Through these efforts, the CRSP extends the worldwide network
of institutions 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 J. Vollmar*

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 INTSORMIL, view workshops such as
this as a method of exchanging information and challenging
rescarch proceduses and findings. This workshop contributesto a
rescarch effort that involves several nations in South and Central
America. This is a productive process, for it contributes to better
rescarch and a sharing of knowledge within and among nations
where acid soils are a constraint to sorghum production.

By means of a series of slides let me tell you who we in
INTSORMIL are and what we have to offer. Sorghum and millets
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 X1I Collaborutive Research Support Program (CRSP). As a
result, the Sorghum; Millet CRSP (INTSORMIL) 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 rescarch facilities and procedures are given
high priority.

INTSORMIL’s specific objectives are to:

Link institutions having common interests in sorghum and
millet research;

mobilize and coordinate rescarch talent;

achieve optimum collaboration and information exchange

with AID (Agency for International Development) Missions,

* Director INTSORMIL, University of Nebraska, Lincoln, NB, USA. Paper presented 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 management.

INTSORMIL is an international networx of research workers
and organizations working to improve human nutrition and
prosperity. Some 82 scientists from eight U.S. land-grant univer-
sities are collaborating with scientists and in-country programs of
host countries on problems of sorghum and millet production and
utilization for human food.

INTSORMIL is funded by the 1S, Agency for International
Development, participating land-grant universities, host country
rescarch agencies, and private donors,

Collaborative activities include rescarch and training support
at

ULS. Land-Grant Institutions

University of Arizona
Florida A & M University
Kansas State University
University of Kentucky
Mississippi State University
University of Nebraska
Purdue University

Texas A & M University

Host Countries: INTSORMIL is involved with the following
in-country rescarch programs and the international rescarch
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 Maiz y
Trigo)

ICRISAT (International Crops Research Institute for the Semi-
Arid Tropics)

IRRI (International Rice Rescarch 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.

INTSORMIL rescarchers located in the United States of
America and in host countries conduct sorghum and millet
rescarch projects in the following arcas:

Agronomy, cultural practices;

physiology, especially plant stress;

breeding, genetics, and varietal improvement;
entomology and pest control;

plant pathology,

storage, utilization, and nutrition; and
socioceanomic considerations,

INTSORMIL. stresses “collaborative rescarch™ among re-
searchers working with sorghum and millet. INTSORMIL scien-
tists work cooperatively with scientists of other nations in a joint
rescarch venture which includes sharing knowledge, rescarch
technigues, and plant materials. They are active in training 1.DC
scientists through university graduate programs and workshops.

Seed of selected. improved materials is made available to
sorghum and millet workers worldwide. INTSORMIL scientists
are cooperating with an international germplasm network which
tests sorghum and millet genetic plant materials throughout the
world. An international bank of sorghum and millet genetic
materials is maintained at ICRISAT. Hyderabad, India. and
INTSORMIIL. contributes material to it

INTSORMIL. supports the publication of sorghum-millet
workshop proceedings and rerzarch reports. As an example,
INTSORMIL. is helping to fund the publication of proceedings of
a recent ‘Sorghum in the 80's™ workshop. ttalso gives financial
support to the Sorghum Newsletter published by SICNA (Sor-
ghum Improvement Conference of North America).

INTSORMIL. scientists in the U5, and host couatries exchange
information regarding their rescarch. This is done at SYmposia,
workshops, through individual correspondence and discussions,
rescarch reviews, professional journals, and newsletters.

INTSORMIL. gives high priority to training host country
scientists who will have major sorghum and millet rescarch
responsibility in their home countries. Training ranges from
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workshops and scientist exchanges to formal master and doctor
degree graduate programs. Some graduate students are following
a program of completing their course work in the U.S, and their
thesis or dissertation research in their home countries,

In summuary, INTSORMIL'S sorghum rescarch role is one of
joining with others who have an interest in sorghum and millet
with leadership and re.carch collaboration. The collaboration of
national rescarch programs, the international centers (in this case
CIAT and TCRISAT), and INTSORMIL gives the kind of
rescarch expertise and ‘momentum that can and will lead to
improvement of sorghum production and utilization where there
arc problems with acid soils, production stress related to drought
and other wewther conditions, insects, discases, and problems of
stovage and atilization,

We believe the workshops and the training of Latin American
students will spread the state-of-the-art knowledge and will lead
to a continuation of the work done by Dr. Lynn Gourley and
others of you with acid soils rescarch, The results so far have been
impressive, but | belicve that vou will agree there is still a lot of

rescarch to be done.

The INTSORMIL input into sorghum-acid soils rescarch has
strong support trom the INTSORMIL Tecknical Committee,
Board ot Directors.and the Fxternal Fvaluation Panel. Mississip-
pi State University has the leadership with the project for
INTSORMIL and s i the process of recruiting a sorghum
roscarch scientist who will continue the research when Dr.
Gourley returns to the TS0 in November of this year.

I challenpe vou all to participate and to do what veu can to
contribute 1o this important rescarch effort.
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ICRISAT’s Sorghum Research in

the Semi-Arid Tropics

J. M. Peacock*

About ICRISAT

The International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) 1s one of 13 international centers in &
worldwidc rescarch network devoted to improving food produc-
tion in less-developed countries (CGIAR, 1980). ICRISAT
mandate is to improve the yield, stability, and food quality of five
crops basic to life in the semi-arid tropies (SAT), and to develop
farming svstems that will make maximum use of the human and
animal resources and the limited rainfall of the region. The 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 food crops.

The scasonally dry semi arid tropics are spread over nearly 20
million square kitometres and cover all or parts of 50 nations on
five continents. They include much of South Asia, parts of
Southcast Asia, West Asia, and Australia, two wide belts of
Alrica, arcas of South America and Central America, and much
of Mexico (Figure 1).

The SAT is a harsh region of limited, erratic rainfall and nutri-
ent-poor soils (Sivakumar and Virmani, 1982). It is populated by
more than 700 million people, most of them living at subsistence
levels and dependent on fimited {ood production on their small
farms. JCRISA'T™s headquarters is at Patancheru, India, 26 km
northwest of Hyderabad, but it also has scientific staff posted
in nire countries of Africa in Mcexico, in Syria, and at a number of
rescarch stations in India. Principal operations in Africa are in
Niger, Burkina Faso, Mali. Sencegal, Nigeria, Sudan, Kenya,
Malawi, and Zimbabwe,

*  Principal physiologist, Sorghum Improvement Program, ICRISAT, Patancheru, Andhra
Pradesh, India,
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Training

As this is an international teaching and training workshop, [ will,
atthe outset, comment on ICRISA T training activities which are
one of the mostimportant aspects of our work and provide one of
the main channels through which we transfor our technology to
the developing world. Fach vear, agricultural scientists and
technical assistants come trom miny countries to learn about our
research and improve their owa skills, In 1983, a total of 144
persons from 37 countries came for traimg. These included 66
inservice tranncees, 22 research scholars, 12 mservice feliows, and
three research fellows. Four additional scientists completed their
postdoctoral studies. Nincty LCRISAT scientists helped with this
training program.

Our training in other countries included 15 scientists who
worked with our sorghum breeders and agronomist posted in
Mexico. and Malian students who worked on their theses with our
agronomist and cercals breeder in Mali, We are particularly
cncouraged with the progress our scientists have made in Central
America and in Mexico, Sinee 1975, 27 prople have been trained
from the following countries: I NSalvador, Colombia, Costa Rica,
Dominican Republic, Honduras. Feuador, Nicaragua, Gaatema-
Fa, Haiti, Panama, and Venesaela, plus more than 60 people from
Mexico who have participated in short-term couarses. In the
course ol this workshop, we shall hope (o identify further
candidates tor training trom Latin America,

Another charnel is the Sorghum and Millets Information
Centre (SMIC) which produces a newsletter and a sorghum and
millet Annual Bibliography (SMIC, 1984). SMIC will provide, on
request, any reprint, specific bibliography, or status report,
ICRISAT also produces a wide range of publications on sorghum
through its Information Servives. These are listed in our catalogue
(ICRISAT, 1984a) and can be obtained from Information Ser-
vices.

Sorghum: its world distribution,
domestication, and uses

Itis not known when sorghum (Sorghum bicolor (1..) Moench) was
first brought into cultivation, but Murdock (1959) suggests that
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with several other West African crops. it was flirst domesticated in
castern Africa some 7000 vears ago. 1t is thought to have reached
India no carlier than 1500 8.C. and China by A.D. 900,

Cultivated sorghum were first introduceed to the Americas ana
Australiaabout 100 vears ago, and domestication and cultivation
of sorghum has now spread throughouat the world, Todayv, it is
grown ond7.8 millivn hectares (EAQ T982), ranking Hitth among
cercals behind wheat, rice, maize, and barley in arca sown. The
major production arcas today include the Great Plains of North
Anierica, sub-Saharan Atrica, northeastern China, the Deccan
plateau of central India, and Argentina

Potential grain vields o1 sorghum are similar to those of the
other important cereals, Yields in exeess of 14,000 kg ha have
heen reported by Pickett and Fredericks (1959) and Fischer and
Wilson (1975). However, sorghum has achicved its importance
notas a high-vickding cereal, but as a well-adapted crop of the arid
and semi-arid tropies. Average vields inthe develaping world are
near 1000 kg hao ranging from as low as 600 kg ha in parts of
Africa to as high as 3127 kye ha in Latin America. Present-day
uses are numerous, but the grain is most important as a human
food m tropical zones, and tor animal feed in the more temperate
chimates. Sarghum stems and toliage are often used tor animal
todderand, insome arcas, the stems are used Yor building and fuel
purposes,

Overall objective of the sorghum
improvement program

We all recognize that low yields in the developing world are the
result of actions and interactions of many factors, and that there
are no simple, casily implementable solutions. ICRISA'T's pri-
mary concern is with the interactions of biological. climatic,
edaphic, and management facrors, and the development of
production technologies that in the appropriate socio-political-
cconomic climate will result in increased sorghum production on
a sustained basis. To achicve this objective, the progrom has
identified a number of priority traits for sorghum improvement
(‘Table 1), and these form the basis of our rescarch program.

In brief, our overall objective is to develop high and stable
yielding variceties and hybrids with acceptable food quality, Qur
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Table [ Priority traits in TCRISATS sorghum improvement program.

1 rait Deseription

Grain yieid Higher and more stable

Gramn quality Aceeptable food and nutnitional
quahty

Stress  resistance

Ablotic stresses:

Drought Water, temperature, and nutrient
stress
Crop establishment Seedling emergence through crust

and  high surtace temperature
Biotic Stresses:

Pests Shoot ty, stemborer, nudge. and
head  bups

Dhiscises Gramn mold, stalk rots, downy
mildew, leat diseases

Witchweed Striva hermonthuca and
S, astatica

ultimate aim is to improve the sorghum production of the poor
farmers in the developing countries of the world.

Organization and research strategy

The arca of the SAT for which TCRISAT has the mandate has
been divided into nine geographical regions (Table 2) (ICRISAT,
1980), cach consisting of between 8 and 12 contiguous countrics.
Table 3 shows the five regions designated as priority zones,
together with data en average vields and arcas under cultivation.
ICRISAT now has research prowrams in these five regions, As
these programs are crtablishea and work most closely with
national programs, their main responsibility is for regional
recearch activities. However, there is strong interaction with
center scientists which includes visits by scientists, exchange of
germplasm and breeder lines, collaborative workshops, and
annual in-house reviews,

The Center program is multidisciplinary and is supported by:
five scientists in breeding; three scientists cach in physiology,
pathology, and entomology; and one scientist each in micro-
biology, biochemistry, und genetic resources. The microbiology,
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Table 2. Geographic regions for sorghum production.

indian subcontinent and Southeast s
(India, Banpladesh, Pakistan, St banko, Thatland)

West Alnca and Sudan
(Bemin, Camcroun. The Gambra, Gl Goine, Guinea-Bissaa, Mali,

Niger, Nigerias Swerra Deone, Sencgal, Burking Faso)

Fast Alvicaand Yeren Viab Repubhe
(Burundi, Frivoprr, Kenva, Ruandin, somalia, Terzania, Uganda, Yemen
Arab Republcy

Southern Africa
tAngol Botswa, Madagascar, Malawic Mozambigue, Zambia, Zaire,
Zimbabue)

Ceatral Amenica amd Hexica

{Costa Rica, Damimcin Republic, FESalvadot, Guatemala, Haiti,
Honduras, Mevioo, Netherlands Antifles, Nicaragua)

South Amcnca
(Arpentuna, Bolivin Bovil, Colombia, Paragoay, Venezuela)

Iar Fast
(Chima, Japan, Noreay

Femperate Amer v

Ocueanta
A ustraba)

SOURCE JCRISAT tincernational Crops Researeh Institute for the Semi-Arid Tropies).
{ux?

Lable 3. Avers e vields, area under cultivation, and percentage of world areain the
five zeopraphic functional regions for sorghum production showing where
ICRISAT scientists are located.

Averiage Area Pereent of sorghum-
Functonal regon vield tthousind ha) growing total
thy hay world arca

Indian subcontunent and

Southeast Asii ¥40 16,672 35
West Atfnca and Sudan 755 11,697 24
Fast Africa and Yemen 917 2970 6
Southern Africa 805 1.295 3
Central America and
Mexico 23R 1.723 5
Mean 11 - -
Total - 34,357 73

SOURCE:  FAO (l-ood and Agriculture Organization of the United Nations). 1982,
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biochemistry, and genetic resources programs have responsibility
across all TCRISATS mandate crops. Scientists in the farming
systems and cconomics programs are also actively mvolved in

sorghum rescarch.

[tis visualized that the Center program, apart from coordinat-
ing all regional activities, will serve the Indian subcontinent and
Southeast Asia I our other collaborative programs. several
scientists were placed in countries in West Africa and it is hoped to
have a multidisciplinary regional team for this region in the near
fature. A regional program for Southern Africa (Southern
Alrican Development Coordination Conterence (SADCC) coun-
tries) has just been funded and the tirst sorghum scientist is in
post. A breeder stationed in Kenva serves as coordinator of the
Consultative: Advisory Committee on Semi-Arid Food Grain
Research and Development (SAFGRAD) sorghum and miliet
trials Tor Fastern and Southern Africa,

In Central America, our regional program is comprised of two
scientists o breeder and an agronomist  based at the Centro
[nternacional de Mejoramicnto de Maiz v Trigo (CIMMYT) in
Mexico and serving Central America and the Caribbean.

As the center and regional programs develop, a research
strategy has evolved which identifies four stages in sorghum
improvement (Table 4). In keeping with the priorities of the
Ten-Year Plan (ICRISAT. 1982), the first five vears of the 80
wil be largely devoted to establishing and perfecting screening
procedures to handle Targe numbers of germplasm and breeder
lines.

Lable 4. Stages in sorghum improvement,

I Wentification ot vield-limiting Luctors
2. Development of sereeming methods
3 Development ol products of gesearch (e, varicties and hybhrids)

4o Transfer ot technolops 1o national programs and farmers

Sorghum germplasm

Betore going on to the specific objectives of the disciplines within
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the program, it is vitally important to introduce sorghum
germplasm. It is our most valuable resource and {orms the nucleus
of all our research activities. There are now more than 22,000
accessions from 70 countries in the world collection of sorghum
mainiained by the Genetic Resources Unit at TCRISAT Center
(Table 5).

To make the collection more usctul to scientists involved in
crop improvenient, both conversion and introgression activities
involving selected entries are undertaken. The conversion pre-
gram has been developed using the Texas A&M University!
United States Department of Agriculture (USDA) program
model of bhack-crossing to introduce genes contributing (o
photoperiod insensitivity and shorter plant height, ICRISAT has
participated on a joint committee with the International Board for
Plant Genetic Resources (TBPGR) to develop and publish a
deseriptor Hist (IBPGROTCRISAT, 1980) for characterizing sor-
ghum germplasm. Al information is now being stoted on
computer and is available to users. This hst is useful to a crop
improvement program and needs to be more widely distributed in
Latin America. Scientists who colleet sorghum in Latin America
are encouraged to send seed and refated biological and environ-
mental data to FCRISA'T for inclusion into the world coliection,
This is clearly an important arca for collaboration. It will also be
appreciated if, as you evaluaie and use these accessions, vou will
send vour results to the Genetic Resources Unit at ICRISAT
Center.

Table 5. Status of sorghum germplasm collection at 1CRISAT.

Cultivated Wild Countries Evaluated at Distributed  Recipient
lines refatives represented  Patancheru countries
22,553 RER) 79 20,155 214,950 73

Specific objectives

The specific objectives of the disciplines concerned with alleviating
abiotic and biotic stress are essentially the same, viz., within the
priority areas of research, to develop technigues capable of
screening farge numbers of the germplasm and breeder lines, and
to get these sources of resistance through breeding into the
national programs.
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For this reason, | propose to give detailed examples of our
approach to our objectives in only one of the three coneerned
disciplines, that of physiology. I have chosen physiology far two
reasons: it is one of the principal disciplines underlyine this
workshop:and as a physiologist Tam betier qualified to discuss
the rescarch ol my own program. Notwithstanding this. 1 shall
outline the priority arcas of rescarch within entomology and
pathology and conclude by describing how sources of resistance,
identified from the germplasm, have been utilized in our breeding
prograin and disseminated to the national programs of the SAT.

Abiotic stress

The overall objectives of rescarch on abiotic stresses are o assist
the sorghum improvement prograim develop sorghums that are
more stable and higher yielding underenvironmental stress. Since
1980, under this broad objective, we have confined our research
ActvIties 10 WO priority areas:

Factors aftecting crop establishment: and

response and adaptation to water, temperature, and nutrient
stress, or what Largely manifests itself as *drought™in tarmers’
ficlds.

During this period our specific objectives were as follows:

To develop simple, repeatable, inexpensive techniques capa-
ble of sereening large numbers of the germplasm and breeder
lines, and to get these sources of resistance (either directly or
inderectly ihrough breeding) into the national programs.

To ensure that these sources of resistance, together with
sources of susceptibility, are treely available to physiologists
working outside of ICRISAT in order that important basic
rescarch on these materials continues in parallel with our
screening.

To better understand the physiological basis of existing
management practices, and with the agronomists, to improve
on these systems,

To train those working in the national programs in the SAT in
screening techniques and management practices.
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In the arca «f crop establishment, a number of screening
techniques have been developed. The two examples highlighted
here relate to screening for emergence at high soil-surface
temperatures. The first method, which uses different soil surface
treatments to modily soil temperature (Wilson et al., 1982), has
shown that there is genetic variation in the ability of sorghum to
emerge at high soill temperatures, and that some lines emerged
cven when soil temperatures were as high as 550C,

Similar studies have been conducted using the second tech-
nique. Long clay pots (300 mmi) tilled with soil are placed in a
waler tank. Sceds are sownn the pots and temperatures between
35 and 50°C can be maintained by varving the heights of infrared
lamps. Genotypie dilterencees in emergence were most evident at
430C. The advantage of this technigue, although not as simple as
the former, i< that sereening can be done while water is not
limiting or the soil ¢rusted.

Inthe arca of drovght. [ will comment on two approaches. The
first is the well known line source sprinkler irrigation system
(Hanks etal., 1976), which exposes the erop to a gradient of seil
walter during different stages of growth, This technigue allows us
to test a number of genotvpes under a continuous range of water
levels, Figure 2 shows tvpical response curves for two contrasting
sorghum lines and serves to illustrate the need to match varicties
and hybrids to partceular environments. Type | (centinuous line)
clearly does bewer in higher rainfall arcas but fails completely in
the dry zone. Type 2 (broken ling) obviously hes a much fower
vield potential but will vield under severe stress.

Another approach has been to make up collections of material
which are from a wide range of taxonomic groups, geographical
regions, and climates and to sereen these for particular phenologi-
cal. morphological. and physiological traits under severe environ-
mental stiesses. An example would be our rainfall collection
which, in addition ro the above listed variability, is stratified into
three raintall zones. viz.. those with an annual rainfall of 250-600
mm, 600-900 mm, and 900 mm.

Lach coliection comprises about 200 lines and is sown in the
summer scason at Patancheru. India. Scvere stress is imposed
from about 30 day: aiter sowing, Maximum temperature during
this rainfree pericd exceeds 400C, wn pan evaporation rates
reaching 16 mm duy. One important trait we are looking foris the
ability of the growing leaves to avoid desiceation (Figure 3). A
number of resistant and susceptible lines were selected in 1983
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Figure 2. Relationship between water applied and grain yicld in two contrasting
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 arc interested in the underlying mechanisms.

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

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


http:wtrapidadgan.il

26 Sorghum tor Acid Soils

31590307 18127417
BOTSWANA GHINA @

-

Figure 3. The effect of exteme heat and water shortase on sorghum cultivars
vrown at Patancheru, e The feaves of the line from China are
veverely desiceated i comtrast (o thie line fromr Botvswana whose feaves
have remained green.

{ODA) are proving to be very etfective and we must strive to
encourage further projects and strengthen existing links.

1 believe that the problem of acid soils in Latin America lends
itself very much to this approach. and 1 hope that in the course of
this week, concerned scientists and  organizations will have
worked out an effective rescarch strategy to deal with one of the
most serious problems ot sorghum productionin Latin America.
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Biotic stress

Disease stress (including Striga).

Priority discases of global importance on which research s
conducted at the Center and locations in India are:

Grain mold (preharvest biodeterioration of grain) caused by a
complex of fungi:

root stalk rots that usually resultin plant lodging, caused by
Macrophomina phascoling and Fusarium spp. (1CRISAT,
1984b); and

downy mildew caused by Peranosclerospora sorghi.

Research is also conducted on discases of regronal importance
if they also occur in India. These inelude anthracnose and rust.
The establishment ol multidisciplinary regional teams will facili-
tate rescarch ondiscases of regronal and localimportanee (such as
viruses in Central America, leal blight, grev leal spotin castern
Africa, and sooty stripe and smuts in West Africa) for which
sereening opportunities do not existin India.

Siriga is a parasitic weed which is iwmajor probleniin India and
West Africa. The Center program works on S0 asiatica and
seientists in the program in Burkina Faso work on S, hiermonthica.
Fortunatelv, Striga is notfouad in Latin America, Two informa-
tion bulletins are avaitable from HCRIS AT on the idennfication of
sorghum and pearl millet discises and Striga (Williams et al.,
1978: Ramatah et af., 1983},

The specific research arcas are:

Biology of pathogens and epidemiology of the discases they
cause. This intormation is essentiad tor the development of
meaninglul resistance sercening technigues.

Development of resistance screening techniques;

Identification of resistance both in source material and in
breeding progenies.

Multilocational testing of wdentificd resistance at “hot spot™
locations for stabilitv of resistance,

Nature of resistance and its utilization in breeding projects.
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Pest stress

The priority inséets of global importance are stemborers, shoot
fy, midge, and head bugs. There are several important stembor-
ers, viz., Chilo, Sesami., Eldana, Busscola, and Distreae. The
latteris found in the Americas. In India, 9067 of sorghum damage
is caused by the head bug, Calorcoris angustarus. An Information
Bulletin is available from ICRISAT on sorghum insects (Teetes et
al., 1983,

The specitic areas of research are:
To develop rehable sereening methods:
to identify sources of resistance; and

to incorporate this resistance into agronmomically good
hackgrounds.

Breeding for yield, stability,
quality, and resistance

The overall objective of breeding is to develop high-vielding
cultivars that will increase and stabilize sorghum production in
the SAT. ‘This is achieved by breeding for improved vields,
agronomic cliteness, incorporation of good grain quality charac-
teristies, and resistance to abiotic and biotic stress. Both conven-
tionet apd population hieeding methods arc used in the devel-
opment of vaneties and hybrids,

ALTCRISAT, populations were developed from original popu-
lations from Nebraska and Purdue Universities, USA; Serere,
Uganda; and Samaru, Nigeria. in the future, these populations
will be merged into five populations in which a broad range of
germplasm and sources of resistance will be utilized (Tuable 6).

Several high-vielding varicties have been developed (Table 7)
and distributed to national programs mainly through the Sor-
ghum Elite Progeny Observation Nursery, the International
Sorghum Variety Adaptation Trial, and the International Sor-
ghum Drought Observation Nursery. in addition, several hundred
breeding fines in various stages of development have been
distributed to breeders in national programs for further selection
and incorporation in their programs.



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

Population
designation

Origin

Trais? o be incorporated and selected

Monitored tramts

ICSPI-R. MFit

ICSP2-B- MR

ICSP3-R MFR

ICSP4-B: MFR

ICSP5-BR'MFR

US R
Rs R

US B
Rs B

US R

WAE

Improved grain vieldP. Restance to
grain mold, stemborer. shoot {1y and
midye.

Improved gram sield. flesistance o
graan mold. stemborer. ~hoot tly and
nidye,

Improved grinn vicld. Resistance 1o
eram moid and Striva, and improved stand
establishment.

Improved grinn vield. Resstance to
grain mold and Strica, and improved stand
establishmeni

tmproved gram sield Rewstance 1o
stemborer. shoot thve Streegs and high tood
quaiity

Charcouat rot, stand

ertshlishment© Sirrpa

tond gualiny

Charcoal rot, stund

estahlinhne

Siriga,

tood guabry,

Charcoul rot, stemborer,
shoot tive nadge., tood

quality,

Charcom et stembarer.,
shoot v, mdge. food
guahty,

Charcoal rel grin mold.,
mudge. stand estabhshment,

population development By mass selection,

Highly heritohle traits such as disease resistance to doswny malds

Stand establishment ancludes several components emerpence through 4 soidl crust. emergence through a hot soil-surface, seedling vigor,

Grin vield evabeton would include tests under optunta vnagomeat low dertihiny, and meesture-dedicient

and secdling resistance to moiure stress and or TTCOVCTY FEOIM MOINURe stress

st anthracnose ool too be fined duta g

conditiuns,
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Table 7. ICRISAT varieties/hybrids released and in prerelease and advanced
stages of testing in various conntries,

Country Released Prerelease Advinced
stage

[ndha | ki 7
Cameroun - - 2
Burkina Faso 2 - -
Fthiopia I - -
Sudin | -

Yemen Arab Republic - l i
Zambia | - -
Zitnbabwe - - 4
I Salvador 2 - -
Craatemala - - 2
Menico 2 - -
Nicaragua - - 1
Venesuela | - -
Ching 4 - -

In the hybrid program, the breeding material was sereened for
potential restorers with good combining ability, Selected lines
were used to produce experimental hybrids on female parents
developed by the All India Coordinated Sorghum Improvement
Project (ATCSIP). Several hundred experimentat hvbrids have
been evaluated atditferent locations in India and 60 high-vielding
hybrids were identified and have been distributed to AFCSHP and
other national programs in the SALT. As indicated in the
introduction, it is essential that sorghum cultivars recommended
to farmers are aceeptable for tood. Priority arcas of rescarch are:

To identity the major sorghum food products and their
desired quality characters,

to identify grain characters contributing to desired food
quality:

to devise simple and rapid physicochemical tests useful to
breeders in quality improvement programs: and

to evaluate clite breeding material for food quality (see
ICRISAT, 1982).

A number of varieties and hybrids from the ICRISAT program
are now in advanced stages of testing, pre- or postrelease, and
being grown on farmers'fields in a number of countries (Table 7).
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Products of this research and their impact

Several screening techniques are now being used in national
programs. Of particular interest are the following:

The cheekerboard field layout and its statistical analysis for
evaluation of resistance to Striga is used by the Indian
national program.

The technigue developed te select lines capable of emerging
through soil at high temperature hiis heen successfully used by
scientists in national programs in Senegal, Mali. and Niger.

The larpe-scale, fickd-screening technique for resistance to
downy mildew (DM has been adopted by the national
program in India.

Progress, although slow has been encouraging. In Mexico and
Central America, despite the few namber of scientists involved,
the impact has been impressive. We hope that the participants of
this workshop will work together to enable sorghumimprovement
to spread more rapidly into other parts of Tatin America.

Summary

The International Crops Rescarch Institute for the Semi-Arid
Tropies (ICRISAT) has its headquarters near Hyderabad, India.
Its mandate is to improve the vield stability and food quality of
sorghum, pearl millet, pigeon pea, chickpea, and groundnut: and
to develop farming svstems that will mike maximum use of
human and animal resonrees and the imited raintall of the region,
Training and the dissemination ol information are vital roles of
the Institute.

Average vields of sorghum in the developing world are only
1000 kg ha and fall as fow as 600 kg hain parts of Africa. The
ultimate aim of TCRISAT's sorghum improvement program is to
produce higher and more stable yielding lines.

Five regions, namely the Indian subcontinent, East Africa,
West Africa, Southern Africa, ana Central America, including
Mexico, have been designated as priority zones. This paper
outlines the priority problems in these regions; describes the
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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 countrices.
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Sorghum Production in Colombia
and Its Perspectives in the Acid Soils

of the Eastern Plains

Manuel Torregroza C*

Intreduction

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

The development of the country’s poultry industry, which
uses sorghum grain as one of its basic raw materials in the
manufactire of toodstutt,

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

The refatively short vegetative period of this plant species,
which can be recommended as a rotational crop.

Its casy agrononue management.

Its iower commercial value per ton of grain, in comparison to
maize, a phenomenom which has contributed to sorghum
being substituted for maize in the preparation of foodstuffs.

The purpose ol this article “s to point out the fundamental
aspeets of sorghum production in Colombia and present a short
report on the agronomic performance of sorghum grain geno-
types, tolerant to aluminum (Al) toxicity, grown in the acid soils
of the Eastern Plains,

Evolution of the crop and imports

Grain sorghum production was enhanced starting in 1957 when
Purina de Colombia planted three hybrids in the cotton-growing
region of the Atlantic Coast.

* Director of the Agronomic Division, Marze and Sorghum Program, Instituto Colombiano
Agropecuario (1CA), Bogota D.E., Colombia.
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In 1960, 6300 tons of sorghum grain were harvested from 2800
hectares, In 1970, these figures increased to 118,000 and 54,000,
and reached 431,000 and 206,000, respectively, in 1980. During
1983, 593,000 tons were produced when 270,000 hectares were
planted. As a consequence of the spectacular evolution of this
cropzsorghum today occupies third place in arca planted of the
five cercals (rice. barley, maize, sorghum, and wheat), being
surpassed only by rice and maize. In 1983, 3,317,000 hectares were
planted to these five crops, with a total production of 3,339 000
tons of grain, of which 21 und 1877, respectively, corresponded to
sorghum,

However, in spite of the enormous development of this crop,
grain sorghum production has not satisfied the inereasing demand
of the feed processing industry. Therefore, starting in 1972,
deficits have had to b~ met through imports. To date, 500,000 1ons
of sorghum grain have come into the 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 Eastern Plains, During the period 1980-1983, 37,
30, 22, and 11% of the sorghum planted ocecurred in the first,
second, third, and fourth regions, respectively. Due to sorghum’s
short vegetative period and the rainfall patterns existing in 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 this crop be planted only once a year in the
Eastern Plains, during the sccond semester. The 20.000 hectares
planted to sorghum annually make up part of the 160,000 hectares
of Class | 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, peanuts, sesame, cassava, plantains, and
African palm tree, among other annual and perennial crops.
Sorghum varietics and hybrids yicld between 2 and 4.5 t/ha.
According to Sinchez and Owen (1983), these soils contain an
average of approximately 0.72 meg 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 Easterr: Plains

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

The Food and Agriculture Organization of the United Nations
(FAO) has classified 12,936,621 hectares (of a total 17-19 million
ha of savanna in the plains) of the Eastern Plains into cight classes
according to their potential tor use and management. Of the 27%
(Class 1 through 1V) considered to be agriculturally promising,
approximately 2 million hectares catalogued in Class 1V are
characterized by their low fertility and excessive amounts of
exchangeable Al (Sanchez and Owen, 1983).

According to the data in Table 1, these soils are characterized
by their extreme acidity: of the 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 819 of the samples analyzed and averaged
2.56 meg/ 100 g. In general, Class 1V soils contain an adequate
amount of arganic matter—an average of 3.39%, and 76% of the
samples contained more than 1.99% organic matter. Out of 343
samples: 539 showed less than 5 ppm of phosphorus. Therefore,
phoiuphorus deficiency and Al toxicity constitute the main
constraints limiting the establishment of crops in Class 1V soils.
Potassium (K) represents another constraint as can be seen from
the fact that 599, of the samples contained less than 0.10 meq/ 100
g of soil, for an average of 0.09 meq/ 100 g. These soils contain
small guantities of calcium (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 mey/ 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.

pH

¢

Al+++

o

-

Lo

i i O.M. ‘ P Bray Il ‘ K Ui Ca+—r Rt Mg++ %
(mey/100 g) 0y (ppm) (mey/ 100 g) tmeygs/ 100 g) (meg/100 g)
<46 36 >20 45 <y 24 <49 33 <004 23 <LE 60 <0.51 8l
4.6-35 50 2.0-1.0 36 1.94.0 53 3.9-10.0 24 0.04-0.10 36 1.1-2.0 0 23 0.51-1.00 14
5.6-6.5 12 0.9-0.5 17 >4.0 23 10.1-15.0 9 0.11-0.15 24 20-5.00 1 1.01-1.50 2
>6.5 2 <05 2 15.1-30.0 b 016030 16 >50 6 >1.50 3
>30.0 6 >0.30 4
Average 4.6 2.56 3.39 5.0 0.09 0.80 0.37
Samples analyzed 343 343 343 343 135 86 81
SOURCE: Sanchez, L. F. and Owen. E. B: 1953,
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Headquarters for research activities

Research directed to select improved grain sorghum genotypes
was started by the Muaize and Sorghum Program of the Instituto
Colombiana Agropecuario (1CA) during the second semester of
1983 at the Regional Rescarch Center (CR1) “La Libertad,”
located near the city of Villavicencio, department of Meta,
approximately 140 kilometers cast of Bogotia. The principal
meteorological data und the location of this center are included in
Table 2. This arca has 2614 mm of annual precipitation, the wet
scason being from April to November.

The Totlowing cight soil characteristics are from 60 samples
analyzed at La Libertad, where experimental plantings are being
carried out.

pH 4.43
Organic matier (%¢) 3.75
Aluminum (meg; 100 g) 1.99
Potassium (mey/ 100 g) 0.11
Calcium (meq/ 100 g) 0.59
Magnesiune (meq/ 100 g) 0.26
Sodium (raeq: 100 g) 0.37
Phosphorus (ppm) 8.14

Since the objective of the project is to study 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,
P,0;, and K,0, respectively.

Table 2. Location of the Regional Research Center La Libertad and its main
meteorological data.

City Villavicencio
Department Meta
Latitude 40 03 N
Longitude 729" W
Altitude 336 masl
Mean temperature 260C
Annual precipitation 2614 mm
Relative humidity 77%
Monthly evaporation 134 mm

Hours of full sunlight;/day .5 hours
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Results and discussion

In order to incorporate Class IV soils of the Eastern Plains into
national agricultural production systems, the hypothesis of
changing the chemical characteristics of these soils was initially
adopted so that the nutritional requirements of the plants would
be met. This tvpe of research was carried out by the 1CA Soil
Program during the 1960 after evaluating diverse genotypes of
rice, sesame, beans, cowpea, peanuts, maize, sorghum, sovbean,
and cassiva, among other crops. The results were not as good as
expected. However, it was found that there were crop specices,
such as peanuts, cowpea, tobaceo, cassava, and African palm tree,
which are more tolerant to acid seiis than other species. Spain
{1976) has referred to rescarch carried out by the Centro
Internacional de Agricultura Tropical (CIAT) at ICAS C.N.L
Carimagua Experiment Station with the object of identifying
genotypes tolerant 1o acid soils, where he observed that rice,
cassava. and many tforage species were among the crops having a
wide range of tolerance, being very tolerant, or well-adapted to
acid soils, respectively. One of Spain's recommendations for an
effective use of the genetic tolerance variability to these soil types
was the formation of multidisciplinary tcams, made up of
breeding, soil, and plant physiology specialists. Sdnchez and
Owen (1983), based en a series of experiments conducted in the
soils of the Eastern Piains including the type 1V soils, made a
sucies of cconomic-feasibility recommendations on fertilizer use
and management for the principal annual crops in this region of
the 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-
SORMIL), an international agency which conducts research on
breeding sorghum genotypes tolerant to acid soil constraints.

The first planting was carried out during the second semester of
1983 (1983B) at CRT La Libertad 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 semester) together with 600 more introduc-
tions from INTSORMIL Yicld trials were conducted using the
best fines which had been previously selected. Table 3 shows the
ranges and averages of agronomic characteristios for the 90 best
lines planted in 19838, Table 4 shows the 12 lines with the highest
grain weight per plant of the 90 mentioned in Table 3. Yields of
(SEPON 79-35 X 1S 75420)-5, (1S 7542C N SEPON 79-2)-6. (18
7542C N SEPON 79-23-2 (NB 9040 X 1S 7173C)-140-3, and
(SEPON 79-29 N 1S 75420)-8 were more than 30 grams per plant,
and the first two lines were outstanding since their yields were
more than S0 grams per plant. TUis expected that this promising
material, as well as other material trom INTSORMIT, will
become the base for tuture selections, evaluations, and seed

Iable 3. Variation and averages of three agronomic characteristics of 90
sorghum gennty pes selected onterrace soils, Regional Research Center
1.a Libertad, Villavicencio, Meta, Colombia, 1983B.

Charactenstic Lt Vanation Range  Average
Weight prains plant Grams 7.3-56.3 49 to.1
Dayvs to tlowenng Dhayvs S310-70.0 17 S8.6
PMlant height Centimeties 53.0-190.0 113 124.2

Table 4. Performanee of three agropomic characteristics of the 12 bestsorghum
genotypes sclected oa terrace soils, Regional Reseureh Center La
Libertad, Vitlavicencio, Meta, Colombia, 19838,

Plant Weight
Dinyvs-to- hepht prains plant
Pedipree flowerning (cm) (g)
(SEPON 79-35 X 18 75420)-5 03 116 56.3
(1S 75420 X SEPON 79-2)-0 08 132 56.0
(IS 7542C X SEPON 79-2)-2 () 96 37.2
(NB Y040 X 1S 7173C)-140-3 57 106 2.8
WSEPON 79-29 X IS 75420)-8 59 137 30.5
(1S 75420 X SFPON 79-2)-9 58 150 27.0
(SEPON 79-1 X IS 7173C)-13 58 157 26.0
(SEFPON 79-35 XIS 75420)-19 6l 130 259
(SEPON 79-54 N IS 7173C)-6 o) 122 25.7
(SEPON 79-20 X IS 7173C)-10 57 155 257
(SEPON 79-54 X IS 71730)-25 58 130 25.6
(1S 75420 X SEPON 79-2th)-4 57 163 24.7

Average 60 133 128
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increases at La Libertad and in reglonal trials in farmers’ ficlds
(located in Class 1V soils) resulting in the first improved sorghum
variety in Colombia tolerant to acid soils.

Summary and conclusions

The need to reach self=sufficiency in the wnain raw material of the
feed processing industry, especially for poultry, thus eliminating
the burden ol sorghum importations, requires o search for
alternatives to broaden the agricultural frontier of this crop, Part
of this frontier is the Class TV acid soils of the Fastern Plains,
comprising almost two million hectares, For this reason, the 1ICA
Maize and Sorghum Program. in collaboration with INTSOR-
MIL. started o project in 19838 at CRI1 L Libertad for the
selection and evaluation ot sorghum genotypes tolerant to
aluminum  toxicity, The prelionary results have been very
promising and we expect to record in the near future the first
miproved viriety adapted to the acid soils of the Fastern Plains,
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Soil in the Tropics: Classification
and Characteristics

SO0 Buol*

Introduction

In 1950, C. E. Kellogg predicted that as detailed maps became
available more distinet soit types would be found within the
tropics than in the other parts of the world, Moormann (1972)
attributed the fack of uppreciation tor soil variability in the tropies
by agricultural and other scientists to the generalized, small-scale
soif maps by which they were guided. Buol and Sianches (1978)
were even more harshin thew appraisal, statimg that "the reality of
sotl variabihity has been masked by smatl scale reconnaissance soil
surveys that portrayv a fulse sense of unifornuty and serve only to
widen the gap between scientists, who overniterpret such maps,
and farmers, who know what the soils are like”

The realities of working in the tropies, regardless of how
mindfulwe are of soil variability are that rescarch sites are sparse
and detailed assessment of soif charactensties equally sparse. To
compensate for the lack of available characterization data,
agronomic resciarchers have to assume greater responsibility in
characterizing the sites where they work i order to enhance the
validity of teehnology transfer. Anv agronomic study that fuils to
quantitatively identify the soilin field studies, or the soil material
in the case of a greenhouse or laboratory study, severely limits the
vitlhue ol the data generated. Dismissing this responsibility by
giving a geographic place orname, such as acountry or region of a
country, or it soil map unit nane or even a soil taxonomic order,
connotes a false sense of quantitication that frequently does more
harm thun good.

The objectives of this paper are to: point out some agronomicil-
ly important variabilitics known to exist within and between soils
in tropical arcas; and suggest some minimum measurements that
can be conducted to improve site identification and  char-
acterization and thus the value of the rescarch to other focations.

* Protessor ol Sl Saence, North Carolina State Einiversity, Raleign, NC, USA,
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No single parameter such as soil characterization totally
guantifies the uncontroted variables inan agronomic experiment,
but the closer we can detine these variables, the closer we are to
understanding, evaluating, and extrapolating the results,

Map units

Perhaps more than other disciplines soil classification further
contuses many people whose first contact with the soil classifica-
tonis via asoil map. Mapping is the representation of a naturally
oceurring arci, at a much reduced scale, and does not represent a
soil classitication unit, Unfortunately, in soil scicnee, not unlike
other disciplines, taxonomic names are used to name soil map
snits. Many people seem o lose sight of this obvious lact and
attermptto name the soil they work with from the name given on a
satl map that may be on some minute seale that allows for arcal
inclustons of several hundreds of heetares of contrasting soil. The
sample site may be dess than 10 cm in diameter or the experimental
plotwelbless than T hectare. No map, except possibly those done
urder very controlled conditions at scales larger than 1:10.000,
can possibly be reliable inidentifyving such smatl areas (Buol et al.,
[980).

Fvery soll map unit contains soil types not identified in the
name given to that map unit. One example of soil variability inan
arca properiy ddentilied on general soil maps as Oxisols s
presented in Figure 1 Detailed maps identify Oxisols, Ultisols,
Inceptisols, Adtisols, and Mollisols, and mean values of selected
surface soil properties from map units delineated on detailed
maps clearly illustrate agronomic contrast.

Taxonomic units

While the map unit limitations are readily understood by most
scientists, ranges of characteristics defined in taxonomic units of
solls are, in my experience, not as casily understood or aceeped.
Although I will use examples from Soil Taxonomy (Soil Survey
Stalf, 1975). the same problems exist in other systems to an even
greater degree because of less rigid definitions and fewer categories
and classes. To understand the inherent problems ol classifying
soil, unce has to realize that in no one place can an entire taxa, be it
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Figure 1. Mean values of selected soil properties for the 0-20 horizony in detailed soil map units of
an Oxisol dominated landscape in Sdo Paulo, Brazil. ( Adapred from 1. F. Lepsch, et al.,
1977



48 Sorghum for Acid Soils

soil series or soil order, be seen, sampled, or described. Individual
soils defined by every category ol a clussificution system exist i
roro only as abstractions detined by the words anu phrases of the
classifications svstem. Examples of the various kinds of soil are
observed and characterized at specitic sites. Too often, persons
form rather firm concepts of the characteristics of specific
examples and falsely assume that all sites classificd by that name
have all the properties they observed i the examples they know
best. 1 he example is notunlike tikimg a person toamature ficld of
sorghum so he can observe the morphological characteristies of
the crep. At anotlier site. perhaps a nutrient-deticient, weed-
infested. and inseet-damaged site of another cultivan, that person
remarks that this doesn’t look like sorghum, Because individual
examples of soils are often separated by preat distances and the
opportunity tur examination limited by the necessity to confine
complete observistions of soils to pits or road banks, this problem

iy exacerbated.

Fable 1 briethy highlights some of the properties permitted in
the range ol soils property nimed Oxisols, one of the 10 soil
orders common in tropical arcas. Essentially the only soil
properties identificd by the order name Oxisols are low cation
exchimpe capaciny (CFC)values, the fack of weatherable minerals,
and exclusion of soils with less than 15 clay or argillic herizons in
the subsoil, No hunits are made on soil temperature or moisture
Fegimes. thus Oxisols are presentin arid regions as wellas inthe
most humid of tropical arcas, Mean annual temperatures range
from the warmest hnown to no detined fimitalthough no Oxisols
have been reported in regions colder than 8UC mean annual
temperature. Nolimits are made on the pH vadae ordegree of base
saturation. at the Oatsol order level, Perhaps most Oxisols are
acid and have Tow hase saturation, but “hut™ great groups are
from 350 to 1007 base saturated (Table 2). The critical point to
remeniber is that a chassitication name defines only those proper-
ties ol the soil used as criteria to detine that class.

Invariably, these limits are tar fess contining than o peison’s
concept of that soil gained trom personal expericnee at one, or
even several sites. Also.itis highly probable thit no two persons
will acquire the same personal impression of a kind of soit unless
their experiences are totally parallel. As an aside, this is no
different than the pereeption of a cow a person from India may
have compared to the pereeption of i person {rom the Nether-
lands @ Brahman versus a Holstein-Fricsian,
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Table 1. Synopsis of Oxisol properties,

Division Some ol the mator cntera to detine classes

Oxisol order: CHC ess than 1o meg 100 ¢ clay i some 20 em
trckhness withim Y m ot the surtace and only traces
of weatherable minerads i the e and sand.

Onisol suborders: Perudics Edic, Esnes Nqes o Aridie sotl mioisture
|
regines (s means Oxisais are prosentoan every

ramnlall repime tound i the topiesy

Oxisol great groups: AT ettective CLC ess than 1S e 100 ¢ clay.
SFat o more tham 35 bue satutated.
SHapl™ fess than 35390 huase saturated
“Limbe™ more thaa 1, but probably fess than 20¢;
OMEIC matter content e suthie
“Plinth™ contmuous phnthite witlun 30 cm- of

sutlace.

Oxisol subgroups: "Quartzipsimimentic™ IS o 200 clay in some past
above 125 m
“Eptaguic™ sellow colar over redder subsoil,
“UTNe™ 2070 more clay (relanve) in subsoil than
topsol

Families: Seliyes™ more than 350 Clay.
Sline-loamy ™ 18 to 38 clay,
“ferritic™ more than 407 Jerne oaide (Fe0y).
“kaolinine™ mare than 504 Kaolinie (haolin clay),

Table 20 Exusmples of contrasting Oxisol profiles.
I 8

Tropepte Futrotthos (Pacrto Rico) Pypie Acrorthos (Puerto Rico)
Depth Clin Base pH Depth Clay Rase pH
fem) () saturitiond! (11 H,0) (cm) (0 saturitiondt (1 TH,0)

) (“¢)

0-20 ERN| 72 5.0 0-28 54.5 | 5.1
21-46 N[22 68 5.4 29-46 57.7 | 5.0
47-69 85.8 83 5.9 47-71 59.6 - 5.0
70-99 8Y.5 83 5.6 72-96 55.7 - 5.2
100-130 9.0 8Y 5.7 97-120 59.7 2 5.5

o Hase saturated by pH 7 method
SOURCE:  Soil Survey Statt 1975,
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Soil dynamics

Soilis an entity, unique in its position at the interface between the
organic and inorganic worlds, and composed ot solid, liquid, and
gas. The characteristics of i soil are very dynamic, casily
manipulated by the whims of weather and vegetation, Inaddition,
one also has to include the whims of man who cuts, burns, plants.,
and harvests vegetation: and who fertilizes, drains,irrigates, and
physically manipulates the soil.

A few of the dynamic aspects of soil that are frequently of
concern in characterizing soils in the tropics are bestillustrated by
the tollowing changes that take place in the soil after clearing
natural rain forests, Data compiled by Sdanches and Sahinas (1981)
consistently showed increases in pH vidae available calaum Ca),
magnesium (Mg), phosphorus (), and potassium (K contents in
the topsoil after burnings, thereby decreasing exchungeable
aluminum (AD contents, For a vear or more alter the start of
cultivation organic matter contents decrease actively releasing
organically bound nutrients, Organic matter content then stabi-
lizes ata tevel reflecting the new environment atd. sinee organic
matter is not rapidly decomposing. few nutrienis are released for
plant growth. Although sites ditter rather markedlyv, the pattern 15
clear. The interpretation o! the available data that Thelieve is of
greatest significance s that no tertility reguirement or soil
suitability conclusions shoutd be made on the basis ot field data
during the Tirst two vears after clearing, Similar crrors are
introduced by taking soit into the greenhouse. Certainly the
chemicaland probably the physical and microbiological composi-
tion of the soil as it undergoes the “shock™ of changing trom a
forest to cultivated site. is considerably ditferent than itwas before
clearing or the character of the sotl adter continuous or rotational
cultivation has been established. Management technigues tound
suitable during the first two vears atter clearing will undoubtedly
not identity the soil nutrient problems, nor will weed and discase
problems likely be encountered until atter the soil system has
stabilized to its new environment,

Of equal concern in evaluating crop technology on Kinds of
soils are the changes imparted to the soil by past management
practices. This is trequently of greatest concern with trials on
experiment stations. The residual effects of ime in the topsoil oi
Oxisols are clearly ilustrated in Table 3. Notall of the residual
effects are confined to the topsail, and marked subsoil improve-
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Table 3. Effects of lime application rates on the topsoil of annually-cropped Oxisol,
6 and 66 months after application.

Lime applied pH Al saturation Exchanpeable
(1 ha) (1:1HL.0) (') Ca t Mp
(mey 100y)
6 {18 6 (§18) O 06
(snonths) tmonths) (months)
0 4.7 30 [ 80 0.0 0.3
| 5.0 4.2 45 ol 1.1 0.6
2 hN | 4.3 25 46 1.5 1.0
4 5.6 4.8 O 15 RN 2.1
8 0.3 5.2 2 2 44 4.0

SOURCE:  Sanches, PoAand Salinas, Jo G 19K

ment has been recorded following several years of continued
cultivation, liming, and fertifization (Sipchez et al., 1983),

The evidence is clear. Soil properties, especially topsoil prop-
erties that have direet relevance to crop plant growth, are
significantly altered by the manipulation of vegetative cover,
fertilizers, and hime.

Classifying soil

Faced with the dynamics ol soil properties, not -nlike the
dynamics of plants and animals, how do soil scientists classify the
objeet of their attention? Quite simply, they use measurable
criteria that have been found to be least changed by expected soil
management techniques. Soil classification has to avoid leatures
of the sail chianged by plowing or the result is mapping units
reflecting corn soils and forest sotls. While such a soil boundary
would be casy to see aad r -asure, it does absolutely nothing to
help predict what Kind ot vesponse can be expected when the forest
1scleared and the arca planted to corn. Likewise, it would not help
predict what site quahty could be expeceted if the corn ficlds were
planted to trees. Thus, @ soil classification system based solely on
properties of agronomic significance, ie., exchangeable andyor
avatlable quantities of nutrients in the topsoil, would have no
value in evaluating the potential of virgin soil but merely reflect
the accumulated past management. This apparent “no win”
scenario can be resolved most satisfactoriiy by a combination of
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classification to efficiently identify the soil propertics that are not
casily changed by expected management and a “check plot”
characterization of available nutrient and pH status w the
beginning of any ficld experiment. This available nutrient status
must also be reported in the publication of the results of the
experiment.

Volcanic ash (Andept) heterogeneity

Soils developed on voleanic ash are common in some tropical
arcas and are generally associated with high phosphate fixation.
There are outstanding examples of high P fixation in voleanic ash
soils, but by no means do all such soils cause fixation problems.,
The distribution of those soils with high P fixation properties may
be identified in Tocal patterns, but because the tactors that lead to
the formation of this problem are strongly related to age and
nature of voleanic cjecta. their spacial distribution is usually very
heterogencous. Figure 2 1s a plot of data from voleanic ash soil
samples from Chile. Feuador, Guatemala, and Costa Rica
showing the relationship of ammonium oxalate, extractable Al
content, and P retention pereentages. Clearly not all Andepts are
alike, but P retention can be predicted by oxalate extractable Al
Alvarado (1982) has shown that a 10-minute ficld test using NaF
and thymolphalein indicator will predict the high P-retaining
soils. Care must be taken to adjust the 14/ NaF pH to 8.2. The
thymolphalein color changes above pH 10.7 indicate soil with P
retention above about 9007, Many of the sites in Chile and
Ecuador were field checked by this method by Alvarado and
mysell while on the tour with very satisfactory results. Either the
oxalate AL, Nal, or P retention method of characterizing the field
sites is strongly suggested as future rescarch attempts to evaluate
methods of phosphate fertilization in voleanic ash soils.

ftshould also be remembered that P retention is not usually well
correlated with oxalate Al or NaF pH value in most other soils.
Juo and Fox (1977) showed some variation related to parent
material but overall agreement with BET-N,! surface area of the
sample. Since surface arca 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). Attempts to use BET-N,

L Based on the Brunauer-Fmmett-Teller (BET) method devised tor the Manhattan project
but which uses N, to sean and analyze the soil surface.
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surface area data or particle size in volcanic ash {Andepts) soils
have been unsuccessiul (Alvarado, 1982). It is clear that in
Oxisols, Ultisols, and Alfisols, P fixation can be overcome by
initiabapplications with reasonable residual effects. Where amor-
phous Al is present, as in some if not most of the volcanic ash
(Andept) soils, cach addition of phosphate initiates a reaction
cxposing more Al thus residual effects are much less (Veith and
Sposito, 1977). Thus, there is no residual effect of P 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
43%% of the tropical arcas are dominated by Ultisols and Oxisols
which, in the main, are acid soils. In tropical America the relative
area of acid soilis placed at 7007 (Sanchez and Salinas, 1981). One
should quickly add that regardless of soil type, with a few
exceptions, all soils can develop acid plow lavers and, in 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 & soil property resulting from
management practice and timing than a natural soil property.
Subsoil acidity, with subsoil being defined as those favers of soil
immediately helow the layer disturbed by cultivation, is really
what is being addressed in estimates of the extent of acid soil. This
subsoil acidity is important because it limits the depth of rooting
of aluminum-sensitive cultivars, thereby reducing both the
amount of available water during rainless periods and the subsoil
nutrient uptake (Bandy, 1980). Also, itis aslow process by which
even heavily fertilized and limed soils can translocate bases into
the subsoil. However, this does happen more rapidly in low CEC
soils than in high CEC soils.

Fluctuations in surface soil acidity occur in responsc to several
factors. Most significant in tropical arcas are decrcased acidity
from ash after cither the burning of fallow or from additions of
lime where used. Acidification oceurs 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). Duration 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 casily measured than predicted. Some examples of nearly 3
unit increases in pH have been reported due to the influence of
burning (Sanchez, 1975). As a genceralization, sandy textured
surface soils respoud more dramatically because of their fow CEC
and low organic matier contents than do finer textured soils.

Suminary

The characteristics of soils in the tropics are probably even more
diverse than those of soils in temperate arcas. Certain subsoil
properties arc mapable and defined by the taxonomic clas-
sification of the soil. Classification and mapping of soils can he
used to transfer the results of agronomic research only when
several surface soil properties are known at both the site of the
rescarch and the site of the extrapolition. Foremost among the
surface soil properties that have to be known in addition to
classification are: pH value and; or exchange Al pereent: and P
fixation capacity and ambient available P level. Both characteriza-
tion of soil by classical soil classification parameters and docu-
mentation of transient surface soil properties are necessary to the
suceessful delivery of quality agronomic research.

Soil properties in the tropics are discussed from the point of
view of both semipermanent properties used to classifv the soil,
and dynamic, management-related properties that have to be
characterized on site. Most soil classification criteria are subsoil
properties because they permit unitorm classification regardless
of vegetative cover or management practice. This permits better
evaluation of potential uses of land. For the extrapolation of
management-related research results, documentation of the man-
agement induced characteristics, usually in the surface horizons,
has to be provided by measurements prior to plot establishment
and reported as one of the conditions of the experiment.
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Phosphorus Availability in the Acid

Soils of Tropical America

Luis A. Ledn*

Introduction

Phosphorus (P) is one of the most limiting clements to plant
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 adequate infrastructure (Kirkwood et al,, 1973). In
addition, the high P-fixing capacity of some of these soils makes
IS use even more expensive (Gil, 1971 ).

A better understanding of the miechanisms of phosphate
reactions in acid soils of the tropics can be of great help in order to
predict their performance regarding fixation, diffusion, trans-
formations, residual effect, and availability. It is also useful when
choosing the best forms of application,

Forms of soil phosphorus

According to an estimate based on information provided by the
Land  Resource Unit (CIAT, 1981), approximately 409, (358
million ha) of the centra! region of tropical South America can be
included in the category of acid soils (aluminum saturation levels
higher than 70¢7). Maore than 8077 of the area used for agriculture,
including satural pastures, has soils with acid characteristics, A
large majority of these can be classified as Ultisols, Oxisols, and
Inceptisols.

To illustrate this, Table 1 shows the forms and amounts of
native soil P for various soils in the Colombian tropics, as
determined by the Chang and Jackson method (1957), with
modifications introduced by Sem Gupta and Cornfield (1962).

—_——

¥ Soil scientist, IFDC.CIA) Phosphorus Project, CIAT, ALA. 6713, Cali, Colombia.



Table 1.

Forms and amounts of phosphorus in surface scils of tropical regions

of Colombia.

Total P Forms ot total Pa
Soail Fastly Nonapatite Apatite P and P and Orpanic inert
replaceable P Pound Ca Poand Ca Al f-e P P
ppm " ppm ! pprm L ppm ’/ ppm ty ppm 4 ppm ‘,’ ppm o

Oxisols

(Eastern Plains) 436 100 - - 19 4 - - 30 7 66 13 272 62 RSN 9
Andosols

(Pasto  plateau) 1467 100 ) t 106 7 27 2 214 14 207 14 136 9 765 52
Ultjsols

(Jamundi) 387 100 5 i 4 | 3] 3 8 2 56 14 si 13 250 64

a. ppm ot total P.
SOURCE:  Guerrero, R. R, 1974,
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Highly weathered soils (Oxisols) contain relatively low total
amounts of P. It is practically impossible to obtain detectable
amounts of phosphate soluble in water and in NH,Cl (casily
replaceable P). The inorganic Pis tound in iron, aluminum, and
nonapatite calcium phosphates, a higher proportion corres-
ponding to the first two (2207 vs. 47{ of total P). A considerable
amount of inert I is also found which cannot be extracted with
any of the solutions used. The content of inorganic P is relatively
high (627¢ of total ), butit must be kept in mind that the content
ol organic matter in these soils can be considered as average
(4.000). Nonapatite calcium phosphates have been found. 1t is not
surprising that these soils are so deficientin P because of their low
amounts of this clement and the low solubility of the forms

present.

Soils derived from voleanic ash deposits (Andosols of the Pasto
pliateau) contain high amounts of P if compared with the Ultisols
and Oxisols. Inert Pand aluminum, iron, and nonapatite caleium
phosphates predominate in this region.

Apparently, the Colombian Andosols are formed by recent
materials and weathering seems to be very limited. Even though
total P is high, crops growing in these soils respond riarkedly to
phosphorus fertilization. To predict the possible response of crops
by means of phosphate fractioning seems not a very appropriate
method, at least in voleanic soils.

Phosphate distribution in the Ultisols of Jamundi is verv similar
to that of the Oxisols, except that the Ultisols have a higher
proportion of incrt phosphorus and a smaller proportion of
organic P.

Organic P and its metabolism

Studies conducted by Blasco (1974) in soils of 12 regions of
Colombia with clevations ranging from 50 to 3500 m and with a
wide variation of organic P content (2-873 ppm), indicated that
with a soil of Coconucos (Figure 1), the phenomenon of
immobilization surpasses that of mineralization.  According to
the author, it is possible that the abundance of Inositols with
which P is associated makes it biologically difficult to degrade; in
other words, this form in which P is found is partially responsible
for the problem of retention of this element in acid tropical soils.
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Figure 1 Merabolism of phospheoras in soils of Coconucos, Cauca, Colombia,
(Adapted from M. Blusco, 1974.)

Inorganic phosphorus and factors
influencing present soil forms

The degree of chemical weathering which has taken place is
related to the forms of inorganic P present in the soil. Table 2
shows an example of Venezuelan soils studied by Westin and De

Table 2. Distribution of iaorganic active phosphorus in tropical soils in relation to
their degree of weathering.

Percentage distribution of active

Depree ol weathering inorganic phosphates

P-Ca P-Al P-te
Very strong 4 0 96
Strong 6 20 74
Moderate 23 13 64
Weak K1 16 46

SOURCE: Westin, . CLand De Brato, 1. C, 1969
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Brito (1969). Calcium phosphates decreased as weathering in-
creased. However, the iron phosphate (more insoluble) inereased
considerably. It also seems that oceluded phosphates predomi-
nate over the forms of inorganic P in old seils classified as Oxisols
(Dahnke et al.. 1964),

Among the factors which determine the formation of P
cempounds in the soil are: pH, cation activity in which P
compounds are saluble, mineralogic properties of the soii, and
topographic and dramage condittons (Hsu and Jackson, 1960),

The pH muinly controls the transtormation of phosphates from
one compound to another. As soils are aciditied. the relatively-
soluble calcium phosphates are transtormed into iron and alumi-
num compounds which are less soluble, When soil pH s higher
than 6.0, as is the case ol the alluvial soils tound in some valleys of
Colombii, o high percentage ol inorganic Pis found in the form off
calcium compounds (Guerrero, 1974),

Another important cttect is the soil-moisture regime. Soils
found narcas with o marked scasonal drought and moisture
stress. as s the case in the Colombian Fastern Plains, contain a
high proportion (5200) of therr inorganic P in the torm of iron
phosphutes. Impeded drainage seems to Lnvor the formation of
aluminum phosphates. Arvpical example can be tound in the soils
of the Sibundoy Vallev(Colombia). where aluminum phosphates
represent 500 of the inorganie PP (Vruerrero, 1974),

Soil reaction to phosphate fertilization

When o phosphorus tertilizer is added 1o the soil, it starts
becoming soluble and reacts more or less rapidly with soil
compounds. The speed of the reaction depends on, among other
things. the solubility rate of the tertilizer, the pH surrounding the
fertilizer. and the nuture of the sail components.

In a nuneral acid sotl, phosphates react with the iron and
aluminum compounds to Lorm less saluble compounds. In soils
derived from volcanie ash, generally high in organic matter
content, it scems that these phosphates react with aluminum
components to torm phosphorus complexes (Ospina, 1974).
According to numerous rescarchers cited by Ospina (1974), the
retention of phosphate by organic matter seems to be low or none
at all.



62 Sorghion for Acid Soily

The role played by aluminum, inatl ofits forms. in the retention
of Pis notvery well defined for the Andosols. However, as shown
in Figure 2. Schalscha and collaborators (1972). found a high
correlation between the fixation of phosphates and “reactive™
aluminum, determined by poteatiometric titration at a pH of
8.2-8.5. i Chilean soils derived from rhyolite ashes. This alumi-
num seems to be associated to a great extent with the mineral
fraction. Apparently, in the case of the Andosols, allophanes
mtervene actively in the retention of phosphates and crystalline
compounds having a chemical composition similar to the tarana-
Kites can be formed (Wada, 19595,

Fassbender (1974 used the teehnigue of the phosphate solubili-
ty diagram. which considers the phosphate (pH pH,PO,),
calcium (pH - 0.5 pCay.and aluminum (pH - 0.33 pAl potentials
to identily the inorganic phosphates in a group of forest soils
dernved from voleanic ashes in Antioguin, Colombia,

From Figare 3 it can be assimed that the predominant form of
inorganic phosphate is found associated with aluminun, rhis
being amorphous. Fassbender did not tind erystalline aluminum
phosphates in these soils as is the case with soils of Central
America. As shown in Figure 4, the degree of soil development
cinbe related to the major or minor reaction of phosphates with
the soil (Ospina, 1974),

In the case of acid mineral soils, as was indicated at the
beginning ol this section, iron and aluminum compounds react
with applied phosphates to form relatively insoluble compounds.
I free tron and aluminum oxides are removed from the soil, the
amount ot adsorbed phosphates is notably reduced (Coleman et
al., 1960).

Fable 3 presents data provided by Pratt et al. (1969) on
phosphate fixation of Brazilian soils related to their content of
iron oxides. 11 the soils are grouped taxonomically, a high
correlation between fixed P oand free iron oxide content can be
observed, but the Oxisols adsorb less P than the Ultisols at a
dctermined content of these oxides.

These dilterences inadsorption can be attributed to differences
in the forms of iron oxide and; or to difterences in the cxposed
surface. tis possible that iron found in the Oxisols may have a
more erystalline nature than that found in the Ultisols ( Kamprath,
1974).
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Figure do Possible relation beoween degree of soil development and PO-retention,
(Adapted from 0. Ospina, 1974.)

Fible 3. Phosphorus fixation in soils of Brazilin relation to their eontent of iron

ovide,
Sol Free iron oxides Phosphorus fixation
(0 (meq ha ot soil)
Utisol 2.1 1.5
6.5 4.5
Oxisal 4.0 1.8
[ERY 4.5

SOURCE: Print, P, F. Peterson, . F o and Holshey, C. S, 196y,

Another important mechanism in the fixation of P in acid
mineral soils is the reaction with exchangeable Al and the
products resulting from this hydrolysis (Coleman et al., 1960).

The following scheme has been suggested for this reaction:

M
2A1-Clay F2MH,PO, H4MOH ==
2M-Clay+2AIO ), H,POA2HL0
where M can be calcium, potassium, or sodium.
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Table 4 shows evidence el phosphute reactions with highly
weathered sotls, As can be observed., the torms of Pextracted from
the soil after applving this clement were mainly iron and
aluminum phosphates. The Ultusols,which contained Large guan-
tities of haolmite. showed w higher inerease in the fraction of
phosphate linked to adunmnm than the fraction linked to ron.
[nstead. the Oxisolowith small amounts of haolinite and a high
content ol iron ovide, showed anotable imercase in the P linked 1o
ron (Dunbar and Baketr, 1963),

Avcording toresearch carned out by Tennessee Valley Authori-
VA serentiste (U indsay and Stephenson, 19590 products
formed from the reaction between soils and @ monocalcium
phosphate are complex P eampounds which contain aluminum.,
ron, potissivm, and calcinm,

Fable S shows the transtormations, as a function of time, of
phosphutes tormed s the soits With time, aluminum phosphates

Fable 3 Forms ol phosphiorus extracted when phosphates wereadded to an Oxisol

amd an U ltisol,

istiibutton of applied

Sail Fiee tran ovde o lwlx?\l\llg N

) -
Oxisol 12.7 14 N 00
SOURCE Dubar, A 10wt taber 0 1 1oee T

Table 5. Changesin the phosphates formed in g Carimagua Oxisolin relation to the
time of contact with the applied Pa,

Forms ot I (ppiny Drass atter I was applicd

o w3 s
Easily replaceable P 0 0 0 0
Nonapatite P and €a 1.5 10 8 8
P-Al IN 80 70 0
P-Fe 30 180 200 200
Apatite P and Ca 3 5 S 12
Mineral P 49.5 275 283 290
Organic P 71.5 185 177 170

a. 350 ppm P,
SOURCE:  Gil, F. 1971,
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formed in the soils of Carimagua (Oxisols) decreased, while iron
phosphates inereased. Possibly, aluminum phosphates were par-
tially used by the plants and some part was transformed into more
insoluble iron phosphates.

Acid Soily

Alternatives to improve available
soil phosphorus

Since the use of highlv coneentrated soluble phosphates results in
more expense or implies a high risk for the farmer, the alternative
of using local, finelyv-ground rock phosphate seems to be very
promising. Studies carried out by the International Fertilizer
Development Center {11FDC) CIAT Phosphorus Project (CIATT,
[982) in Lutin Amcerica indicate that diveet application of rock
phosphate is more clivetive when done in acid soils (pH 4.0-5.5)
very low in calcium and in available Po Certain crops, such as
forage legnmes and grasses, cassavia, irrigated and upland rice,
peanuts, and cowpea, can use the phosphorus from rock phos-
phate more etficienthy than cercals, matze, potatoes, and beans,
However, in highly acid soils very deficient in Pand with Tow
P-tixing capacity, almost adl crops have shown some degree of
response to rock phosphate applications, especially it the materials
are of sedimentary origin and ol high or medium reactivity,

When the use of rock phosphate is restricted due to its low
reactivity, the crop planted. or the adverse soil properties (such as
high I lixation), it 1y necessary to transform rock phosphate
through chemical or thermic processes tooinerease water-and
citrate-soluble P (Ledn, 1980),

Using rock phosphate of medium or low reactivity, excellent
agronomic results huve heen obtained with bean, maize. and
potato crops when it has been partially acidulated with sulphuric
or phosphoric acid. Similar results have been found when rock
phosphate is granulated together with triple superphosphate
(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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soluble sources of P (Bornemisza and Alvarado. 1974; Sinchez,
1976). The effect of time and silicates in the case of rock phosphate
has been rescarched extensively in the tropies. but some studies
indicate that results obtained vary tremendously and depend
upon, among other things, properties of the soil. type of rock
phosphate. and crop studied (CIAT, 1976).

Improvement of efficiency with methods
of applying phosphorus sources

High P-fixing soils arce generally managed in such a way that
water-soluble phosphate fertilizers are applied instrips to decrease
the soil volume which could react with this element. In mostcases,
phosphorus fertilization is costly in Latin America. Therefore,
Siancher and Salinas (1983) have proposed various alternatives
among which is the selection of more effective fertilizer apolica-
tion methods.

Many alternatives have been proposed and studied with good
results, depending on the soil and crop under study (Sinches,
1976). Variations of these application methods are being evaluated
today in some tropical countries of Latin America. Among them
are:

Broadcasting of rock phosphate and band or strip application
of triple superphosphate at different fevels and proportions.

Application of P sources in such a way that the P content in
the soil increases by only 1047 to 159 of the total plowed
surface arca. FFertilizers (simple or in mixtures) are applied in
strips (wide band) on the surface and then incorporated; or
large granules of triple superphosphate are broadcast in such
a way that a high phosphorus-content arca is formed around
each granulc.

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 phospliorus

Just as there are differences among species and varieties in their
tolerance to high aluminum concentrations and to low lime
coneentrations inasoil solution (FFoyv, 1974) there are also plants
that require very little phosphorus to achieve maximum yields, or
can use Plromlow soluble sources such as some rock phosphates
(Sanches, 1976: Sanches and Salinas, 1983),

Difterences can be measured among crops and varieties using
the so-called external and internal requirements, by means of
absorption and  translocation rates or by the cffects in the
rhyvzosphere (Sanches and Sudinas TIRYY Dieistand others (1971)
abserved that dicotvledon plants can better use P from rock
phosphate than can monocotvledon plants. A trial conducted at
CEAT showed that ccotypes and varieties ol Stvlosanthies can take
up phosphorus fromsouress having low available Posuch as Huila
rock phosphate. Here also. vield differences among ccotypes and
varieties were observed (CIA T, 1976).

Response to mycorrhizae inoculation

The presence of an infection in some plant roots with vesicular-
arbuscular mycorrhizae increases their ability to tuke up phos-
phorus, especially in P-deficient soils.

This type of fungus produces a network of hyphae that extends
far from the roots, increasing the volume of exploited soil and
improving the efficiency of P absorption by the plant (Howeler,
1983). There is evidenee that some crops respond to mycarrhizae
maoculation, [tis possible that inoculation with these microorgan-
isms 18 another way ol deercasing P orequirements for certain
crops.

Summary

Phosphorus is one of the most limiting clements to plant growth in
the acid soils of the tropics which have a high percentage of
aluminum saturation. Phosphorus use is also restricted due to
world scarcity. high prices, and costs of transporting it to places of



Phosphorus Avatlability in ihe Acid Soils ... 69

consumption where there is not an adequate infrastructure. In
addition. the high-fixing capacity of phosphorus in some of these
soils causes its use 1o be more expensive,

Highly weathered soils contain relatively low total quantities of
P. The inorganic P in these soils is found inivon, aluminum, and
nonapatitic calcium phosphates. Fhere are considerable amounts
of inert (occluded) P and the organic PP content is relatively high,

The degree of chemical weathering is found to be related to the
forms of inorganic P present in the soil. Caleium phosphate
decreases as weathering becomes stronger and the more insoluble
aluminum and iron phosphates increase considerably.

In the acid mineral soils. phosphates added as fertilizers
generally react with the iron and aluminum components to form
less soluble phosphates. U the tree iron and alunjinum oxides are
removed fram the soil, the amount of absorbed phosphates is
considerably reduced. In the case of Andosols, allophanes seem to
actively interfere in the retention of phosphates and erystalline
compounds such as taranakites are also formed.

Today, it is not feasible to trv to saturate the P-sorption
capacity through the use of soluble. highly concentrated sources
of this element. The use of less expensive P sources, such as local
rock phosphate. basic slags, and chemical or thermic (partial
acidulation) alterations of rock phosphate, can offer the oppor-
tunity to provide required P at alower investment. In addition, it
is possible that Papplications might be made more economical by
scarching for different application methods and using mixtures of
rock phosphate with acid-forming compounds such as sulphur,
pyrites, superphosphate. and aluminum sulphate. Efficiency of
applied soluble phosphate can be increased in certain cases by
adding lime or silicates, Another alternative is the use of species or
varieties adapted to acid soils having low available P, or which are
-apable of utilizing P from less soluble sources, directly or with the
help of native or soil inoculated mycorrhizae.
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Analysis Methodology for
Tropical Soils

Octavio Mosquera V¥

Introduction

In ostablishing an anulvsis methodology for “tropical soils.™ it
must be keptin nuind that the tropies do not have a homogencous
group ol soils where asingle technology can be developed foratl of
then In tact soils representatine of every order, from Fntisols to
Histosols, can be tound in tropical regions (lable 1), When we
talh about the acid and imtertile sotls of tropical America, we are
zencrally referring to the vastarcas ot Ultisols and Oxisols found
in this region. These soils are not fully exploited for agricultural
production, due to edaphic mitations Clable 2).as well as to the
fack ofan adequate infrastructure especially roads. In order to
respond to the food requirements of 4 fust-growing population, it
Is necessary to push the agricultural frontier toward sones that,
being technically exploited. could support continuous agriculture.
And totechnicatly exploit these solls, it s important to know their
[imitations and advantages,

The characterization of acid soils is di'ferent from the charac-
terization of sotls intemperate zones, In the case of acid soils, it is
very important to deternine exchangeable aluminum (Al) which,

table 1. Approximate distribution of main soil orders
in tropical America.

Order Arca
(million ha)

Oxisol S02
Ultisol 20
Inceptisol 204
Alfisol 183
Entisol 124

SOURCE: Sinches, PoALand Salinas, 1. G. 1983,

*  Sail chemist, Analytical Services Laboratory, CIAT, Cali, Colombia,
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Table 2. Areas of tropical America having the main edaphic constraints where acid and infertile soils

predominate.
Aad

Edaphic Tropical Amencad intertile soil regionsb
constraint Arei Area

tnulhon han (0 (mullion hiy (7
N deficiency 1232 Ny 969 93
P deficieney 1217 %2 1002 96
K deticiencey 799 54 794 77
High P fixation TSN 53 672 63
Al toxiciy 756 St 756 72
Cua deficiency 732 49 732 70
My deficienay 731 49 739 0
Low cattionexchange capacity (CEC) 620 41 177 S5

a0 Total arca of 1392 mathon ha.
b, Total arca of 1042 mulhion ha.
SOURCE:  Salinas, ). G 1981,
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many times is i high pereentage of the eifective cation exchange
capacity (CEC), On the other hand. the tact that most of these
soils have o charge depending on their pH omakes their CEC, it
determined by the ammonium acetate mcthod, nee retlect their
real capacity 1o retin usetul plant nutricnts,

Analysis methodology

Aluminum €A wons are strongly abscrbed by the soil's exchange
complex. Inaddition. displaced Alremains in solution ondy at a
pHlower than 500 Therelore. to extract exchangeable Al a high
concentration ol theion which displaces itis necessary and the pli
ol the solution miust be Tow cnough to keep it in a soluble torm.
Ihis can be achieved asinga TN KCHsolution which does not have
bulter capocity as does the commoniom acetate traditionally used

to extract exchangeable cations,

Fhe Alconcentranonin the soilsolution s related tosoil il to
Alsaturation pereentage, and to the conceentiation ot salts of the
syatem. Whensoii pH decrcases to S50 Al coneentration inereises
narrkedly, The same happens when AL saturation exceeds 60t
(Figure 1)

Ieis currentdy seeepted that il soil pHEgin water, 1 ratio) is
lower than 5.5, exchangeable AL ealeium (Ca), and magnesium
(Mg)omust beextracted with a [N KCsolution, whilz if the pH is

(\F
= 5
£
& 4R
5
= s
E e/
= Q- o/
ey /Z
= se 0
I~ .’,
-
) Le” 1 1 _
20 40 O} Lo

Alsdturation ()

mm——— Oaol ) LN

memeea Lnol (70 M)

Figure 1. Relation between Al saturation and Alin soil solution. The influence of
organic matter (M iv abvo ohverved,
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higher than orequal to 5.5, exchangeable cations can be extracted
with a IN ammonium acetate solution. Once the concentrations
of AL Ca. and Mg have been deternuned, their respective
saturaiton pereentages can be caleulated. In the case of Al this
value is obtained with the tormuta:

Yo A sataration o 100 e
! il o A\,I,LU,E:EL_J..___;_! x 100
Al Ca v Me

Fhis has been widely used to characterize acid soils in terms of
their possible Altoxicity and the toterance ol species and cultivars
to this effeet. Figure 2 Toresample, presents the relation between
cassava viclds and pereent Alsataration s can be noted. cassava
i~ highly tolerant to the presence of AL drastic vield reductions
oceur onfy when Al saturation s more than 8O Soniething very
ditterent occurs with beans  aerop susceptible to AL With beans,
an Absaturavon higher than 107, causes severe production fosses.

\arktions i pertormance and response o species and cultivars
toacid conditions has e resubted in the establishment olestrategy
for the management ol soilacidity Cinciuding the following points:

Lime applications 1o reduce Al saturation below the toxic
fevels Tor specthic agricultural svstems:

lime applications to provide Ca and Mg to plants and to
stimulate thew movement towards the subsoif (where they can

be considered as reserves): and

100 [~ G l r & S
- ) -
;‘__‘ O ol
= J0-
=
= . ..
4 W Crhtcal level (- Critical level
(80 ) (0.25 meq)
1 1 I | | [ | i |
0 20 d0 o SO 100 o 0.5 0.1 1.5
Pereent Al saturation Cafmeg 100 g)

Figure 2. Refationberween the relainee cassava vield taverage of 42 varicties jand
percent Al saturation and Ca coment. (Adapted from CLAT, 1978.)
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the use of species and cultivars tolerant A and manganese
(Mn) toxicities.

FFor two decades, recommendations tor liming of mineral soils
were based on the conation:

meg Ca 100 gsoil 1S5 meg AL 100 g woil

instead ol recommending a specitic amount ol lime to obtain a
given vadue of soil pHL However, Lately it has been tound that for
various crops. this equation overestimates lime reguirements due
o the difterential degiee of 1olerance expressed by ditferem
species and culinvars, To avord this problem. Cochrane ot al,

{1980) developed the tollowing cquation:
Chime ha ESPAT-RAS AL Ca s M| Dy,

where AL Cacand My ne expressed momeg 100 g by the soil
analysise Dy the apparent sotl density: and the coneept of
Required Aluminum Saturation (RAST IS introduced. This is a
characteristic of cach species or cultivar bemy considered. With
this method. Targe amounts of ime are saved. thus reducing
production costs and avoiding over-iming problems. especially

induced deticiencies of the micronutients.

[he ctfect of lime application on A the sotl solution and on
the vield ol various spectes can be seen i Ligures 3and 4, 1 s
abserved that at levels of apphicd lime between S and 21 ha. Al

Alin solution (ppmy

0 1 | L I
ARV [ [S00

Cat O thy ha
A OQuilichao @ Canmagua

Figure X Effect of fevels of lime over the concentration of Al we soud solution in
Cuarimagua and Quilichao. ¢ Adapiedfrom M. A, Avarzaand 1. G, Salinas,
1982,
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Relatnve vield (77)

2 [§

Applied Hime (t ha)
O Cassina (42) @ Mawe (20) 8 Sorghum (24)

Figure d. Relative vield of three species i relation 1o four lévels of lime in a
Carimagua Oxisol, Colombia, Figures me parentheses indicate the number
of varicnes tested Cdapaed o CHEL JuTT

concentration i the solution s reduced to less than 1 ppm
(decrcasing the rish ol toxicity) and vields, especially Tor cassava
and sorghun surpass 8000 masimum vield. Table 3 shows the
liming ctiect on certain chemical properties of an Ultisol in
Quihichao. Colombia. As the pH and Ca content increase, Al and

Al saturation deerease considerably.

Phosphorus (1) deticieney s one ol the most widespread
edaphic constramis in tropical America. Approximately 96 of
the arca covered by Oxisols and Ultisols are P deficient. The
problem becomes worse due o the high phosphorus-fixing
capacity. also commaon in the region. The high cost of phosphate
tertilizers demands thedevelopment of technologies for these soils
to more etticientdy utilize applied P With this goal, a strategy has
been developed for the adegaate management ot P for crops and
pustures inacid soils, consisting of the following points:

Determination ot the most appropriate combination of
methods and rates to apply P o stimulate initial and residual

effects: and

improvement ol soil fertility evaluation procedures to recoms-
mended P applications,

Figure 5 presents the results of a study carried out with the
object of improving the sensitivity to determine available P in
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diluted fluorine and acid. 1t can be observed that as the NH,F
concentration in the solventinereases, the values of available P
merease which in turn is reflected in the response of Brachiaria
decumbens to the application of P, Since NH,F is cipable of
extracting part of the P inked to the Al and iron (1°¢), these
fractions can be playving an important part in the liberation of P
for ptant usc.

Table 3 Liming effect on the chemical characteristics ofa CIAT-Quilichao soil,

Elemnents in

Lime Flements insoil tmey 100 ¢) Al saturation soil (ppm)
(t:ha)  pH Al Ca My [N th) Mn P
1] 4.05 RRYS ] .69 0.3 0.1s 77 49 218
0.5 417 187 113 0.3 015 {0 St 209
2.0 455 07 101 0.8 015 37 15 17.1
6.0 5.30 0.20 700 0.28 0.16 2 v 17.1

SOURCE CIAT (Centro internacional de Agricultura Fropical) 1977, 1975, 1979, {980,
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Figure S. Effect of different levels of available P obtained with Sour extracting
solutions on dry mauter production of Brachiaria decumbens in a
Carimagua Oxisol. (Adapted from I, . Salinas, 1981.)



80 Sorghum for Acid Soils

The third component in the strategy for efficient P management
consists of the use of P sources less expensive than soluble ones
for example, rock phosphate alone or in combination with
superphosphates.

The fourth component consists of the use of moderate amounts
of lime to increase availability of soluble sources of I, The
influence of liming over Al saturation and concentration in the
soil and over the values of soil pH have been mentioned
previously. Figure 6 shows the influence these factors, combined
with the level of PLhave over the production of dry matter of
cassava plants in nutrient solution. Concentrations of over 3 ppm
Al in solution cause a drustic yiceld reduction in spite of the
presence of 4 ppm P (in the solution), while in the absence of Al
the plants responded well to the levels of P,

I()r
2 s
2
= s O
5
a4
= 2t

ol [ B | (R IO W | Ll ]

3} 4 5 6 0 4 8 16 03 10 30
pH I (ppm) Al (ppm)
© P16 ppm, Al: 0 O pHS ALO 4 pH 4, P: 4 ppm

Figure 6. Lffect of P and Al concentrations and plof the nutrient solution on
cassava dry matter production of 35-day-old plants. (Adapted from
CLAT, 1978.)

The fifth component is the selection of species and varieties
which grow 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 mycorrhizac associations
toincrease plant absorption of P. Figure 7 shows the importance
that mycorrhizac inoculation has on cassava vields and on the
determination of the external critical P level for this crop.
Inoculated plants reach 9507 maximum yield when available P is
[5 ppm, while non-inoculated plants require a level of 190 ppm
available P to achieve the same vield.
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Figure 7. Relation betweendry matter production of the cassa o culdtivar M Mex 59,
inocalared and non-wnocudated with mycorrhizae, aod - postharvest P
content in the soil. The arrow indicates the critical levels of P for 95%
maximum  productivity.

Summary

In interpreting soii analysis resabs and in recommending fertil-
izers and/ or umendments, it must be keptin mind that the critical
level of a nutrient distinguishes soils with a high response
poter " .. to the application of this clement from soils with a low
response potential but does not indicate the amount of fertilizer to
be applied. The 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 micronutrients, and critical external levels required by
cassava and for the establishment of forage species in acid soils are
presented in Tables 4. 5. and 6.
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Table 4.
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the critical levels of micronutrients.

Analysis methods, soil factors influencing this interpretation, and ranges of

Factors Range at the

Element Probable Method critical level
B Texture Lime Hot water 0.1-0.7
Cu OM., e NH,C,H0, (pH 4.8) 0.2
0.5 M EDTA 0.8

Fe Lime NH,CH 0, (pH 4.8) 2.0
DTPA 4 CaCl, (pH 7.3) 2.5-45

Mn O.M. 0.05 N HClL 4+ 0.025 N H,S0, 59
H,0 2.0

Zn pH, lime p 0.IN HCI 1.0-7.5
EDTA + (NH,),CO, 1.4-3.0

DPTA + CaCl, (pH 7.3) 0.5-1.0

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

Nutrient Method Level
P Bray | 7 ppm
Bray Il 10 ppm
Olsen-EDTA 8 ppm
North Carolina 8 ppm.
K NH,Ac IN 0.15 meqgy 100 g
North Carolina 60 ppm
Al KCEIN 2.5 meq/ 100 g
Al saturation 756
Ca NH Ac IN 0.25 meq/ 100 g
Zn North Carolina 1.0 ppm
Mn North Carolina 5.0-7.0 ppm
B Hot water 1.4-0.6 ppm

pH

Soil:Water = [:]

4.6-7.0
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Table 6. Approximate nutrient levels and soil pH in acid soils for the establishment
of forage species.

Content
Nutrient Method Low Medium High
P (ppm) Bray 1 < 20 2-5 6-10
K (meg, 100 g) Bray 1l < 0.15 0.15-0.25 0.26-0.50
Al {meg- 100 p) KO IN < 0.5 0.5-1.0 1.0 -1.5
Al saturation (7)) Calcu. <100 1()-40 41-70
Ca (meq 100 g) KClIN < 04 0.4-1.5 1.6-4.0
Mg (mey: 100 p) KCE N < 0.2 1.2-0.8 0.9-1.2
S (ppm) <10.0 10-15 16-20
/Zn (ppm) North Carolina < 0.5 .5-1.0 L1-1.5
Cu (ppm) North Carolina < 0.5 0.5-.10 1.1-2.0
B (ppm) Hot water < 0.3 0.3-0.5 0.6-1.0
Mn (ppm) KCE IN <200 20-50 S1-80
Very acid  Acid Acid to
neutral
Soil pH Soil:Water == 11l <45 4.5-5.5 5.6-7.0

SOURCE:  Salinas, J. G. 1981,
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Strategies Implied in the Use and
Management of Acid Soils in
Tropical America

José G Salinus and Carlos I Castilla*

Characteristics of the ecosystems in
tropical America

Within & broad regional characterization, the American tropics
present two predominant ceosystems: the savanna ccosystem,
covering approximately 360 million hectares, and the forest
ccosystem, with approximately 620 million hectares. The soils
predominating in both ccosvstems are classified in their majority
(800 miilion ha) as Oxisols and Ultisols, according to the
American system of soil taxonemy. The distribution of these soils
at the country level reveals theirnmportance in South and Central
America and in the Caribbean region (‘Tables | and 2).

Table 1. Distribution of Oxisols and Ultisols by country in South America.

Area covered Proportion of

Country (million ha) the country {©7) Importanced
Brazit 57271 68.0 +++
Cotombia 67.45 57.0 +++
Bolivia 19.54 i} ++++
Venezuela Sl.od v +++
Peru 56.01 44.0 ++
Paraguay 9.55 24.0 +
Ecuador 8.0l 23.0 +
Chile 1.37 2.0

Argentina 1.2% 0.4

Uruguay 0.00 0.0

a. b More than S0 of the country.
++ More than 254 of the country.
+ More than 1077 ol the country.

SOURCE:  Cochrane, T. T, 1979.

*  Sail scientists, Tropical Pastures Program, Centro Internacional de Agricultura Tropical
(CIAT), Cah, Colombia.



88 Sorghum for Acid Soily

Table 2. Approximate distribution of Oxisols and Ultisols by country in Central
America and the Caribbean,

Aren covered l’mp?).l_'lit_m of
Country tmithon ha) the country (47) lmportancedt
French Guiana V h-?xl o 930 R
Fonidad 0.42 84.0 b4+
Surinatie 1143 62.0) + 4t
Panama 12.25 62.4) +++
Guvana 159 634 +++
Jamaica 045 41.0 ++
Nicaragua 192 0.0 ++
Honduaras 325 290 ++
Cuhi 2.42 210 +
Relize .40 18.0 +
Haiti 0.52 18.0 +
Puaerto Rico 0.16 18.0 +
Costa Rica 0.70 4.0 +
Guatemala 0.98 9.0
Dominican Repuablic (143 Y.G
I Salvador 0.00 0.0
i v More than 5077 of the CillllI;l).

Mare than 50 of the country
t Maore than ¥ of the countiy
SOURCE:  Cochrane, T, 1. 1979,

Most of the Oxisols in tropical America are confined 1o
intertropical regions and ancient and stable geoloric arcas,
identified by the Guyvana and Brazilian continental shi. Js; and to
the castern hall of the Amazon Valley. formed by highly
weathered sediments resulting (rom the erosion of the continental
shields. In turn. Ultisols predominate in the wide sedimentary
valleys making up the western half of the Amazon Basin, and were
formed by fine sediments originzting [rom the erosion ol the
Andean elevations: therelore, they occupy more recently formed
areas than the Oxisols. They are also present in large arcas of the
more dissected parts of the Brarzilian shield which have been
affected by crosion and in some arcas of the Orinoco Basin
(Salinas and Valencia, 1984).

At the fevel of diagnosis for the use and management of acid
soils, tropical America can be subdivided into two main regions
based on its agricultural systems and soils constraints (Sanchez
and Cochrane, 1980). Approximately 30% of tropical America
(405 million ha) is made up of relatively fertile soils which have a
high level of bases and which sustain dense populations. The
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remaining 7047 is dominated by ucid soils of the Oxisoland Ultisol
orders, with relative fow popualation densities and primarily under
forest and savanna vegetation,

Based on preliminary estimates, the main soil constraimts in
tropical Americaand its acid soil regions are presented in Table 3,
The most widely ditfused limitations in the Oxisol-Ultisol repions
are more of a chemical than a physical nature. Phosphorus and
nitrogen deficiencies are the most important, o addition, these
soils are deficient i potassium, sulphur, calcium, magnesium,
and zinc. have problems with aluminun, and or manganese
toxicity, and arc high phesphorus-fixing, The most important
physical soil constraints are the Oxisols™ low capacity to retain
avatlabte water and the sandy-textured Ultisols susceptibility to
crosion and compaction in their surface faver, The visk of laterite
formations is present in minaor areas and most of the soft plintites
are present in the subsoil in plain topographics not exposed to
crosion. In contrast  the most important seil constraints in
tropical America in regions with high levels of bases are drought
stress. nitrogen deficiencies. and erosion risks (Sinchez and
Cochrane, 1980).

[n spite of the widely ditfused beliel that tropical Oxisols and
Ultisols cannot support intensive and sustained agriculture
{McNeil, 1904; Goodland and  Irwin, 1975), there is ample
evidence that these soils can be continuously cultivated and
imensively managed under annual crops (Sianchez, 1977; Mar-

Table 3. Main edaphic constraints in tropical America (lat. 23N, to lat, 23V8.),

Acid, inlertie sonl region?

Edaphic constrant Arca Percentage of
(million ha) total area
Deticieney T
N 969 93
p 1002 96
K 799 77
Ca, Mg 740 70
S 742 70
Zn 645 62
Cu 310 30
Other
Al toxicity 756 72
High P fixation 672 64

a. The area of the region of acid soils is approximately 1043 million hectares.
SOURCE: Sancher, Po AL and Salinas, J. G, 19831,
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chetti and Machado, [980), pastures, and perennial crops (Alvim,
1976). This is also the case of Oxisols and Ultisols in Hawaiiand of
Ultisols in southeast China, which support dense populations,

When chemical soil constraints are elininated through liming
and fertilizer application, the productivities of these Oxisols and
Ultisols range among the highest in the world, For example,
Figure | shows the annual dry matter production of celephant
grass (Pennisetunt purpurewm) with intensive nitrogen fertiliza-
tion in Ultisols of Puerto Rico, where all fertility constraints have
been removed. This production level is close to the maximum
potential of 60 tdry matter ha per vear caleulated by De Wit
(1967) for tropical latitudes. Figure 2 shows another example
where excellent vields were obtained (in the order of 6.3 t maize
grain-ha per harvest) inaclavey Oxisol near Brasilia, Brazil, after
its high phosphorus requirement was supplied by broadcasting
563 kg P ha and other chemical soil constraints were corrected
through liming and fertilization.
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Figure 1. Annual dry matter production of short-cur Pennisetum purpureum ey,
Napier inan Uliisol of a rainy mounrain range of Puerto Rico under
intensive management. (Adapted from Vicente-Chandler et al., 1974.)
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Figure 2. Response of maize 1o phosphorus applications in an Oxisol {Typic
Haplustoxyin the Brazdian Cerrado. Accumulated grain vield of siv
continuous harvests. (Adapted from North Carolina State University,
1978.) '

These management strategies can be very beneficial when the
market provides a tavorable relationship between the prices of the
crop and the cost of the fertilizer. Whenever cconomic infrastruc-
ture considerations make the strategy of high inputs profitable, it
should be vigorously applied. However, in most tropical regions
with acid soils (Oxisols and Ultisols), favorable 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 human life standards. It is
estimated that for the year 2000, world population may reach 6
billion and, in consequence, the demand for food will be so high
that serious and immediate consideration must 'be given to food
production.
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Broadly speaking, there are essentially three ways ol increasing
food production in the tropics: increasing vields by unit arca in
currently cultivated regions, expanding arcas under irrigation,
and extending the agricultural frontier. The first and the last
alternatives require that soil constraints be decreased or elimi-
nated, while the second requires availability of water to solve the
most important constraint, Bentley et al. (1980) examined these
three alternatives and arrived at the conclusion that all three are
necessary, even though the alternative ol irrigating would have to
be limited to relatively small arcas and is the most expensive of the
three, There v no doubt that increasing the productivity of
cubtivated Tands is the main way 1o increase food production.
However, vield incicases per unit area will be achieved only in
those regions having a favarable infrastructure where agriculture
can be intensificd and improved management practices intro-
duced. interacting to result in higher vields and eliminate, in as
miuch as possible. production risks,

Recent estinates by the Food and Agriculture Organization of
the United Nations ¢1°AQ) cDudal, T980) show that food produc-
tion must be increased by 6077 in order to keep up with food
demand. Approvimately 200 mitlion hectares would have to be
incorporated to the area conrently under agriculture. This increase
i cuttivated arca will be possible, to a larpe extent, by the use of
the acid soils of the tropics (Oxisols and Ultisols under savanna

and torest vegetation).

A Targe portion of these extensive regions have lavorable
topography for agpricalture. and have adeguate temperatures for
plant growth throughout the vear, Raintallis sullicient during the
whole vear in 700 of the region, and during six to nine months in
the remaining 3077 of the arca (Sinchez. 1977). However, the
main limiting fictors that binder agricultural development in
these arcas, besides their fow natural soil fertility, are of a
sociocconomic nature: Hmited transportation facilities, lack of a
marketing infrastructure, and fow population densities,

In the majority of these tropical areas, it s typical to find that
those regions inftuenced by markets have land prices high enough
to justify, to a great extent, the mtensification of agricultural and
husbandry svstems. In turn, this is reflected by the use of high
levels of inputs. As market centers are further away frem
productioncenters, a deseending gradient is observed in the use of
land and in the intensification of production systems, which
become extensive in nature beyond the so-called “agricultural
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frontier.” and arce characterized by the use of fow-input technol-
ogics. Consequently, the decision on the degree of intensification
ol agricultural or husbandry systems to be established in a tropical
region must be a function of the site’s location in relation to
existing markets, to establish transportation iafrastructure, and
tothe availability ol inputs. In other words, the decision to apply a
high- or low-input technology should be based on the cconomic
feasibility of the production system.

Comparative evaluation of technologies for
soil use and management

High-input technology

The main reason why tood production increased at a higher rate
than population growth in developing countries during the 1945-
75 decade may be attributed to genetic improvement and the use
of high-yiclding crop varicties in conditions where water and soil
are not limiting factors, Much progress has been achieved in
applying this technology to the agricultural systems of the tropics,
which are a synonym of the “green revolution.” However, impact
wis only observed imtertile soil areas with existing infracstructure,
which represent 3077 of tropical America.

In the acid soils, the application of the high-input technology
or, in other words. the “Production of Maximum  Yields”
according to Cooke™s (1982) definition, implies the elimination of
cdapaic. climatic, and sociocconomic constraints limiting the
obtainment of maximum vields. His basic coneeptis to change the
soil so it adjusts to the plant’s nutritional requirements. Conse-
quently, research on maximum yields concentrates on studying
onc or more edaphochimatic variables and their interactions under
amultidisciplinary approach to achieve the highest possible yields
under a given situation (Wagner et al., 1982). Therefore, the
objective of a high-input technology is to find the best combina-
tion of the highest level of essential inputs required to maximize
yields.

This is a dynamic concept since technological advances allow
present high vields to continue increasing. Thus, it is necessary 1o
introduce the cconomic analysis to determine the maximum
cconomic yield, which is generally below the maximum yield
(Potash and Phosphate Institute, 1983). T his situation should not
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discourage the researcher to continue in the search for maximum
yiclds, since the adverse cconomic conditions of the moment
could be improved in the future through echnological devel-
opment. To summarize, the maximum vield technology, based on
a high cupply of inputs, is wideiv responsible for the world’s
current food production fevels and must undoubtedly continue
where the cconomic conditions permit,

In the specitic case ol the acid soils of tropical America, the
traditional high-input technology is i fact valid from the
agronomic pointof view. 1 we were farmers ina region of Oxisols
and Ultisols and had to choose between overcoming the main
edaphic limiting tactors through reeeiving financial support to
make massive applications of phosphorus and sufficient fime and
to install supplementary irrigation systems, and of not putting
into practice these components, we would immediately choose the
alternative of maximum vields and see our land increase in value
as it is transtormed from marginal fand into excellent fand
because of the application of inputs.

However, these opportunities are the exception instead of the
rule in marginal acid-soil regions in tro, @l America. The
amount of capital necessary to invest in these soils and apply the
technology of high inputs is much greater than the resources of
most governments and private organizations.

L.ow-input technology

The term “low-input technology™ is somewhat ambiguous in
defining how low is low and compared to what. The terms “zero
inputs”and *minimum inputs™ have also been used. The first term
is inappropriate. since in mostsystems, zero inputs result in zero
production. Low inputs, as compared to intermediate or high
inputs, deserve some quantification. Sianchez and Salinas (1983)
suggest that the low-input technology for the acid soils of the
tropics is that required to obtain approximately 80¢7 of maximum
yiclds of acid-tolerant germplasm. The same authors show that it
is biologically feasible to reach adequate yield levels with available
technology and germplasm using a level of inputs considerably
lower than that needed with traditional technology and germ-
plasm.

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

Acid Soils
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restriciion o the “nesimum inputs” approach. Development
goals of many tropical countries require that producers. as well as
cansmers, having imited resources be the main beneticiaries ol
the rmproved agricultarat wehnology, Nickel (1979) indic.ar. d
that if low-income consumers were to be henelited. mereases
food producon had to be achicved at lower unit piives, These
tow unit prices can be reached throgh biologicallv-based technol-
ogy which frequentiy is seale neateais To ensure that low-income
pioducers have access-to this techuology . it must not depend on
large amounis of purchased nputs.

In the past. farmers adapted to their lack of pur:hasing power
by applying low amounts of inputs to an agrictiftural system
designed 1o operate better at higher levels of mpits. i Latin
America. there are plenty of these examples “where nutrient
deficiencies are evident in many ficlds. M any farmers know their
crops could produce better vields i fertilizers were apphed to
high-vielding varicties but they cannot afford to huv more or do
notdarc doso beecuse of the high risk imvolved. Another example
i5 the attempt to establish Large-<caic beef production systems in
the Oxisols and Ultisols of the Brazilian Amazon by planting
Panicum maxinuan withoeut phosphorus fertilization. This is
clearly the case of ignoring obvious fin.ting cdaphic tactors, As
has been mentiened repeatedly by Paulo Alvim in meetings
regarding the Amavon, “agriculture is different from mining.”
Farmers have to add fertilizers in order (o sustain production,
even in the best soils of temperate regions,

The soil-management technology using low mpuis for these
acid soils is ditfcreni from partiad adoption of high-input technol-
ogy. The techuology of low inputs is not a matter of using less or
the same amount, but a different way of manageng the soil. 1'he
fundamental breakthrough has been the identification of species
and important varictios tolerant to signilicant degrees of limiting
factors im nosed by soil acidity. Thee, itis a matter of determining
the amount of fertilizer and lime that these tolerant species requiie
to produce 807 of thetr maximum vield ina s ustained form

Consequently. the main justification of the low-input technol-
ogy of s¢il management in Oxisol-Ultisol regions of tropical
America. is of socioeconomic and not of xn agronoamie natuore.

Productivity of the high- and low-irput systems

Systerns of soil maaacement with agrononzically-viable high
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“inputs invariably produce higher vields than the svstems of fow
inputs defined here, There are many reasons that substant e this
observation. When the hmiting edaphic factors we chmmated
throweh fertilizavion diming and trmgation, species and varieties
naving an absolute vieid potential higher than that of varictios
tolerant to sodl acidity muost be used sinee the genetie vield and
quality attributes ol these former species ot viricties were
developed i nonlimiting cdaphoclimatic conditions.,

On the other hand, the fertitity of these acid soils is relative sinee
tiefow medium. or high denomination given will depend on the
species orvariety grown. Fhas, marginal soils for maize. sorghum,
or sovbean production may be excellent for perennial high-

potential forage species.

[t has been stated that species of plants tolerunt to the
amitations of acid soils. particularly those tolerant to low
avatlable phosphorus fevels, can completely exhaust the low
nutricnt reserve in these soils and teave them completely useless.
Fhe low-input technology is sometimes considered as the ultimate
ctfort to extract the last bit ot fertility from the soil, However, this
argament must be analyzed in terms of total soil reserves,
amounts ol ferulizers that must be added. and toral extraction of
nutrients,

Because of continuous plant growth, the availability of certain
soil nutrients eventually falls below eritical levels. In Oxisols and
Ultsols. this happens in a relatively short time with nitrogen and
potassium, which are mobile clements in their available form.
Nitrogen depletion is less feasible due to the large reserve in the
organie fraction and its repositioning by root decomposition,
nitrogen fixation, ang other agronomic factors. Organic matter
contents are generally not different from those found in the
princinal soils of temperate regions (Sanches, 1976). The situation
with sulphuris similar. The rate of potassium depletion depends
on the soil's reserve of this element’s non-cxchangeable form,
tound in the minerals of clays. Potassium reserves of these soils
commonly provide less thaa the 0,15 meg 100 g critical level
generally accepted. Therelore. an cquilibrium s esiablished
between exchangeable and non-exchangeable potassium. This
level is not able to maintain rapid plant growth, but will not
reduce potassium reserves 1o zero in the soil. Sines harvest or
mature pasture residues generally contain high levels of this
clement, recycling of this nutrient generally occurs.
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The “minine™ potentiad of calciom. magnesium, zine, iron.
copper. boren, munganese, and molvbdenum seems less feasible.
since amounts removed in crop harvests are smaller than totsl
Oxisotand Ultisol sonlreserye - Inthe same manner, the available
forms of these clements are fess soil-mobile, and therefore, less

subject to loss,

Finally. totai content of phosphorus (") the clement around
which most of the oguments on “soil mining™ e presented
ranges between 100 and 200 ppm i the surface Laver of Oxisols
and Ultisols, compared with levels of approximately 300 ppm P’ in
temperate-region soils with high active clavs having a high level of
bases (Sdanchez, 1976). However, some Oxisols. such s the
Eutrustox ol the Brazilian Cerrado, have very high levels of
phosphorus (Mowra et al., 1971). In spite of the fact that the
Hinited information available indicates that most Oxisols and
Ultisols contain tow levels of phosphorus. the extraction of this
nutrient by plants (deep rooting and etficient users ol phosphorus)
adapted to acid soils turns out to be minimal and is slowly restored
to the soil through reeveling. Consequently, the argument on
mining the soil seems to have little validity,

Diverse aspects of soil management technologies that can be
used in the acid soils of tropical America have been bricfly
deserihed. Obviousdy, cach component cannot he applhied to all
situations or agricultural svstems in this extensive area sinee
certain components e mutually exclusive. Also. there are
various components which are reasonably well-developed and
ready for local validation while others are only preliminary
observations. However, thev represent the overall philosophy of
soil management in the tropics.

[t must be eiphasized that, independent from the technology
to be applied. fertility management in acid soils must necessarily
contemplate three components: the nuiritional requirements of
the plant: the physicai-chemical properties of the soil: and the
biological processes of the soil.

Research needs

The feasibility ot the appreach of high- and low-input technol-
ogies has been discussed in previous seetions by presenting
various components of boti technologies for the nianagement of
acid soils in tropical America. Researeh institutions responsible
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tor the development of agricultural and livestock systems for
representative soils are the ones in charge of integrating the
companents pertinent to a given situztion under ditferent agricul-

tural systems, Theretore, the first rescarch priority, in most
situations, will be to fully develop the components of those
technologies tor a specitic agriculiural or lvestock svaten,

This paper has identitied various important research paps of
which a partial list is sunnnarnized here:

Lo Characterization is needed of promising species and varieties
of annual crope. grasses. and perennial crops for their
tolerance to ditferent sotl constraints in terms of Juantitative
critical evels.

2. Thereisanced to characterize critical levels by soil analytical
tests 1o determine natrient deficiencies or toxicities in the
main soil types using species and varicties adapted to the
agricultural and Hvestoek systems.

3. Develop means to interpret land evaluation Systems in terms
of high- and or low-input requirements.

4. Study changes produced with time in soil chemical as well as
physical properties, and in the main situations of the edaphic
and agranonmic systenis. These studies will allow predicting
changes innutrient dynamics and physical soil deterioration
and enable correcting these changes before they occeur.
Information onsoildy namics is scarce and generally reflects a
very short period of time. Also. long-term studies are required
to observe changes in soit properties in order to better
understand whut happens in soils managed with systems of
low inputs. Questions on the degree of nutrient recyeling,
amount of residual nitrogen in svstems, including legumes,
and eflicieney in the use of fertilizers could be answered
through these long-term studies on the properties of the soil
and their relationships with plant production.

5. There s need to guantity agrosilvicultural systems. It is
necessary to establish a data base on agricultura! systems
which include torest species alone or in combination with
annual crops and pastures.

0. Rescarch should focus on increasing the fertility of the
subsoil. Better basic understanding of the chemistry of
calcium and magnesium movement, as well as of other factors
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which alleviate aduminum tovicity in the subsoil through
feaching s requnred.

7. Tolerance to low levels of availuble phosphorus needs to be
better understood. Greenhouse theories and studies on the
ditferential capacite of plants 1o acidity thew rhizosphere
mustbe proved and vatidated under Oxisol and Ultisol condi-
tions,

8. The different components of the technology on phosphorus
management should be grouped into one major rescarch and
validation package. 1t iy possible 1o combine, for specific
soil agriculture systems, the best sources.rites, and applica-
tion methods and their interactions with the use ol varieties
tolerant to low levels of available phosphorus, inoculation
with Rhizobium, and potential inoculation with improved
mycorrhizac strains. 1t is necessary to develop fmproved or
less expensive sourees of phosphorus fertilizer, depending on
the intensification of the production svstenn,

9. Adaptspecies or varicties of legemes tolerant to the acidity of
the soil with Rhizohium strams in order 1o make both
compatible, 1o the same degree, with the limitations imposed
by soilacidity and to favor the persistence of Rhizobium in the
soil,

10. Develop new methods to improve the cfficiency of nitrogen
fertilization on nonlegume crops and of potassium fertiliza-
tion on all crops. Low recovery of nitrogen and potassium
fertilizers is a considerable obstacle which does not allow
reducing unit costs. It i necessary to develop alternative
sources of potassium fertilizer with less soluble products.
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A New Methodology to Select Cultivars
Tolerant to Aluminum ard
with High Yield Potential

Jodo NG holardes L and M1 Pila*

Introduction

Recentyears have evidenced anincreased interest in the evaluation
of varions crops for their tolerance to aluminum in the soil. This
interest is greater in developing countries where population
pressures have foreed agriculture to move to acid, marginal soils.
Often, improved technologies, such as the varieties of the tpreen
revolution,™ are not adapted to produce in these soils without
applications of Hime, which often is not available to farmers
because of geographic location, fack of transportation, or ccono-
mic reasons. What is necessary for farmers in these areas of acid
soils is an “adaptive revolution.™ whereby improved varicties or
lines adapted 1o acid soils can be identified for immediate use or
use in breeding programns.

In the bibliography various works can be found on evaluation
of cultivars o various crops for their tolerance to acidity or
aluminum toxicity in the laboratory, greenhouse, or field, and
sometimes combining some of these. In some of these works., the
authors wished to evaluate a number of cultivars for their
tolerance to Altoxicity, However, there was not good method to
evaluate cultivars tor tolerance to high pereentages of Al satura-
tion and, ut the same time, evaluating their high vield potential
under these Al-toxic soil conditions. A method has now heen
developed which serves this objective.

Methods and materials

The work sumnuirized in this paper was carried out between 1979

* The prinapal author was associate professor and coordinator of the Tropical Soils
Rescarch Program ot the Soil Science Departmentat North Carolina State University and
now s Associate Dean of Agniculture, Director of International Agniculture, and
Assistisnt Viee-Chancellor tor Research at the Eniversity ot Minois ai Urbana, 1., USA:
the second author was research assistant located in Yurimaguas, Peru. with the Program
and 1s now a doctoral candidate at the Umiversity of Cahtornia m Davis, CA, USA.
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and 1982 by the authors (Piha and Nicholindes, T983) ina Fypic
Padeudult, tine loamy - siliceous, isohyperthermie soil near Yuori-
maguas, Perecat Peru’s Agrcaitural Bxperimental Station uti-
lized by the Fropical Sods Rescarch Program. Maore details of
virious experiments conducted with rice, sweet potato, sovhean,
pranat. and cowpea can be found in the T980-198 1 Technmicad
Report ot the Tropical Soils Research Program (Pina and
Nichalindes, 1983,

Fo evaluate data from a number ol crop cultivars for their
tolerance to Al toxicity and high vield potential under these
Al-toxic conditions in tie soil, a graph must tirst be constructed.
Fhe abscissa (X anis) is the absolute vield in Al-toxic conditions
and the ordinate €Y axis) is the vield with Al toxicity relative to
that without Al toxicity (higure 1) Second. the graph must be
divided i two wreas by constructing o horzontal Tine with 854
relative teld tosenarate tolerant (ahove the Tiney from sensitive
(helow > line) cultis s Many tmes an the literature, 800
relative vid'd as usea o evaduate Al tolerance. 1o this case, we
deaided to ez astricter eritenon and selected 85¢¢.

N ot hest 3

Ap——
al the vields
with hire
Tolerant. Folerant,
low vield high sield
potenial potential
k4
gz
E ] v
Z[= s
Zi.2
R
P
Sensitive, Sensttive,
low yield high vield
potential puotential
1 111

Yield in acid sotls (¢ ha)

Figure L Model to separate cultivars according to their wolerance 10 Al toxicity
and their hich vield potential under these stress conditions,

lord Souls

Model
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Fo divide bigh from low vield potential cultivars, o line
perpendicular to the abscissa has been constiucted HSINg sy eraee
yields of the best one-third of the cultivars in the trial with line
applicaticn  inother words, without Al oaIcits 1o mahe sure
we have high vields. Other coiteria can also be used o determine
this vertical line, but this mcthod ahwavs gives an accurate
indication of pood crop vield wider the tials actial canditions.

The giaph now has tour quadiants The culin ae falling 1
quadrant TV ne those tolerant 1o AL tosvicny and alvo with high
vield potential under these toae conditions Cultn ans Lalling in
quadrant 1 are not Al tolerant nor do they hase high vield
potential. Those in quadrant ' possess AL tolerance while those
m o quadrant HI have high vield potentiah under Al tosacity (ven
few cultivars tatd in guadran ),

Sclected caltivars and breeding Fries [32 rice. 25 sweet potato,
22 sovbean. L peanut, and 27 (iad 1) snd 10 (ial 2) cowpei]
were evailuated by use of the model with tield data trom 1979 to
TYS2 near Yurimaguas, Peru, tor toleranee 1o aluminum tosicity
and high vield potenual ander these tosic conshtions, Somge
propertioy oisots m the triatare showrom Fable 1 Fach tial had
both Al-toxic and nontoe thy limingy condinons. Neither
phosphorus nor any ather csential element was deticientin the
soilsinee suthicientamonn. s of any essentiabelement tound by soil
analysis to be dehicient were applicd to ¢ et the deficiencey.

Results and discussion

Rice

Of the 52 cultivars evaluated, 20 did not vield due to Pyricularia
attack. The rest showed variable degrees of resistance, Using the
new method to evaluate the remaining 32 caltivars, we found thit
three (Colombia 1 IR 9671-01141-5. and Suakoko 8) fell into
quadrant IV indicating tolerance to Al toxicity and high vield
potential under these toxic conditions (ligare 2y, ‘The caltivar
CICA S almost 1ell in quadrant iV, but its 7700 relative vield
placed itin quadrant B however, its 3251 ha vield insoil with
TRCE Alsaturation was considered to be rood. Datiton vicld of
some sclected varicties and lines are shown in Fable 2. Two
varieties, Colombia | and Suakoko S, have the desared charac-
teristics of both Al tolerance and high vield potential,



Labic | Selected soil properties in the trials to evalunte tolerance to Alin varietios and brecding lines of rice, sweet potato. sovhean, peanut. and cowpea
acar Yurimaguas, Peru.

Sond Al P
Crop condion pH Al CHC satuiation (Olsen moditied)
T meg M0 (1) (ppm)

Rice

Unhimed 4.2 1.0 bR | 7N 17

Limed 49 1.7 5.4 31 19
Sweet potato

Unlimed 43 2.0 3.0 67 12

Limed 4.9 1.1 3.2 34 e
Soybean

Unhimed 4.3 1.8 27 67 b

Limed 5.3 0.2 29 7 a5
Peanut

tnlimed 4.2 4.7 5.7 82 10

Limed 4.9 1.9 5.4 35 10
Cowpea (trial 1)

tinlimed 4.2 1.2 1.9 63 13

Limed 5.1 1.0 3.6 28 25
Cowpea (trial 2)

Unlimed 4.2 3.6 5.1 71 12

Limed 5.0 1.2 49 24 H
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Figure 2. Use of the piodel 1o indicate rice cultivars olerant 1o A1 and with high

vield potential wnder A1 tovicin sress,

Fable 2. Seme measurements of selected rice cultivar produced in soils with
TRG and IS A) saturation near Yurimaguas, Peru.

Yield# Retatnve  Relative weiglt

t ha) grain ol vegetation
[ane vichd (rreen)

or ——— P e e
variety Unlimed Fimed i)
sotl sail
IR 4422.62 2.03 1.81 13 103
Colombia | 3.57 148 104 97
Suakoko & RAR 32 97 95
IR 4-2b 242 314 77 86
CICA 8 KIRA 4.19 7 84
Tox 194 203 3.04 70 80
Carolinob 1.8 243 62 S8
INTI 0.34 1.97 i 41
oo Index of Prricularus attack w leat © X for unhmed soil 10
S tor funed sont - 2.2

b Local varictivs.
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Sweet potato

Fhe 20 cultivars of sweet potato produced a wide range in the
eraph (igure 3), but none fell into quadrant IV Some cultivars,
such as Modelo-20 had good relative vields (97¢7), but then
absolute vields ( Fable 3y under Altexic conaitions were not ketter
than the averuge of the best one-third of the cultivars without Al
toxicits. Pherefores according to the model, none ol the cultivars
ovaduated tad both tolerance and high vield potentiat,

1007 @
N8 °
NO[™ 8‘ o
- »®
B s
l< ol k- o e C e
':"; . o°.'
’J e® hd *
Iodu- e
= . Sweet potato at 671
0 Al saturation and
phad
) Y SR TS S W N
2 4 & 8 10

Yield i acid sonls (0 ha

Preure 30 Ose of the micdel o ndicate sweet petato cultivars olerant 1o Al and
with fueh vicld posoal ncder AL toviciny siress.

Fabic 3 Some measurements of seiected sweet potato sultivars produced in soils
with 674 and 349 Al saturation near Y urimuguas, Peru.

Pane nane Drey weipht Relatise R Latise vield
At bt (1 hay sield of vepetat a Relative
tntined imed at harvest crop ndes
\(‘l; \I‘[l “_"m——--"i.’.;h]ﬂ_.__.VN .
AModelo 2 1Y -1y 6.0 6.7 97 1 100
Larihon (Y-20) 8.4 o 77 K0 98
Navarto o (Y-18) 6.0 7.4 70 123 62
(Y-001 4.0 7.1 57 128 EH
Maodcelo-1 {Y-20) 59 12.6 47 80 hH]
(Y204 0 22 7 A 8

A Peras s ines all others trom International Institute of 1ropical Agricufture (11TA)
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Soybean

Fhis crop wis more susceptible to Al toxicity than any othercrop
evaluated (Figure 4). The bestrelatinve viehd was only 38 { Table
) Inactrial in North Caroling, no sovbean varicties were found
which entered quadrant IV by use of the Piha and Nicholaides
method (Gl 1983), Do Tony Jue from the International
nstitute of Tropical Agriculture (FHTA) savs this institute has
already found some sovbean hines that we tolerant to Al
Fyvaduation of these hnes with others aot tolerant to Al toxicity
using the proposed approach will he interesting,

NS

s
L: OGO coe
g .
= N
.2 ]
z. 0
u J01- ® "
- ]
é Sovbean at 674,

20

Al saturation and
pa
Ol A b1
1.0 20 30

Yaeld maad sotl (6 hay

bigare 30 Use of the model 1o mdicate o bean . whivars tolerant 1o Aland wih
hich vield porential wnder U tovicns vress.

Lable 4 Some measurements of selected sovhean varieties grown in soils with
675 and 7%\l saturation near Yurimaguis, Peru,

Yield#d Refutinve Kelatve  Relative

tt hai gram height numbet
Vanely e vickd ol pods

Unlimed Fiied —
sond sotl ()

Hardee 1.23 2z SN 74 75
SD-2 1.20 207 S8 n 70
Mincira 0y 1.70 AR 91 10
Jupiterh 0o 223 1 72 90
fmproved Pelican 0.76 220 15 82 52

@ Days to tinst harvest: Snaeid soil - 84

XNoan hied so1l - 8y
b ocal vanety,
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Peanut

Peanut evaluation was very intriguing because, although noae of
e cultivars enter:d guadrant 1V indicating tolerance and high
vield potential (Figure Sy one line (UF 78307) supplied by Dr. Al
Norden trom the University of Florida, vielded more than 2t ha
{ Fuble S)yundervery toxie Alconditions (829 Alsaturation). This
fine has been used i breeding progrims in North Caroling and
Peruand its progeny has also demonstrated tolerance to Al (Katy,
1983). Evaluation of Fuoand ¥, lines continues.

100
]

N5 |

RO
= .
2 wof .
:;‘ ]’— (1)
ko]
z £
,:; 4()'[“ 9..
= Peanut at 826

20 o AL saturation and

.
pH 4.2
0 SRR SN NSO W i R |
)5 10 1.5 20 25 3.0 .5

Yield moacid soils ¢t han

Freure S0 Use of the model to indicare peanut cudiiv s oler ans qo Al and with

fueh vield potential under V1 tovaciny stress.

Lable 50 Some measurements of selected peanut cultivars grown in soils with
820 and 389 Al sataration near Yurimaguas, Peru.

Aotd Sy

Shelled Relative Relative  Relatine
vield gran shellhing  weight of
Line  ha) vield pereentage vegetation
o Unlimed” ™ Tined {green)
variely soil soil i
U1 78305 1.75 248 71 9s 62
U 78307 208 337 62 97 63
Florigiant 1.27 RIRE} 54 90 63
I'itrun 1.02 238 41 90 55
Hianco Farapotoi 0.55 2.09 20 54 126
NC 6 0.31 2.30 13 57 108

a Local variety,
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Cowpea

Fhe firse wial with cowpea apparently did not have sufficient Al
saturation pereentage (63 ) to sreate adeguate stress, thus, most
cultivars fell mto quadrant 1V (Figure 6). Of the 27 cultivars
evitluated. nine gall from 111 A) vielded more than 2t hain soils
with 0300 Al situration. Same exawmples are shownoin Table ¢

Duc 1o the Lack of & good range tor cowpens ancther triad wis
placed insoils with higher A saturagon (71¢ chand g better range
wis obtaied. Although none of the culiivars entered uudrant
IV the TVNCIS36-0130 calivar from A almost fell into
quadrant IV, Results ol thals L and 2 with cow peattublesoand 7;
Figures ¢and 7) emphasize the tact that the term * toterant to ALY
isonlyrelative and its detinion depends largely on the conditions
where the evaduation is carricd ozt Wharever is tolerant WO AL
SAtUFALON s not necessarily tolerant at 710, Al saturation,

Fowever, tsecns that cow Peacas ispedies, bis aogeneral
tolerance to AlTtosicity, In both trials, coltivar Vitad trom 1T A)
vielded more than 2 ¢ ha and showed 991, refative vields,
Cultivars Vita X6, and 7 viclded more than 1.7 ha and had
relative viekds o1 850 We helieve there are COWPLI varictics
adapted tosoils with a high peieentage of Alsateration and which
can vield well under Al toxicity,

or
.
AR} ot * o
.
S0
._‘Q [ X} .
> [ ]
o IS0
5 LI
et cod
3] . .
x 100k >
88 .
Cowp=a (tnial 1) ar o3,
50 Al saturation and
plid.2
Qb L by
(R4 ARYl 3.0

Yl in acidd soils 11 hiv)

Figure 6. Use of the model 1o indicare « owpea cultivars tolerant 1o Al and with
high yicld potential under Al tovicity srresy ttrial 1).
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Some measurements of varions cowpei calibvars grown in soils with

Labic 6
630 and 289 Al saturation ¢trial 1) ncar Yurimaguas, Peru.

Yields Reliine Jelatne  Relative
vUohao grain hereht nuinher

Line vield ol pods

ot Unbed ™ Tied

Latiety sl soul 'l

Pon 230t [ ) SX 290 79 3R

¥ AMesinob 179 0.72 250 98 230

Isy 660-2H 247 (XN 226 11 261

Ty 199901 F 238 1.43 166 99 02

Blackeye 8 1.78 1.90 2 97 8K

AR 1.72 2.04 R4 91 9l

¢ G st Banest: Sonacud sy 66,

N hned sl 68

il eval vanety

1= ® L
® ®
[N
his
KO = o @
N [ J

= Cowpea (tnal ) ac 714
Absaturation and

pHa2

0 1 L 1 | | : !
1.0 20 39

Yicld inacid soils (1 ha)

Pagure 7. Uise of the model 1o indicaie cowpea cultivars tolerant 1o Al and with
high vield potential wunder Al woxiciny stress (irial ).
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Lahic 7 Some mezsarements of various cowpea caltivars erown in soils with
g wnd M40 AL saturation (trial 2) near Yurimaguas, Peru.

Refatine Relatne  Relative

Yieid geinn herght numbet

Line (t ha) viehd of pods

ur T
varety Enbimed Fimed (G

soil wail

Pyan 1836-013) 130 1.32 9y 74 100
Vit 4 2.08 212 96 76 94
Iva 119370 1.9 2.01 95 75 86
Ivy 66-2H 1.80 203 Blil 81 89
2 Mesmoit .68 1.4 87 79 L)
Vita S I 16 1.94 {1} 50 59

o bocabvaren

Summary and conclusions

Fhe proposed metnod serves well to simultancously evaluate a
aumber of caltivars for both tolerance to high Al saturation
pereentages and high vield potential under Al toxic cenditions.
[his method canbe adapted to evaluate a nember of cultivars for
theirtolerance to ans stress condition. The phrase “tolerant to AI™
iacrelative phrase and its detinition depends on conditions with
which aspecies s evaliated,

A new method = proposed for evaluating a large number of
cultivars of any crop species under any soii stress condition,
mcluding aluminum toxicity. This method was used to dif-
ferentiate tolerance to atuminum toxicity of 52 rice. 20 sweet
potato, 22 soyvbean, I peanat, and 27 cowpea cultivars in field
experiments near Yurimagtas, Peru from 1979 1o 1982, Several
rice and cowpea caltivins were revealed by the new method to be
not only aluminum tolerant, but to possess high vield potential
under aluminum toxic soil conditions.
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Calcium and Root Penetration in
Highly Weathered Soils

Ao Do Ruchey, DL G Sowsa, and . T Silva*

Introduction

Detrimental effects of drought can be reduced by a deep root
svstem which diaws on subsoil water and nutrient supplies. High
aluminum (Al) saturation has been traditionally considered the
only chemizat limitation 1o deep root growth in well-drained soils.
Caletum (Ca) deticieney is another root growth-limiting factor
that needs to be considered in highlv weathered soils.,

Low levels of calcium limit subsoil
root growth

Fhe extent of Cy deticieney in subsoil s probably greater than
presently realized. Atomig absorption spectrophotometry allows
measurement of small quantities of Ca and has shown that many
subsotls have less than 0.02 millicguivalents (meg) 100 gof soil (4
Ppm) ot this essential element (Table [).

Yable 1 Exchangeable calcium values in subsoils of selected highly weathered
profiles.
I ocanon Depth bxchapgeable  Reterence
calem
1ent (mey 100 g

Canmagine, Colaombia HI-13? 0.0190 Rodrigues, 1978

HL iial, Colombia 15-30 00010 Rodngues, 1975
Planaluny, Brasd 15-30 0.60%0 EMBRAPA-CPAC
Bahra, Branl 20-30) 00125 FMBRAPA-CPAC
Vicgima, Tnted States HR-N4 0.0200 Daniels ot al, 193

* Rescarchen, Instituto Interamencano de vuperacion paria e Agncaltuea (11CA-
EMBRAPA-WOrld Bank Contract) Centro de Pesquisa Agropecuana dos Cerrados
(CPAC), Carxa Postal 700023, CEP 73 300 Planidtina, DUF Bras last two authors e
researchers, FMBRAPA CPAC, Cinna Postal T0.0023, CEP 73300 Planalting, D}
Hrazil,



ilx Neoclian fov Lond Sonhs

Simple biological test for
calcium-deficient soil

Because Ca does not move downward inthe plant toward the root
tip, the supply that the plant root needs for elongation and growth
must come from the root environment. The relatively arge seeds
of the grain crops are able to supply the other nutrients necessary
for several davs of root growth,

This Fact was tsed by researchers of the Cerrado Agricultural
Rescareh Center (CPAC-EFMBRAPA)Y at Planalting, D.F. in
central Bravil tor development of a simple biological test for the
detection of Ca-deficient soiis (Ritehey et al., 1982 and 1983a). A
carctully collected sample of subsoil at field capacity is planted
with three to seven pregerminated seeds, preferably of the variety
which will be prown on the field heing tested. For routine testing
ot Large numbers of subsoils we have used five wheat seedlings in
ordinary disposable plastic drinking cups.

Fhe seedlings wre grown ina box covered with a thin sheet of
polvethvienc film to reduce evaporation and eliminate the need
o watering. i he ambient ightin the laboratory is sulficient for
the ddavs ot growth. After 4 davs, the plants are removed and the
tongest root on cach plant is measured with a ruler.

Fhe addition of as Tittle ws 0.002 meg - 100 g of Ca resulted in
mereased growth inasimple of the 90- 1o 105-cm layer of aclayey
red-vellow Lutasol (Eypie Acrustox) Iree of exchangeable Al
(Figure 1y Adding calcium: chlonde, calcium phosphate, or
calcium carbonate was equally effective inincreasing root growth
i wheat. maize, and sovbeans (Table 2), while magnesium
carbonate (Mg CO ) was inetfective inincreasing growth although
wnereased the soil pti.

Fests of a number ot highly weathered protiles from central
Brizil have shown that atexchangeable Catevels of less than 0.02
to 0.05 meg- 100 g0 there is o marked reduction in 4-day root
growth (Figure 2V

It tests conducied on acollection of samples (rom seven dark-
red and red-yellow Latosol profiles using an apparently Al-
tolerant wheat cultivar (Moncho BSB), there was little reduction
in 4-day root growth associated with exchangeable Al fevels of 1
to 3 mey, 100 g and very high Al saturations (Figure 3).
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Root growth (em) and soil pH resulting from caleinm adiditions to soil
from the 90- to 10S-cov depth of a Typic Acruston profile.

Root growth <4 ds

Calcium added Wheat T Mare” T Sovbean
timeq 100g) Souree pi iMoncho BSBY (Cargdl HEDY (TAC-Y)
0 57 27 0 I8
0.2l CaCl, 5.0 K.5 15.1 6.8
0.21 Ca(H,POLLHO 59 #.3 16.3 RY9
0.42 CaCl, 4.9 9.5 17.5 8.5
0.42 CaC’0, 6.0 8.7 14.5 8.1
SOURCE: Ruchey, Ko Dy Silvag L B and Costag UL EL 1982,
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Figure 2. Wheat seedling root growih as a function of exchangeable Ca content
present in soil wamples wken at various depths from three fields
cultivated Jor various lengihs of time. (Adapted from K. D, Ritchey et
al., 1983.)
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Aluminum cffects detectable by this method would be those
directly or indirectly cansing immediate problems in root cell
division and elongation, because a o day seedling root test would
noi be expected to be sensitive 1o all aspects ol Al toxicity,
particalirty those related (o impatrments of phosphorus (P)
uptake and other nutrients, which, except for Ca, are supplied by

the seed.

Field effects of calcium-deficient subsoils

Freld calibrations of the biological Ci-deticieney test have been
carried out on clavey soils where low Caowas the principal
probiem. These are the situations where the detection of Ca
deticieney would be most usetul, because the correction of Ca
deticreney s much casier than the correction of Al toxicity,

Mier T days of droucht, Cristalina™ sovbeans Erowing on a
new v cleared vivein site were seriously wilted. while those
sresing on a S-vear-old site nearby were not (KRitchey et al.,
FON3a) The sovbean plants in the recently cleared site had
explotted the water i the top 60 ¢m of the profile, but their roots
had net penetrated much below that (Fieure ). In the older site,
water uptahe was more uniform throughout the profile.

e biotegieal test results using wheat seedlings showed that
conditions betow 60 ¢ in the new site were madequate for root
erowth. and Caat this depth was less than 5 ppma {0025 meyg 100
;1)

Amelioration of subsoil calcium deficiency

For highly weathered soils with extonsive iron and aluminum
oxide coatings, farmer use of calcium sulfate (CaSO,) and lime
promote a tong-lasting increase in subsoil Ca,

A comparison was made among three sites in a clayey red-
vellow Latosol (Silvaand Ritchey, 1982). The virgin cerrado had
eatremely fow exchangeable Ci levels throughout the profile
(Figure 5). and biologically tested root growth results were
correspondingly low (Figure 2). The farmer on one side of the
road had fertilized using triple superphosphate (which contains
Hittle orno calcium sultate). while the ficld on the other side of the
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Exchangeable Ca (meg 100 )
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Fapure 5. Exchangeable Ca contenis as a funct:on of depth in three red-yellow
Latosol profiles, located in arcas cultivated for various lengths of time.
(Adapted from J. E. Silva and K. D. Ritchey, 1982.)

Table 3. Fertilizer nutrients added, yield cbtained, and condition of soybean
plants during stress in furmer's fields in the second und fifth year after
clearing,

Time of cultivation

2 years 5 years

(kg/ha)

Total nutrients added

S0, 8 583

P 118 334
Results

Soybean vyield 1020 2760

Appearance during 30-day drought Wilted Normal

SOURCE:  Silva, J. E. and Ritchey, K. D. 1982,
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road had received S83 kg ha of sulfate as ordinary superphos-
phate fertilizer (OSP) over a five-yvear pericd. In the sulfate-
treated reld. Caleaching, biologically tested wheat root growth,
andsoyhean root growti observed in the field pits were all better.
Atter 30 days of drought. the soybeans in the field which received
gyvpsimas OSP-oveauch less wilted than in the other field, and
vields were highar (1ubie 3).

When farge amounts of gypsum are appiied. it is neeessary to
use adequate amounts of dolomitic limestoiie (Figure 6). The use
of these amendments together promotes a better distribution of
Cathrougheut the profile (Ritchey et al., 1980). and also reduces
leaching losses of potassium (K) and magnesinm (Mg) which can
be serious il large quantities (3-6 ¢ ha) ol calcium sulfate are
applied without lime (Ritchev et al.. 1984h).

Species and genotype response to
aluminum and calcium

In order to routinely examine species and cultiva responses (o
varving Ca levels, an exchangeable Al-free red-vellow Latosol
subsoil ard a dark-red Latosol subsoil with about 1.5 mey 100 g
exchangeable Abwere treated with varving quantitics of CaS0Q),
(K. DL Ritchey, DML G Sousas and C. Sanzonowics, unpubtished
data). Commercial hybrids and lines of sorghum supplied by
Renato Borgonovie Gilson Pitta. and Robert Schaffert
of EMBRAPAS National Corn and Sorghum Research Center
LONPMS) at Sete Lagoas, Minas Gerais, Brazil, showed vaned
responses to Allevelsinsoil. Root lengths relative to the length of
the best replicate in cach trial were plotted against added Ca. The
hybrid AG 1002, which yielded well at CPAC on'soils farmed for a
number of vears. showed seriously reduced root growth under
conditions of high Al saturation and or fow soil Ca (Figure 7).
Similar results were observed with TX 3998 and BR 0078
(Figures ¥ and 9). SC 283, on the other hand. showed 2 much
smaller reduction with Al (Figure 10) as did SC 112-14 (Figure
1.

Plotting the “relative length with Al” obtained by dividing the
length obtained in the high Al'soil by the root fength obtained in
the exchangeable Al-free soil shows a clear separation of the lines
and hybrids tested (Figure 12). Fhe 5C 283 and SC 112-14 lines,
which seemed least affected by Alin the 4-day test, were found to
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be tolerant to Al by Borgonovi, Pitta, and Schaffert (this volume).
This agreement is encouraging: it must be remembered, however,
that tolerance to high Al in the field would include many
additional traits not tested in a four-day seedling assay. For the
sensitive lines grown in subsoils with high AL Altoxicity seriously
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restricted root growth at soil Ca levels well above the critical
range. Four-day root length began to increase only when the
quantty of added calcium sulfate was sufficient to markedly
reduce estimated Al saturation (Figure 7).

Forthe Al-tolerant lines and in the Al-tree subsoil, the serious-
ness ob inadequate Cacis cleacly shown (Figures 71 ). In the
untreated subsoil. length was only one-lourth that obtained when
008 meg 100 g Cawas added (Figure 13),
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Ligare 9 Relauve root leneth of BR 071 sorghum wrown 4 davs on un
exchangeable Al-frec red-velline Fatosol subsorl and on a dark-red
Fatosolwitle high Al saturation, as a function of levels of added calcitm
sultate cunpublihed resulis)
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seale at about 0.08 meq 100 g may refleet satisfaction of the
nutritional Ca requirements of the plant.

Prehiminary comparisons among six species on a group of soil
samples from Goidinia with varving Ca and Al contents (Figure
I showed that IRAT-4 rice and Brasisul NK 233 sorghum
apparently were able to maintain near maximum root lengths at
slightly lower exchangeable Ca values than /eucaena leucoce-
phata cv. Cunningham, Mucuna aterrimunt (niucuna preta, a
rustic-green manure < .op), Moncho BSB wheat, and a cowpei
cultivar (unpublished data of K. D. Ritchey. Claudio Sanzono-
wics, and DML Gl Sousa). There was much less difference among
species for the Ca value at which root growth was one-half
maximum. In this trial, only the sorghum showed a deirimental
ctfect of exchangeable Al

< WH—
e /o
0 | ] ] i
0.02 0.08 0.32 1.28
Catmey 100 p)
@SC 11214 A SC K3 O BR 007-B 0 AG 1002 ATX 3998

Fagare 130 Relarive roor grow th of hive sorghum genotvpes as a function of levely
of added calcium sultate i an exchangeable Al-free red-yellow
Latosol subsod. Note that the horizomal (Ca) axis has a log scale.
Relative root length was hased on maximum root length atiained hy
cach genotvpe (unpublished results).
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Summary

Caletum deficiencies in subsoils ¢f highly weathered profiles wre
probably more common than presently believed. Subsoils with
less than 0.02 10 0.05 meq 100 g exchangeable Ca have been
reported in Colombia, Brazil, and the United States, A simple
biological test based on four-day seedling root growth, developed
tor identifying Ca deficiency in soil samnles, showed that root
growth ot common large-grained annual ficld Crops is seriously
reduced at these levels. Such dentification is important because
correction of Cadeficieney is easier than correction of Al toxicity.,
In field situations, where subsoil Ca levels had been increased with
the use of lime and calcium sultate (contained in ordinary
superphosphate), soybean roots were able to grow deeper and
better utitize subsoil moisture to withstand droughts. The biologi-
cal test carned out in soils with and without exchangeable Al
clearlv separated previously identified  Al-tolerant and non-
tolevant sorghum lines. No differences between the sorghum lines
were evidentin relation to Ca requirement, although there seemed
to be some differences between species.
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Sorghum Evaluation in the
L.lanos of Yenezuela

ficctor Mena 1.7

Introduction

[n a refatively short time Venezuela has increased consumption
and area planted to grain sorghum, which has become the most
important crop planted after maize. In 1970, only 2954 ha were
planted to sorghum while 264,929 ha were planted 0 1980. In
Veneruela, the crop has @ dual purpose and the grain is used
mainly in the preparation of foodstulfs. To date. only 407 ultotal
grain demand s satistied with approximately 350,000 t produced
nationally. As a consequence of vast arcis planted. furge amounts
ol seed are needed. Fhese are mainly imported. due to serions
problems not vet sobved in the production of seed of national
hybrids. In view of this, a national program was established in
F977 1o evaluate imported sorghums for their adaptation to the
country’s varied agroceological arcas ( Lable 6, appendix). Sinee
then, 350 sorghum hybrids have been evaluated. However, most
of these have been discarded due 1o the crop’s phytosanitary
characteristies, and some have failed because of their low
adaptation levels. Only about 23 accessions are maintained as
canunereial hybrids in Venezuela,

Venezuela has high cdaphic variability and consequently a wide
range of genetic materials suitable to cach soil must be kept. Soils
planted to sorghum gencrally have very low natural fertility, thus
requiring liming and high fertilization levels to obtain good yields,

Soil constraints in Venezuela

Avcording to Comerma (1976), Venesuela has few soils with no
agrophysical constraints (297). The main soil limitations are:

* Durector and coordimaton of Sorghum Eyaluations, Fondo Naciona de Investigaciones
Agropecnanas (FONAIAP), Contto Naconal de lovestigaciones Agropecuariis
(CENIAPY Maracas, Aragua, Venesucla,
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[ Forty-four percent (446;) have excessive relief; these arcin
the mountainous regions with associated hills.

2. Thirty-two percent (3267) have low natural fertility: these
are in the central, castern, and southern Hanos of the
country. Of these, more than 8770 have very low fertility
(Ultisols and Oxisols), which leads to frequent use of soil
amendments and ferdlizers. The other 1307 have con-
straints. but to a lesser extent than the ones previously
mentioned. Actdity and exchangeable aluninum toxicity
in these soils hinder sorghum production,

X Fighteen percent (E8C) have drainage problems, including
the alluvial plains south of Take Maracaibo, the central
and castern plains, and the Orinoco Deltas T hese tlat zones
have poor drainage and mechanization is difticult,

4. Four pereent (477 are acid soils, and are in the northern
part of the country. Approximately 30¢¢ of the Ultisols and
Oxisols ol Venerzuela show acidity and exchangeable
aluminum problems that can atfeet sorghum yvields.

Fable | presents the typical soils of the Plateau of La Mesa de
Guanipa, located in the Fastern Plains, where Oxisols pre-
dominate. This area constitutes more than 500,000 hectares and is
where the highest contents of exchangeable aluminum are found.
This region is characterized by a flat reliet with grass vegetation

Table 1. Ultisols and Oxisols of the Ln Mesa Plateau and their great group
distribution (ha).

Classitication Area (ha)
Glsobs T
Paleustabts, medivm texture, well-drained 162,000
Plhinthustults, medium texture 124,000
Plimhustults, not very deep 56,000
Plinthaqualts, heavy 32,000
Total Ulusols 374.()0()
Oxisols
Haplustox, medium texture, well-drained 429,000
Haplustox, fine wexture 68,000
Haplustox, severely eroded 16,000
Huaplustox, gravel soils with mounds 2,000
T otal Oxisols 515,000

Total arca 2,197,018
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interrupted by gallery forests. The soils are weathered (lixiviaij,
have asandy texture, and are poorin nutrients, More than 50¢¢ ol
the soils are acid and retain moisture poorly. Under these
conditions, it is necessary to apply 1 or 1.5 t2ha linme to obtam
acceptable sorghun vields,

Regional trials in the Venezuelan Llanos

According to the results obtained in various trials over the years, a
total of 28 cultivars with good performance predominate in
Venersuela, This proup includes some national materials that
substantially surpass vields of imported hybrids (Table 2 and
Fable 7, appendix). Chaguaramas-3 and Prosevenca-5 hybrids. A
large number of these trials are conducted in the central.
midwestern, and castern Plains of Venezuela where Ultisols and
Oxisols predominate. 1t s worth mentioning that national
caltivars are i general Late tollowering, tatler, have more foliage,
and stand stress conditions beter than the imported hybrids,
They are also more tolerant 1o acid soil conditions typical of
almost all of the plains in Venesuela, indicating that these
cultivitrs also have agood degree ot tolerance to the exchangeable
aluminum found in these soils. This advantage can also be
observed in Fable 3, showing vield results at the national level,

Amoung the imported hybrids, NK Savanna 5. Pioneer §15-B,
Pioneer 816-B, DeKatb D-59 4 and DeKalb DK-64 show the best
performance. Natonal hybrids, in general, are crosses of the
“temperate X tropical™ type where the tropical line provides a
series of dominant genes adapted to tropical conditions, such as
infertile acid soils, tolerance to aluminum, severe temperature and
moisture changes, cte. These hybrids are also tolerant 1o the
phytotoxic effects of insecticides and herbicides. 1t is worth
pointing out that the best hybrids in Venezuela, both national and
imported, have brown grain color with a high tannin content,
suggesting a relation between high tannin content and good
adaptation to tropical conditions (Chaguaramas-3. NK Savanna
5. Pioneer 815-B, Pioneer 816-B, and Prosevenca-5). This can be
explained by the fact that sorghum is of tropical origin and has
undergone natural selection. However, some white grain varietics
having good performance have been recently evaluated.



Table. 2. Average yield (kg/ha, 120 moisture content) of graip sorghum caltivars in regionz! triaks in \enezuela.

1980 (Lo trials) T9RT (13 triais) 1982 (12 trials)

Cultivar Yiels Cultivar Yield Cuitivar Yield
Chaguaramas-3 317s Chaguaramas-3 4524 Prosesenca-S 4290
NK Savanna 5§ 977 Funk's GHW [75% 4297 Pioneer X16-B 3952
DeKalb D-5Y + 369X Prosevenca-S 4255 Asgrow K101 3882
Pioncer 816-B 3613 Pioneer X16-B 3103 Pioncer 815-B IR2K
Pioneer 8225 34K Pioneer ¥15-B KRG DeKeln )-89+ 3750
Pioncer §15-B 34K0 WAC 5005 INsY PW x61 DR 3691
Pioneer 8199 3375 DeKalh DK-04 REFES PW os60 DR 3506
Oro DR 11 3338 NK-Savanna-S 371t DeKalb DK-64 3473
Acco DR 1095 3301 Acco DR 1098 370% WAC 5008 3408
Warner 832 DR 3291 Pioneer 8225 356% Penta S5K0 3373
WAC 501% 3275 DeKalb D-59+ ISH WX 832 DR 33a3
WAC 5005 3238 PW 861 DR 3485 GHW 2554 3327
Warner 641 3224 Pioncer 8199 341K Acco DK 1095 3320
TE Hondo 3190 DeKalb D-35 3393 Lianero-1 3262
PW 860 3104 H-791 A 3354 PAG 6658 3233
DeKalb D-55 3006 WX 832 DR 3338 TE Hondo 3

NK Savanna-3 2912 PW 860 331! Bravo E 3052
TE 7842 2888 Dekalb DK-063 3310 Pioneer YB 817 2883
Pioneer 8501 2821 DeKaib DK-045 3306 J 404 2K69
WAC 5008 2773 Acco DR 1075 3276 G 499 BR 2328
Master DMT 2767 Texas Triumph 68-D 3183

Funk'’s G-577 2662 TE Hondo 3112

NK 266 2581 Monagas-1 3051

NK 180 DMR 2286 Funk's G-589 2819

Pioneer 8311 2546 Guirico-2 2678
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Table 3. Compurison of yields (hg/ha, 124 moisture content) among imported
and nxtional hyhrids

Focation

Chaguaranas

Saman Mocho CGuanco
Hybrid Caraboho Cata 19> 1973
Rest-vielding imported hybrnd ShM SUAN R3S 3377
Best-yielding national experimental
hvbrid Y230 NAST 6413 gy

Experiences with aluminum-tolerant
sorghum

Sotorzano (1971) and Sanches (1978, data in Table 8, appendix)
conducted field and greenhouse trials in Venesuela to measure the
tolerance of various pationyl hybrids to exchangeble aluminum
toxicity and to compare the tolerance levels of the Charaguamas
series of hybrids with other national hybruds (Table 4). The
Chaguaramas hybrids i the control plots (without lime applica-
tions) produced average siclds over 3000 kg ha, While the other
hybrids had lower vields. On the other band, with successive
mereases in applhed lime, vields tended to increase for susceptible
materials, while the Chaguaramas hybrids maintained a relatively
stable high vield fevel

Soil without lime application had a pH ot 4.4 and 0.80 mey
AL T00 ginthe 0-10 em depth of soil and a pHold 1Tand 1.30 mey
ALI00 g in the subsoil (Table 5). When lime was applied o

Fable 4. Average grain yield (kg/ha, 1057 moisture content) for the Barinas and
Chagusramas series at different lesels of applied lime.

Apolied et (hp ha)

Series B 63005y 13000140 2600(2.0) I2S2.5) 3900(3.0) Average

Barinas RN 1447 2K SRS 123 1892 1651

Chagua-
ramas 050 nt7 4747 5083 937 4747 4195

Ao Amount of exchangeable AL that s neutralized in the soil
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Vable 5. Soil pH and exchangeable Abyvalues at differentapplications of lime 80
days ufter application.

Lime apphed Soid depth pH mieg AL OO g
(ke hay teny
0 0-10 4.4 0.80
10-25 d4 1.30
050 0-10 4.4 0.6l
10-25 4.2 1.15
1300 0-10 4.5 0.46
10-25 4.0 0.94
600 0-10 57 (.04
10-25 5.1 0.06
250 0-10 6.1 0.04
10-25 5.1 0.12
LR 0-10 6.0 0.03
10-25 5.1 0.04

SOURCE: Solorzana, PR B9T7]

neutralize 50% of the exchangeable Al the value for meq Al/ 100 g
decreased 25% in the upper strata and shghtly in the lower strata
while pH remained at the same level as the control. When enough
flime was applied o neutralize all of the Al the value for meq
AL 100 g decreased 4577 in the upper strata and 3007 in the Jower
strata; however, the pHosull remained at the same level as the
control. Bevond this level, with suceessively higher lime rates,
vields tended to be stable and then fell progressively. This may be
due to the fact that at this point the level of exchangeable Alin
solution is lowered to nontoxic levels. At higher rates, the soil
acidity rises to approximately pH 6 and exchangeable Al practical-
lv disappears.

Clemente and Sanchez (1970) increased sorghum yields and
protein content by 429 and 329, respectively, with applications
of 1 tlime/ha, to the acid (pH 4.2), infertile soils in the western
plains.
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Conclusions

The following conclusions can be made:

There is a selected group of national and imported sorghum
hybrids that are adapted and produce good yields in Vene-
zucla.

National hybrids are better adapted than the imported ones
because of their tolerance to Al and acid soils.

I Venevsuela, the adaptation factors of tolerance to Al and
acid soils are tested because the cultivars are grown on
Oxisols and Ultisols.

Tropicalty adapted hybrids are basicully the result of crosses
hetween temperate and tropical lines.

Summary

I'he demand tor seed of sorghum hybrids has increased in recent
vears in Venezuely and much of the seed is presently imported
(90¢7). For this reason, the regional sorghum program had a very
fow adaptation level to the Venersuelan plains. Soils in this arca
are very poor in nutrient content and gencrally have aluminum
and low pH (Utisols and Oxisols). Presently, there are 23
imported hvbrids approved for the Venezuelun market along with
some national hybnds. The national hybrids perfora better than
the imported ones, from the total adaplation point of view, NK
Savanna 5. Pioneer 815-B, Pioncer 816-B, DeKalb DK-64, and
DeKalb D-594 are the best imported hyvbrids in Venersucta,
Chaguaramas-3 and Prosevenca-5 produce better average vields
and are more tolerant to acid soils end exchangeable aluminum
thanimported sorghum hybrids. Furthermore, they perform very
welt under clinmite stresses.

These tropically adapted sorghum hybrids result frem temper-
ate-tropical crosses and have very good performance in the
tropical arcas of Venezuela and Colombia. From experience with
evaluation trials on acid soils, these hybrids are superior because
they tolerate the environmental factors found there,
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Appendix

Tuble 6. Sites, location, soils, precipitation, and temperatures of sorgham
regional trials, Venezuela.

1. Gonzalito- Furmero, Araguas Sotds of medium texture, Class T moderately
2 Precipitation 1400 mm year.

deticientin Pand K- Meantemperature 2

[

Villivde Curae Arapna: Semitheany sons, Chass Hand T Mean temperature
20500 Preapitation 200 mm vean

U FESombiero, Guatico: Poor savannasorls datente, acid, low Pand N, Class
I Mean temperature 20.5°C Precipitation 850 mme vear,

4 Chaguarinnes, Guanco: Hhilh sorts, sandyvontertile, Class Hwitherosion and
acidity problems Mean temperatare 268°C Precipitation 700 mme year.

S L Meteedes, Guianeo: Intermediaite savanii soils, medivm and - heavy
texture, ow natural ferndity, Mean temperature 20,70 CL Precipitation 800

M vear.

t. o Vadle de b Paseoa, Guarico. Hidiv sods, Cliss T poorin Nand Puactd. Mean
temperature 26.5°C Preampitation Y00 mme e

7T Calabozo. Guaneo Heavy savannasonls dow terthity, Class ihand 1V, Mean
temperature 27300 Preapitation 790 mn year

S Aruae. Portuguesic Sotls ot med. ceature, poorin P and Ko Mean
temperature 20,50 Preaipitation Tost mm year.

9 Bannas, §stado Bazmas, Soils ol medmm and beavy texture. Relatively
fertile. Muan temperatire 200590 Precipitation T780 mme vear.

o, Monapas, Matwrin, Poot sorls medinm sandy teature, acid, low in P and K.

N

Mean temperature 275000 Preapitation 1000 mm year,




Fable 7. Summary of the sorghum regional trial carried out at L1 Sombrero, Guarico, Ven-zuela, 1981,

Peduncle

icngth

rema

Panwte

wngth

Podeing

Deterio-

Diamape® by
Aflage” Dy

Percent with

respedt

o :

Yaeld
the ha

12

Cultivar (cmy wm) (0 rationd m_l:igc birds of trialb muoisiured
Chaguaramas-3 26 160) 22 1 ! 1 2 2749 3426
Prosevenca-5 23 12 21 1 1 I 2 2224 2767
NK Savanna 5 34 (RS 22 5 1 ! 2 INK.T 2374
Guirico-2 6 123 21 1 I I 2 i45.% Ix14
Pioncer 816-B 19 110 T 10 6 2 I 126.7 15876
Monagas-1 14 146 20 1 1 1 4 1081 13458
DeKatb DK-64 26 126 23 1 I I 4 106.% P29
PW g0 12 103 19 2 2 2 3 101.7 1265
Pioneer 815-8 15 95 16 8 I 2 2 739 919
DeKalb DK-045 12 ¥S 17 i 2 2 2 72.4 90t
Pioneer 8225 10 13 K 9 6 I I 71.5 589
fioncer 8199 23 108 22 5 4 5 3 65.4 X14
Texas Triumph 68-D 19 112 17 5 2 1 3 629 7¥3
Funks G-589 18 102 17 2 4 2 4 62.2 774
Warner 832 DR. 15 104 17 3 3 2 3 61.3 763
TE Hondo 20 100 16 3 2 I 2 6.5 753
DeKalb D-59+ 19 il2 19 5 4 2 3 60.5 752
DeKulb DK-063 I8 1) 17 1 5 1 2 48.9 609
DeKalb D-55 10 124 24 5 2 1 3 43.0 3358
H-791 A i6 1G5 21 8 5 2 6 42.3 526
4. Ratings based on a visual scale with | being minimum and 6 maximum.
b. X = 12441 kg ha

ovo= 227

LSD -2 (0.05: 4512 ke ha
LSD - (0011652 3 kg ha
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Effect of lime applications required to obtain manimum vielas ander aeid canditions present i

o onine arcas of northicastern Venezuela.,

Mavroun
vicid
PTUrasy

WIth ime

(e Cal O, planting weinhi apphication Exchangeable Al Exchangeable acidity
Area hi date poti ) mey 100 g neuatralized meg- 100 g neuatralized
San Tomé 0.5 A 42 Y48 100 60 (.90 7750
(}uunipu 0.5 ) AN 19.70 (.20 60226 (.30 SO.60
Sabaneta i0 5.3 13.2 36,36 030 673y (.57 S6.82
Liracoa 1.5 5.2 135 RIS 0.62 6593 0.90 6 53
Manamo 1.0 5.7 216 1,92 100.00 015 30,00
B. Guarapiche 1.0 53 164 92,13 0.14 85.11 .22 758
Guarataro 0.5 5.3 292 94.08 1.20 §0.42 1.60 ThoN]
San Agustin 2.0 53 29.6 91.99 1.25 2990 1.70 3772
Delta 8.0 45 379 96.17 0.77 74.59 133 68,53

SOURCE:
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Potential Role of Grain Sorghuiii
in the Agricultural Systems of
Regions with Acid Soils in
Tropical Latin America

Carlos Sere and Ruben Dario Fxtrada*

Introduction

During recent decades there has been a rapid expansion in the
consumption of poultry in Latin America induced by the growth
of per capita income and technological changes in the poultry
industry which have increased supply at decreasing real prices.
This has caused a marked increase in denand for animal feed
grains, mainly maize and sorghum. A large proportion of this
additional demand has been covered by increasing imports,
encouraged by policies over-evaluating exchange rates and by the
ample availability of international credit.

Fhe recent recession has reversed these macroeconomic ten-
dencies and has led to the design of more adequate policies to
expand internal supplv. Given the land resources available in
Latin America, 300 million heetares of savanna with soils having
good physical charactenistics but marked acidity and aluminum
constriints, breeding programs have heen established to adapt
grain sorghum to these conditions. Initial results seem to indicate
that there exists i pood potential in biological terms. This paper is
ancconomic analysis of the potential for sorghum production in
the savanna conditions of the Fastern Plains of Colombia,
Particular emphasis is given to possible interactions between
sorghum production and predominant existing production Sys-
tems, basically cattle production,

* Eeonomists, Tropical Pastures Program, Centro Internacional de Agricultura Tropical

(CIAT), Cali, Colombia,
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Importance of sorghum in tropical
[.atin America

Production, area, and yield

Fables I, 2, and 3 present dati on sorghum production, arca, and
vield in Latin American countries. Fven though tropical South
America has had an extraordinary growth in cultivated aica and
production in the last 20 vears, it s sull behind both Central
America and wemperate South America. Al Jountries have
inceased their viekds but ditterences existing in 1960 (300 kg ha)
have inereased (1000 kg ha) in Gavor of those countries located in
more tertile regrtons, with the last place held by tropical countries
with acid soils. These resalts retleet sorghum rescarch policies,
where high priority has been given to high-vielding materials in
dry and tertile lands and very low priority given to materials
adapted to rany climaics. Aside from Venesucela, little sorghum is
sown in Oxtsols or Ultisols of Latin America.

Pable T Area {thoussnd hectares) planted insorghum in Latin America and the
Caribbean,

Repron 1961 6. 1970 72 197981
Iropieal South Amerca M7 105.6 6340
Central Amenca and the Cartbbean 30 1490 3 20724
Lotal tropical Tann Amenca 627 15954 2706.4
Temperate: South Amernea 1747 0628 18625
lotal Latin Amenica 11374 6587 4568.9

SOERCT Ol (Cenno Intermacional de Apnicattura bropieady 1983

Lable 20 Production (thousand tons) of sorghum in Latin America and the
Caribbean.

Repion 196062 1970 72 1979 §1
Lropweal South America a1 23K 1301
Central Amenea and the Caribhean 470 RERE 5500
Fotal tropreal Latn America 5H 176 6801
Temperate South Ameiica 1317 RERE 56080
Fotal Latin America 1X28 1211 12481

SOURCE. CIAT (Centro Bnternactonal de Agrcultura Tropical), 1953
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Fable 3 Average sorpham yvields (kg/ha) in Latin America and the Caribbean.

epron ot 62 1970 72 1979 &1
Fropeal South Amenca 1429 2254 2052
Centtal Amenca and the Canbbean 1407 2108 2651
Fotal troprean Tatim Amenica 1408 MEN 2512
Femperate: South Armetes 1700 1859 3049
Potal Latin Amciiea 1607 1971 2732

SOURCT  CEAL (Centeo Internacional de Agncultura ropicaly. 1983

Demand and international commerce

Information on international commmeree of maize and sorghum
and an estimate of sorghum demand under different consumption
atternatives aund maize substitution are shown in Tables 4 and 5.
As acwhole, Tatin America is sell-snfticient in the production of
prains. but there are harge ditferences among countries, especially
in tropreat America Tnospite of farge increases inoarea and
production, Central Amcerica and the Caribbean have the fargest
conunercial delicit; 3 million tons of maize and 2 million tons of
sorghum annuailv, Tropical South America imports small
amounts of sorghum (686,000 tons) but imports more than 3
mithon tons of maize per year, primarily for the manulacture of
foodstulfs. Brazil. Bolivia, Colombia, and Venezuela, which have
large arcas located in well-drained savannas with acid soils, would
need to plant approximately S million hectares to produce the 10
million tons of sorghum required to substitute for maize and
sorghunmimports and for maize consumption in foodstuffs (Tabic
5).

It must be pointed out that these figures correspond to current
demand. An addittonal marked increase in potential demand s
expected due to the high income elasticity of poultry meat. to
population growth, and to the increase in per capita income. In
spite of internal prices being substantially higher than interna-
tional prices (Table 6), this region is a net importer of grains.
International recession and critical problems in the balance of
payments create additional incentives for the grewth ol internal
supply. Agricultural frontier areas such as savannas would seem
to have appropriate conditions to substantially contribute to
domestic supply. il technically and economically viable.



Table 4. Availability (thousand tons) of

maize and sorghum in Latin America and the Caribbean, 1979-1981.

Maze Sorghum
International International
Region Production commerced Production commerced
Tropical South Anierica 22635 3122 1301 ARG
Central America and the Caribbean 14178 2968 5500 2120
Total tropical Latin America 36813 6091 6801 2806
Temperate South America 10133 -5K48 5680 -3604
Totai Latin - America 46946 243 12481 -798%
4. Fxports,
SOURCE ClAT (Centro Internacional de Azricultura Tropical). 1953,
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Fable S0 Expuansion potentigl® of sorghum production {(thousand tons) und aren
(thousand hectures) in countries with important acid soil regions,
1979-1981.

Alternative 1b Alternatne 2¢ Alternative 3
Region T’:x;lmlmn"i\u‘l Production \l: Production A>r_c_;;
Brasnl 174 87 1408 734 6969 3484
Bolivia 17 9 0 t} 124 62
Colombia 448 244 189 95 K84 442
Venezuela 530 265 1464 732 1591 795
Total 200 605 M2 IS6l 9568 47K}

a. Assuming sorghum yields in acid soils to be 2 tiha,

b. Alternative 1. Move present producdon areas to acid soil regions,
¢ Alternative 2: Requirements to substitute maize and sorghum imports.
Mitize sorghum equivalent =- Lol
d. Alternative 3: Move present sorghum production areas and substitute
sorghum and maize imports and 3007 of the maize used

in foodstufts,

Production systems in acid soil regions

Figure 1 shows the mair regions in tropical South America and
their agroccological characteristies. Countries with potential arca
for the production of new sorghum varieties have 655 million
hieetares under Oxisols and Ultisols, of which only 167¢ can be
used for sorghum productioncand correspond to the well-drained
savannas with well-defined dry scasons (Table 7). Between 1978
and 1982, the CIAT Tropical Pastures Program carried out a
characterization study of the main production systems existing in
the well-drained savannas of Brazil. Colombia, and Venezuela
(Vera and Seré, 1985), Forty-one tarms weic selected in these
regions 1o be supervised during a two-year period. A mulu-
disciplinary team characterized the cattle farms in terms of:

Natural resources: physiographic characteristics, soils and
their uses, native pasture speeies;

Technological level: use ofmineral salts, division of the herd
by categories, weaning, cte.;

Production: birth rates and weight gains; and

Economics: flow of income and expenditures, profitability,
etc.



Table 6 Meize prices (USS/1)2 tu producers and foodstuff manufactures, and import prices, 1978-1980.

197% 1979 1980
nice to Price 1o Price to
Price to toodstntt Import Price to Toodstuit Import Price o foodsturt Import
Country producer manutacturerd pricet producer manubacturer ™ prices producer maunufacturerd pricet
Brazil 12K N i 120 126 152 RIES 200 106
Colombia 174 10 99 21 21 135 315 209 160
Venezuela 2i4 214 176 208 268 %6 226 126 218

4. Exchange rate taken from IMF (International Muonetary Fundi (1975, 1979, 19505,
b Maize price in October, 1775, 1979, and 1980 taken trom USDA (United States Department of Agricultere).
c. Prices taken from FAO tFood and Agriculture Organization of the United Nationsy, (1975, 1979, 1950).
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Tabie 7. Agrcecologic formations (million ha) in major countries of Latin America with acid soils.

Oxisols and Tropicai Other Poorly-drained Well-drained
Country , Ultisols forests tormations savannas Sasannasd
Brazil 302 A2 o o )
Bolivia 23 iv 1 3 U
Colombia 73 55 4 3 K
Ve czuela <7 Kb i 4 s
Total 635 442 0 20 102

a. Powental area for sorghum vareties a¢ ipted to acid voals

SOURCE. CIAT (Centro Internacional de Agncuttura Fropicals estimates based on Cochrane
FAQ (Food and Agricaiture Ospanization of the United Nationa
FAO-UNESCO ¢} muited Nations P ducation, Scence, wnd Culture Organization) 1975,
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Theregions studied had two well-defined rainy and dry seasons,
but differed in their precipitation fevel and length of dry season.
The Venezuelan savannas are drier (1000 mm- vear) compared to
the Brazito o (1800 mm year) and Colombian (2000 mm vear)
savannas. The dry scason is shorter in Colombia and Veaesuela
(four monthsy than in the Brazilian Cerrado (five months) where.
in addition, discontinued rainfall during the wet season (vera-
nicos) require that material infroduced be well adapted to thes.
soifconditions inorder to survive by extracting water from deeper

levels.

I'he physiographic charactenstios of the farms showed that the
well-drained savannas make up most of the arca, followed by the
lowlands and gallery forests. Although the weli-drained savanna
ccosvstem was very uniform, there were large variations in terms
of soils from one country to the other and even within the same
farm. Table 8 presents the main chemical characteristios of the soil
(PH. P and K content, and aluminum saturation). Colombia has
the most acid soils and the highest fevels of aluminum saturatien,
requiring applications of at least 1.7 t ha of lime to estabtish
sorghum varicties adapted to acid soils. No serious sail constraint
to the new varieties was found in Brazil; and overall, the tow
fertility level was more important than the degree ot acidity or of
alumimum saturation. Venesuela has aluminum saturation prob-
lems where production would be carvied out permanently, The
average fertihty devel s a Littde higher than that of Brazil and
Colombia. but throughout the well-drained savanna ccosystem
applications of nitrogen. phosphorus, and potassium are required
for cach harvest (Fable 8).

Table Y shows a comparison among the production systems of
the ditferent regions studied. In general, they are extensive
systems with more than 1500 ha of total area located in frontier
rones dedicated to animal breeding. The average herd size is 550
animals with 0.59 ha of planted grass available per animal and
with beef production varvieg from 12 to 36 kg, vr and from 54 to
05 kg per AU per year. Native vegetation is the most important
forage resource for animal feed butits importance varies between
regions and with farm size. The rapid expansion of rice production
in Brazil enhanced planting of grasses at a faster rate than herd
growth,

The more commercial orientation of the Venesuelan {(marketing
milk) and Brazilian {marketing of weaned male calves) livestock is



Table 8. Main soil characteristics of farms studied.

Brazsil Colombia Venersuela
Characteristic Average () ()b Average (1) )b Average (1 ()b
pH 543 SRg 499 4.50 4.70 430 4.90 5.38 452
¥ (ppm) 33 587 0,38 210 1.30 2.70 6.34 9.61 1.53
K (megq 100 g) 0.14 0.14 .09 0.05 4.03 0.04
Aluminum saturation (77} 13.96 0.30 46.70 85.00 72.00 90.00 30.00 0.00 86,00

4. Farm with lowest degree of aluminum saturation.
b, Farm with highest degree of aluminum saturation.
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Tuble 9. Principal physical characieristies of production systems studied in three
different repions.,

Braal Colombia Yenesuela

Characteristic (19K0) (1978) (19K80)
Number of larms 12 16 13
Distance to marketit (hm) 147 00 S0
Average size of farm (ha) 2578 2901 1533
Labor (man-hours) 7.0 3.2 4.1
sire of herd (AL 538 526 O8S
Proportion of cows (7) 4() 4] 39
Grass sown (ha) 774 I8! 195
Crops

Sorghum

Area (ha) 0 18b

Pereent of farm size - 2

Rice

Arca (ha) 126 0

Percent of farm size 5 - .-_
Cattle production

kgtha year 15 12 36

kg AU year 65 54 55
Crop production

kg ha harvested 2138

a. Distance from farm o closest population center with more than 200,000 inhabitints.
h. Stubbles of crops planted i [979.
SOURCE: Vera and Seré, 1988

associated with a more advanced infrastructure development that
positively affects the adoption of new crop-integrited systems,

Colombian farms studied had no commercial plantings of any
crop and pasture introduction was Ciarried out without inter-
cropping. During the year studicd, the average Brazilian farm had
126 ha planted to rice. which represented 50 of the total farm
arca. In these tarms, crops were used for pasture establishment
and no farms grew crops ina permanent wav in the same field for
more than two vears, During this same period. fertilizers were not
subsidized in Venezuelaand tarmers quit planting sorghum which
was the traditional crop in the arca. During the initial yvear of the
study there was an average of 18 ha of sorghum stuble,

The use ot eraps ina permanent way or for the introduction of
pastures requires asubstantial modification in the administration
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strocture and considerabiy afiects cconomie parameters particu-
Lurly the flow of the farm’s income and expenditures. This s
evident - the ditference between Brazilian parameters with
abundant crops, and Colombian and Venezuclan parameters
without crops (Fable 1),

Fhe relative importance within the country of the zone under
study is determined by the avatlability of roads and the distance to
the closest markets. Less than 19 of the total national population
hves i the Colombian Llanos, while 18¢ Tive in the Brazilian
Cerrados and Venesuelan 1lanos. The availability of fertile land
in other regions of the country determines to a great extent the
cllorts to develop this region: the mentioned pohey is clear in
Venezuels and Brazil and very limited in Colombia,

[able 10 Principal economiv characteristics (USS/ha) of the systems studied.

Cluracienisti Rrasit Colombia Venesuela

Tavestment

Fotat 39100 72.00 602,04
Fympment 24.00 3.00 60.00

Gioss mncome

Cattle 20.00 7.00 40.00
Crops 45.00 E
[nputs
Sadts and animal health drugs 0.97 .87 118
Fertilizers 8.58 0.02 1.02
Fuel .38 .00 0.00
Other 9.32 0.1 0.75
Lotal 2228 1.00 295
Fabar 6.95 1.28 9.65
Depreciation 5.5G 0.97 14.21
Fotal costs 14.76 22 2681

SOURCE. Vera and Seré, 1985,

Sorghum potencial under these
production systems

To determine sorghum potential, commercial production is
estimated at 2 t/ ha which is the productivity normally achieved


http:002().00

Potential Role o Gramn Sorchum 157

with the new varieties in field pertormance tinls. Feonomic
efficieney s determined based on 1984 prices of inputs and
existing products in the Fastern Plains of Colombia, assuming
that if this alternative is attractive in Colombia it will be more
advantageous in Brazii and Venezuela, which have o COmparatve
advantage for sorghum production in acid soils. This comparative
advantage is duce to the greater infrastructure dey clopmentinacid
soil regions, lower precipitation levels. little availability of fertile
sones, and agreat demand for grain to supply an expanding
poultry industry.

Peanuts, cassava, and rice are well-adapted crops to acid soil
conditions, but the first two are less commercial in frontier arcas
and rice adapts better to zones dominated by “tavored upland™
where rainfall surpasses 2000 mm yr. Productivity obtained with
rice. would aflow this crop to compete with sorghum in well-
drained savanna ccosystems, but the presence of discases at-
tacking leaves during the vegetative period restricts these pos-
sibilities.

The cconomic feasibility of sorghum production will be ana-
yzed under two conditions: as a semestral crop; and as a
camplement tor the intraduction of pastures and for cattle feed as
a stubble crop during critical periods.

Given the availability of lime in various regions, it seems
pertinent to consider the cconomic feasibility of using better-
adapted but tower-yielding germplasm when reasonable produe-
tivity can be achicved by applhving higher levels of lime to already
existing varicties normally used in fertile lands. Trials carried out
(Salinas, 1975) at the Centro de Tavestigaciones de Maiz vy Sorgo
at Sete Lugoas (Brazil) demonstrated that adapted germplasm
vielded the same with lime apphications of more than 4 ¢ ha. and
that its roe system reached only 40 ¢m 100 cm® of soil. As the
level of appliecd lime decreased and was incorporated more
superticially, the varieties adapted were capable of developing a
root system up to 2 meters deep. making the extraction of water
and nutrients more efficient in a larger subsoil profile.

The main characteristic of the germplasm adapted iy its
efficiency to extract water from subsoit during periods of veranicoy
and notso much its tolerance to saturation during a uniform rainy
period. This characteristic is very important sinee:

It allows the use of fower lime levels.

[tallows planting with simple soil preparation, incorporating
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ime toadepthol IS em. This land preparation is sutticient for
pasture establishment in savannas.

Fower harvest vields are obtained, but at a lesser risk.

It could be maore efficientin extracting nutrients such as P, K,
and My owhich are important in production and are more
CXpensive,

Enregions such as the Fastern Plains lime is expensive,

Sorghum as a semestrai crop

[ order to evaluate sorghuni competitiveness as a biannual crop
in the lanos, comparative budgets tor the production of sorghum
infertile versus acid lands were prepared (Table 1), The budget
torfertile Fands was based on prices and inputs used in the Cauca
Valley and that for acid lands was based on input requirements
and prices of a farm focated 40 km cast of Puerto Lopes in the
Fastern Plains of Colombia,

Fhe main ddterences between the budgets are:

Fertilizers

Sorghum varicties adapted to acid soils perform well up to 60
aluminum saturation. Farms in the Fastern Plains of Colombia
had average saturations o R8¢ making it necessary to apply 1740
he lime ha o redoee aluminum saturation 1o the pereentage
required. The tollowing formula was used to determine the
amount of limes

RE LR TAT - RAS (AL Ca -t Mg)/ 100]
where: R = required me (U ha)
RAS = required alunnnum saturation (%)

Al Ca, Mg = millicguivalent (meq) of each, element
per 100 g soil

This formula was used by Cochrane (1980) for the Colombian
Llanos. It was assumed that with one application, three continu-
ous sorghum harvests could be obtained without further amend-
ments,

The level of nitrogen applied in the Cauca Valley was



Fotential Role of Grain Sorghion: 159

Pable t1 Comparative budget (1S ha) for sorghum production in fertile
lands and in acid soils.

Sail
Ferle Acid
Eapense vieldd vield
) Q2
I abor
Fyuipment (8.5 h v USSTO hour) K54
(85 h x USSH houn) 91.8
Manual labor €20 day wages v USSS wapee) 100.0 1600.0
Inputs:
Sceds (16 kg v USS030 k) 6.4
(N hg CUSSON0 k) 6.4
Fertilizans
Lame (58O kg a 1SS00Y k) 17.4
N {40 kg v USSO 65 k) 299 29.9
PO T3y USO8 k) 4.9
KO (40 ke v USS0.40 L) 16.0
Weed control (35 Tt v LISS3IS0 Ly 122 12.2
tnsect control (b6 e o USS471 1) 4.7 4.7
Harvest 8 howr v USSS0 houry 40.0 40.0
Services Gudninstration and technieal
assistinnee) 23.0 2340
Rental 1200 12.0
Packing (USS0.30 umit o 60 k) 25.0 17.0
Fransportation (USSS © 100 kb 15.0 0.0
tnterest (3 months on total expenditure) 217 244
Total (USS b 4KK.9 4314

a Intormation from CVE (Carporacion Autonoma Repional del Valle del Cauca), 1982,
and author’s estimates
b AGd et areas s 300 ko from matket

considered adeguate for-the llanos, whose natural fertility was
made similar to that of the Cauca Valley by applyving 13 kg ha of
phosphorus and 40 kg -ha of potassium in addition to the
nitrogen.

tental

Rental cost is an estimate of the availability of good land; the
initial budget considered US$120/ semester as the rental for fertile
lands and US$12/semester for acid lands. The first price is the
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normal rate charged in the Cauca Valley and the sccond
corresponds to the opportunity cost of land exploited in an
extensive way inthe Colombian Llanos, with a stocking rate of 0.2
AU hie hnospite of the farpe difference existing between the two

prices, this ditference would be reduced to less than 505 ifcost of
amendments and of transportation ol products to the centers of

consumption located in fertife lands were considered. The prox-
ity to consumption centers in Venesuela and Brazil as well as
the Tack of underutilized tertie Tands mike sorghum production
i acid sadds more attractive in these two countries,

Transportation costs

I fertile fands, the centers of consumption are, on average, 100
A from production arcas; this distancee reaches 300 kmoin the
case o the Colombian | Lanos and represents an additional
USST0.00 twhich. together with the cost ol transportation of fuel
and imputs, tiereases production costs m lrontier areas,

Mechamizanon, hand Libor seed weed and inseet control costs,
as wellas harvests, do ot vary substantially trom one region to
another beeause we consider them to be values which depend
more on the lnd (vpe ol soils weod population, ete alter various
production eyveles and not on the arca in general nor on the
adoption of a determimed variety,

Based on comparative budgets, the “equivanent yield™ was
estimated and defined as the vield of sorghum per hectare of acid
soil requiring the same cost per ton produced in fertile land.

Figure 2 presents results obtained when carrying out a sensibili-
ty analysis on thcavailability ol tertile land (cost of rentaly and on
its productivity.

I vields of only 2t hacan be abtained inacid soils, this activity
waould only be competitive if the availability of fertite land is low
(mere than USSTO0 semester) and its productivity very poor (less
than 2.5 1 ha). With the rental costs normadly charged in the
Cauca Valley (UNST120 semester) und with the 3t ha production
normally obtained. it would be impossible to compete unless 3000
kg were produced i acid frontier lands, This vield would cover
costs of transportation and tertilizers and canced land rental cost
inzvid soilareas. Under these conditions the Fastern Plains would
compete only for a tew years atter plowing the savanna, while the
costs of land preparation and weed and insect control remain low.

AAcnd Suils
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Figure 2. Fguivalent sorghum vields on tertile and acid soils. Yields required 1o
make sorghum production compenve macid sotly according to oppor-
tunity cost of land presentdv cultivated and viclds obtained . Opportunity
cost of qed land- USS12 ) semester

Observing the comparative budgets, we can see that in the
fertile land more than 857 of the total costs (land preparation,
manual labor, seed, fertilizers, weed and inscet control, services,
and rental) are independent from the vield fevel, stimulating
producers to increase vields as the only mechanism to reduce costs
per ton (Figure 3). thus increasing demand duoe to scarcity of
fertile tand and the availability of high-yvielding varicties.

At the international level, prices for granns have decreased in
real terms from USS240 in 1950 to US$126 in 1980 (IBR D, 1982)
and the Latin Americo n countries which have been able to com-
pete are those which ¥ ave increased their vields over the 3-ton
national average. The inerease in real prices for fuel reduces the
incentive to produce in frontier arcas and to intensify already
utilized fertile lands close to market places. The new technology
could be applied in acid lands nearinhabited centers, asis the case
with Venezuela and Brazil, and with some small areas in
Colombia.
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Sorghum production as a complement
to pasture establishment

With current vields (2t ha), it does notseen teasible to introduce
farge-scale sorghum production to the well-drained Colombian
savannas unless it complements or utilizes existing iputs in the
present production systems. muc.mng the systems overall profit-
ability. This section will discuss the economic feasibility of
mtroducing sorghum by using fertilizers applied to pastures
without weed control, and compiementing forage production in
the farm with sorghum stubble in strategic use of this forage. T'o
this end. the study uses results of experiments obtained m follow-
up activities during six vears on a farm in the Fastern Plains,
where improved pastures were introduced in 54 of the arei to be
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used strategically by the breeding herd. Through the supnlemen-
tation of the herd during the critical period after conception,
breeding cows were expected to advancee their reconce ption phasce.
Afterwards the herd was fed on savanna, Thus, with only 54 of
the arca inimproved pasuures, m a d-vear period, the birth rate
went from SO0 to §7¢;. the weight of weaned calves increased
from 109 to 162 kg, and the total stocking rate of the farm
increased Trom 013 AU ha to 0.24 AU hae In economic terms,
the investment in pastures and additional cattle generated an
annual return of 3507, assuming 12 years of pasture persistence
with refertilizations every 3 vears.

To evaluate the possible contribution of intercropping with
sorghum, the additional cost per hectare applicd to produce
sorghum was budgeted (Table 12) and included in the cash flow of
the investment, assuming a 2t ha sorghum yield and a price of
USS160 per ton at the farm. The impact of this, in terms of cash
flow. 1s presented in Figure 4.

o0
BRIV of

0

USS (thousand)

=10

T

1 i 1 A | ! | | ] 1 ! 1
4 5 6 7 8 Y 10 112

Pasture persistence (years)
=—emeees With sorghum s Without sorghum
Figure 4. Marginal cash flow in the eswublishment of improved pastures. Case

study farmowith 154 hectares of sown grass! 144 hectares were planted
during the first vear and #0 fectares during the second year,
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Labie 12 Comparative budeoet . SS/7ha) for planting griss and sorghum and

griss,
Sorphum Additonal
Fapense (ST and grass iy estment
Faboi
Vaquipmient (8.5 hre o USSHE i PRI 9l1s 0.0
Muanual Labor C10 day wages
USSS dayy S0.0 500 0.0
lnpuats
Seed
Sotphum (8 ke v USSORO Kg) 6.4 6.4
Andropoyon gavanus
(5 kp oy USSO.00 Ky 0.0 30.0 0.0
Stvlovanthes capitata
12 ke v UNST 00 Ky 14.0 14.0 0.0
Pertihzers
Pime oL ke ESSO03 Ry 42.0 42.0
"\ by L SSL08 Ry 29.9 299
e S TR BN 19.0 19.0 0.0
N 00 ke v ENSOAG 2y 8.8 B.¥ 0.0
Pest and deease contiol
e v Ussd Ty 4.7 4.7
Harsvese ol ive ot equipment v U SNS30 hr) 40.0 40.0
Serviees tadnetoation and techmeal
TN NI 23.0 23.0
Packagime (0SSES 60 by ounits) 17.0 17.0
Framspartation (8 SSSO 0 v 100 kn J0.0 0.0
Interest 0 over average capital) 13.0 25.0 12.0
Fotal 2283 4333 205.0

I'he main advantages of using sorghum as a pioneer crop are:

[. Sorghum production uses 907 of the inputs used in
pasture production; additional costs (US$205/ ha) cor-
respond o lime. fertihization, harvest costs, packaging,
transportation, and administration (Table 12). These costs
are recovered toa greatestent when vields are good. There
is low risk in the operation since the main costs come
during harvest. It the vield is very Jow, these costs are
sveided by grazing sorghum instead of harvesting i,

2. During the first years, sorghum production substantially
improves the cash flow ol the investment in pastures.
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6.

Muarginal profitability of the pastures grown in association
with sorghum increases from 300 1o 8260 per vear, for
yields runging from 13 to 2.5t of griun ha (Figure 5).

During initial soil preparation, mincrahization ot nutrients
takes place. providing nitrogen and potassium, I this
contribution s sutficient for sorghum production, profit-
ability would imerease from 34¢7 to 60¢7, with 1.0 and 2.5
t/ha yvields (igure 5),

Depending on the vanety planted, sorghum stubble can
provide approximately S € DM ha with an energy content
superior to that of native savanna. Farm cows with initial
low weight can graze or stubble as an energy bank for the
savanna and achieve weight gains of more than 250 g day,
reducing the tume required to reach adequate weights and
altowing a strategie rather than o continuous use of the
pasture.

Pasture establishiment s tinanced by short-term loans, the
same s are made for commerctal crors with a growth eyele
of less than one vear, This possibihty weuld enhance the
establishment of improved pastures, not only because of
the avatlability of more agile inaneral resources, but also
beciuse of the substantial tmprovement i the cash flow
generated by sorghum production,

Simulations indicated that with grass and legume pastures
with persistence of less than sis vears it was not feasible to
obtain adequate profitability, especially because of the
negative How during the fiest vears, The introduction of
pasture- crop associations would result in a profitable
return if improved pastures persisted during at least four
vears and sorghum vields reached 2t hie This alternative
would broaden the possibilities ol introducing more
productive though less persistent grass legume mixtures
or of substituting pustures as soon as their potential
decreases when the legume disappears.,

Once sorghum materials adapted to acid soils have been
obtained. the main constraints for establishment of this associa-
tion would be:

Regional infrastructure tor sorghum planting (harvesters,
transportation, and warchousing);
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(1190 o
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Yield (1 ha

I Prohiclity ol sown pastures and sorghim considering that wmineralization
provides all NV K required.

I Prontabality of sowa pastures and sorghum without considering
minerafization,

A Project protitabihny without plantoing sorchum,

Povave S0 Mareinal protitabidiny o sonn pastures, excluding sorghum a
ptoncer crop

problems of damage caused by birds due to limited area of
these plots in relation to the region: and

lack of agronomic research data in relation to planting
densities and dates and levels of fertilization to efficiently
manage the competition between sorghum, grasses, and
forage legumes.

ETRTTARYIID

Conclusions

The fotlowing conclusions can be derived from the discussed
material:

L. With yields of 2 t/ha, it does not seem feasible to plant

sorghum as a permanent crop in acid soils of the well-

drained savanna arcas of the Eastern Plains of Colombia,

2., The use of sorghum as a pioncer complementary crop in



Potential Role of Grain Sorehun 167

N

0.

the establishment of improved pastures is very attractive.
Itsolves biologicul problems and reduces cconomic disad-
vantages (negative cash flow during various vears and
medium profitability) of the pasture introduction svstem
used until now,

In this combined agropastoral system, sorghum vields
above 1.5t ha make the investment in improved pastures
attractive and enables the use of germplasm less adapted to
acid soils,

The economic feasibility of planting sorghum every four
vears enables the use of less persistent but more productive
legume associations,

Brazil and Veneszuela have a comparative advantage over
Colombia in production of sorghum in acid soils. This
advantage is determined by the location of the acid-soil
region in relation to population centers, lower degree of
aluminum saturation, less avatlabilioy of fertile land, and
higher internal prices.

These results are consistent with the process of pasture
introduction observed in tropical as well as in temperate
countries. Missive planting of pastures is always associated
with the existence of o prafitable crop. e.g.. rice in the
Brazilian Cerrados, wheat in the Argentinean Pampa,

Fhis exanre analvsis indicates a considerable potential for
sorghum adupted to acid sorls to make more dynamice the
extensive systems currently predominant. 'To make this
potential become effective. basic and applied research

cfforts are needed,

Given the relation of prices between the fixed costs per
hectare in sorghum production for land preparation,
planting, and particularly for harvesting, and the price of
lime as well as the price of sorghum in the region, it seems
more important to increase vickds than to actieve adapta-
tion at higher levels of aluminum saturation. Preliminary
evidence seems to indicate that it is convenient 1o focus
research on increasing yields at levels of 5077 gluminum
saturation. Brazil and Vencruela have Targe arcas with
these characteristies for potential sorghum production.
Due to the low buffering power of Oxisols predominating
in the Eastern Plains of Colombia, limited amounts of
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applied hime are required to reduce aiuminum situration
to this level. Given the extension of available land in
relation to the amount of grea planted tosorghum required
tosupply the mternal market, it seems logical o wait until
lands with Tower aluminum saturation levels are destined
to this crop.,

9. Varicties highly tolerant to aluminum toxteity can play an
important role in pasture establishment in association with
sorghum. Inthe case of pastures adapted o high aluminum
saturation levels. it is more important to reduce intial
investment in liming. Applied agronomic rescarch is
neeessary to evaluate at the field level the viability of this
promising strategy.
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BREEDING AND SCREENING



Effective Screening Techniques for
Tolerance to Aluminum Toxicity

R Howeler*

Introduction

It has been estimated (Sianches, 1981) that in the tropics there are
2050 million hectares, or 42¢7 of the land arca, occupicd by
Oxisols, Ultisols, or tneeptisols. In tropical America these soil
orders occupy 1019 million hectares or 72,66 of the land arca,
Phese soils are generally characterized by extreme acidity and low
levels of available nutrients. For that reason they are subutilized
and torm one ot thie fast land resources into which agricaltural
production cowld expand.

However, most crop species are susceptible to high concentra-
tions of aluminum (AD. which is one of the major limiting factors
of these soils. This can be overcome cither by liming the soils to
neutralize the exchangeable Al or by selection of species and
varicties tolerant to high levels of AL The second alternative is
more practical. since application of Large amounts of lime is very
expensive and can alter only the Al content of the topsoil,
resulting in shallow root systems of Al-sensitive crops. By sclee-
tion of Ab-tolerant crops and varicties itis often possible to obtain
good vields with a minimum input of lime, the latter serving
mainly as a source of calcium (Ca) and magnesium (Mg),

Figure Ishows the response of various crops to lime application
in Carimagua. Colombia. While cowpea and cassava were boih
very tolerant to soil acidity, producing 4067 of maximum yield
without lime application, cowpea produced near-maximum vield
at 0.5 thime- ha, while cassava required 21 ha, Sorghum and rice
(dwarf varicties) were both highly susceptible to soil acidity, while
beans and corn were intermediately susceeptible,

¢ Soilscientist, Cassava Program. Centro Internacional de Agricultura Iropical (CIA ),
Apartado Aerco 6713, Cali, Colombia,
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With expansion during the past decade of the international
agricultural rescarch centers, cach with large germplasm collec-
Hons, interest in evaluating this germplasm for Al tolerance has
matkedly increased, especially in Latin America with its large
pereentage of acid soils. In addition, in North America, several
hiceders of temperate-climate crops have started to incorporate
Al tolerance into high-vielding varieties for acid-soil arcas. Thus,
both in rhe tropics and in temperate climates, several sereening
technigues have been developed forevaluating the Al tolerance of
farge numbers of varieties or breeding lines. Some of the more
cffective techniques will be described in this paper with some
dication of their advantages and disadvantages.
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Litecnve Sereening Lechmques
Nutrient solution techniques

For plant breeders, who have to evaluate large numbers of mate-
rials, often with very limited amount of available seed. the
nutrient solution technigue has many advantages. 1Cis rapid,
requires little seed. and oftenis nondestructive. he best materials
can fater be transplanted to the field 1o test for discase and insect
tolerance as well as for vield potential, Phe main draw back is that
nutrient solutions are time consunung and ditlicult to manage.
since the toxic effect of Alis greatly influenced by temperature,
pil, and the concentration of Al phosphorus (P), Ca, Mg, and
potassium (K). As plants absorb autrients from the solution, the
concentration of these nutrients as welbl as the pH of the solution
change. Thus, a carctul control of all tactors is essential to obtain
reproducible results. The technigue is most suitable tor species
grown from seaual seed with small nutrient reserves and rapid
mitial growth. It s not well suited Tor species such as cassava,
which are vegetatively reproduced and grown from stakes or
rooted tip-cottings with farge plant-to-plant variability.

Among the nutrient sofution techniques there are essentially
two approaches, cach with vartations, 'The first approach is o
subject uniformlyv-selected seeds to a range of Al concentrations
during aredatively short period (20-4% hours). This Al “pulse™ is
then tollowed by either o recovery period in normal nutrient
solution or by astaming procedure with hematoxyling in order to
determine at which Al concentration ihere is irreversible and
permanent damage of the root meristem inhibiting further
growth. The second approach is to grow voung plants at a high
and low Al concentration of die solution for several weeks and
determine the relative root or shoot growth as a measure of Al

tolerance.

Aluminum-pulse technique

I he Al-palse rechnique has been employed by Moore et al. (197¢)
for sereening wheat vaneties. They subjected cach variety to
several Alconcentrations during 48 hours, followed by a recovery
period of 72 hours in non-Al toxic nutrient solution. After this
period, roots were observed to determine the lowest Afconcentra-
ton which caused irreversible inhibition of cell division and thus
regrowth of the root tip during the recovery period. In this case,
the root tip is misshapen, often swollen, and discolored. During
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the recovery period, the root tip does not reinitiate growth, hut
mstead, Lateral roots develop at some distence from the root tp.
Figure 2 shows that very Al-susceptible wheat varicties have
rreversibly damaged 1ot tips at fow Al concentrations of 6-10)
ppm:tor maderately sensitive varicties this ocenrs at about 14
ppm.tor moderately tolerant varictios at 40 ppm. and for very
tolerant varieties at 130 ppon Phus, wheat varieties are separated
o Toar, cleariy distinet catepories of Al sensttivity, cach repre-
sented by astandard variety, which s incladed in each test.

A variation of the AL pulse rechnigue was developed by Polle,
homak. and Kitnek (19750 and 1975b) ustng a hematoavlin
statning technigue to determine visually the ditmage to root tips
catised by a 2G-hour pulse ot various Al concentrations in solu-
ton. Forscreenng of wheat varietios, they used nuteient solutions
of 50100 and 20 ppimc AL while for corn they recommended
solutions of L6679 5 120 HS and 175 ppm. Alter permini-
tion, seeds of cach variety are selected for untlormuy and three
seeds are placed in holes ineach ol uiy stvrotoam strips. After 24
howrs i novmal nutrient solution. the strips e transterred to-
solutions ol difterent Al coneentrations fo1 20 hours. followed by
washing i dintilled water and staming tor 15 minutes in 0.2¢;
hematosvhiin. Atter washing ofl the exeess hematoxyling toot tips
areseparated trom the plantand placed ontiiter paper in order of
mereasing Al-concentration. The depree ot Al tolerance is deter-
mined by observing at which Alconcentration the area behind the
root tip becomes stwmned by the hematoxvling, With Al sensitive
Brevor wheat this occuried o1 5.4 ppm Al whiie with the tolerant
Atdas variety this occurred at 324 ppm. By including 3-4 standard
varieties in cich testthe breeding lines can be accurately scored for
Altolerance.

Relative growth at two aluminum
concentrations

Aluminum tolerance can also be evaluated by growing each
variety at two Al coneentrations, one low or zero concentration at
which plant growth is optimal, and one high concentration at
which growth, especially of roots, is affected by Al toxicity. After
several weeks ol growth in these two nutrient solutions, Al toler-
ance ol each variety is then determined from the relative root
weight or length at high and low Alin solution. While most species
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show optimal growth without Al in the nutrient solution. some
species actuatly grow betier atlow Al concentrations in solution,
Forrice and cassava, Howeler and Cadavid (1976) and the Centro
Internacional de Agricaltura Tropical (CLA 1) (1978) recommen-
ded i concentration of 3 ppm Al for optimum growth. he high
concentration should be seiceted so the Al-tolerant varietios are
hutle atfected while the Al susceptible varieties show a markedly
reduced root growth. The selection of this high Al concantration
depends on the general Al tolerance of the plant species (o be
sereened as well s on the concentration of P, Ca, Mg, K, and the
pH and temperature of the nutrient solution, Rhue and Grogan
(19761 recommended tor corna pH oi 4.6 and a freshly prepared
nutrient solution since o higher pit or aging of the solution
decreased the toxic effect of the AL AU pH above 4.5, especially
with high concentrations of AL P and Ca, the Al precipitates in

the nutrient setution and its toxie etieet decreases, Sinee the pHof

the nutrient solution cither inereases or deercases, due to differen-
tial absorption of NO or NH; from tie solution, it is very inpor-
tant to adjust the solution pH daily to its original level using dilute
solutions of HCFand NaOH. The Pand Ca concentration of the
solution should be Tow enough to prevent the precipitation of Al,
but high enough to supply adeqguate amounts of these nutrients to
the plants. To prevent the complete exhaustion of these nutrients,
the solutions should be completely replaced at frequent intervals,
dependine on the vate of plant growth and nutrient extraction
fram the solution.

Atier -3 weeks of continuous growth in these two Al-nutrient
solutions. plants of cach variety are harvested, and their Al toler-
ance evaluated cither by deternnnation of total plant or root
weight, or by measuring maximum root length at cach concentra-
ton. An Al-tolerance index is calculated trom the relative root
tength cor weight w high and low AL Standard varieties are
meluded mcach test to adjust for slight changes in the experimen-
tal conditions between tests. Typical values of relative root length,
using 43 ppm Al as the high-Al concentration, were 0,14 for
Brevor 038 tor Drochamp, 0.54 for Chinese Spring. and 0.83 for
the Al-tolerant Atlas wheat varicties (Polle et al., 19784). I arge
numbers of breeding lines have 1o be evaluated and their root
length (or weight) is acarly the same without Al stress it is often
convenient tosereen at only the high level of Al thus doubling the
numaber of lines that can be screened atone time. i this case. root
growth of cach line is compared with those of a number of
standard varicties, from which an Al-tolerance index is caleulated.

Lend Sonly
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Both the experimental conditions and the method of caleula-
tion of the tolerance index varies among rescarchers and crops.
Some workers (Howeler and Cadavid, 1976) used germinated seed
suspended over a nutrient solution so that the roots grew directly
in the aerited solution; others (Polle et al., 1978:a; 1978b) had the
root system growing between a lucite plate and filter puapes
partially submerged in the nutrient solution. With the latter
svstenm, acration s not necessary. Hatton (1980) used a sand
culture systent, pertodically Hooded with nutricnt solution of 8
ppm Al concentration, to sereen Lewcaena species and breeding
lines tor Al tolerance. His svstem obviates the need for acration
or foraspecial plant supportsystem, buts Garly costly in terms of
pumps and timers and requires a dependable souree of energy,
whichis notalwavs avatfable v the tropies The svstem of periodic
niisting of the roots with nutrient solution is not recommended
unless adependable encrgy source s avinlable: oneis likely to lose
all plants when the power supply s imterrapied even for short

periods of time.

Forcalculation of the tolerance indes, many workers use the
refative roatiength orweight e root length athigh Al over root
length at low AL Others use the relitve total plantweight, or the
fength of the advenntious roots. Another variation is to grow cach
varicty first about one week i normal nutiient solution, measure
root length. thea transter to nutnent solution of high Al and after
another 1-2 weeks measure root length agan. The root ength
increase in the Al solution divided by the original root length
obtained without Al iz another eHective method for caleulating an
Al-tolerance index.The fatter systenmis less time: consuming and
reduces the problem of plant-to-plant varability since measure-
ments are made twice an the same plants,

Field-screening techniques

Ficld-sereening techniques are similar to nutrient-s.reening tech-
myues at two Al concentrations in that the same varieties or lines
arc grown at two or more Al levels in the field. Generally, an
Al-tolerance index s caleulated fram the vield obtained under
high and Tow Al stress. The difterent levels of A stress are ob-
tained by application of ditterent amounts of lime, otten applying
no lime in the high-stress plot and enougb lime to neutralize wil
exchangeable Al in the Tow-stress plot, The lime levels to be used
have to be determined from preliminary trials in which lime
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response curves are determined for standard varieties having a
targe range in Al tolerance. Under the high-stress conditions, the
susceptible varieties must be markedly affected by Al toxicity
while the tolerant varicties are littde atfected; under tie no-stress
conditions, all varieties must grow well without Al stress and
withaut the induction of nutient deticiencies, hus, care must be
tuken not to induce ko Mg or minor clement deficiencics by
appheation ot high levels of calcitic lime. Spain ¢t al. (1975)
reported d negative tesponse to liming in nuny cassavia varieties
due to induction of Z2ine (Zn) deficieney, making the determina-
ton ol Altoletance indices mcaningless. Once cnough Zn was
applied moboth hiph and Tow Alstiess plots vagieties could be

screened for Al tolerance.

Phe Abtoferance index iy orten caleulated by dividing the vield
athieh Alstress by thar obrained at low stress, While this tends to
sepatate out atl varieties highly atfeered by Al toxicity, it also
tends roanclude with the truhc Al-tolerant germplasm those Al-
siseeptible vaneties having a low vield potential without stress.
Fhus, those varieties selected as haviag the highest Al-tolerance
mdes otterchanve fow vields under hoth high and fow stress. CIA T
A9 TR hs tried to correet this diserepancy by multiplying the
relative vield at high and Tow Al hy the relative vield at high Al
ve thevield of the particular variety at high Al divided by the
highest wield obtaimed at high AL Phis gives additional weight to
the vanety s performance under high Abstress (the real objective
ot the sereenimgy. while partially correcting for year-to-year or
stte-tossite variations in experimental conditions. Instead of the
ghestvickd obtained at high Alstress, it would be better to use
the average vield ofa number of standard varieties at high AL This
£ROsmore consisent correction factor for variations in experi-
mental conditions,

It the objective of the sereening is mainly to select varieties that
in-aspecitic focation produce well under both low and high Al
stress, ke, produce well under high stress, but even much beuer
whenenough lime s applied to eliminate the stress, then the third
formula for an Al-adaptation index in Table Lis more suitable. In
this case, yields at high stress are multiplicd by those obtained at
low stress, and divided by the same product of the average vields
of all varieties at low and high stress. Thus, varicties with an ad-
aptation index above | had an above-average product of yields un-
derlow and high stress. When yields of cach variety are plotted on
a graph with yield at low Al on the Y axis and vield at high Al on
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Table 1. Yhree formulas used to caleulpte ackdity tolerance indices of varieties or
breeding lines nf various trup\

}] \uld \nlhnu( Inm

Yield with line

) Yield sithout fime o Yield Witk fie
Yield with inne ) HnJuxl viekd without lime
1) Yield without lime 8 Yield with lime

Averape viehd \\nlmm lme x Average vickd with ime

the Xaxis, these varicties fall ubove the line Y - -\-whcu Cis the
productof the average vields athigh and low Al(Fi 1gure 3). Again,
Cisused as acorrection tactor to reduce the effect of vear-to-year
or site-to-site variabilitn . The average vield of a set of standard

varieties would be o better correction tactor, sinee the average
vield of the trial (C) is not only atfected by the experimental
conditions but also by the peneral Al toleranee and vield potential
of the germplasim to be sereened.

Anotheralternatneis to plot the vields at high and low Alasin
Figure 3o but divide the graph into various ticlds. using lines of
average Nand Y values to divide the graph into tour ficlds, or the
hne of average and twice-mverage N oand Y values to divide the
graph into nine ficlds (Figure ). Fach tield can be assigned a
number cr letter and vancties are grouped imto four or nine
categories. Fach category can beinterpreted as a certain combina-
tion of Altolcrance and lime responsiveness. Generally, varieties
are selected that are highly Al tolerant but also lime responsive,
e they vield well at high and at low lime. These would be
approximately the same varicties selected as highly adapted in
Figure 3.

When varieties are sereened for both Al and low P tolerance,
space and work can be reduced by combining the low-stress plots
for both factors. In this case one can use three piots: the no-stress
plot with high lime and high P; the P-stress plot with high lime and
low Py and the Al-stress plot with low lime and high P, Yields at
both low lime and low P are compared with those of the ne-stress
plot to caleulate Al and low P tolerance or adaptation indices,
respectively. Since the yield in the no-stress plot is used to
calculate both indices, the same variety is often found 1o be
adapted to both low P and high Al Because Al tolerance may
have resulted from a better ability to absorb P, a high tolerance to
both factors is also physiotogically compatible.
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~
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where Noand Y oare the average yields without lime, and SD is the
standard deviation.

The ability ol certain varicties to benefit from an effective
association with VA-mveorrhizae will definitely affect their low P
tolerance since it reduces their external Prequirements (Howeler
and Sieverding, 1982), Whether or notit affeets their Al tolerance
has yet to be determined. If it does, it would militate against the
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of 41/ ha of fime ina field-<creening of 275 varietics and breeding lines in
Carimagua. Vertical lines correspond with N and X + 2 8D and
horizomal lines with Yand Y + 2 SDwhere X and Y are average vields
withowt and with lime, and SD is the stundard deviation.

use of nutrient solutions to screen varieties for Al tolerance since
the root systems in nutrient solutions are seldom infected with
mycorrhizae while those in soils are. For highly mycorrhizac-
dependent crops like cassava and Stylosanthes species the physiol-
ogy of P (and possibly Al) absorption from nutrient solution is
quite different from that in a mycorrhizac-infected soil. The fuct
that some of these highly myceorrhizac-dependent crops are also
highly Al tolerant may suggest an interrelation between these
characteristics. Morcover, highly mycorrhirac-dependent crops
such as cassava tend to have a high P requirement in non-
mycorrhizal nutrient solution (Howeler et al. . 1982): thus in high
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Al-nutrient solutions, which must have low P concentrations to
prevent precipitation of Al-phosphate. these plants may suffer
f*om P deficiencey.

Comparison of techniques

Field-sereening technigues have the advantage over nutrient
solutions in that large numbers of fines can be screened at the same
time. being subjected to the same climatic conditions, and often at
a greatly reduced cost. Moreover, the Al-tolerance index is based
on actua) vields of harvestable products instead of on root length
orweight, which are not necessarily well correlated with vield. The
relative cost of cach technique depends on the erop. Rice is casy Lo
sereen in nutrient solutions because it does not require acration,
prows ina minim.em of space. and has enough of a range in Al
tolerance thiat varieties can be casihy and accurately sereened in
solution: in the field it requires wconsiderable amount of attention
and the datamayv be affected by discase or pest attack as well as by
bird damage (Howeler and Cadavid, 1976). Cassava, or the other
hand. is difficult to screen in solittion because of its veperative
propagation, high myeorrhizal dependence, aeration and large
space requirement, aad excessive plant-to-plant variability, This
crop can be fairly casily sereened in the ficld, because once plant-
ed. it requires little attention for aboud a year when the swollen
roots are harvested. In the lietd, nearly 700 varieties could be
sereened inone veir, and the same field could be reused for several
veirs with @ minimum amount of additional inputs.

However, the ficld-screening technigues have two major draw-
hacks. The soil has to be carelully selected to be unitormly high in
Al tow in Cooead PLand without excess Mn. Also, in some soils
high in orgame matter (OM), the toxic effect of Al is partly
neutralized by the formetion of organic complexes with Al
(Muncvar and Wolluni, 1983). Thus, in two soils of similar
exchangeable Al content and Al saturation, cassava showed little
response to Himing in the high OM soil of Quilichao, but a marked
response in the low-medium OM soil of Carimagua. TFor that
reas an, varieties could not be evaluated for At tolerance in Quili-
chao. Thus, uniform and sutficiently high stress conditions are
sometimes difficult to find for Al-rolerant crops. On the other
hand, for Al-susceptibie crops hike beans and sorghum stress
cenditions may be too high {or any variety to survive and in that
case some lime has to be applied even in the high stress plot. To
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maintain the same levels of stress over several planting seasons iy
often impossible to achieve, and screening results of one seiason
are not necessarily comparable with those of anather season,

The second mujor drawbiack s that plants o the field are
subjected to diseases and insect pests. which are often impossible
tocontrolentirely, Thus. varicties susceptibie to the insect-discase
complex in i certain location may show little Al tolerance in that
location, but much bhetter tolerance in locations where these
insects and discases do not occur. For example. due o the high
discase and pest pressure in Carimagua, only asmall percentage of
the cassava, rice or bean germplasm can be screened lor Al toler-
ance at that location; the other varieties are killed by discases or
inseets, or their performance is seriously atfected by these other

siress factors.,

Summary

Results obtained with nutrient solution techniques have to be well
correlated with those of field scereenings. So far, the nutriem
solution screening methods developed by most researchers have
not yet been correlated with field results. Campbell and Latever
(1976) found a high carrelation between results of wheat screen-
ings in nutrient solution and those in the field. The correlation was
slightly better when relative root leagth (RRE) values were esed as
th: tolerance index o solution instead of o tolerance index based
on averages ol stanaard varicties. Howeler and Cadavid (1976)
found that grain yiclds of 240 rice cultivirs at 0.5 ¢ ha lime level
were well correlated (r = 0.64) with RR1. values of the same
varicties determined in nutrient solutions of 3 and 30 ppm Al
Thus, for rice and wheat, which both show u wide ruppe of Al
tolerance, nutrient solution techniques are tast and quite accurate
for selection of highly Al-tolerant varieties. Inspecies like cassava,
with a high mycorrhizal dependency and a much smaller range of
Al tolerance, ficld screenings based on actual vield seem more
reliable and in many cases more elficient inselecting high-vielding
germplasm with good tolerance to extreme soil acidity.
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Tolerance to Aluminum Toxicity in

Upland Rice for Acid Soils

César P Muartinez and Surapong Sarkarung*

Introduction

In Latin America, approximately 8.2 million hectares of land are
planted 1o rice, of which 74% is upland rice. Total production is
estimated to be 16.3 million tons with 479 being contributed by
the upland rice sector.,

It is not true that upland rice culture in Latin America repre-
sents o uniform system where agronomic practices, climatic con-
ditions, and production constraints are similar. On the contrary, it
is characterized by continuous changes in ccosystems with pro-
ductivity levels that range from the lowest o the highest, Calti-
vated soils, rainfall, and rainfall distribution vary considerably.

The savannas ol Colombia, Vencesuela, anda Guyana; the
Amazon reeion; the Brazilian Cerrado: the Bolivian savanna: and
other minor arcas constitute one of the largest unexploited land
arcas of the world and represent an important resource for the
production of crops such as rice. A large proportion of this area
combines abundant and well-distributed raintall with acid, low
fertility soils, but with good physical properties. Other climatic
facrors such as temperature, retative humidity, and sunlight are
favorable for rice production (CIAT, 1983 Sanches and Salinas,
198 1).

The objective of this paper is to discuss some of the effects
produced by aluminum (Al) on the rice plant and to point cut
methods used by the CIA'T Rice Program in developing varieties
tolerant to Al toxicity and low fertility for savanna soils of Latin
America.

* Breeders, Rice Program, Centro Internacional de Agricultura Tropical (CIAT), Apartada
Acren 6713, Cali, Colombia,
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Aluminum tolerance research with rice

Varietal differences

Toxicity produced by aluminum represents an important con-
straint for rice production in acid soils. Aluminum levels of 2-3
meq 100 g of soil are frequent in the savannas of Colombia,
Venesuela, Guyvana, and in the Brazilian Cerrado, Soils with
aluminum saturation higher than 60 have aluminum toxicity
problems (Cochrane and Sarches, 1982: Sanches and Salinas,
POR T Camargo, 1982 Howeler and Cadavid, 1976; IRRL, 1978;
IRRIL T980: Martines, 1970; Sarkarung, 1984).

Studies carried out under field conditions or using nutrient
solutions in the greenhouse have found varietal differences in the
response of rice to aluminum toxicity. Varicties such as Monolaya,
Colombia 1, Bluchonnet 50, TAC 165, TAC 1246, TAC 25, TOX
1010-49-10 TOX 1781-15-1, IRAT 112, and NGOVIE were
ciassified as toiceant, while cultivars such as IR8, IR665-23-3-1,
CICA 4. and Metica | were considered to be susceptible to
aluminum toxicity

Toxicity caused by aluriinum is manifested in susceptible
varicties as severe vellowing of young leaves and death of older
leaves, and as the symptoms intensify, the plants are damaged and
develop few roots. Indireet effects caused by toxicity are also
sometimes observed. such as magnesium and phosphorus defi-
ciencies (Martines, 19760 Sarkarung, 1984). According to De
Datta (1981). the effect of aluminum toxicity on the rice plant can
be represented as follows:

Water stress
drought

Aluminum Affects root BN Afteets water | Retarded growth
LOXici)y growth and absorption » of the plant
development

Reduction in
P extraction
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Martines (1976) studicd the performance of seven rice varieties
at various aluminam-concentrations in nutrient solutions (Table
i), The fength of the main root was measured imnediately after
treatment with aluminum and then the plantlets were placed ina
nutrient solution tree of aluminum for 48 hours. At the end oi thai
peried. the root was measured agam, and dilferenecs between
measurements recorded (Lable 1), As the content ol alumimum
was increased, root length decreased inall o the varieties.
However, there were significant dillerences among vacieties.

Fable 1 influence of aluminum on root length gmm) of some rice cultivars,

AMuminum concentiationt (ppm)

Cultiviu BT 0 25 IR
Monolava 26,0 & 204 127 ab 2N
Bluchonnet S0 254 ub 200 ab 14.7 o 7.5 0
IROO6S-23-3-] 24 abe B3 d .4 d 0.4
IRN 20.5 ab AN dd RPR | I8
CICA 4 9.1 29 od 1 d 0.6 a
1R 5-64-2-2 169 ¢ 6.3 ud 28 od 23
Colombia | 154 ¢ 74 ¢ 445 od 0.7 u

w Standard error 0 8340 Means tollowed by the same letter i each column are
signibicantly ditferent at 59 lesel of probahility in Duncan’s Mualtiple Ranpe Test

SOURCE: Muartines, C I 1976

Effect of aluminum on cellular division

The effect of aluminum on the mitotic process or mitosis wis
studied in meristems of rice roots ( Martinez, [970). Samples were
taken from root tips of plantlets grown in natrient solutions with
and without aluminum. The samples were taken at regular
intervals and in cach case the number of cells undergoing the
process of division were ceunted ¢Fable 2). The dataindicate thot
less mitotic activity occurred in the root meristems ol varieti

susceptible to aluminum toxicity, such as CICA 4 and TRG65-23-
3-1, than in tolerant varieties, such as Monolay . and Blueboanet
50, even with only 6 hours in the solution with wluminum. The
number of cells undergoing cellular divisionis very low at 72 and
95 hours and. in the cie of TR665-23-3-1 and CHCA 4. the values
differ significantly from those of Monolaya and Bluchonnet 50.

Furthermore. the number of cells found in cach phase of tiw
mitotic process (prophase, metaphase, anaphase, and telophase)
were counted and it was found that aluminum atfected cach
mitotic process and not one phase in particular (Martinez, 1976).
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table 20 Effect of aluminum (20 ppim) on the nuimber of cells in process of
mytotic division in a sampledt of 300 cells of the root meristem.

Freatment Maonoliva Cie A Bluchonnet 1R66S
Kl S0

Control at 6 howrs 175 140 174} 6.0
20 ppm Al 120 0A 143 6o.xbe

Control gt 24 hours [7.5 2003 17.3 17.5
20 ppm Al 143 0n.5be 13.3 LT

Control at dn hours 213 1.8 16.0 17.0
20 ppm Al 11.3b 7.5b 118 4.0bd

Control at 72 hours 16,8 1.8 17.8 18.0
0 ppm Al 0.0 1.5bd H.5h 2.0bd

Control at 96 hours 148 4.8 17.3 15.0
20 ppm Al 1.5 3.0bd 10.5 2.3bd

Contiof at more than

dh haurs 138 14.8 15.3 15.3
20 ppm Al 4.5 3abd 118 3.0bd

@ Standand ertors L0 LS (80 7.0

b Intfer sipnibicantiy fram the respective control,

o Bufter sipmncanthy trom Muonolava o Blucbonnet 50,
d o Datter sipmiticanthy from Monolava and Bluehbonnet S0
SOURCE Muartines, € P 1976

Inheritance of tolerance to aluminum toxicity

Martinez (1976) made crosses between varieties tolerant and
susceptible to aluminum toxicity and evaluated Fi, F,, and BC,
generations in nutrient solutions using 20 ppm of aluminum. It
was found that in the Monaolava and Blusbonnet 50 variceties,
tolerance to aluminum toxicity was recessive and was controlled
by two pairs of genes. The genes in these two varieties are possiiy
allehic, but have different degrees of expression or incom» .o
penctrance. Camargo (1982) used a similar techuique and fond
that tolerance to aluminum toxicity was under genetic control in
the varietics IAC-105, IAC-47, 1AC-25, and 1AC-1246. Morcover,
susceptibility was partially dominant over tolerance.

The discrepuncy between the two previous studies may be due
to differences in the methods used, since the length of time the
materials were exposed to solutions with aluminum was not the
same. Nonetheless, both studies indicated that the genetic variance
varied depending on the amount of alumiinum used i the
evaluation of segregating populations. There were no maternal
effects in the expression of tolerance to wluminum texicity.,
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Varietal improvement for acid savanna soils

Location and characteristics of the ecosystem

Fyaluation and selection of matertals tolerant to acid savanna
soils are beinp conducted at Vidlivieencio, Colombia, at the
Centro Regional de Tnvestigacion La b ibertad, an experimental
stition that belongs to the Instituto Colombiano Agropecuario
(LCA). T his region s characterized by abundant (3477 mme vear)
and well-distributed precipitation (Owen, 1982). The soils used
are known ay Oxaisols, are acidic (pH 4.4) have an aluminum
content of 3meq 100 g ot soitand 834 aluminum saturation, and
have very low contents ol phosphorus, potassium, caleium,
magnesium, sulphur, and boron, Water retention capacity in the

soil v very low,

Objectives and strategies

The general strategy focuses on obtaining adequate varicties for
technolopy ol low inputs, These varieties must be tolerant to
various soil problems, especially aluminum toxicity, and to the
main discises and pests (pyricularia, leal seald. blast, grain stain,
brown leaf spot. nematodes, and stemborer) present in this
ccosystem, These varicties must also have good grain quality and
be able to efficienthy use the scarce nutrients available in the soil.

The breeding program initially covers two main aspects:

Introduction and evaluation of germplasm forits tolerance to
aluminum tox.city.

A hybridization and sclection program to incorporate into
the aluminum-tolerant materials other desirable character-
istics such as pest and discase resistance, good grain quality,
and high vield potential,

The selection criteria followed in the developiment of an ideal
plant type for this savanna ccosystem are:

Long, thick, and deep roots;
good initial vigor,
low or intermediate plant height (90-120 ¢cm);

supcri()r crect leaves, slow scnescer.ce,
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farge. thin, heavy grains,
intermediate tillering and strong stems; and

fow pereentage of sterility,

Materials and methods

Approximately 1360 cultivars including breeding lines, native
varieties. and traditional materials coming fron. difterent institu-
tions such as the International Institute of Tropical Agriculture
(HTA), Institut de Recherches Agronomigues Tropieales et de
Cultives Vivricres (IRAT). International Rice Rescarch Institute
(IRRT), Centro Internacional de Agricultura Tropical (CTAT),
and the Instituto Agronomico de Campinas (1AC), (CTAT, 1985;
Sarharung, 1984) were evaluated in 1984, A field design consisting
of “acid strips™ formed by two bands of high and Tew acidity were
used. The latter was obtained by applying 3¢ ha of dolomitic fime
15 duys before planting with the objective of increasing soil pH
and neutralizing aluminum. No lime was applied to the highly
acid band.

The materials under evaluation were in blocks covering both
high and low acidity bands. The varicties Mctica | (susceptible),
IRAT 122, und TAC 165 (tolrrant) were planted as controls every
12 cultivars, All plots receivea a minimum fertilization at the time
of planting with 50 kg N {urci), 60 kg P,O. (triple superphos-
phate), and 40 kg KO (potassium muriate) per hectare, To avoid
confusing effects due to possible damages caused by discases and
insects, isecticides and fungicides were anylied regularly. Alu-
minum toxicity was evaluated at 40 and  © wtavs alter planting,
using a rating scale of 1 1o 5 (Table 3).

Table 3. Scale to evaluate aluminum toxicity symptoms,

Scale Symptoms
| No difference in development at high and low acidity conditions.
2 Slight vellowing of o few plants at high acidity conditions; plant

development is scarcely affected.

3 Certain vellowing in the plants; slight decrease in height.
4 Uniform yellowing and marked deerease in height; no dead leaves,
5 Severe yellowing, murked deerease tn height and death of inferior

leaves,

SOURCE: Sarkarung, S (U84,
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Results and discussion

I he cultvars most suseeptible (o aluminum toxicity had very
mtense vellowmg, and plant and root growth were affected
considerably, Tolerant cultivars (Table 4) grew well under both
conditions thigh and low acidity) and were classitied in citegories
Pand 2 of the rating scale (Table 3). Of the 1360 cultivars
evaluated, only 180 showed good adaptation to savanna condi-
tons and will be used as progenitors in the CTOSSIIG program
(CLAT, 1985, Sarkarung, 1984). Aluminum tolerance was found
incultivars of different geographic origin. Improved lines coming
from the breeding programsat HHFAUIRA T, and TAC-Campinas,
showed good adaptation-and scemed to have a higher degree of
aluminum tolerance than the local varictics. Monolaya and
Colombiu 1.

Table 4 Cultivars highly tolerant 1o aluminum toxicity and their origin, Centro
Regional de Investigacion (CRE), La Libertad, Calombin, 1984,

Cultivag Opiginet

Advanced breedinge hines

TOX K91-210-2002 HTEA, Nigena

FON 1010-22-7-16 A, Nigena

TOX 1010-49-1 ITFAL Nigeria

TON IRIS-34-200-201-1 HT A, Nigeria

TOXN 175]-15-] HTA, Nigena

TON [780-5-7 IITA, Nigeria

IRAT 194-1-2-B IRAT, Ivory Coast

FRAT 112 IRAT, Ivary Coast

IRAT 122 IRAT, Ivory Coust

IRAT 146 IRAT, Ivory Coast

IAC 164 TAC, Brasil

TAC 5032 IAC, Brazil

TAC 25 PI-110-99-1-4-1 INIA, Mexico

OS6IRAT 13-ALICM-1IM iNTA, Mexico
Iraditional and native varictics

Ngovie Sierra Leone, Africa

lac 23 Liberia, Africa

Ku 28 Thailand, Asia

Padi Bokokut Indonesia, Asia

0OS6 Zaire, Africa

Zebu Philippines, Asia

Maonolayu Colombia, South America

TOS 5806 Africa

63-83 Ivory Coast and Asia
a. HTA International Institute of Tropical Agriculture

IRAT Institut de Recherches Agronomigues Tropicales et de Cultives Vivriéres

IAC Instituto Agronomico de Campinas

INIA Instituto Nacional de Investipaciones Agricolas



194 Sorghum tor Acid Soils

In genceral, it was observed that atl aluminum tolerant cultivars
have deep roots, but notall genotypes with deep roots are tolerant
to aluminum toxicity.

Among the materials evaluated, some high-vielding dwarf geno-
tvpes were included. Tt was observed that these genotypes adapt
poorly to this ceosystem. These irrigated genotypes are character-
zed tortheir superhicial rooting svstenn and excessive tllering and
probably because of this they are predetermined to upland stress,
to nutrittonal unbalances, and to water deticieney in the soil,

Fhere was no correlation between plant height and tolerance to
aluminum toxicity Lable S) Many upland dwarl genotvpes had
high aluminun wlerance and good adaptation to suvanna
conditions. These upland dwart tines have thick and deep roots
(CEA T TSNS,

Lossinvield due to alaminum toxicity was estimated (Table 6).
Relative vields of the tolerant, maderately tolerant, and suscepti-
ble cultivies were 9200700 Cand I8¢ respectively, relative to the
vield obtiined i the fow aaidity strips,

A proup of rice cultivars previousiv classitied as tolerant in
alumimum nutrient culture were also included. Less than 1000 of
258 cultvars were rated as tolerant in the field. The majority
exhitbited severe vellowing my the high acid sinips 40 days after
planting. although some recovered at maturity, This type of
tolerance s undesirable because o would cause vield reduction,

Fable v Relation between height and aluminum tovicity of some varieties
evaluated in the acid strips, Centro Regional de Investipacion (CRD, La
Libertad, Colambia, 1984,

Heneht Reaction o

Cultivar (¢m) atununum® Feosystem
JOX N9[-2]2-2-102 55 1 Lipland
TOX I818-34.001-201 -1 75 I Upland
FOX 1010 24-6-0-1-1B 6] 2 Upland
TRAT 148 55 2 Upland
IRAT 122 77 2 Upland
FRAT 1941223 00 2 Upland
TAC 28 PI-TO-99 1-4-1 63 I Upland
Colombia | M3II2A 67 ! Upland
CICA S 52 5 Irrigated
TAC 165 (Resistant control) Vo6 2 Upland
Mectica T (Susceptible controly 55 4 lrrigated

i Bised on the scale presented dn Fable 3 to evaluate aluminum toxicity symptoms,
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Lable 6. Relative yield® of varieties with different reactions to
aluminum tovicity.

Relative
Classb Scalet vield
(1)
Tolerant [-2 92
Mouoderately tolerant K 0
Susceptible 4-5 48

a Relative yield - Yield o high acidity bands
Yield i hime bands

hoTneach class @ sample of SO cultivars was taken,

¢ Based on the scade presented in Table 3 o evaluate aluminum toxicity
NYptons

Sunumsary

['he Rice Program at CIAT is intensifving breeding for tolerance
tothe acid suvanna soils. Major production constraints for rice in
this ccosystem are: the lack of adapted rice varieties for acid.
infertile soils: biologicai (discase and insect) constraints: and
inadequate information on agronomic practices. The approachin
varietal improverment s directed toward development of rice
varieties suitable for a minimum input system. A ficld-sereening
procedure is deseribed. Donor caltivars having high tolerance to
aluminum toxicity were identified.
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Breeding Methodology for Phosphorus
Efficiency and Toleranece to Aluminum
and Manganese Toxicites for Beans
(Phaseolus vulgaris L.)

M. Thung, 1. Orteea, and O. Erazo*

introduction

Bearcvields in Latin America are generally very low. The largest
producers, Brazil (FAQO. 1976) and Mexico (1.cpiz, 1977), with
more than 7007 of the area. report yields unde, 700 kz ha. These
fow vields are caused by, among oiher things, adverse soil
cenditions such as acidity. low phosphorus (P), .nd high alumi-
num (Al and mangancese (Mn) toxicity prohlems,

Phosphorus deficieney is the nost common natritional problem
ofbeansin Latin America. Either Alatone or Aland Mn toxicitics
arc almost always nresent in acid soils with low base saturation.
Mulier ¢t al. (1968) showed that 200 of 116 soil samples from
Central America had pH values under 6.0, Beans are known to
perform bhetterin soils with pH values between 6.0 and 7.15 (Jacob
and Vexkuell, 1963).

Unfortunately, beans are cultivated 1n arcas with pH values
under 6.0 {Mullerctal., 1968) and where I? deficiency is common,
Smailapplications of CaCO, reduce exchangeable Ai brlow toxic
Emits without increasing the soil pH. Beans are n-ore sensitive o
Aland Mn woxi- ity and need higher Ca levels than other Crops,
including Poaccous species. Limited liming is necessary to
overcome the Aland Mn complex without inducing zine (Zn) and
boron (B) deficiencices when breeding beans for their elficieney to
low phosphorus levels.

Application of P {ectilizers is 100 expensive for the common

* Gutposted agronomist, Centro Internacional de Agnculura 71 ropical (CIAT) Bean

Program, at Centro Nacioral de Pesquisaem Arros ¢ Feifpo {CNPAF), Caixa Postat 179,
64000 Goiaris, Goias, Bravil, rescarch associate, CIAT Bean Program, Apartado 6713,
Cali, Colombia: rescarch assistant, CIAT Bean Program, Apartado 6713, Cali, Colombia,
respectively,
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Farmerund s etticiency is low. Kieh and Minn.es ( 1972 estmated
that the bears plant utilizes between 109 and 3007 of the fertilizer
applicd. Cobra Neto (1976) Tound that beans absorh onlv 9l Ky
P haand remove only 3.0 kg P ha through 1000 Ky of seed. Asa
generabrale. the higher the soil Pdeticieney. the less elficient the
plantto absorb Puadded as fertilizer. For this reason. itis better to
ook fora plantetficient in the ase of P and moderately 1olerant to
Altoxicity. rather than tryving to improve the soil conditions.

Fhe objectives af this rescarch were:

Lo Toevatuate bean etficieney in the use of low P levels in the
soll and its response to additional P apphceations,

2. Toevaluare bean wolerance to Al and Mn toxicities and its
response toadditional Timing,

3 FPovdently good muaterial resulting from evaluations in steps
I and 2.

4 To recommend promising material identitied in step 3 as
clticientand tolerance-hreeding sources to improve archivee-
ture. and resistanice 1o drought. diseases. and pests.

toid Soils

Phosphorus in the soil and it deficiency in
the hean plant

Phosphorus is always changing in the soil and can be found in
three different forms:

Dircetly available o the plant throuzh the soil soiution;

unstable but with possibilitics to be transformed into a form
available to the plant; and

completely tixed and not availuble to the plant.

[ngeneral, Pavailability decreases with soil acidity. Phosphorus
deficiency in the bean plant is shown by leal” color changes,
necrotic borders, carly defoliation. reduced growth with very thin
stems, and short internodes. The flowering stage is delaved and
the pertod to physiological maturity is shortened. The principal
root is very short and sometimes the tap roct is replaced by
adventitious roots,
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Aluminum in the soil and its toxicity in the
bean plant

Aluminum is the second most common af the major clements
presentin the soil (Schetter and Schachtsehabl. 1970), but it is
generally nota threat provided itis not assinilated by sisceptible

plants.

Aluminum toxicity alleets mainly the roots, mhibiting cell
division, reducing roo ssstem development (Macl cod and
Juckson, 1967; Feming and oy, 1968: Fov. 19743, and reducing
growth of the plant in gencral as o secondary effeet. Suseeptible
plants absorb Al and accumulate it within or around the roots,
Aluminum also reduces P intake due 1o Aicaction between the
"woelements forming aluniinum phosphites. NMuminuam tonIviny
is evident when the plants are stunted and loosely rooted in the
soil Young leaves hecome velow and it toxieiny iy VIV severe,
Some necrotic spots become visible along the barders, Roots are
the most affected organs and are used s a parameter to evaluate
tolerance (Armiger et al.. 1968 Reid ot al. 1971,

Manganese in the soil and its toxicity in the
bean plant

Manganese is present in the soil in three dittereat forms: Mo+,
Mottt and Mot b+t Only the Mn 1 form s readily
assimilated by the plant and can be found in the absorption
complex or free in the soil solution. High organic soils which are
acid. such as the Andosols. have o high Mun content and can cause
severe damage to the bean plant.

Manganese absorption and movement within the plantisin the
Mo+ form. This form is not very mobile and cannot piss into
the phloem (van Goor and Wicersna, 1974). High amounts of Mn
can be accumulated in the leaves without producing toxicity
symptoms or affecting the yield: it is common to find leaves with a
Mn content of 1000 ppm.,

When the rolerance level s exceeded. Mn toxicity causes
vellowing hetween the leaf veins, deformation und shrinkage of
leaves and buds, and necrosis of old leaves when toxicity is very
serious,
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Genetic variation of beans under adverse
c¢ nditions

Phereis strong evidence about bean geactio variation regarding i
eificiencey in the use of Puand its tolerance to Al and Mntovicitics.
Some eommercial vanetios from Brazi (Carioca and Mulatinho
349 (G3059)) are not only P oetticient. bt also tolerant to
moderately high levels ol Aland M. Commiercial varieties fron,
Central America and Colombia are susceptible to such soil
conditions. Recent data show that grain color does not afteet P
ctliciency or tolerance to Al or Mn problems.

Screening methodology

severabinvestigators have looked for a methodology that allows
casy management of large numbers of lines in a relatively short
period of tinie. at low cost. and with good correlation to final
vields. Inthe case of tolerance to high levels of Alin the soil, most
rescarchers agree that the roots, the most affected part of the
plant are agood indicator of the tolerance index. Foy (1974} used
the growth rate index: Reid etal, (1971 used the intensity of the

rooteolorsand Hansonand Kamprath, (1979) used the activity of
the adenosine triphosphate (ATP) enzvime in the roots. All of

them obtained good correlations with vield.

Plant parts used to study Aland P ellects are destroyed during
the evaduaticn process. 1tis ther impossible to use the same plant
forseed production exeept with the Polle et al. (1978) method in
which the plant can be recovered after using hematoxylin, Plant
destruction sloves the breeding process in carly generations and
makes it difficult 1o assare the genetic identity of the materials
selected, exeept in the case of genetically identical plants.

Another factor that must be considerad is that when seleetion
oceurs during the vegetative stage it is assumed that the plant has
the same P oabsorption capacity during the remainder of the
growing period ignoring the highest P mobilization activity
during the pod formation stage. Haag et al. (1967) showed that P
absorption reache: a maximum by the pod formation stage and is
maintained at this level until physiological maturity. Absorption
ol Pisvery low between the germination and the flowering stages,



Breeding Methodoiovy tor Phosphors Liseoene s 201

Grain vield wis used as an evaluation parameter to tacilitate
breeding of materials accerding to their clficieney or tolerance.
Crop growth vigor was alvo observed during all stages withow
anycorrelation to the tinal viekd, Plants can grow perfectly weliin
low P levelsup to the pod tormation stage. At this stage. pods in
no-stress plots hilled normally while pods in stress plots did ot fill

well,

Iield technique

Site

Aluminum and or Mn toxicities vary, the same as fertility,
according to the zone. For this reason it was necessary to conduct
preliminary ficld studies to determine AL M, and 1 stresses,

Determination of Aland Mn stress levels

Fo determine Ai and Mo stress tevels, a g trial, applving
ditferent levels of dolomite or caleitic ime, was conducted hy
planting dificrent bean varicties, including tolerant and silxccpli-
ble tvpes. Aluminum toxicity was calculated according to ity
sataration level in the soil using the Pearson (1975) formula:

Al
Al saturation () == x 100
(Al + Ca+ Mg+ K)

where the units for cations were given as mitliequivalents in 100
grams of soil.

Figure 1 shows the results of such a study at the Centro
Internacional de Agricultura 'l ropical (CIAT)-Quilichao (1979A).
I this case. application of 800 kg CaCO; equivalent was enough
to achieve 6507 Al saturation under the CIAT-Quilichao condi-
tions. With a lower rate of lime. Al saturation pereentages vary
crratically. This level of Al saturation may appear too high, but
the presence of whigh organic matter content (77¢) helps reduce Al
toxicity through its absorption complex. With higher rates of
ime, both susceptible and tolerant varieties grow well and

produce good vields.,
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(C Vg equals 2200 and the standard deviation (SD) at 0.05 equals 40

Ihe amount of CaCO, needed to reduce Al stress can also be
determined using the same trial, According to Figure I, more than
2000 kg of CaCO, equivalent were required to reduce (without
climinating) the Al toxicity effect. Application of more than 6000
he of CaCO, equivalent causes other problems such as mobiliza-
tion or lixation of microclements, P fixation, and the promotion
of some plant diseases.

Determination of P’ stress level

Fhe same system used to determine Al stress was used to
determine P ostress levels using dilferent bean varicties.

Phosphorus application fevels should be carefully analyzed.
Under CIAT-Quilichao conditions, beans can grow well with P
levels around ¢ ppm (Brav 1) and applications of 2000 kg of
CaC Oy equivalent, while at other sites this concentration is not
enough,

To determine the Pstress level, a graph is constructed, such as
Figure 2, where the points represent data from cach variety and
the dispersion is maximuniz that is, differentiation of varictics is
the most visible. This rate is used as the Pstress level.

The no-stress levelis determined by observing the closer points.,
The difference between them is assumed to be the ditference
between the levels of maximum vicld of the varieties. The no-P-
stress level has a limit: if applied in excess, I becomes expensive
and can change the relationship between elements.
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Figere 20 Phosphorus effects on bean production ar CLAF-Quilichao, 1979,

Simultaneous breeding treatment

Once the different levels (stress and no stress) are known, they can
be used in combination for a simultancous breeding process.
Each plot represents a treatment with at least three replications,

Treatment I: Al stress plots with no P ostress.

Treatment 11: P stress plots with no Al stress.
Treatment I No Al or P stress (optimum levels).

Soil preparation for large-scale screening and breeding
piots

Once the Atand P stress and no-stress levels are known, the field 1s
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prepared for hmimg. Hall of the CaCO, is bioadeast and
incorporated as deep s possible (about 20-¢m), the other hall iy
hroadeast betore planting. Seeds are over planted (200 more) in
30-metre-long tows with .0 m between rows, and stands are
thinned two wecks after genmination to obtan stands of 25
plants m<. Bean germplasm should be separated according to
growth habit. Growth hahits Tand 1 (bush tvpey can be planted
separately, while growth habit T (prostrate) dines should be
planted together to achicve acertn degree of competition among
lines and not between growth habits Halfa metre s eft at cach
end of the row and only the 2.0 m o sections in the center are

harvested.

Modifications to the breeding methodology

Based on field results. some modifications were made and the
methodology was divided into three stages which included the
following aspects:

Stage I This stage was integrated by bean lines (200-300) from
the Preliminary Uniform Yield Trials, plus seven controls tolerant
to acid soil conditions Advanced breeder lines and - or lines from
adaptation nurseries can be evaluated at the same time. Each
viariety or line is planted in four-row plots grouped by prowth
habitand grain color. Treatments included in this stage are Aland
Pstresses. Forthe Pstress treatment, | ton CaCOequivalent - ha
was broadeast and incorporated: 75 kg P,0O. - ha as triple super-
phosphate (TSP 4000, 60 kg N ha as urea (4607), and 67 kg
K,O ha as KCL(60%) were applied in bands: B and Zn (0.5¢7)
were applied to the leaves if deficieney symptoms were present.

For the Al stress treatment, 500 kg CaC O, equivalent ha, 220
kg P,Og-ha as TSP (4677, 70 kg N ha as urca (4617), 60 kg
K,O/ha as KCL(6047), and micronutrients were applied in the
same way as Tor the Pstress treatment. No replications were made,
and data were taken on adaptation on a scale of T (good) to §
(poor). Central rows were harvested {or yield evaluation when
moisture content of the seed was 149 . The plot was protected
against insects and:or diseases and complete soil analyses were
carricd out at 0-20 and 20-40 cm before planting and after
harvesting,

Stage I1. This stage contained those lines (50-80) that showed
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rood vield and adaptation in Stage and the same lines used as
controls in the tirststage, Fhree treatments were included in this
stiage s one with Patresssanother with Al stresssand the third with
no P o Alstresses distributed inacrandom plot design with three
replications. Fach ine was planted ni tour rows 30 metres long
with 0.0 m between tows. Phenotogical data were taken from the
two central rows (diss-to-germination. tiowering, physiological
maturityy and vield components (number o plants per plot,
number of pods per tive plants, number ot seed per five plants,
total weight e grams plot at 149 moisture content) for the
corresponding variance analysis,

FFor the no-stress treatment, 2500 kg CaCO, cquivalent per
hectare per semester, 300 kg PO as TSP (4607 ), 100 ke N haas
urea (4670), 100 kg KO haas KCHOO0). 20 ke S ha, | kg Mg ha
(20 kg MgSO, ha) Fhg B hatl0kgborax ha). S kgZn ha(25kg
ZnS05) and ke Mo ba (I kg NaMo) were applied.

For the P ostress treatment, {000 Kg CaCO; equivalent ha and
SO kg PyOg haas FSI 4600y were applied per semester, Other
nutrients were applicd the same waveas for the P stress treatment
in Stage 1.

For the Alstress treatment, 500 kg CaCO, equivalent; ha and
200 kg P,OL hacas TSP (4647) were applied per semester. Other
nutricnts were apphed in the same way as lor the P stress
treatment in Stage |,

Stage HI. Included in this stage were outstanding lines from
Stage 1 taround 15 plus 7 controls from Stages | and [1). The
same treatments used in Stage Howere applied here. The plot size
per line was five rows, 4.0 metres tong and 0.6 m between rows,
Agronomic management was the same as for Stages T and 1 the
three central rows were harvested and the same data evaluated on
Stage [T are also evaluated in Stage I, The no stress treatment
was the same as for Stage 11

The P stress treatment received 1000 kg CaCO, equivalent ha,
30kg PO haas TSP (4607), and the other nutrients were applicd
in the same manner as for Stages [ and 11 per semester,

The Al stress treatment received 400 kg CaCO, cquivalent ha,
180 kg PO ha as TSP (4607), and the other nutrients were
applied in the same manner as for Stages 1 and 11 per semester,
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Iis important to note that Poand AL stress devels were
established for the Ultisol conditions of Quilichao, For this
reason, 1t s neceesary to carry out complete soit analyses before
planting and after harvesting for cach particular situation.

Data collection
4. Phenological

I, Days-to-germinition (when 5047 of the plants have
emerged)

Germination rate

Days-to-flower

Days-to-physiological maturity

E RS

b, Yield analvsis

. Number of plants harvested
Number ot filled pods per plant (sample of 5 plants
per row)
3. Number of pods, plant
Yield (g'm?) at 149 moisture content

o

Data evaluation

Statistical evaluations did not give satisfactory results because
yield differences were large among lines. The main objective was
to observe yield stability in the three or four replications within a
growth habit,

The same control lines were always planted in ecach sereening,
They were used to measure the relative importance of differences
between lines, hecause yield s affected by a range of climatic
conditions, and the standard materials can be used as a correction
fuctor.

Before selecting lines according to theie characteristics, it is
necessary to seleet two additional parameters derived from the
yield and the treatment to measure their response:

(vield in no-stress plots) - tyield in stress plots)
(PO kg/ha no stress) - (P,O5; ha with stress)
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Fhe amount of P in ppm was not used because chemical
analysis data greatly depend upon water conditions and time
elapsing after apphication.

(\uld i No-stress plnls) - (vield in stress plnls)

(Ci Al saturiation with stress) - (C Al saturation without stress)

Lines within a group (grain color or growth habit). can be
classiticd according to the average vield for the plots with stress in
the same group,

Figure 3 shows a classification of lines according to efficiency
and their response to the application of P fertilizers. The yield of
the tines under P ostress is on the X axis and the response to P
fertilizer is on the Y axis.

The average yield (in this case 99 g/ m?2) divides the bean lines
into two groups. Those on the left are inefficient, while those on
the right are efficient. The average Alpha line (in this case 2.2
hg kg P,05) divides the bean lines with response above the line

Average yields with P stress

99 g/m?
5.0 &/
= 4
<,
@ 40
« A
= ]
£ 30k B a
N
= A 18A
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= 20+ A L 22k ha PO,
< ® G# -]
" ° N B
Z ® a® 2
g Lo © © A
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! AT (T
50 1) 150 g/m?
Bean yvields with P stress
ki
\21 o2 Al

Habit

Figure 3. Evaluation of materials according to their efficiency und response to the
application of phosphoric fertiizers at ClA 1-Quilichao.
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and without response below the line. We can then classily the
breeding lines into four categories

I Efticient line with good response. This is a line which
produces good vield both with P stress as well as with

adequate P,

2 Efficient tine without response. This line will vield well
under Pstress, but will not produce the same as other plants
with optimum P,

[

Inefficient line without response. This is a genetically poor
line which will not produce good yield either under adequate
or inadequate I conditions,

4. Inefficient line with good response. This is a line which
produces fess under P stress levels but which will produce
the same or better yields than an efficient line with adequate
P.

Lines in category 3 are rejected or discarded immediately and
those incategary 2 can be used directly by small farmers who do
nat apply fertijizer. Lines in category 4 can be released 1o farmers
who use fertilizer it the ccononiic vatue of the lines is acceptable,
Lines in category | ean be used directly by small tarmers. These
hines are used as tolerant or efficient breeding sourees to improve
other lines with resistance to some important discascs.

ftis interesting that the results obtained confirm the Lyness
(1936) postulate, “The most efticient materials under adverse
conditions are not necessarity the best under ontimum conditions.”

Nitrogen effect on selection is also very important. 1f the
selection process is conducted with an inadequate N supply, the
viricty response to P fertilizer is masked by the negative effect
produced by N deficieney (Figure 4).

[ this evaluation. lines were sclected only if they showed good
cfficiency characteristies under Postress conditions, a good
response to P tertlizer, or good characteristics for tolerating
moderate Al and Mn toxicity levels, There is a positive correlation
with their potential yvield between lines conditioned to P stress and
lines tolerant to Al and Mn toxicities.
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Figure 4. Range of bean response to different P levels, as affected by different N
ll’\'l'l\.

Joint evaluation to obtain tolerant materials to sdverse
soil conditions

These fines should have all desirable characteristies: efficiency in
the use of the P presentin the soil, response to the application of P
fertilizer, tolerance to moderate Al toxicity, and response to time
applications.

Lines with desirable characteristics can be evaluated and
identified using Figure 5. Lines in category | are identified as
tolerant to acid soil conditions. Most of the lines identified until
now as tolerant come from Brazil where they have adapted to
adverse soil conditions,
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Figure 5. Evaluation for ebiaming telerant materials to adverse soil conditions.

These results show the elficiency of this breeding system at
CIAT-Quilichao, where Al and Mn also atfect production.
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Worid Sorghum Germplasm Colicetion
and Conservation

Vartan Guiragossiar and Siclak 1, Venvesha*

Introduction

Fheimportance of germplasm in any crep improvement work is 4
well established fact. The main purpose and responsibility of the
Genetie Reseurces Unit (GRU) at the International Crops
Research Institute for the Scini- Arid 1 ropies (ICRISAT) is 1o
colleet and preserve the vanishing germplasm and make it readily
available for present and future atilization. The germplasm must
be maintained, as much as possihle, close 16 ity original forin and
genetic constitution. Svstemate ey aluation and documentation
are very important and neeessary tisks to help understand and
classity the collecred material, 1 fiey also tacilitate identificution
and retricval ot useful germplasm lines for distribution and proper
utilization.

Lately, TCRISAT has attemipted, through questionnaires, to
assess the value and use of the germplasm that has been supplied
lo many crop tnprovement programs throughout the semi-arid
tropics. The responses that have been received, so far, are most
cncouraging. The results of this assessmeat are being studied and
compiled for circulation,

Phe origin and carly domestication of sorghum mest probably
took piace ia the northeast quadrant of Africa. from the Lthiopia-
Sudan border area extending westward to Chad (Dogget, 1970;
Harlan, 1971). Other arcas i West Alrica and Asia are also
important centers of diversity.

Collection

The world sorghum germplasm collection work at ICRISAT is

* TCRISAT sorghum breeder for Latin America at the Centro Internacioral de Mejora-

micnto de Maizy Trigo (CIMMYT), £ Batan, México; leader of Genetic Resources Unit,
International Crops Research Institute tor the Semi-Arid Tropics (!CRISAT), Patan-
cheru, PLO. 502 324, AP India, respectively,
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currently developing at an aceelerated pace. We also continue our
search tor the missing accesstons of the world collection from
other pene banks. In addiviorn to the already assembled warld
collection, TLO8R new aceessions were insembled from 79 coun-
tries by organizing collection expeditions in priority arcas, and by
correspondence. With these new additions, the sorgham germ-
plasm colicetion at TORISAT has reached o total of 22,466
accessions (Table 1) In addition, 2697 new aceessions recently
obtained trom 12 countries are under plant quarantine for release
1984 When these ines are released. the collection at ICRISAT
will reach 25,163 accessions,

Fable [ Sorghum germplasm assembled at the International Crops Research
Institute for the Semi-Arid Trapies (ICRISAT), Jonuary 1983,

Number of aveessions assembled by

ICRISA T IBPGR®
Rocketeller  ORS TOMDP National

Satree Foundation Programs Total
Africa
Angola 21 6 29
Benin | 3 4
Botswana 28 162 190
Burkina Faso 160 88 248
Cameronn 1753 82 1835
Central African Republic 37 2 39
Chad 125 13 138
tuvpt 15 7 22
thiopia 1446 2796 4242
Ghana 1l 53 64
hoory Coast ! - 1
Kenya 313 448 761
| esotho - 8 8
Madagascar - 1 l
Mualawi 58 379 437
Mali 95 16 11
Moroceo - 3 3
Morsambigue - 42 42
Namibia - | 1
Niger 25 383 408
Nigerii 897 276 1173
Sencgambia 12 282 294
Sierra Leone - 3 3
Somalia 5 ‘ 120 125
South Africa 483 243 726
Sudan 855 1401 2256
Swaziland I8 ! 19

(Continues)
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Lable 1. (Coatineed).

Number of iaccessions assembled by
.

ICRISAT IBPGR?
Rockefeller  ORSTOMD National

Source Foundation Programs Fotal
| anzania 3 401 432
Uganda 471 14 612
Laire 24 E 24
Zambia R} 207 210
Zimbabwe . 123 63 186

Asia
Afghanistan 5 ! 6
Bangladesh - 9 9
Burma 2 [ 8
China 24 44 o8
India 2732 1406 4138
Indonesia 6 20 2
lran i 6 1 7
Irag 2 2 4
Israel 22 - 22
Japan 106 5 111
l.ehanon - o0 360
Nepal 7 1 8
Pakistan 18 11 29
People’s Democratic
Republic of Yemen - 1 |
Philippines [ 4 5
Saudi Arabia - | I
South Korea 2 - 2
St Lanka - 25 25
Svria - 4 4
Taiwan 12 1 13
Thailand 5 - 5
The Sovieo Union 5 04 69
Turkey i 50 M|
Yemen Arab Republic - 216 216

Furope
Belgium - | I
Cyprus | - I
Fronce 5 - 5
Gernuan Democratic
Republic - 4 4
Greece 1 - l
Hungary - 26 26
Italy 8 - 8
Portugal - 6 6
Spain - 3 k!
United Kingdom - l !

(Continucs)
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TLabic ! {Continued).

Number ol accessions assembled by

ICRISAT IBPGRE
Rockefeller  ORSTOMDP National

Soturee Foundation Programs Total
Americn
Argentina 2 14 16
Cuba | 2 3
Fl Subvador - I |
Guatemala - 6 6
Honduarias - i |
Mexico 207 27 234
Nicaragua - | 1
Umited Staies of America 1208 671 1879
Utugnn - | ]
\enezuela - | |
West Indies - 3 3
Australin and Oceania
Australia 6 22 28
Papuia New Guinea - | 1
{Unknown 70 27 197

lotal 14,778 1,688 22,466

4 THPGR International Board tor Plant Genetie Resources, Rome, Ttaly
o ORSTOM  Ottiee de Ta Recherche Saienthyue et Fechmgue J'Outre-Mer, Franee

Types of collections maintained at ICRISAT

The various types of collections for maintenance have been
identified and desceribed by various individuals, committees, and
organizations (House, 1981). The Rockefeller Foundation and
the All India Coordinated Sorghum Improvement Project
(AICSIP) have plaved leading roles in the initial stages (Rao,
1972: Rockefeller, 1970). Recenty, ICRISAT (Mengesha, 1981)
has taken the responsibility of world collection, maintenance, and
cons: rvation of sorghum germplasm.

Accession collection. This includes the available world collec-
tions. All new acecessions will be added to this collection. So far,
we have 22,466 accessions, cach represented by asample of 500 g.

Basic collection. A hasic collection of 1245 accessions was
sclected from the world collection with stratification based on
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taxonomic race. geographical distribution, and ceological adapta-
tion to the Patancheru, India location. Similar basic collections
may have to be formed for other arcas, The present material s
being closely observed and used bysorghum breeders at TORISAT
as well as in Cameroun, Guatemala, india. Japan, Mali, Uganda,
Burkina Faso ttormerly Upper Volta), and the United Stites,

Spontaneous collection. This consists of wild relatives and
weedyraces of sorghum. So far, we have been able to maintain 278
aceessions of 13 taxa,

Bulks collection. We are now in the initial stage ol making
bulks. Lines require careful observation and assessment before
merging similar material into a number of bulks. House (19%1)
suggested that entries in one bulk should be similar in origin,
height, maturity, and adaptation. We are now selecting different
series of similar maverial from the conversion program to
maintain them as bulks.

Named cultivar collection. This collection presently includes
only 237 named and released cultivars,

Genetic stock collection. This material includes germplasm
with known genotvpes that are of special value as sources for
certaindesirable characters such as resistance to a specific disease.
Eachsample is maintained by seifing. to obtain a stock of abont !
kg, exeept for the male sterile lines that are maintained by hand
pollination between corresponding male sterile and maintainer
lines.

The genetic stoeks maintained by GRU. ICRISAT are listed

helow:
Promising lines for shoot fly resistance 556
Promising lines for stemborer resistance 212
Promising lines for midge resistance 60
Promising lines for aphid resistance 9
Lines less susceptible to grain molds 51§
Lines less susceptible to leaf blight 35
Lines less suseeptible to anthracnose 124
Lines less susceptible to rust 43
Lines less susceptible to downy mildew 95
Promising lines for drought rosistance 246
Glossy lines 501

Pop-sorghums 36
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Sweet-stalk sorphums 41
Seened sorghums 17
Twin-seeded lines 131
Large-glume lines 71
Cytoplasmic A B lines ' 186

All resistant stocks are maintained as suggested by the ento-
mology, pathology. and breeding disciplines and many of these
fines are still being tested.

Conversion collection. Following a 1976 recommendation of
the IBPGR - Advisory Committee on Sorghum and  Millets
Germplasm (IBPGR . 1976), we are maintaining 176 converted
lines obtained from the Texas A&M University - United States
Department of Agricaiture (USDA) Conversion Program. The
TCRISAT conversion program will soon praduce additional
converted lines from tropical germplasm,

Special collections. These collections are being assembled to
conserve certain important lines seleeted and developed for their
spectal qualities by various sorghum workers. So far, we have two
stuch collections maintained at ICRISA T, We know there are
many more such vatuable collections being kept by various
sorghum improvenient scientists and we hope to assemble and
maintain them at TCRIS AT

Karper's Nursery. This nursery was developed by the late Dr. R,
oo Karper in Texas, USAL atter the introduction of yellow
endosperm “Kaura™ germplasm trom Northern Nigeria. These
lines are short and photoperiod insensitive, They were assigned
Indian Selection (1S) numbers and are part of the world collection,

ALAD Nursery. This material was developed ind assembled by
the Ard Land Agricultural Development (ALAD) Program,
tormerly based in Lebanon. by Dro 1L R House and colleagues at
Tel Amara Station, Tebanon, Some of the vellow endosperm
“Kauras™ trom Karper’s nursery comprised the basic material for
this nursery. When Dr. L. R Honse left Lebanon, this germplasm
wassentto ICRISAT for maintenance. There are 1674 accessions
in this nursery.

Future areas of collection

The priority areas for future collection of sorghum germplasm, as
listed by Mengesha and Rao (1981), are as follows:
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Asia Nepal, Burma, Indonesii, India, Pakistan;

Fastern Africa Fthiopia (isolated areas), southern Sudan,
Upanda, Keova, Mozambigue, Zimbabwe:

West Africa Swerra Leone, Ghana, Togo, Ivory Coast,
Chad. Benmo Masnnania, Burkina Faso: and

Other Areas  South and North Yemen, China, Turkey,
Syriae Central Atocan Republic, Congo, Zaire, Angola,
Moroceo, Saudy Arabia, and Fatin America,

The priority arcas were adentitied in collaboration with the
Food and Apricalture Orpanization of tne United Nations
(EAOY International Board for Plant Genetic Resources
(BPGR)TCRIS AT and varous other international and national
seientists i germplasm resouree areis. New and  important
collection arcas are identticd annually . Actual collection depends
upon several factors, mcluding government clearance, financial
resources, collaborating national organizations, environment,
and other Togistical problems.

Fvaluation

FCRISAT. More than 19,000 accesstons have been evaluated for
iportant morphoagronomic characters (IBPGRand TCRISATT,
19801 The sorghum deseriptors published in the above report will
promote amore systematic and untormevaluation and exchange
ol information around the world. The variation we have in
sorghum germplasny s sammarized in Lable 20 This diversity, the
range of which issttlexpanding, is censidered the mostimportant
aspect of germplasm collection and utilization,

Screening sorghum germplasm for insects, discase, Striva,
drought resistance, pratn quahity, and other characters is being
carried out in collaboration wiih other disciplines. The results of
this sorghum evaluation and sereening work are shown in Table 3.

Regional evaluation. Evaluation of sorghum germplasm in the
rainy season (Kharit) at Patancheru, India, cannot provide
complete infermation because most ol the tropical germplasm is
photoperiod sensitive. The problem of ¢valuating photoperiod
sensitive permplasm has been recognized by several workers
(Dalton. 1970; Fberhart, 1970; Mcngesha and Rao, 1981;
Webster, 1975).
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Table 2. Range of variation in the presently assembled world sorghum perm-

plasm.
Range

Chatacter Minimum Maximum
Davy to S04 flowering 36 199
Plant bewght teny 55 655
Peduncle exsertion fem) 0 55
Mudnb color Whiie Brown
Pamcle Tength gemy 2.5 71
Pamcle width (e | 29
Glume color Straw Black
Gilumie covering Exposed Covered
Crain color White Dark brown
Ghain stze (mm) l 7.5
Gean o werght () 100 .58 8.56
iilering tno)) | 15
Stalh sugar content (47) 12 14

Fable 3 Results of sorghum germplasm evaluation and sereening.

Accessions Promising [dentified

N0y lines, and

Sereened lor (No.) teseribed by
Insect resistance

Shoot 11y 11,287 556 Serghum entomology

Stemhorer 15,724 212 Sorghum entomology

Miudgpe 5,200 60 Sorghum entomology
Pliscitse resistance

Gran mold 16,209 515 Sorghum pathology

Leal discases

I eal bhpht 8,978 35 Sorghum pathology

\nthracnose 2317 124 Sorghum pathology

Rust 602 43 Sorghum pathology

Dewny mildew 2,459 95 Sorghum pathology
Drought resistance 1,752 246 Sorghum physiology

and breeding

Other characters
Fow sumudant production
tor Striga permination 15,754 645 Sorghum breeding

Glouwsy character 15,260 501 Sorghum physiology

and penetic

resourees unit
Popping character 2,694 36 Sorghum breeding
Sweet-stalk character 7,200 41 Guenetic resourees

upit, biochemistry

and ~sorghum physiology
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This is the reason much importance is placed on multilocation
evaludation of germpliasm at or close to its original habit. s
project will be conducted at selected regional centers in col-
laboration with nutional progran.s.

Last year. we suceesstully evaluated the entire Ethiopian
sorghum geraplasim of 5155 accessions at Nazareth and Arsi-
negelle, Ethiopia. The work was done in close collaboration with
the Ethiopun Plant Genetic Resaurces Center (PGRC i) and the
Ethiopian Sorghum Improvement Project, with the financial
support of Deutshe Gesellshatt fir Technische Zusammernarbeit
(GTZ), West Germnay.

Documentation

Data tabulated for 704 1S numbers were computerized at
IS GR, Colorado, USA[ using the EXIK program for casy
retrieval, The same data were transferred to the TCRISATT
computer through magnetic tape and a computer printout wis
released in the form ot a catalogue. Inaddition to the data already
compuierized. evaluation data for important descriptors with
passportinformation trom 1S 10051 onwards have been tabulated
for computerization. By the end of this vear. all evaluation data
will have been entered in the computer tor retrieval and diversity
analvsis,

Rejuvenation and maintenance

Uhe samples thia reach the erineal Tevel of quantity and/or fall
helow 837 viahiliny wee rejuvenated, and maximum care is taken
toavord eliening the original genotype. However, limited change
ounavoldabic with every regeneration. The most practical and
manageiable method of maintaining the genetic purity of sorghum
during regeneration is achicved by selfing about 20 representative
heads ot cach hine and mexing the selfed seeds. After controlled
drvingabulk sample of 0.5 to 1 kg of the threshed seed is placed in
sterage. The need for frequent regeneration is minimized with
appropriate conseryation prictices,

Conservation

Germplasm conservation s as important as collection. Once the
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zermplisim s collected, it must be properly preserved by appro-
priate techniques as detailed by the IBPGR (1979 and 1982). In
general, the following points are prerequisites for a sound
germpliasm conservation system.

L. Seeds must be clean and free of foreign material,

2. Seeds must bedried in adrying room with cool temperature
and low relative humidity (RH). The recommended stan-
dards for the drying room are 159C and 5% relative
humidity (IBPG R, 1982). The moisture content of sorghum
seed reaches equilibrium at 6,407 when the relative humidity
is about 159 (Roberts, 1974). The temperature re-
commendation may be too low 10 be practical. Justice and
Bass (197%) discuss several methods for determining and
reducing the moisture content of seeds in storage. The
aathors stare that moisture content of seeds pliays a most
mportant rofe in longevity. Seeds should be thinly spread
on trayvs while dryving.

30 Viability or percentape of germination must be recorded
mitially and systematicadly monitored during storage. This
aformution is needed to determinge the extent and interval
ulorejuvenation,

4 A temperature of 4°C iy revarded safe for medium-term
storigre and =I8C for long-term storage (Illis et al., 1980)).

S A sutticient quantity of seed must be stored to ensure
RCNOWVPIC representation, to monitor viability, and for
germplasm distribution, At ICRISAT. we keep about 500 ¢
ot cach aceession in medium-term. active storage. The
IBPGR (1982) hae recommended storing about 12,000 seeds
ol heterogencous material and abowt 4000 seeds of homo-
geneous material in long-term, base storage.

6. Storage containers shoald be selected carefullv, At
LCRISAT, we are ordering aluminum cans with hermetic
seals forlong-term and with airtight screw caps formedium-
term cold storage. Plastic bottles with serew ups presently
i use will be replaced in dae course,

7. Storage chambers: AUICRISAT, we are constructing mod-
ular rooms insulated with 10 em polyurethane walls,
ceilings, and floors. The floor is finished in heavy duty
galvanized sheet steel. The chambers are essembled in a
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large concrete roone The meduime-term cold storage cham-
bers are kept o about 3007 R with the use of a Rotair
Model N300 debumidiner. Conipressors ol 3-hip capacity
and air-cooled condensers are mounted outside the storage
chamber tosupply cold arowlieh is constandy circulated by
means ol propeller-type fans, Fach chamber is equipped
with w control panel tor etfective and reliable manual or
automatic operation,

K. Duplicate conservation: For the sake of satety and case of
distribution, itis ady isable to stare the world collection in at
least two jocations. Presently, several sorghum collections
are stored i ditterent countries of the world. According to
Anishetey etab (198D relativedy Targe sorghum collections
are mamtained at the focations hsted in able 40 Attempts
are being made to obtam detatds of the various collections

and to tanster samiples ot seed to the TORISAT gene bank.

There is o plan to mamtinn and conserve world sorghum
germplism in tour regions ot the world, including those at
TCRISAT and Fore Collins, Colorado, USAT The tirst new
regional collection mi be mamntained i Niger, The second one is
proposed tor Ceatral America. These teptonad consersations are
ustitied because it becoming more difticult to transfer perm-
plas from one repron o another. nranly because of quarantine
limttatians,

Introgression and conversion

Conversion of photoperiod sensitive, tall sorghum genotypes to
insensitive, short types is auseful tool for an effective and casy
flow of tropical germplasm into various sorghum improvement
programs (Dalton, (470 Fberhart, 1970: House, 1981 Stephens
ctal, 1967 Webster, 1975) At present we are in the process of
converting “Zcra-zera” landraces from Sudan and  Ethiopia,
which are highly prized for thetr superior agronomic characters,
butare of re tited use because of their photoperiod sensitivity
and plant heignt. The Iy populations of these partially converted
tandriaces have produced promising segregants, as described
below:

The desirable Zera-zera head characteristic was retained:

improvement of grain yield and quality was observed:
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Lable 40 Major sorg!

Country and
organizationd

‘\lycnlm.irnr\-i AT

Austridia
China, CAAS
Colombia, [CA

 thiopia

France, ORSTOM

france. INRA

India, NBPGR
India, TCRISA]

Lapan

Midagiascar

Mousiawi,
Chitedre

Mivico, INTA

Romianig

Phaland

Ihe Sovies Union,
Vavilov Instirute

Lhe United States,
NSSI

The United Staies,

Miussissippi

The Einited Stanes,
Puerta Rico

Venezucla

Yemen Arab
Republic
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wm germplusin collections,.

Iype o! Number of - Remarks
collection aceesiony
Cacte - 2,700 -
aetive 1,000
active 3,000
unspecitied 912
landraces and duplicate
cultivars 5,000 at ICRISAT
landraces, wild, partly
and weedy types 2,626 transferred
cultivae, dwart,
torage, and grain 400
landraces 2,000
world colleetion 22,466 duplicate
at NSSL
landraces and
cultivars 4606
nnspecitied 300
landraces and
wild 1y pe 483
mtroduced
cultivirs 3,000
landraces, wild,
and weedy types 4,900
unspeciticd 1,500
fandraces, cultivars,
and wild typey G.615
landraces, cultivars, 15,000 duplicate
and wild tvpes at ICRISAT
sweet sorghum
and others 4,610
landraces and duplicate
cultivars 4,000 at ICRISAT
landraces and
cultivars 494
Yemen and
mtroduced 4,000

U

Chinese Academy of Agricultural Sciences
te A lostituto: Colombiano Agropecuati,
HCRISA International Crops Research Institute for the Nemi-Arid Tropics
INEA Instituto: Nacional de Tvestigaciones Agricolus
INRA Institut Nacional de Recherches Agronomigues
INEA Iistitute: Nacional de Feenologia Apropecuaria
NHI'GR National Bereaw of Plant Genetic Resources
NSSTL Nutonal Seed Storage Lahoratery

ORNTOM

Ottice de Ty Recherche Scientifique et Technigque d'Outre-Mer
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the iropical, photoperiod sensitive material was successfully
converted to insensitive genotypes; and

plantheight was reduced to about one-half that of the original
Landrace.

We have recently imitiated an introgression program by crossing
Soopropinguum and a promising sorghum cultivar (IS 18758,
commonly known as 12 35-1) from Gambella, Ethiopia, Prelimi-
nury results of this work are promising.

Sunumnary

Germplasm is the most important raw material for any crup
improvement progrant and vet the possible extinction of this
invaluable resouree is a reality the world has to face. One of the
major objectives of the TCRISAT Genetie Resources Unit is to
collectand preserve the vanishing germplasmi and make it read’ly
available for present and future utilization. The germplasim must
be maintained as close as possible toits original form and genetic
constitution. The sorghum vermplasm collection at ICRISAT
contains a total of 25103 aceessions, Systematic evaluation and
documentation of these aecessions are very important to under-
stand and classity the collected material, They also facilitate
identificition and retrieval of useful germplasm lines for distribu-
tion and proper utilization.
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Prospects for Sorghum Improvement
for Phosphorus Efficiency

N Seetharama, K. R Krishna, 7.1, Rego, and ! R Burford*

Introduction

Phosphorus (P) deficiency is common in sorghum-growing
regions of the semi-arid tropics (SAT) (Sallanpaa, 1982), and
ranks second in importance only after nitrogen (N) deficiency. In
addition 1o the deficiencies of these two nutrients, other nutrient
disorders may be common. For example, zine (Zn) deficiency 1s
common in India, potassium (K) and sulphur (S) deficiency in
West Africa, and aluminum (AD toxicity in Latin America
(Sianchez and Saiinas, 1981). Amchoration of P dcficieney by
application of P fertilizers is costly. Thus, improved  farming
practices have the best chanee of adoption by the small subsistence
farmers with limited financial resources if they involve only
moderate amounts of low-cost inputs, To achieve this, we need to
determine efficient fertilizer practices in conjunction with the
development of P-efficient cultivars.

In this paper we will briefly summarize the relevent research at
the International Crops Rescarch Institute for the Semi-Arid
Tropies (ICRISAT), near Hyderabad in India. We will report our
results from studies on three aspects of P nutrition, viz., soil,
plant, and the associated microorganisms, and will discuss the
praspects for crop improvement in P-stress (and related) envi-
ronments.

Response of sorghum to phosphorus fertilization

Because of the wide variation in response to P fertilizer in farmers”
ficlds reported in SAT 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
* Plant physiologists microhiologist; soil scientist; and principal soil chemist, respeetively,

International Crops Rescarch Institute for the Semi-Arid Tropies (ICRISAT) Patan-
cheru, PLOL 502 324, AP, India
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sails to supply P are not well understood. Plant demand for P by
high-yielding sorghum cultivaes is high (Table 1), Forinformation
on the soil supply and its adequacy, we rely on {ertilizer response
experiments, a number of which  have hzen conducted ot
ICRISAT,

Fable o Mineral concentration® in prain and straw, and the total amounts of
minerads remosed by the crops of sorghum at a vield level of S tons of
grain cud M tons of straw per hectare during the 1979 yuiny season crop
on slightly acidic Alfisol w1 TCRISAT

Nutrients remosed by acrop

Minerad viclding Stons of graun and 10
NMineral concentistion tons of straw pes ha (Kg)

(g g} B

Grain Straw Gram Ntraw T'otal

N 14.6 8.0 710 80.0 153.0

K 52 10.3 26.0 103.0 129.0

N 3.7 1.2 I18.5 12.0 30.5

My 22 22 1.0 22.0 33.0

Ca 0.3 30 1.5 30.0 RIS

S 1.0 0.9 5.0 9.0 14.0
[T P

Al 213 947 1.07 9.47 10.54

ke 55 269 0.28 2.9 297

Mn 3 58 0.11 0.58 0.69

/n 28 25 0.14 0.25 0.39

Cu 6 8 0.03 0.08 0.11

w Dt on mineral concentration represent average values for 12 caltivars grown at four
tertility Jevels wath mean slightly aadic-neutral ferthzer, of 45 kg N, 19 kg Poha,
SOURCE. Seetharama N and Clark, B I Unpublished

Comparison of crops for their response to
phosphate fertilizer

Most of the sorghum grown in the tropies Is intercropped. In
order to be able to predict the fertilizer needs of sorghum-based
cropping systems, we ticed to know the response of cach of the
component erops to Pfertilizer. A Neubauer-type pot experiment
on a severely P-deficient Alfisol (about | pg/g Olsen-P) showed
quite clearly the marked difference between sorghum and pigeon
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pea in their needs for added P, Without added P, pigeon pea
growth was satisfactory over a period of 40 days.but both growth
and P uptake by sorghum were severely limited (able 2). Chese
marked differences between sorghum and pigeon pea provided
confirmation of results obtained in the field.

The experiment was Jocated on a slightly acidic (pH 6.0-6.5)
Alfisol (detalls in next section). Applications of waier-soluble P
caused much larger responses in sorghum and millet than in
pigeon peas. The response by these cereals exceeded 10007, and
the application of as litte as 10 kg P he was sufficient to achieve
much of the maximum possible response ( Figure ). The benetit to

lable 2. Effect of addition af phosphorus on growth of sorghum and pigeon pea
40 days after emergehee in u potexperiment on w P-deficient Alfisol,
TCRISAT, 1980,

Least sigmiticant

No P added ditference

Charactersne added P (pg (0.05)
Dry-matter production (g pot)

Sorghum 0.9 5.5 0.3

Pigeon pea 2.5 2.2 0.5
P uptake (mg;pot)

Sorghum 0.6 37 0.3

Pigeon pea 34 4.4 0.7

3000~ I

2000

Grain yield (kg. hay

1000 e e s e e e e S e S s e
//
B e e o e e ———
ISk
0 | B
S 10 20
Applied P (kg ha) as single superphosphate
e SOTghUM — —=leartmillet e eem Pigeon pea

Figure 1. Effect of upplied phosphorus on the grain vields of sorghum, miller, and
pigeon pea at 1CRISAT, 1976 10 1979,
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cost ratios from the first increment (5 kg ha) of P were very
attractive. Fyven more important, was tne consistenicy of
ghum’s response to added P oon this Alfisol over the years,
independent of seasonal rainfall (1 lgure 2), in contrast to the

NOT-

variabiiity in N responses (K anwar ¢! al. 1984) In pigeon pea. the
fespoanse wis consistenty small in all vears: this crop has a small

demand, ana appears to be efficient in absorbing P trom the soil,

000~
I.\'l» : /
/ _

/

g ha)
~N

= SE 4
-
= 2000}~ / Pl T RUTTTIIEE
k4 CLEad 2
Z, / /’, .-0""... -~~~~
§ / /’, _."..
/ T
1000} ‘/ 1 SE+
"
g
0 1 { ]
0 5 10 20

Applied P (kg/ha)

sesenes 1976

—-————i977 —— 979
~ ———
Year

Figute 2. Seasonal variazion in the response of surghum to single superphosphate

al ICRISAT.

Acid Souls

Effect of sources of phosphorus

Studies of different sources of P require carefully designed
experiments, because residual effects from a single application
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may last tor several yvears. Thus, long-term experiments are
needed. Tnsuch experiments, continuous monocropping is unde-
sirable because of the likelihood of pest and discase buildup. To
overcome this problem, we designed a simple two-year rotation of
iiproved cropping systems consisting of an intercrop of millet
pigeon pea in one vear in rotation with a sole crop of sorghum in
the next year. Duplicate main plots, one for cach cropping system
(millet; pigeon pea, and sorghum) ensured that cach crop could
be examined in cach vear, with a basal dressing of 40 kg N “ha
appliee to all treatments of millet, and 60 kg N ha to sorghun.

Using this general design, we commenced an experiment in 1976
on an Alfisol to determine the extent to which rock phosphate
could substitute for water-soluble P source. A major reason for
studying the effectiveness of the rock phosphate was the shortage
of indigenous sulphur sources in Tudia to convert rock phosphate
into soluble superphosphate.

Sorghum responded to rock phosphate but to a much smaller
extent than to water-solubie P (Figure 21 Applying all the rock
phosphate initially for the whole period of 4 years caused a
significantly greater response than annual applications, bui anly
at the highest rate. This experiment has two more vears to run
before completion ol its sccond d-year cyvele. Thorough soil
sampling then will indicate the changes in soil nutrient status.

3000~
=
=
=1
=
2 200
= wuﬂ"“‘"““u
S A
I..M
Ise+
ool L l ]
] S 10 20 40

Average P applied (kg ha)

Inial  seercrenne
Rock phosphate Single superphosphiate m——
ANNU| e———

Figure 3. Efiect of source and rate of applied phosphorus on sorghum grain vield
at JCRISAT, 1976 10 ]Y79.
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Effect of soil

Preliminary experiments at TCRISAT have also indicated that
Vertisols and Alfisols differ markedly in their soil-test- crop-
respanse relationships for P applied to sorghum. o tield experi-
ments conducted in the 981 and 1982 rainy scasons, sorghum
responded appreciably to added P only when the available P in the
Vertisol was extremely low (less than about 2 ug g Olsen-P).
Lavger responses were observed in the long-terni experiment on
the nearby Altisol (described above), with an initially higher
available Preontent (3 ug ). Thus, the two soils appear to have
ditterent eritical .nuts. More ngoious iesiing was awempted in
greenhouse experiments, using four samplhing sites for each soil to
provide wrange in available-P status. Relationships based on the
Olsen test ditfered littte between the two soil orders, but when
other predictive soil tests were used. very substantial differences
were observed (Haile, 1983). Further research is in progress at
TCRISAT.

Variation ir sorghum genotypes for
phosphorus nutrition physiology

Genotypic variation in nutritional efficiency can be due to one or
moie charactzristics listed in Fable 3. Plants adapted to soils of
low fertility appear to have characteristics different from those
adapted to optimal nutrient supply (Bicleski and Lauchli, 1983).
Hence, we should evaluate sorghum genotvpes tor their nutrient
efficiency under two different conditions:

Performance under moderate to adequate nutiient supply;
and

performance when nutrient(s) is severely limiting.

Seleciion for nitregen and phosphorus efficiency
under adequate nutrient supply

The ditferential response of sorghum genoty pes to the same level
ofapplied nutrients suggests the existence of genotypic differences
in the efficiency of nutrient absorption and distribution in the
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Lable 3. Possible components of genetic variations for wutrient efficiency.

HIL

V.

Acquisiion trom the environment

1. Elticient root system.
a)  High root 1o shoot ratio, under nutrient deficiency.
b)  Greater lateral and vertical spiead ol roots,
¢} High root density or absorhing surface, more root hairs,

especially under stress.
2. Physiological cefficiency ot nutrient uptake per unit root length.
3. Generation of reducig and chelating power (e.g., Fe).
4. “Extension™ of the root systems by mycorrhizae.
5. Longevity of 1oats.

6. Ability of reots to maodify rhizosphere to overcome low toxic levels of
minerals.

Nutrient movement across roots and delivery o the xylem
b Lateral transter through endodermis.
2. Release to xylem.

3. Controlof ion uptake distribution by either root ar shaot systems, or
by both.
@) Delivery to root or shoot under deficiency.
b)  Overall regulation of nutrient uptake and use av whole plant
level.

Nutrient distribution within plants

1. Capacity for rapid storage when nutrient is available, for later use.

[

Degree of retranslocation and reutilization under stress.
3 Release of ions {rom vacuoles under nutrient deficiency.
4. Natural iron chelating compounds in xylem.

5. Rate of leaf abscission and rate of hydrolysis (of organic P, for
example).

Growth and metabolic efficiency under nutrient limitations

I Capacity for normal functioning, even under relatively low tissue
nutrient concentration,

2. Element substitution (c.p., Nat for K+).

Polyploidy and hybridity levels.

SOURCLES:  Chaplin, F. S, 1980,

Gerloff, G. C. and Gahelman, W. H. 1983,
Goodwin, D. C. and Wilson, E. I, 1976,
Saric, M. R, 982,
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plant. We have observed considerable variation for different
characteristies concerned with both N and Puptake and utiliza-
tion (Table 4). Our studies also showed that N and p uptiake were
highly correlated with crop total dry matter production. and the
ctficieney of translocation {proportion of the total above-ground
Plant nutrient in the grain) of these minerals was also highly
correlated (o harvest index (Figure 4). This suggested that;
selection for crop growth may automatically include selection for
cflicient N and P uptake: and that genotvpes with reasonable
harvestindex will also have o reasonable ability to transfer these
minerals to the grain,

Several experiments were conducted under ditferent fertility
levels and soil types to study the genotypic differences in nutrient
uptake and utilization. We tound that genotypes with approxi-
mately the same biomass and harvest mdex could vary significan-
tvin N and Puptake as weil as in transfer of nutrients to the grain,
Such difterences are usually masked when the data for the whole
set ol hetersgencous renotypes are analvzed together, Table 5
shows the variability for such characters ina set of five selected
renotypes falitng within o comparable maturity class (exeept IS
0380). Nute forexample, that hoth 12 72 and D1o42 have similar

Fiable L Range of varinbility fur nitrogen und phiosphorus and teanslocation in
M sorghum genotypes in an Alfisol, postrainy season, 1974,

Coelticient

Viartahle Muximum Minimum Mean of

viration

T
Div o werght p plant) 136 51 79 26
Harvest index (H1 () 06 12 42 27
Nomopran plant (g 1.02 016 0.51 33
N oplant (g) 125 0.51 0.74 23
N translocation

tdex® (N1 ¢y 83 25 69 21
Poaneran plant (g 0.60 0.07 0.26 44
P oplant () .65 0.19 0.33 32
P translocation

indexi (P11 () 931 13 79 20

i Calewlated as the pereentige of the total above ground N. 1 in the grain,
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Table 5. Nitrogen and phosphorus uptake. transtocation. arzinand plant dry wdights inselected geaotypes. Means of three ens ironments with moderate or
high N and P fertilization at 1CRISAT.

Genotype Standard error

Attributes P72 IS 888 IS 2223 D632 IS #1380 Mean ol mean

(SE)y =
Grain vield (g plant) I8.2 272 218 RS 5.1 19.2 kR
Total dry weight (g plann 60.6 79.1 53.6 61.5 70.2 65.0 1.4
Harvest index () 30.2 34.4 40.7 : 39.2 7.3 320 2.6
Total N ig plant) 0.78 0.77 0.48 0.56 0.67 . 0.65 0.06
Nitrogen translocation index (Cg) 449 46.8 56.3 429 239 43.1 4.1
g grain ¢ N taken up by the plant 235 35.3 45.4 430 7.6 29.7 13.1
g dry wt g N in the plant 77.7 102.7 1117 109.8 104.2 i00.0 14.1
Total P (g plany 0.19 0.38 0.41 0.43 0.3 0.34 0.05
Phosphiorus translocation index (67) 63.2 605 41.5 23.3 355 4a.1 5.8
g grain g P in the plant 96.3 71.6 53.2 56.0 16.5 56.8 129
g dry wt g P in the plant 3189 208.2 130.7 143.0 226.5 191.2 314

Days 10 5077 flowering 65 67 67 69 82 70 10
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dry weights, but P 721 takes up 39¢¢ more nitrogen than D1 642,
and has 9¢7 greater nitrogen transter ability. Similarly, IS 858 and
1!, 642 have nearly the same harvest index, but the P transtoca-
tion index for IS 858 is 22C greater than for DL 642,

n order to conclude whether or not the selection tor dry weight
and harvest index also includes selection for nutrient uptake and
translocation 1o the grain, crosses were muede between parents
listed in Table 5. F, plants were seleeted for a range of dry weight
per plant and harvestindex, and in F, progenies estimates of dry
weight, grain vield, as well as Nand I in grain and whole plants,
were determined. The correlations between biomass and total |
nutrient taken up by the different groups of I+, progentes were
avain very hieh (1 =0.01), Similar relationships were observed
between harvest index and the N and P transter eiticiency.

Thus, the sclection for blomass and harvest index ander
adequate nutrient supply also includes selection for traits con-
cerned with nutrient (N and P) uptake and translocation to the
erain. Under moderate to high soil-ferulity status, breeding
programs specifically aimed at increasing the efficient use of
major nutrients are not needed beeause the inefficient entries will
be culled out in the routine pracess of multifocational trials, or
when tested under different fertility levels (Rao et al., 1981;
Seetharamaetal., 1984; also unpublished data of G. Alagarswamy
on pearl milletat TCRISAT: personal communication).

Genotype evaluztion under low soil
phrosphorus and without fertilization

Phe vartabiddity among the tew selected genotypes in physiological
nutrient use efticicney is shownin Table S. Dry matter produced
per unit I taken ap by the plant was more variable than the dry
matter production per unit N. o 1977, we selected 140 germplasm
entries from adrought-screening nursery consisting of {200 entries
originating from drier regions of the SAT. While most of the lines
showed severe Pdeficiency, these selected lines were {ree of such
symptoms. and have comparatively high grain yields. Later they
were repeatedly sereened in a field of Tow soil P status (2 pg/g
Olsen-P; an Alfisol, with soil-P further depleted by repeated
cropping with maize) for comparing their ability to grow and
produce reasonable vields. Table 6 shows the variations in a few
selected germplasny and cheek entries for several characteristics.



Table & Genotypic differences in P ouse efficiency und mycorrtizzl colonization in xn Alfisol with Glsen P 0.5 ppap during the 1983 rainy sesason at

FCRISAT.
Sorghum Origin Dravs to Grain Boomass Hanveet Phospbe rus P P use etficiencs ot cotonized
genotype tHower mdes trensiocstin uptiake in plant nomcorthizacs
tgoms gomn v (SRS tg plunty Grain Bromass ireid  Pot studvs
(g g?) o)

Germplasm entries .

IS 10734 Chad 62 145 SGT 2K.5 734 .41 35S 1243 34 STI2¢

IS 10747 Chad 67 54 337 249 6%8.7 0.62 134 548 ) 33(25)

IS 7501 Nigeria 102 35 1264 3.0 19.3 .54 42 1531 67 16(K)

IS 1320 Nigeria 99 19 676 3.5 18.6 0.54 39 1202 47 65(33)

IS 3860 Mah - 95 REJ 518 4.2 272 0.37 60 1392 3s 2K(23)
Breeding lines

DL 642 India 80 6 188 2.9 i3.4 0.14 43 1358 25 23010y

CSH 6 India 66 113 531 220 73.6 0.58 196 925 43 -}

CSvV s : India 84 7 294 2.5 8.3 0.32 21 887 - - )

P 721 USA 80 4 110 3.5 1.5 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 t12 2.3 8.6 0.08 23 166 9 )
Coeificient of

variation {CV) (%) 4.5 344 38 30.2 34.7 28.7 33 23 20 19
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

Sampled zt 4 days after planting.

Sampied ct physiological maturity.

The figures in parentheses represent percent- colonization when the pots are irrigated with 10 pg’‘s P soluticns.
Entries studied totaled 24 except for root colonized by mycurrhizae whick totaled 7 for field and 6 for pot study.

anpgs
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While differences in matnrity and harvest index hinder accurate
meastrements of etficiency, the superionty ol some genotypes
(.2 IS10724 0r IS 10747 over D642 and CSV S)is clear both in
grain vield and " uptake CLable 6). Among the released cultivirs,
the common Indian hybrnid CSH 6 showed comparable etficiency
to IS 10734 or IN 10747 indicating that the conventional breeding
program has also resulted in fairly P-efticient cultivars.

No relationship was observed between concentration of P in
plants and cither grain or biomass productivity (Figure 5). For
identifying the efficient genotypes, we need to consider both high
P uptake as well as high efficiency of P utilization in grain and
biomass productivity (Table 6). However, utilization gaotients
can vary widely within a genotype depending upon the quantity
and pattern of nutrient supply (Myers and Asher, 1982; also see
foltowing section).
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Figure 5. Relationships between the concentration of P in plant at maturity and
grain (A). or drv matter yields () at ICRISAT during the 1983 rainy
Sedson.



242 Sorghum for Acid Soils
Mycorrhizae

Differences among host genotypes

A survey of sorghum grown at ICRISAT in Alfisol soils showed
extensive colonization of the roots by vesicular-arbuscular my-
corrhizac (VAM). We found spore types of the following four
major genera of VAM tungic Glomus, Gigaspora, Acaulospora,
and Sclerocvsiis. The extent of root colonization varied with
focation and plant cultivar, suggesting 2 possible cause for
differences in the amount of benefits that the crop derives from
such a symbiotic association under different conditions. The
mycorrhizal root colonization, plant growth, and P-uptake
response to o inoculation vary with isolate ot the mycorrhizal
fungus used (Krishna and Diart, 1984). The dependence of
symbiotic efticiency on the fungal isolate and soil environment is
now well known (Abbot and Robson, 1982; Hayman, 1982) but
differences between host genotvpes are poorly understood.

Differences between host genotypes for percentage root colo-
nization were detected both infield, and in pot culture using low P2
Alfisol (Ipg/ g soil; extracted with NaHCO,) (Table 6). Addition
of Presulted inadecrease in colonization rates, but the “efficient”
genotypes such as 1S 10734, 1S 10747, and 1S 1320 still showed
higher colonization than “inefficient™ hosts such as D 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. I:1 vy, inoculating
sorghum hybrid CSH 5 with five separate species of mycorrhizal
fungi increased growth by 15¢ to 1200 (Table 7). Different
mycorrhizal cultures varied widely in their ability to stimulate
plant growth. The pereentage of mycorrhizal colonization and the
morganic P in the xylem exudate correlated significantly, just as
the correlation between colonization rate and plant P content
(Figure 6). This indicates that P in xyvlem exudate ciun be used to
sclect plants and fungus isolates for effectiveness of the symbiosis,
in terms of P uptake by the plant.
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Fable 7. Influence of mycorrhizal inoculation on shoot dry maiter phosphorus
concentration in the tissue, and the extent ol mycorrhizal colonization®.

Shoot diy p cmu‘un?r.llinn Raoot colonization
Fungal culture matter 1 tissue by mycorrhizae
(g plant) (mg gdiy wy (“¢)
Glomus fuscicularum 1.93 5.1 66
Glomus mosseae 2.20 35 52
Gigaspora margarita 2.07 49 48
Glomus fasciculatum (F3) 1.43 1.8 40
Gigaspora calospora 1.14 3.1 d6
Acaulospora laevis 1.33 2.2 32
Control 0.98 1.7 25
Standard error of
mean (SE) (+) 0.20 0.2 0.5
Coefficient of variation
(CV) (%) 21 13 I}

A S5d-day-old plants; all values are means of teplicate pots cach with one plant grown in 11
vivosand: Alfisol soil miature steam sterilized before sowing sorghum hybrid CSH 5.
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Figure 6. Relationships between percent root colonization by mycorrhizal fungi
and inorganic phosphate (P) determined by vanadium molybdate

method in bleeding xylem sap (A), or total Piplant (B) from pot
experiments at CRISAT, 1984
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Discussion

Our current understanding of the nature of crop adaptation 1o low
levels of natural or added inputs is incomplete. On the one hand,
some have unrcasonable expectations that crops can be grown
continuously without fertilizer; but, on the other hand some have
the concern that use of “efficient”™ genotypes may “mine and
squander™ limited soil nutrients (Lambert and Arnason, 19825,

Clearly, the problems of P stress cannot be easily resolved, but
they can be reduced to manageable proportions il many different
aspects  pedological, soil amendment, fertilization, foliar feed-
ing, ceological {c.g., intercropping), and plant breeding are
studied in concert (Fox, 1979). The efficient uptake of the soil P by
plants (dircetly or through mycorrhizae) offers only atemporary
solution in the absence of input of external P into the system. In
the case of Noat least when high vields are not important, farmers
with limited resourees can minimize fertilizer N application by
introducing legumes into their cropping systems, In the case of P,
fertifization can, at best, be only delayed, but its eventual need is
unavordable. Hence, our aim should be to scarch for more specific
combinations ol plant genotypes, soils, and soil fertility practices
to optimize net returns (FFov, [983),

Breeding for P stress can be mast efficiently carried out in the
well-defined target areas, within nisrrower limits of the theoretical
maxinum stress and optimum growing conditions ( Buddenhagen,
1983). Extremely high levels of efficiency (or stress resistance)
may not be a realistic goal, as the different mechanisms involved
in adaptation of plants to nutrient stress countervail (trade off) for
each other. Plant breeders must be conscious of, and responsive
1o, both the specific local features of the environment and the
possibility of better management techniques. For example  th
acid soils of low P status, the soil aeidity can be seadvan! | in
one way: the cheaper rock phosphate may be alinost aseffi  .nt as
the more costly water-soluble P. As P deficiency in crops on acid
soils is commonly asssociated 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 toxieity
(Clark, 1982), screening and breeding for the former is likely to be
more difficult. A nutrient culture system may supplement field
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evaluvations to & much greater extent for screening for mineral
toxicity (Duncanetal., 1983). butits usefulness for screening for P
uptake, especially with mycorrhizal involvement, has been ues-
tioned (Howeler, 1981). However, considering the case with which
nutrient stress can be quantified, and the possibility of creating
uniforny stress for sereening, it should be casier to breed for
resistance to mineral stress, than for resistance to drought or most
other biotie stresses

In addition to improving P uptake in P deficient or high-P-
fixing soils, mycorrhizae are believed to assist plants to absorb
other nutrients which may be luniting under acid soil conditions
(Hayman, 1982). Mycorrhizae also confer drought resistance by
increasing the water uptake, and confer disease resistance either
indirectly by preventing predisposition of host plants to weak
parasites, such as stalk rots (Jordan et al, 1984), or directly by
competing with the soil-borne pathogens (Gerdemann, 1975).
Mycorrhizae could also be helpful in overcoming the negative
interaction hetween elficiency of uptake of different minerals
(Brown et al., 1977) such as the interaction between the uptake of
P and that of iron (¥e) or copper (Cu) (Fimmer and Layden,
1980).

The elficiency of mycorrhizal fungi in promoting nutrient or
water uptake may depend on a wide variety of factors. Fungus
adapted to an alkaline soil inay be less effective in acid soils. 1t is
necessary to have an understanding of the effects of environmental
stresses (e.g., temperature or waterlogging), and cultural practices
(c.g.. application of fungicides or lime) on the mycorrhizal
association of sorghum plants. Research at [CRISAT is being
dirccted to select sorghum lines showing higher colonization rates
under a wide range of environmental conditions (inluding soil P
levels), and to gquantify the mycorrhizal benefit to the host plant
when grown in soils with low P status, especially in lateritic soils.

Research on several aspects of P onutrition of sorghum s
urgently needed. Better definition of the efficiency of mycorrhizal
colonization, and the efficiency of use of P taken up by the plant
for its growth and grain yield are required for practical applica-
tions. However, gross agronomic evaluation of genotvpes under
representative field environments should precede selection based
on physiological eriteria. Evaluation and improvement of meth-
odologies are needed for characterizing the ertical limits of
nutrients in difterent soil types. The role of mycorrhizal coloniza-
tion in determination of eritical levels of P in the soil should also
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be researched. Critical tissue concentrations in sorghunt geno-
types, along with the possible interaction with other tactors
affecting crop growth (Myers and Asher, 1982) and health, also
need to be investinated before starting any large-seale breeding
cfforts 1o increase nutrient etficiency. Such work on critical
coneentritions is currently in progress in Australia (C.J. Asher
and Do G. Fdwards, University of Quecensland, personal com-
inunicition).

Asseenin Table 6, the sorghums collected in West Afvica seem
to be more efficient in P uptake and utilization. Genotypes with
the best developed nutritional efficiency traits can be expected to
be tound in the local cultivars from the most infertile soils, e.g., the
leached, Alfisol regions of West Africa (S, W. Buol. North
Carolina State Vniversity, Raleigh, NC, USA. personal com-
munication}, Itis worthwhile to screen more sorghum germplasm
fraon the sub-Saharan West Africa, especially from the medium-
high vainfall arcas, and from similar regions in Tanzania,
Thailand, and the hilly arcas of castern India.

Summary

Phosphorus () deticiencey is common in the tropics. Because the
need for added P depends upon characteristics of both the crop
and the soil systematice studies are being made in our experiments
at ICRISAT, India. Sorghum aud pearl millet on an Alfisol
responded substantially to added P fertilizer, but the response of
pigeon pea way small. Only 10 ke P ohawas needed to achieve most
of the maximum possible response: rock phospliitte wis much less
effective than water-soluble P, as the soil was only stightly acidic.
Indications have been obtained that Vertisols differ from Alfisols
in their soil test: crop response relationships for P applied to the
sorghum.

Where fertlity is adequate or nearly so, no special breeding
program for increasing the efficiency in uptake or utilization of P
appears to be needed: plant perfora-ance gives an adequate index
of P efficiency. However, because there is significantly more
genotypic variation in the cfficiency of P uptake and utilization
under very low P supply than under a moderate supply, breeding
cultivars for low P soils is worth pursuing,

Genotypes adapted to low P conditions showed a greater degree
of root celonization by mycorrhizal fungi. Response to inocula-
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ton with ditferent mycorrhizal fungi inereased dry matter and P
content of sorghum plants more than two-told. Estimation of
morganic P inthe bleeding xylem sap can be aquick test for rate of
colonization. The signiticance of the above lindings for improve-
ment of sorghum grown on low-nutrient status soils is discussed.
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Evaluation of Mineral Flements in
Sorghum Grown on Acid Tropical

Soils

RoB Clark and .M. Gourleyt

Introduction

Because of its tolerance to drought and many other stress
conditions, and its relatively Jower requirement for fertilizer,
sorghum production has expanded througkout the world, includ-
ing Latin America. A major constraint limiting sorghum (Sor-
whunt hicolor (1) Moench) and other crop production in Latin
America hus been mineral element problems associated with acid
soils. Since considerable land masses of South America are acid
(Figure 1), many mineral deficieney and toxicity problems oceus
in plants grown on the soils of this continent. Many ol the mineral
clement problems inherent 10 these soils miy be deserthed by
noting the cffects of pH on the availability ol mineral clements
essential to plant growth (Figure 23 Deficiencies in caleium (),
phosphorus (P). magnesium (Mg). and molvbdenum (Mo), and
toxicities of aluminum (Al). manganese (Mn). and ‘ron (Feymight
be predicted for plants grown on acid soils. The extensiveness of
mineral deficiencey and toxicity problems on the acid infertile
tropical soils of Latin America has been ieported by Sanches and
Salinas (1981).

A feasible method to enhanee production of sorghum and other
crops on acid soils is to develop plants that better tolerate mineral
deficiency and toxicity stresses associated with these soils. To o
this, differences among genotypes to grow, ghsorb, and use
mineral elements need o be identitied and evaluated.

Agronomists, Agricultural Research Service, Department of Agrouomy, Unnersity al
Nebraska, Lincoin, NI 608583, USA, and Department of Agronomy, Mississippi State
University, Mississippi State, MS 39162, USA. respectively . Tunier author was Interna-
tional Sorghum and Mullet (INTSORMIT project deader assigned to the Centro
Internacionai de Agricultura Fropical tCEA T, Cali, Colombg, duting the period of this
study
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Sorghum for Aeid Soils
Iiic objectives of this study were:

o describe the methodology used to determine mineral
clements in plant tissue;

to determine mineral element concentrations and contents in
sorghum plants grown on acid tropical soils of Colombia,
South America: and

to observe ditferences and evaluate genotypes for mineral
clement concentrations and contents,

Determination of mineral elements in plant
tissue

Miny methods are used to determine mineral elements in plant.
water, and soil samoles. The various techniques ivailable and
thewr desirable or undesirable charactenistics are not discussed
hereo v method that has beenimceorporated and used successtully
at the University of Nebraskhaat incoln (UN )y for the analysis of
mineral elenients i plant nunerials i~ deseribed.

Ihe method used to determine minerad clements in plant
samples at UNLOpreparation of samples and some of the limiting
tactorshave beendeseribed by Knudsenvet al (198 1), Inshort, the
techngque consists essentiaily ot pressing pellets from dried
ground plant matenad (lgure 30 lefo: putang the pellets into a
tray . putting the tray into the instrument chamber (Figure 3,
apper tiphy creating aovacuum in the chamber: answering four
questions ana nucrocompuiter teeminal (Figure 3, middle right;
and Table D and waiting for the resulis (Figure 3, lower; and
Fable 1), Using the present program. a tray ol 40 samples can be
analyzed inabout 2.5 hours, or ahout 3.5 minutes per sample.
Concentrations of Ca, PoMe Mo AL M, e, silicon (SO, sulfur
(5) chiorme (Ch, potassium (K), copper (Cu), and sine (Z.a) are
obtitned torcach samplein the general program used. Additional
programs hasve been developed to analyze other elements. The
mstrument s capable of analyvzing elements above number 11 in
the pertodic table {sodium (Na)] with an atomic weight greater
than 23, Sodium can be analyzed if it is in the tissue at about 0.5
nig g The only mineral elements required for plant growth that
cannot be determined by energy dispersive X-ray fluorescence
(EDXREF) are nitrogen (N) and boron (B).
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lable I Printout of minerul element concentrations anafvzed by EDXRI.

RBC COLOMBIA S-19-83 -39
K00 AM 1570-10

PROG 2
Plant Analysis: Small Pellets
Sumples: How many? 40
st No? |}
Fast Position? !

FABEL: ColombiaMg Al Si P S Cl KE Co:SP Mg-Cl 4/83 101

b (000 ->10.23] Al
Retit [0.00 - >10.23)

COLOMBIA 758ECS  CHISQD=109.86

Dt Factor 0900

Mg K-Ratio (LONS3E M 058219
Al K-Rato: 0.00000 AL -0.00799
St K-Ratio~ 0.02321 CISE o 2.0851K
P K-Ratio-: 0.00938 P 039147
S K-Ruatio - 0.01264 S 0.20916
1l K-Rato- 1.06298 097619
Kt K-Ratios 015793 T KE 0.00000 Mo K CaMa Fe CuZn CO:SP

K-Mo 4 83 102
Fit {2.00- > 22.40]

COTOMBIA IBOSECS CHISQD= 218

Didt Factor 1000

Moo K-Ratio 0.00217 riMo 0.00227
N k-Ratio 0.20153 E 4.44600
Cu o K Ratio (1,O0SYK eCa 0.41789
Mo K-Ratio 0.00023 CeMn 0.00555
e k-Ratio® 0.00070 Cilke 0.01102
(o K-Rato - 0.00029 CeCu 000195
/n  K-Rato = 0:.00199 CG7Zn 0.01310

The low detection limit by the EDXRE procedure is not usually
as low as that for many other methods. However, the low
detection limits of EDXRFE are lower than the concentration of
clements in severely deficient tissue, except for Mo in plant
materials like the cereals. Molybdenum requirement in sorghum
1s less than 1.0 gy g, and at this concentration, Mo is difficult to
analyze by most methods. The fow detection hmits for many
mineral elements using a silver X-ray tube are given in Table 2.
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Lable 2. Low detection limit (LD for mineral elements analyzed in plant
materiais by EDXRE.

Flement I i Flement I.hLa
(g ) (pg; gl
Na 17000
Mg 135.0 Cd 9.0
K 40.0 Cr 2.3
Al 320 Co 2.0
Ca 30.0 Rb 2.0
Si 28.0 Sr [.5
P 25.0
S 19.0 Ni 1.2
Cl 93 Pb 1.2
Mn 1.y Hg 1.0
e ' 1.4 As 1.0
Ca 1.1 Br 0.8
/n 1.0 Ba 0.5
Mo 1.0 Se 0.5

. For reliable quantitative values, element coneentrations should be about three-fold higher
than the [.DI.

This procedure has benefited our research program immensely.
We can make clement analyses with 50 to 100 mg plant tissue
(preferably 100 mg). which is not the usual case for many other
multiclement analysis techniques. This allows us to analyze
mineral elements in small amounts of tissue such as individual
seedlings, specific plant parts, or segments of plant parts. Sample
sizes that must be sent long distances, especially foreign countries,
are decreased. The sample is not destroved in the analvsis
procedure, so questions that may arise about element concentra-
tions in particular samples can be answered by reanalvsis without
making new pellets or losing the sample because of its injection as
a liguid into the instrument. Accurate weighings of samples for
pellets are not needed (weights can be within £25¢7 of 100 mg
without encountering errors). Other time-consuming and fabor-
intensive procedures such as digestion, ashing, dilution, resuspen-
sion and disolution in acids, and decanting are not needed. The
need for special glassware and chemicals is also reduced. The cost
forspecially trained personnet and time involved for analysis have
been lowered. This method has allowed the analysis of the large
numbers of plant material that must be evaluated in a plant-
breeding program at a cost that is usually lower than most
procedures.
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A major disadvantage ot the FDNRF procedure is that so few
laboratorics use it that some of the normal aids, programs, and
repairs have not been developed or are not available for routine
use. We have had to develop our vwn analysis svstem without the
benefit of outside experience.

In the cooperative International Sorghum and Millet Program
(INTSORMIL ) researeh program, we have performed the mineral
clement analvses ol plant tissue when these analyses are required
ordesired. These analyses have enhanced our reseirch ability and
have given us needed information that would otherwise be
unavailable. The ability of physiologists to better interact with
breeders has been facilitated, and reasons why imndividual plants or
genatypes are more tolerant to mineral stress conditions are being
betier understoad, defined. and recognized.

Mineral clement variability of sorghum
genotypes grown on acid tropical soils

In cooperation with Dr. 1. M. Gourley, while assigned at the
Centro Internacional de Agricultura Fropical (CIAT), Cali,
‘Colombia, mineral element analyses ofsorghum genotypes grown
on Colombian soils have been performed. The analyses were
performed 1o better understand differences in genotypes for
uptake and accumulation of clements in plants grown on acid’
infertile tropical soils and how these mineral clements might relate
to plant tolerance to these acid soils. Experiments were conducted
in which 60 sorghum genotypes were grown on both Carimagua
and Palmira soils in a greenhouse (Experiment 1), and 50
sorghum genotypes were grown on a Cartmagua soil limed with 2
and 6 tons: ha in the field (Experiment 2). Some of the chemical
properties of these soils are listed in Table 3.

Materials and methods

Experiment |

Plastic pots (16 cm diameter x 18 cm deep) were filled with 2.0 kg
soil which hagd been fertilized with 45 P and 42 K kg ha.
Micronutrients and urea were added to the pots as a hiquid at the
rate of I5 N, 1.8 B, 1.8 Cu, 1.6 Zn. and 0.3 Mo kg ha, Two
additional liquid N treatments were supplied weekly at the rate of



Table 3. Chemical properties of soils (limed and unlimed) on which

corghum was grown at Carimapua and Palmira, Colembia.

Canmagua Palmira
No lime 2 tons Lime ha 6 tons lime ha

Parameter 0-40 cm 0-20 cmd 20-40) cmu (3-20 emd 2040 cmd 0-40 cma
pH . 43 45 4.6 ax 39 70
Organic matter  (mg/g) 38.0 37.0 250 38.0 24.0 REN{]
Bray 11-P (pgig) 2.8 7.7 1.7 6.4 1.7 78.0
Al (meq 100/g) 3.2 29 2.8 i.6 2.1 NDb
Ca (mey 100/g) 0.4 1.2 0.6 24 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 100/ g) 3.83 4.65 3.65 4.64 333 16.50
Al saturation (G7) 82.0 61.0 76.0 35.0 62.0 -

a. Depth of soil for which analyses were performed.

b. ND = Al not detected in this soil.
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FS N kg hae Sceds were planted and watered s needed with
distilled water. This experiment was conducted during No-
vember December 1982 ina greenhouse at CIAT, The davlength
was B hrand ambient temiperatures were 20 -+ 20C daytime and
F78 2°Cnighttime. Pots were arranged in a randomized complete
block design with three replications.

About 20 seeds of each sorghum genotvpe (listed in Tabled,'T'X
H15 was doplicated) were planted ineach pot. At the 2-leaf stage of
growth, plants were thinned to 10 plants per pot. Plants were 21
davs old (from planting) and at the 5- to 6-leal stage when the
experiment was terminated. At this time, plants were visually
evitluated for abnormal growth and unusual symptoms on the
leaves, Plants were severed (.5 emabove the soil surtace, the stalk
was rinsed in distilled water, blotted dryv, and the plants in cach
potcombmed for cach individual sample. Roots trom the plants
at cach pot were washed ree of soil and visual abnormalities
noted. Rootsand leaves were dried ina torced-air oven for a week
at 00°C then weighed. Roots were discarded (because of soil
contamination), but leaves were ground to pass a 0.5 mm (40-
mesh) screen, and samples sent to UNL for mineral element
analvsis,

Experiment 2

At Carimaguain the Lianos (eastern Colombia), seeds of 50 of the
sorghum genotypes (listed in Table 4) were planted during early
Aprii 1983 in the Carimagua soil limed with 2 and 6 tons: ha of
dolomitic limestone. Other fertilizers added were 75 N, 40 P, and
80 K kg-hat P and K were added betore planting and N was
sidedressed when plants were at the S-to 7-leaf stage of growth.
During the previousyear 6 Zn, 189 B, 1.8 Cuand 0.3 Mo kg ha
had been added to the soil. The design of the experiment was a
randomized complete block with three replications. At the 3- to
d-leal stage of growth, plants were thinned to 200,000 plants; ha.
Weeds were controlled by hand during the experiment. Plants
were grown under rainted conditions, and sufficient imoisture was
received (100 ¢cm or more) during this time so that water was not
limiting for normal plant growing conditions. When plants were
75 days old (boot and floral initiation stage), visual ratings were
recorded for plant performance to overall tolerance to the acid
soil condition. TX 415 and IS 7173C genotypes were used as
standards to rate all plants (TX 415 is very susceptible to Al
toxicity, and IS 7173C is tolerant to Al toxicity). Random
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selections of at feast tour leaves (second leat from the top) were
collected from plants within each replication. Each samiple was
dried at 60°C for one day before being transterred to CIAT where
samples were dried at 60°C for a week, Samples were ground to
pass i 0.5 mm sereen and samples were sent to UNIL for mineral
analysis,

Table 4. Name and source of seed of sorghum genotypes grown on Carimsagu,.
and Palmira soils, Colombia,

Pedigree Source of seed Pedigree Source of seed
CMSXSI1S4 Brazil MN 1706 Mississippi
IDXS701 1910 Brazl MN 1708 Mississippi
SDX6E 1 6.2 Brazil MN 1738 Mississippi
ICA NATAIMA  Colombia MN 181 Mississippi
ISR-( Texas MN 1912 Mississippi
IS 1207¢ Fexas MN 1958 Mississ.ippi
IS 3625C Texas MN 1959 Mississippi
IS S8RK7C Texas MN 2877 Mississippi
IS 6R4SC Texas MN 4508 Mississippi
IS 0964C Texas MN 4581 Mississippi
IS 7173¢ Texas NB 9040 Nebraska
IS 7254¢ Texas NSA 935 Texas

IS 7273 Texas 156-P-5 Brazil

IS o841C Fexas 156-P-5-2-1 Brazil

IS 7542¢ Texas IS 12564C Brazil

IS 77K6( Texas IS 12610C Brazl

IS 7909¢ Texas IS 12661C Rrasil

IS 7994C Texas IS 12606C Brazil

IS 22539¢ Texas IS 7419¢ Brazil

IS 23564C Texis IS 71173C Brazil

IS 126100 Texas IS 1309¢C Brazil

IS 125120 lexas IS 1335C Short Braal

IS 12685C Texas IS 1335C Tall Brasil
MN 712 Mississippi IS 3625C Rrazil
MN 1204 Mississippi IS 7254C Brazil
MN 1388 Mississippi IS 8337¢ Brazil
MN 1391 Mississippi TX 415 Texas
MN 1533 Mississippi (IS 12610C der)  Texas
MN 1557 Mississippi Wheatland Texas

MN 1705 Mississippi
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ALUNTL leal samples were putinto aforeed-air oven (70C) for
at least one day to expel moisture before pellets were pressed.
Samples of 100 mg (or the weight available if less than 100 mg)
were pressed into 13 mm diameter pellets and analyvzed for P, K,
Ca, Mg, S, CLSE Mn, Fe, Ca Zngand Al by FDXRE according
to the procedure of Knudsen et al. (1981).

Results and discussion

Fxperiment |

Sorghum plants grown on the Pulmira sod had no unusual o
mineral element deficieney or toxicity symptoms on their leives.,
and plants appeared to grow normally. However, plants prown on
the Carimaguasoil were relatively small. many showed deficiency
for toxicity) symptoms on their leaves, wnd some were Jdead.
Sarghum plants grown on the Palmira soil were about H-fold
Lurger than plants grown on the Canmagua soil ¢ Lables S and 6).
[he Carimagua soil was more acid, had lower available P, Ca,
Mpoand Kooand had higher available Al than the Palmira soil
i Lithle 1),

Genotypes that had the highest and lowest dry matter vields
showed 4.9- and 4. 1-fold ditferences for plants grown on the
Carimagua and Palmira soils, respectively (Tables S and 6), The
genotypes that had the highestand lowest dry matter vields when
grown on the Palmira soil did nothave the highestand lowest dry
matter vields when prown on the Carimagua soil,

The genotypes with the highest and lowest mineral element
concentrations when grown on the Carimagua soil did not have
the highest or lowest mineral clement concentrations when grown
on the Palmira soil. Exeept tor SO CLoand Zn, leaves of plants
grown on the Palmira soil had higher mean concentrations of
mineral clements (by about 2-told) than did the leaves of plants
grown on the Carimagua soil (Table 5). Mean S, CL and Zn
coneentrations in leaves of planis grown on the Carimagua and
Palmira soils were similar. No element was lower in leaves of
plants grown on the Palmira soil than in leaves of plants grown on
the Carimagua soil. Aluminum was not detected in the leaves of
plants grown on the Palmira soil (the low detectable limit of Al
was 130 mg: p), but Al was readily measured in the leaves of plants
grown on the Carimagua soil. No available Al was reported for
the analysis of the Palmira soil (Table 3).



Table 5. Dry matter yield (DMY) and mineral element concentration and content ranges, means. standard error {mean). and high/lcw values for 60
sorghum genotypes grown on a Carimagua, Colombia, soil in 2 greenhouse (FExperiment 1),

Element concentration Element content
Runge Range
Parametsr Low High Mean SEX High lowd Low High Mecan SEX High. lowa
mg. plant

DMY 16.3 79.7 47.8 1.2 4.9

mgig pe plant
P 1.00 2.29 1.29 0.02 2.3 30 9% 60 2 33
K 15.2 312 23.9 0.40 2.1 381 2070 1160 40 5.4
Ca 0.81 3.09 2.08 0.04 38 19 203 192 4 10.5
Mg 2.37 4.86 3.74 0.06 2.1 60 321 182 6 54
S 1.55 2.66 2.07 0.02 1.7 36 161 99 3 4.4
Cl 1.99 9.20 4.88 0.20 4.6 52 613 242 14 1.9
Si 1.73 6.60 4.11 0.11 38 44 494 204 9 11.3

ng'g pg plant
Al <130 956 389 22.0 7.1b 5.20 48.7 17.5 1.60 9.4b
Mn 34.4 112.2 72.1 1.4 33 0.79 7.18 3.46 0.11 9.1
Fe 146 408 251 7.0 28 4.00 234 1.8 0.40 5.8
Cu 18.8 471 349 0.5 2.5 0.49 232 1.71 0.06 6.8
Zn 26.2 88.9 56.5 1.5 34 0.64 5.84 2.79 0.12 9.1

a. High lcw = amount of change noted between the highest and the lowest genotype.
b. High:low Aldifferences may have been larger than this value since the low detection limit
was 130 pg g



Table 6. Dry matter yield (DMY) and mineral element concentration and content ranges. means. standard errors (mean) and hipghiow values for 60
sorgh'im genotypes grown on a Palmira, Colombiz, soil in a grzenhouse tExperiment 1),

Element concentration Flement content
Kange Runge
Parameter Low High Mean SEX High lowd Low High Mean SEX High jowd
mg plant

DMY 116 447 287 8.0 4.1

mg g pg. nlant
P 1.99 3.57 2.64 0.04 1.8 305 1290 723 17 42
K 38.0 58.5 46.0 0.40 1.5 4481 2400 1320 39 5.0
Ca 2.68 4.79 3.52 0.04 I.8 434 1730 995 27 4.0
Mg 392 6.21 1.83 0.06 1.6 170 2440 1370 40 5.2
S 1.50 2.50 2.00 0.03 1.7 235 967 553 14 4.1
Cl 3.31 7.31 5.08 0.16 22 573 2910 1390 50 5.1
Si 16.5 338 234 0.30 2.0 2980 13200 6720 220 44

HE R ugptant
Mn 232 51.2 38.1 0.6 22 43 19.4 10.7 0.3 45
Fe 92.0 226 144 5.0 25 16.0 78.3 42.1 2.3 49
Cu 218 49.4 34.5 0.9 2.3 4.1 22.2 10.0 0.4 54
Zn 220 373 29.2 0.5 1.7 35 171 8.1 0.2 49

a. High/low = amount of change noted between the highest and the lowest genotype.
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Difterences in the ranges among genotvpes for mineral element
concentrations were greater for plants grown on the Carimagua
soil than for plants grown on the Palmira soil (Tables S and 6). 1
the ranges obtained for plants grown on the Palmirasoil (Lable 6)
are considered to be normal range of ditterences expeeted in
plants, then Ca, CLOSi, M, and Zn had higher than the normal
range differences for plants grown on the Carimagua soil (Tabie
5).

For plants grown on the Carimagua soil, the range ditference
for Al concentrations in leaves was higher than for the other
mineral elements analyzed (Table ). Some leaves of plants grown
on the Carimagua soil had Al vatues approaching the low
detectable limit of the analvsis meihod, so Al was low in some
genotypes, Coneentrations ol Abincaves above about 200 to 400
pg g were not considered to be too high or so out of balance that
Al would interact severely with other clements, Since Al in
sorghum is not readily tanslosited from ooty to leaves (R, B,
Clark, unpublished data), considerably more Al would be expect-
cd inroots than in deaves, Since Al wis not determined in roots
because ot soil contamination, the severity of Al interactions with
other elements was not assessed. Roots of sorghum plants grown
with Al in nutrient solutions can accumulate relatively high Al
fevels (RLBL Chark, unpublished data). Silicon, which is seldom
determined in plant tissue, showed the greatest amount of
concentration change in plants prown on the two soils (Tables §
and 6). Theleaves of plants grown on the Palmira soid had 8.7-fold
higher mean concentrations of Si than leaves of plants grown on
the Carimagua soil T a preliminary study, markeddy higher Si
concentrations were noted insorghum leaves of plants grown on a
Himed Quilichao (Uitisol) soil than in the feaves of plants grown on
the same unamended soil (data not presented). Information on the
association ot Siowith plant tolerance or ability to overcome
susceptibility to acid soil conditions is not clear, but Si has been
reported to overcome plant susceptibility to Mn and Fe toxicity
(Foyetal. 1978 Werner and Roth, 19823), Silicon concentrations
inleaves of sorghum plants grown insoils are frequently above 10
mg/p (‘Tables 6.7, and 8: Werner and Roth, 1983: R, B. Clark,
unpublished data).

Contents of LK, Ca, Mg, S.Si. Mn, Fe, Cu,and Znwere 12,1,
1.4, 9.8, 7.5, 5.6, 329, 1. 2.6, 59, and 2.9-fold higher,
respectively, in leaves of plants grown on the Palmira soil than in
leaves of plants grown on the Carimagua soil (Tables 5 and 6).
Again, the mineral clement to show the greatest content change in



Tuable 7. Dry matter yield (DMY) and mineral element cancentration and content ranges, means, standard errors fmean). and high/low values for S0

sorghum genotypes grown on a Carimagua, Colombia, soil limed with 2 t/ha dolomitic fimestone in the field (Experiment 2).

Flement concentration Fiement content

Range Range

Parameter Low High Mean SEX High lowd Fow High Meuoan SE X High lowd
Visual symptomsh 1.0 1.0 23 0.t 4.0
Plant height (cm) 3x0 163 102 4.0 4.9
Stage of maturityC 1.0 1.0 1.7 ot 4.0
DMY (g/plant) 3.6 85.6 35.6 2K 236

mg. g mg; plant
P 1.84 342 2.56 0.04 1.9 7.4 238.7 98.3 7.0 30.7
K 15.7 29.2 218 0.20 1.9 58.0 2270 861 67.0 39.4
Ca 1.51 4.49 2.43 0.06 30 8.1 209.9 8%.8 59 258
Mg 1.22 2.66 1.8% 0.03 22 4.2 150.1 729 5.4 35.6.
S 1.24 2.26 1.70 c.02 0.9 4.9 131.6 63.8 1.0 20.8
Cl 0.85 57 2.35 0.09 54 33 3528 929 88 106
Si 2.18 12.8% 5.30 0.23 5.9 18.0 646 196 17.0 51.5

Be g He plaiit
Al < 130d 2650 592 42.0 204 38 715 189 16 1¥.6
Mn 385 91.8 61.1 1.2 24 0.21 5.83 2.33 0.17 279
Fe 264 1020 514 17.0 3% 0.30 4.41 1.87 0.14 148
Cu 19.3 54.0 312 0.8 2.8 0.08 3.56 1.22 0.1 429
Zn 8.4 50.1 RRR 0.2 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. Visualdeficiency toxicity symptom ratings were: 1.0 = pone, 2.0 = shght, 3.0 = moderate,
and 4.0 = severe.

¢ Stages of maturty descriptions were: 1.0 = vegetative, 2.0 = floral initiation, 3.0 = bloom,
and 4.0 = grain fill (milk). '

d. Low detection limit for the analysis procedure.



Table ¥ Dry matier vield (DMY) and mineral element concentration and content ranges. means. standard error (mean}, and high/low values for 50
sorghum genotypes grown on a Carimagua. Colombia. soil limed with 6 t ha dolomitic limestone in the field (Experiment 2).

Fiement concenirainoyg ivment content
Range Range

Parameter Low High Mean SEX High low< Low High Meuan SEX High lowe
Visual symptomsb 1.0 Ry 1.6 0.1 30

Plant height (cm) 70 192 124 5.0 27

Stage of maturity® 1.0 4.0 20 0.1 4.0

DMY (g plant) 18.2 75.3 40.0 2.0 4.1

mg g mg plant
P 1.96 3.46 276 0.04 1.8 44.0 233 110 6.0 54
K 14.8 26.9 216 0.20 1.8 381 1950 86K 50.0 5.1
Ca 1.50 6.72 2.90 0.09 4.5 48.0 354 112 7.0 7.3
Mg 1.33 272 1.93 0.03 2.0 29.7 161.4 79.1 4.7 5.4
S 1.19 2.18 1.71 0.02 1.8 3583 136.5 67.0 29 39
Cl 1.29 5.06 291 0.10 39 44.0 231 11 7.0 1.2
Si 2.42 16.9 6.95 0.32 7.0 92.0 842 266 19.0 9.2
ne g pg plant

Al < 130d 966 2 15.0 7.4 27.0 3K1 14X 10.0 139
Mn 220 74.0 46.4 1.2 34 0.6% 423 1.8% A2 €.4
Fe 154 438 280 8.0 2.8 0.43 2.3a 1.11 .07 5.5
Cu 21.3 56.5 359 0.7 2.6 0.57 3.0% 1.46 .09 5.4
Zn 182 56.0 350 0.8 3.1 0.63 315 1.40 .07 5.0

a. High low = amount of chunge noted betweer, the highest and the lowest genotypes.

b. Visualdeficiency toxicity symptom ratings were: 1.0= nore, 2.0 = shght, 3.0 = moderate,
and 4.0 = severe symptoms

€. Stages of matunty deserniptions were: 1.0 = vegetative, 2.0 = fioral initiation 3.0 = bloom,
and 4.0 = grain 1l canlko

d. Lo detection imut tor the analvsis procedure
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feives was Sic Adthough less than that noted for Si, marked
changes in PUK, Ca, and Mg contents were noted.  The range
ditterences ol mineral clement contents among genotvpes were
greater i eaves of plants grown on the Carimagua soil than in
feaves of plants grown on the Palmira soil.

Cxperiment 2

Sorghum genotypes showed marked differences in dry matter
vield when grown in the field on the Carimagua soil limed at 2 and
61 ha dolomitic imestone (Tables 7 and 8). The differences were
considerably wider for plants grown at the 2 ¢ ha lime rate than
tor plants prown at the 6t ha lime rate. Plants with the highest dry
ntter vicids when grown on the acid soil with 2 ¢ ha lime were as
high as and skightly higher in some cases, than the plants with the
highest dey matter vield when grown on the scil witiio t/ha lime,
However, the plants with the fowest dry mater vield when grown
onthe sodwith the lower lime tate were considerably smaller than
the plants with the lowestdry matter vield when grown on the soil
with the higher lime rate. Overall, visual deficiency toxicity
svmptons were more severe on plants grown on the soil with 2
¢ hahme than for plants grown on the soib with 6 ¢ ha lime. Plants
grown on the soilbwith the lower lime rate were generally shorter
and were defayved shightly in maturity than plants grown on the soil
with the higher lime rate.

Concentration ranges and means tor PLK, Mg, S, Cl,and Cuin
leaves ot plants grown on the 2and 6 ¢ ha limed Carimagua soil
were similar (Fables 7and 8). Although differences among these
mineral clements existed for plants grown at the two lime rates,
the difterences were relatively small. The elements that showed the
greatest amount of concentration change because of lime addi-
tions were Ca, St ML Feand AL As might be expected, the mean
Cuconcentration of feases imereased as the rate of ime added to
the soilincreased. Silicon concentration was also higher in leaves
and plants grownat 6t ha ot lime than in leaves of pliants grown at
21 hacot e, Concentrations of M, Fe, and Al were lower in
leat tissue of plants grown at the higher level of ime than in plants
grown at the fower level ol ime. The range of Al concentrations
was especially wide for plants grown at 2t ha ot lime compared to
plants grown on 6 t ha of lime. The low concentrations of Al in
leaves of plants grown at cither level of lime were similar, but the
concentration of Alin the leaves of the genotype with the highest
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Al grown at the lower lime rate was about 3-fold higher than the
highest Al concentration in the genoiype grown with the higher
lime rate.

Mean mineral element contents for plants grown on the acid
soil with the 2 and 6 U ha lime rates were not greatly different
(‘Tables 7 and 8). However, the range of minera! element contents
showed large differences. This was due te the differences in the
range of dry matter vield. Range differences in element contents
tor plants grown at the 2t ha lime rate were considerably larger
than for plants grown w16t hi lume rate. Ranges of 20- to 50-fold
ditferences in element contents were noted tor plants grown on the
sorlwith the lower ime rate. Mineral elements to show the largest
content range ditterences were CLo7Zn, Siand Cu and those to
show the smallest range ditferences were Fe and AL

Summary and conclusions

I'he coneentrations and contents of mineral elements in leaves of
plants grown on the Colombian soils used in this study were
generally Tower when lime applications were fow and the soil pH
was fow, Wider range difterences were noted for element contents
than tor clement concentr —ons. The clements to show the
greatest change inconcentration were Ca, Si, Mo, Fe,and AL The
greatest element content changes were noted tor 7in, Si, and Cu,

Concentrations of P, X, Ca, Mg, Cu, and Si were lower; Mn,
Fe,and Alwere higher:and CL S, and Zn remained unchanged in
leaves of plants grown on the acid soil (Carimagua) compared to
Jeaves af plants grown on the neutral soil (Palmira). The
concentration of Ca and Si increased and Mn, Fe, and Al
decreased inleaves of plants grown on the Carimagua soil given 2
and 6 t/ha of lime. Wide ditferences among genotypes were noted
for leaf concentrations, and especially contents, of cach element
for plants grown on the different soils and with different rates of
lime added to the Carimagunasoil. Differences to element content
could readily be used to evaluate genotype differences to tolerate
acid tropical soil conditions.

The element to show some of the widest changes in tissue for
plants grown on limed or higher pH soils was Si. Seldom is S
analyzed in plant tissue, so most studies do not report the effects
or changes of Si. Silicon may be associated with plant adaptation
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to low acid soils. Studies have shown Sito be associated with
overcoming Mnand Fe toxicity in some plants (Fov et al., 1978;
Wernerand Roth, [983). More information is needed on relation-
ships of Stin sorghum (and otier plants) grown on acid soils.

Fhe mineral elements reported 1o be disrupted the most when
plants are grown on acid soils are P, Ca. K. and My, but these
clements showed no greater changes than many ol the other
clements. When evaluating plants for tolerance to acid  infertile
sotls using mineral elements, a complete analysis of the tissue is
important.

Aved Soils
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Breeding Aluminum-Tolerant

R

Sorghums
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Introduction

The “Cerrado™ region of Brazil is the agricultural frontier of the
1980's. This vast region, once thought to be unsuited for crop
production, is now receiving the attention that it merits from both
policy makers and agricultural researchers. By the end of this
century, itis expected that this region will be a principal producer
of both food and feed in Brazil. The Cerrado has its peculiarities
and problems, and technology must be generated for its agricul-
tural potential to be fully exploited (Alves. 1983).

Distribution and characterization

of the Cerrado region

The arca under Cerrado vegetation in Brazil occupies approxi-
mately 180 miliion hectares o abour 2007 of the total area of the
country. The Cerrado is distributed i four of the five major
regions of Brazil (Figure 1) the Central West, Southeust,
Northeast and the North (Ferri, 1977: Goedert et al., 1980).

The elimate of the major part of the Cerrado can be classified as
a ot and humid climate. with a long, dry scason. The average
daily temperature ranges from 200C to 26'C and the average
annuad ranfatl varies between 1000 and 2000 mm (Lopes. 1983).

Waterstressis common during the rainy season and frequently
reduces the yield of the various crops in this region, Woll (1977)
showed that periods of one to four weeks without rain frequently
oceur and are complicated with high levels of solar radiation and

* Sorghum breeder (deceased) at the Centro Nacional de Pesquisa de Mitho ¢ Sorgo
(CNPMS) Empresa Brasileira de Pesquisa Agropecudria (EMBRAPA); sorghum special-
ist at the Insttuto Interamericano de Cooperacion paru la Agricultura (1ICA)/
EMBRAPA; and soil specialist at CNPMS; EMBRAPA, Cx Postal 151, 35700, Sete
Lagoas, Minas Gerais, Brazil, respectively.
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Figure L Dusiibunon of Cerrado and areas in transition in Bra=il.
(Adapred from EMBRAPA, 1978.)

high potential evapotranspiration (Figure 2). These periods are
called veranicos and may cause serious limitations for sensitive
annual crops without the use of supplemental irrigation (Lopes,
1983).

The topography of these areas under Cerrado vegetation is
generally characterized as plain or slightly rolling, facilitating its
mechanization (Geedert et al., 1980).

Fifty-six percent of the area under Cerrado vegetation s
classified as red yellow, dark red, and *Roxo™ Latosols, according
to Sanchez et al. (1974). The great majority of these soils are
infertile due to the high phosphorus adsorption capacity, low pH,
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Figure 2. Principal climate characteristics of Cerrade soils.
[ Adapted from EAMMBRAPA-CPAC(Centro de Pesquisa Agropecudria
dos Cerrados) 1978.]

high aluminum saturation, low cation exchange supacity (CEC),
and a general deficiency of nutrients, principally phosphorus,
nitrogen, potassium, calcium, magnesium, and zinc (Lopes and
Cox, 1977, EMBRAPA-CPAC, l‘)7‘8). The Latosols are normally
high in clay content but, due to their structure, the water
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infiltration rate is high and the water-holding capacity is low, thus
aggravating the situation of reduced water content in these soils
(L.opes. 1983).

The potential of the Cerrado region
for grain production

Currently, about 1077 of the total grain production (including
sovbeans) in Brazil is produced in the Cerrado (Goedert et al.,
1980). Considering that the exploitation of the Cerrado for grain
production has recently been aceelerated with special programs
stich as the "POLOCENTRO." the authors estimate that within
20 years (2 million hectares have been incorporated per annum) 50
million arable hectares of the Cerrado will be in crop production.
Phe principal crops are expected to be beans, corn, soypeans,
grain sorghum, and wheat. The area cultivated with sorghum
(table 1) s expected to be 497 of the total area, However,
considering that one of the sorghum production systems recom-
mended by research and being adopted by farmers in Southern
Goias and the Minas Gerais State (Triangle Region) is the
sovbean-grain sorghum double-cropping svstem (EMGOPA,
978, 1979, 1980, 1981} the arca planted with sorghum should be
considerably greater than that suggested previously by Goedert et
al. (1980). In this case, considering that 2007 of the total soybean
acreage could be casily double cropped  with sorghum, the
projected grain sorghum production for the year 2000 1s 15 million
tons per annum (Table 2).

Lable 1. Projection for the year 1200 of total prain and grain sorghum
production in the Cerrado region of Bravit using advanced technology
recommended for the region,

Annual Annual

Arei yield production

Situation (mudlion ha) (t, ha) (million t)
Cuarrent ttotal grain) 5.0 1.5 7.5
Projected ttotal grainga 50.0 25 125.0
Projected (sorghum) 20 4.0 8.0

a Convidenng rice (15070, beans (4}, corn (200, ). soyheans (35 i) Erain sorghum (d07),
wheat (470, and othes crops (18173, after 20 sears of development
SOURCE: Goedert, W. L Lohato, I and Wagner, B (1950,
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Table 2 Projection for the vear 2000 of the grain vield, production, and area
planted with grain sorghum in two production systems inhe Cerrado

region of Brasil.

Annual Annuad
Production Arca vield production
system (mstlion (t ha) tmillion )
Principatl crop@ 2.0 4.0 X.0
Soybean-sorghum
(double-cropping)h KN 2.0 7.0
Total 5.8 15.0

A Four pereent of total area tor grain production,
b bweaty pescent of the area planted with sovbeans,
SOURCE: Goedert, Wo bl Lobato, booand Wagner, 1. 1980,

Assuming that the estimates in Tables | and 2 are valid, we
should evaluate the available teehnology for sorghum production
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 varicties, types of farming
cquipment. ete., which are bevond the scope of this paper. Henee,
we will discuss the performance of grain sorghum hybrids that are
currently available,

Grain sorghum production results from various lacations have
demonstrated that the commercial varieties generally do not
develop satisfactorily without the use of adequate levels of lime
and fertilizers (EMBRAPA, 1978, 1979: EPAMIG, 1979).

The use of high rates of lime to correct soil acidity, in many
cases, has not been economically feasible because ol the elevated
costs, i.c., transport, application, and credit. Also, trom technical
and cconomic points of view, it is not generally feasible to
incorporate lime in the subsoil laver. The acidity found in the
subsoil inhibits root growth, principally the root growth of
aluminum-sensitive species and cultivars (Fov, 1974), leaving the
plants more susceptible to moisture stress during the veranicos
that occur during the growing season. Henee, the importance of
developing cultivars with tolerance to toxic levels of aluminum
and other limiting factors of these Cerrado soils or *Cerrado soil
complex™ is clearly obvious. The species and cultivars better
adapted to this Cerrado soil complex are expected 1o have a

[}
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greater yield potential, thus i lower production risk tactor. due to
adower demand tor e and fertilizers.

The terms “tolerance the Cerrado soil complex,™ “tolerance to
aluminum toxicity,” and “aluminum tolerance™ are used inter-
changeably in this paper. It must be kept in mind that aluminum
tolerance, inthis case, is a complicated topic not well understood.

Acid Soily

A review on aluminum tolerance in sorghum
for the Cerrado Soil Complex in Brazil

The rescarch program to evaluate sorghum tolerance for the
conditions of tow pH and high aluminum saturation thai
predominate in the soils under Cerrado vegetation was initiated at
the National Corn and Sorghum Rescarch Center (CNPMS) of
Enipresa Brasileira de Pesquisa Agropecuaria (EMBRAPA) in
1974, Since 1975, various papers have been published regarding
the range of genetie variability (Schaftert ctal,, 1975; Pitta et al.,
1976, 1979b) of aluminum tolerance in sorghum. methods of
screening (Santos et al., 1980; Malavoltactal., 1981), response ol
sorghum to devels of lime and depth of incorporation (Salinas et
al.. 1976), genetic control of aluminum tolerance (Schaffert et al.,
[975: Pittaetal., 1979a), as well as many related topics. A genetic
improvement program was also initiated to develop adapted
cultivars and random-mating populations with high levels of
tolerance to aluminum toxicity (Borgonovi et al.. 1982).

Shaftertetal. (1975) evaluated 30 grain sorghum hybrids under
field conditions and showed that the variability 1o drought
tolerance was closely reldted to the differential root growth that
was associated with genetic variability of alumin. ., tolerance
among the nybrids. Later, experiments conducted in the green-
house using a dark red Latosol soil, Cerrado phase (Table 3).
showed that the experimental hybrid Wheatland x TX 2536 and
the commercial hybrid Tavlor Evans Y 161 had greater root
development than the sensitive hybrid RS 610 It was also
observed that the tolerant hvbrids developed neither discolored
roots nor leaves with a bronzing coloration, symptons frequently
associated with aluminum toxicity (Fov et al., 1978). Schalfert et
al. (1975) showed that there was genetic variability for root
development, indicating that selection for tolerance to aluminum
toxicity should be suceesstul,
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Lable 3 Some of the chemical chiatacteristios of the dark red Latosol, Cerrado
phuase, at two lime levels and two soil depths, ased to evaluate sorghum
germplasm and deseloping cultivars at CNFMS/EMBRAPA, Sete
Lagons, Minus Gerais, Bravil.,

AL Ca My K Aluminum

Fine Soil depth (pH) I saturation?
(t hay (cn) H.0 (g kg (ppmy (i)
0 -0 1.7 200 110 30 1.9 3 62
4]
20- 90 4.6 20 8.0 25 1.7 2 66
(- 20 4.8 140 9.0 27 1.5 3 41
5
20 - 40 4.6 19.0 9.0 22 1.2 2 59
Al
a Al —— N U0

AL Cat Mg+ K

Pitta et al. (1979b) evaluated 1200 sorghum lines of various
origins in field conditions with an aluminum saturation ranging
between 40% and 60%, and identified a few lines with goad
alumiinum tolerance, principally germplasm that originated from
Uganda and Tanzania, These authors also observed that several
lines were negatively affected due to the high incidence of foliar
discases. The agronomic characteristics evaluated were: pheno-
typic Altoxicity symptoms of the plant, grain production. harvest
index, and reaction to foliar diseases. The results obtained showed
good correlation between the phenotypic evaluation and harvest
index with aluminum tolerance.

Various methods ol screening sorghum plants in nutrient
solutions and in soils under greenhouse conditions have heen
utilized to identify differences for aluminum tolerance. Salinas
and Sanches (1978) used a nutrient solution with two levels of Al
(Qand 8 ppm) and two levels of P (0.05 and 0.20 ppm) to quantify
the relative growth rate (RGR) and relative root extension rate
(RER) as tools to characterize aluminum tolerance in five
sorghum genotvpes, Two commercial hybrids (TF Y 101, and RS
610) and three breeding lines (SC 1 12-14, SC 3349, and TX 7078)
were evaluated. Root growth rate and RER responded similarly
tothatof the best RGR with 8 ppm Aland 0.05 ppm P. The hvbrid
TE'Y 101 was the most efficient cultivar under P, AL and com-
bined Pand Alstress. Dos Santos et al. (1980) obtained significant
correlations between greenhouse and field experiments for toler-
ance to aluminum toxicity. The correlation coefficients between
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the variables at 649 Al saturation were: dry weight of tops -+ grain
vield (0.72*%) and dry weight of roots x grain vield (0.64%7).
Maluvolta et all (1981) evaluated 30 grain sorghun; hybrids in
nutrentsetution with five devels of A0, 3.6, 12, and 24 ppm) and
concluded that total dry weight of the scedlings (shoots and
roots), after 3-weeks growth was a better estimate of alumimum
tolerance than seedling shoot weight, root weight, seedling height,
or root length, The Al coneentration that best ditferentiated the
genotypes wis 12 ppme Hybrid TE Y 101 and three experimental
hybrids were the most tolerant genotypes.

Salinas et al. (1976) evaluated two grain sorghum hybrids (TE Y
101 and RS 610) that had shown differences in aluminum
tolerance in a field experiment with five rates of lime (0, 1, 2,4 and
8t ha)and with two depths of lime incorporation (0 to 1S em and
O to 30 em). The differences between the treatments were directly
related to the devel of aluminum saturation in the top 15 em of the
soil. The grain vield of the tolerant hybrid TE Y 101, was less
affected and responded less to deep lime incorporation than RS
010. The zero, one, and two tons of lime per heetare were the best
levels to differentiate aluminum tolerant and susceptible geno-
types.

Fhe results of Schaffert et al. (1975), Pitta et al. (19794, and
Furlani and Bastos (1984, personal communication) in ficld
experiments and nutrient solution suggest that the inheritance of
tolerance to aluminum toxicity is controlted by a small number ot
major genes with a dominant effect, probably one partially
dominant gene, and a number of modifving genes with minor
effects.

Breedmg sorghum for tolerance to
aluminum toxicity

Program strategy for sorghum production

Three basic alternatives exist for the use of the Cerrado for
sotghum production. They are as follows:

L. A modification of the soil environment through the neutraliza-
tion of the soil acidity and application of nutrients until the
requiremients of the plantare reached. The use of this alternative
has serious restrictions because of the high cost of lime and
fertilizers as well as high transportation and application costs.
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Anadaptation of the plant to the characteristies of the soil by
means of genetic manipulition, cither by genetic engineering or
traditional plant-breeding methods. This alternative has recently
received considerable attention by various rescarchers and several
references onample genetie variance tor tolerance to aluminum
toxicity have been published (Bastos, 1981 Brown and Jones.
1977. Duncan, i98La, 1981b: Furlani, 1979, 1981 Pitta ot al.,
1976, 1979 Sinches and Salinw, 1976: Schatfert et al., 1975),
However, it is doubttul that the genetic variance available is
adegnate to modity the sorghum plant o an adequate vield
potential for production in most Cerrado soils.

1A combination of alternatives one and two (strategy pursued
h\ CNPMS), inchuding o cradual moditication of the soil by
applyig reduced amounts of lime and fertilizers in association
with the development Gl elite sorghum cultivars more tolerant to
aluminum and with better nutrient use ctticiencey. This combina-
tion should provide a greater cllicieney in - the utilization of
nuirients by the plants allowing the root system of the aluminum-
tolerant plants 1o absorb water and nutrients from the subsoil
layer, thus reducing the elfects of the veranicos that frequently
oceur. Several authors have suggested this alternative for the
exploration of problem soils (Brown, 1979: Fpstein, 1976; FFoy
and Fleming, 1978 Clark and Brown, 1980: Salinas ¢t al.. 1976).

ALONPMS EMBRAPA at Scte Eagoas, Minas Gerais, Brasil,
the objective of the sorghum breeding program tor highly acid
soils is todevelop sorghum cultivars with adequate vield potential
insoils with an aluminum saturation between 406 and 507, This
range s based on the impossibility oi total substitution of lime in
acid soils. This Alsataration generally is reached with 2-3 ¢ ha of
ime. Inthis breeding program two points should be cmphasized:
Itis necessary to combine adequate levels of aluminum tolerance
with good vield potential to obtain genotvpes with good and
stable vield potential (these types have not been identitied
sorghum germplasm screcned tor sluminum tolerance): and the
maintenance of a minimum level of resistance te the principal
foliar discases, principally anthracnose and rust that are widely
distributed (Fernandes and Schatfert, 1980) and have the poten-
tial of limiting the expansion of sorghum in this region,
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Method of sereening for aluminum
tolerance

Greenhouse scereening

Various methods for evaluating sorghum germplasm and segregat-
ing breeding materiai under greenhouse conditions, using either
soil or nutrient solutions, have been described in the literature
(Konzik et al.. 1976; Brown and Jones, 1977; dos Santos ¢t al.,
1980: Furlani and Clark, 1981; Malavolta et al., 1981, Furlani,
1981). In general, these methods involve the use of nutrient
sotutions that facihitate the handling of the plants and the
evaluation ot the root systems of the seedlings.

I'he germnlasm sereening experiments conducted in the green-
house at CNPMS EMBRAPA 1o identity sorghum lines and
segregating famities with different degrees of aluminum tolerance
began with the methodology suggested by Clark (1975), and more
recently those techniques proposed by Furlani and Clark (1981),
Furlant (198 1), and Magnavaca (1982), The seeds are germinated
in paper toweling rofled inte tubes ana placed vertically in water
and acrated tor seven davs, On the cighth day, the seedlings are
examined tor possible root damage and the initial seminal root
length (ISR1) is measured and recorded. The nutrient solution
used is that recommended by Magnavaca (1982) except forasmall
difference in the Abconcentration. 1he source of huminum is KAl
(SO,),. 12 H,0 and the Al concentration is 180 pM (4.8 ppm). The
rH of the solution is initially adjusted to 4.0. The composition of
the nutrient solution is presented in Table 4

Eight and one-half litres of the nutrient solution are placed in
cach container. A plexiglass top containing 49 holes 20 mm in
diameter for the young seedlings, and two holes of 10-mm for
acration and monitoring the system, is suspended in the container.
I'he seedlings are fixed in the holes with picces ol sponge rubber so
that the development of the adventitious roots is not impeded.
The nutrient solution is constantly acrated during the growth
period, normally [0 to 12 days,

At the end of the growth period the seedbings are removed and
the roots are visually examined tor symptoms of aluminum
toxicity. The final seminal root length (FSR1y and adventitious



Table 4.

Jomposition of nutrient solution used for the prowth

Stock soiution

of sorghum plants. NPMS/EMBRAPA. Sete Lagoas, Minas (

serais, Brarsil.

Fuli-strength nutnient soiution

Name Chemical Coneentration mi Catio Anion Tota. composttion
[P tstock (mg element 1) Flement tmyg 1 (uM)
Ca Ca(NC . ),-4H,0 270.0 308 Ca™™ = 411 NOCSN = 9xe Ca 141 ] 1527
NHNO, 33K NH,7-N = 82 NOS-N = 82 K 90.1 3410
My 2008 558
K KCl 5.6 2.31 K™= 225 Cl-= 204  NO,-N 1441 10293
K,SO, 44.0 KT = 456 SO,-S = 187  NH,-N 15.2 1300
KNO, 24.6 K™= 220 NO,-N= 79 p 14 15
S 8% 581
Mg Mg(NO,),.6H,0 142.4 1.54 Mgtt = 20 NO,-N = 240 B 0.27 25
Cl 2505 596 ‘
P KH,PO, 17.6 0.35 KT= 17 H.PO~P= 14 Fe 4.3 77 2
Mn 0.5 9.1
Fe Fe(NO,),.9H,0 20.3 1.54 Fet+t+ = 43 NO--N = 33 Cu 0.04 0.63
HEDTA 13.4 HEDTA = 206 Mo 0.08 0.83
Micro MnCl,.4H,0 234 0.77 Mntt = 5 Cl-= 065 Na 0.04 1.74
H.BO, 2.04 BO.=-B = 027 HEDTA 20.6 75
ZnS0,.7H,0 0.88 Znt+ = 15 S0.=-S= 007
CuS0O,.5H,0 .20 Cutt = (o4 SO=8 = o2
Na, Mo0,.2H.0 0.26 Nat = 004 M, O,~-M, = 008
SOURCE. Mugnavaca. R. 1982,
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rootlength are recorded for cach plant. The relative seminal root
growth (RSRG) is caleulated as follows (Furlani, 1981):

ISRL

—— - x 100
|__IF'SRILL

KSRG (F¢) =

Field screening

Fhe field sereening of sorghum germplasm and segregating
breeding material for aluminum tolerance are normally restricted
because of the lack of uniformity of the experimental arca with
respect to aluminum saturation, phosphorus and potassium levels
¢te. With the objective to minimize these problems, the following
procedure is being used to prepare an arca for better uniformity:

I ldentification of & virgin soit with high aluminum satura-
tion,

2. Determination of a response curve and application of lime
to obtain a desired level of aluminum saturation between
40% and 50%,.

3. The phosphorus, as simple superphosphate, and potassium,
as KCH are applied broadeast and incorporated into the

soll.

This technique not only improves the chemical uniformity of
the arca, but also tends to minimize the effect of differential
availability of nutrients to the plants. Nitrogen is the only banded
fertilizer applied.

Soil and plant samples are analyzed and evaluated during the
growing scason, so that the Al concentration, nutrient status (c.g..
P Mg, Zn)and soil moisture can be monitored. Differences in
plant moisture content during the veranico probably indicate
differential root growth. Agronomic characteristics such as plant
height. Nowering date, discase reactions, grain production, and
harvest index are also recorded.

Sources of tolerance to aluminum toxicity

The methodology described above has allowed CNPMS 1o
identify sources of aluminum tolerance and also confivm results of
other rescarchers (Table 5). The genotypes SC 283, SC 175-14,



Table 5. Reaction of selected Al-tolerant sorghum lines in nutrient solution grownat 4.8 ppn aluminum 2t CNPMS/EMBRAPA, Sete Lagosas, Minsas
Gerais, Brazil.

Idenufication Origin Group Restoration Relative seminal
reactjons rcot growth (€¢)
IS 7254C (SC 566-13) Nigena Caudatum B 39.5
SDX61 62 Uganda — R 8.6
MN 1204 — — — 38.5
IS 7173C (SC 283) Tanzama Contpicium B 332
IS 1535C (SC 41%) Tanzama Caudatum-Kafir R 28.6
IS 12666C {(SC 175-14) Ethiopia Zera-Zera R 26.0
IS 3625C (SC 539 Nigeria Conspicium R 23.4
Vo20-1-1-1 Uganda — R 20.4
156-P-5-Serere-1 Uganda — R 17.2
IS 12564C (SC 048) Sudan ‘Zera-Zera R 15.5
IS 1309C (SC 322 Tanzania Nigricans PR 12.8
IS 75820 (SC 408) Nigeria Caudatum-Guineense R 12.7
2 DX 57/1/1/910 Uganda — R 11.9
(TX 2536 x SC 112-13) der Brazil - R 11.8
IS HEIZC(SC 112-14) Ethiopia Zera-Zera R 8.7
TX 2536 USA —_ R 5.7
IS 8361 (Wheatiand) USA — B 3.3
TX 623 (Al-sensitive) USA — B 4.5

o B = Nonrestorer
PR = Partially restoresievtophusmie male-sterile produced) hybrid to male fertility
R = Fully restores cevtopliam rlessterile produced) hybrid to male fertility
SOURCE Borgenovi, B A L Guimares, 13 Vo Muagnavaca, R and Schaffert, R, E.
tnpublished data
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SC S, SC 048 and SC TE2-14 were seiected in lield conditions
and can be considered tolerant to the Cerrado soil complex. The
other genotypes in Table 5 were selected from greenhouse studies
(nutrient solution and or soil experiments). The genotypes with
RSRG dess than 209 have heen selected  because of their
pertormance under tield conditions.,

The results indicate that sereening in nutrient solution should
be complemented with field contirmation to select sources of tol-
crance Lo the Cerrado soil complex and to identify escupes. The
fine TX 623 has consistently shown a sensitive reaction in both
ficld and greenhouse studies.

Fhe reaction of the sorghum lines Wheatland and TX 2536 per
se do notimdicate tolerance to aluminum toxicity. However, the
hybrid of these two lines has shown tolerance in several studies
{Schalfertetal., 1975; Salinaset al., 1976; dos Santos et al., 1980).
Fhese results suggest the existence of genes with compiementary
ctiects. The roots of Wheatland form a massive fibrous system
under normal conditions and the roots of TX 2536 remain white
and do not form the typical dark brown coloration of susceptible
genetypes under high tevels of aluminum.

he performance (Table 6) of the hybrids currentiy available,
made with the best sources of tolerance to aluminum toxicity,

Table 6. Average performance of the hybrids of three female lines® and seven
male lines tolerant to aluminum, in a dark red Latosol, Cerrado phase,
CNPMS/EMBRAPAL Sete Lapoas, Minas Gerais, Brazil,

Male patent of hybrid s to Plant height Grain vield
and chechks Hlower (vm) (1/ha)
SC 048 69.3 137 1.80
SC 418 09.3 137 1.81
SC H12-34 69.0 141 1.94
3DX 57 1:1:910b 84.6 186 3.19
Vo20-1-1-1h 87.3 189 2.98
156 P-5-Serere-1b 86.3 184 2.67
S DX 662D 85.7 186 2.66
Al-sensitive check hybridst 72.3 106 . 1.06
Line SC 283 68.0 119 : 2.03
Line SC 112-14 82.0 72 0.78

4. BROO7A (Redbine derivative), Wheatland A and Redlan A,

h. Susceptibie to lodging.

. EMBRAPA BR 300, Agroceres AG 1003, and Pioncer B 815,

SOURCE: Borgonovi, R. AL Santos, . G and Schatfert, R, E. (Unpublished).

Acid Soily
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demaonstrate that it is not possible to use these sources per sein a
plant breeding program. In general, these hybrids are late-
maturing. tall. lodging-susceptible, and relatively unproductive.

Preliminary results of aluminum
tolerance inheritance studies

Only atew studies dealing with inheritance of aluminum tolerance
insorghum have been reported in the literature (Pittaet al., 1979a;
Furlanic 1981 Bastos, 1981 Bastos, 1982). Preliminary results of
Pitta et al. (1979a) relative to the evaluation of two {emale lines,
(BROO7 and Wheatland), three male lines (TX 2536, SC 112-14,
and TAM 42R)_ and theie hybrids under field conditions suggested
the presence of asmall number of genes with a dominant effect for
the control of aluminam teicrance, According to Furlani (1981),
the type of genctic behavior involved in aluminum tolerance
varied depending upon the germplasim used as well as the
aluminum concentration in the 1~ rient solution. The author also
showed that with an alminum concentration of 43 pmol/ L. (1.2
ppmjvery few genotypes e eidentified as Al sensitive. However,
at a concentration of 96 umol L aluminum, the genotypes
previously classificd as Al tolerant, S’ 283 and SC [12-14,
firmed their behavior, The author considered the inheritance of
aluminum tolerance in sorghum to be complex.,

Bastos (1981) evaluated the relative root length of lines and
their Fy hybrids in nutrient solution with no aluminum and 154
pmel/L (4.0 ppm) aluminum and concluded that the genetic
control of tolerance was compiex. In 1982 the author, utilizing
five F crosses involving two lines considered tolerant (SC 175-14
and SC 237-14) and two sensitive lines (TX 415 and 7B113) and
the transgressive segregation of the I, populations of these
crosses, showed that different genes weie probably invelved in
aluminum tolerance. The atthor suggested that three or more
pairs of genes were involved in the control of aluminum tolerance.

Preliminary results of Borgonovi et al. (unpublished data)
indicated ditferences between the hybrids made with the atumi-
num tolerant line SC 283 and various susceptible female fines
(Table 7). The relative seminal root growth of the hybrids made
with the female ines Wheatland, CMS XS 168 A, and Redlan was
superior to the RSRG of the hybrids made with the female lines
TX 623 A and BR 007 A. There is an apparent specific combining
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Table 7. Relative seminal ront growth (RSRG) of sorghum lines and their
hybrids in nutrient solution Brown at 4.8 ppm aluminum, CNPAMS/
EMBRAPA, Sete Lagoas, Minas Gerais, Brasif.

Identincation RSRG ()
SC 283 R
IX 023 A 5.8
TX 623 A X SC K3 10.8
BR 007 A 5.1
BR 007 A x SC 283 10.1
Wheatland A 33
Wheatland A x SC 283 21.7
Redlan A 50
Redlan A x SC 243 17.4
CMS XS 168 A ot
CMS XS 168 A x SC 283 24.0

SOURCE  Borronosi, Ro A Guimaraes DLV Magnavaca, R and Schatfert, R, E.
(U npubtished data.)

ability effect for aluminum tolerance, indicating that the inheri-
tance of this trait maybe complex. ALCNPMS, we currently have
several studies underway involving various sensitive and tolerant
lines. their ', and F, hybrids. and the respective backcrosses, that
should help clarify the inheritance patterns for this trait.

In general, it seems reasonable to assunie that there are a few
major genes with a dominance trend and several minor genes with,
at least. some additive effect involved in the genetic control of
tolerance 1o aluminum. The major genes with some dominance
can be exploited and transferred to clite germplasm for immediate
use. Whereas, it appears that the population improvement
approach seems most adequate to exploit all the desirable genes
controlling the inheritance to aluminum tolerance in the long run,

Development of aluminum-tolerant
elite cultivars

The development of cultivars tolerant o the Cerrado soil complex
at CNPMS has been based on methods traditionally employed in
sorghum improvement, Basically, the following methodology is
being adopted:
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Introduction and evaluation of germplasm for
tolerance to toxic aluminum

The ONPMS breeding program has been working increasingly
with the introduction and evaluation of germplasm because only a
small portion ot the world collection has been  effectively
evaluated tor Al toleramee. Fhis program collaborates with
rescarchers of the Agronomie Instittite of Sio Paulo, at Cam-
pinas, Brazil in association with projects of the National Sorghum
Rescarch Program of EMBRAPA. The CNPMS has been using
fictd-screening techniques at Sete Lagoas, MG, Brazil, comple-
mented with nutrient solution technigues at both Sete agoas and
Campinas. Fhe best elite breeding lines identified at present are
fisted in Table 5.

Transfer of genes for aluminum tolerance from
exotic lines to elite lines

The transter of the major genes identificd in exotic lines (¢.g.,
SC2¥83) to theelite breeding lines of the CNPMS program and the
development of new cultivars with aluminum tolerance are being
conducted utilizing nutricnt solution screening in the greenhouse
toidentify tolerant pliants in segregating families. We e utilizing
a “ast lane™ breeding approach to incorporate the major effect
genes into our chte B and R lines and, in a second stage, more
attention will be given to the modifying genes.

Population Lreeding appreach

Utilizing the bestelite lines and the best exotic aluminum tolerant
lines of the breeding program at CNPMS, a random-mating
population has been developed using the genctic male sterile gene
ms,. This population, BRPSBR (Table &), has undergone three
cyeles of random-mating and is currently planted to select S,
plants. The following sclection procedure will be used in cach
cycle:

. Selection of 8¢, plants in a uniform Cerrado soil (1000 S,
plants).

2. Screening of S, progenies in nutrient solution to seleet about
40-509 of the superior progenies,
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Fable 80 Sorghum lines used 1o synthetize the random-mating population
(BRPSBR), for Al tolerance.

[denntication Origin
IN 12564 C (SO 048) Sudan
IS F2602 C(SC 12-19) Ethiopia
IS 12666 C (SC 175-14) Lthiopia
IS 7173 C(SC 283 Tanzan
1S 1309 C(SC 322y Tanzania
IS TS C(SC 418) Tanzania
156-P-5-Serere-] Uganda
IS 3758 C(SC 320-0) Ethiopia
I'N 2836 USA

SOURCE Borgonowi ROAC Santos, F, G and Schatfert, R. . 1982,

3 [i\'uluzllinnofuppro.\imutcl_\'40()SzprogcnicsfromstcpZin
a uniform Cerrado soil with 40-50% aluminum satura-
tion,

4. Recombine the best 204 (seed of remnant S. nrogenies) of
the S, progenies, approximately 40 families.

This selection procedurs should effectively concentrate both
the major genes and the minor modifying genes and increase the
degree 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 Cerrado soil complex. Morcover, the
sorghum world collection needs to be systematically evaluated to
identify additional sources of aluminum tolerance. The inheri-
tance of this tolerance appears to he complex and needs to be
studied in greater detail. Some rapid progress for aluminum
tolerance can he made by utilizing sources like SC 283, which
probably have major genes

Aninternational cooperative research program involving the
International Sorghum and Millet Program (INTSORMIIL) and
International Crops Researgh Institute for the Semi-Arid Tropies
(ICRISAT), in addition 10 the existing program in Brazil
Centro Nacional de Pesquisa de Milho (CNPMS). Instituto
Agrondmico de Campinas (IAC). and Instituto de Pesquisas
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Agronomicas (1PA)  should be developed in order to identify
regions ob Alrica with high Al saturation, sources of germplasm
from these regions, and to exchange germplasm for uec i national
progrants.

An inteidisciplinary rescarch approach involving plant breed-
ers, plant physiologists, soil specialists, and economists for the
development of technology and production systems needs to be
undertaken for a rational exploitation of the Cerrado and similar
soils. This interdisciplinary “team™ needs to develop and/or to
improve screening technigues for the complex interactions
involved in Cerrado and similiar type sols.
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Finding and Utilizing Exotic Al-Tolerant
Sorghum Germplasm

Lyan M. Gourley?®

Introduction

Today’s frontiers of agriculture are the marginal, underutilized
land areas in the tropics. It has not been possible to apply
traditional agricuftural practices successfully in these arcas be-
cause of hmiting factors including: lack of access to capital;
madequite transportation and marketing systeme; limited irriga-
tion systems; and che high cost and inequitable sunply ol
production inputs for resource-poor farmers. The major produc-
tion constraints in the tropicat savannas of South America are
related to low pH soils with inadeqguate nitrogen (N), phasphorus
(P), potassium (K). calcium (Ca), magnesium (Mg). and trace
clements, toxice fevels of soluble aluminum (A, and various other
environmental factors such as inscets, discases, and uneven
distribution of ruinfall. Mational rescarch agencies in South
America and clsewhere are searching for low-cost production
technology that will alleviate their food and feed grain deficits.,

The distribution of soils in the tropies oceurring generally
between 239N 1o 239S latitude is shown in Table | (Sanches and

Table 1. Distritassion of soil orders in the tropicsd,

Land area

of

Soil Americas Africa Asia Total tropics
order (millions of hectares) (%)
Oxisols 502 316 15 833 23
Ultisols 320 135 286 741 20
Inceptisols 204 156 169 529 14
Other 467 536 340 1343 43
Total 1493 1143 K10 3446 100

a. Generally includes areas between latitudes 239 N and 23¢ S,
SOURCE: Sianchez, P. A, and Salinas, 1. G. 1981,

* Professor of agronomy at Mississippi State University, Mississippi State, MS, 39762,
USA. He was assigned to Centro Internacional de Agriculturs Tropical (CIAT), Cali,
Colombiu, and has since returned to his nniversity assigninent.
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Salinas, 1981). In tropieal America there are over one billion
hectares of acid, infertile soils. This vast area is dominated by
Oxisols and Ultisols in the savanna regions ol the Llanos of
Colombia and Vencsuela, the Cerrados of Brazil and much of the
Amazontan arca (LTable 7). The constraints ol these soils are
usually chemical rather than physical CLable 3). Nearly 75¢7 of the
unproductive aica s Al-saturation fevels that are toxic (o most
grain crop species. Associated with the high levels of Al are the
added constraints of very low quantitics of exchangeable Ca and
high P tixation (Reeve and Summer, 1970),

When chemical constraints to crop production are eliminated
by iminz and fertilization, these soils can be among the most
productive in the world. However, the cost of lime required to
reduce soll acidity to allow high-viclding crop production is
generally bevond resource-poor farmers. Morcover, liming the
soil surtace does little to correct the chemical impediments to root
penctration found in the subsoil. Consequently, crop vieids are
reduced by drought stress whenever rainfall or irrigation is
inadequate to replenish water in the limed topsoit as the soil
moisture fevel approaches the crop wilting point.

A morce feasible alternative to the Al-toxicity problem is to
breed and select plants that are more tolerant to acid soil
production constraints than those currently available. Rescarch
at the international center, Centro Internacional de Agricultura
Tropical (CIAT), has demonstrated that several pasture grass
specias introduced from the acid soil savannas of Africa and
Brazil grow well in the Llanos of Colonbia with minimum soil
amendment (CIAT, 1983). Recently, the Andean Pact countries
and Brazil have shown an interest incincreasing grain sorghum
productionin Latin America, mainly tor poultey teed (Table 4). It
has been suggested that the introduction of sorghum ccotypes
from Africa  the conter of origin tor sorghun: where more than
S0 ot its tropical Tand mass has acid soils cou” provide Al-
tolerant germplasii tor use in tropical America (Dogget, 1970).

The purpose of this paperis to report asystematic approach for
selecting and adentifying sorghum cultivars from the world
collection that are tolerant to the acid soil environment oftropical
America, and to present the U.S, Title XH International Sorghum;y
Miliet Program (INTSORMIL) hreeding strategy for tropical
acid soils.
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Pable 20 Distribution v Ovise's and Ultisols by country in Futin America and
the Caribbean Basin,

Arca
distribution Percentage of
Country (miltions of hectares) country’s total area
South America
Brazil 572,71 68
Colombia 67.45 57
Peru 56.01 44
VYenezuela 51.64 58
Bolivia 319.54 57
Guyana 12.25 62
Suriname 11.43 62
Paraguay 9.55 24
Ecuador 8.01 23
French Guiana 8.0 94
Chile 1.37 2
Argentina 1.28 04
Total 840.45 48
Central America
Mexico 442 2
Panama 3.59 63
Honduras 313 29
Nicaragua 292 30
Guatemala 0.96 9
Costa Rica 0.70 14
Belize 0.40 18
Tota! 16,12 6
Caribbean
Cuba 2.42 21
Haiti 0.52 19
Jamaica 0.45 4]
Trinidad 0.42 84
Dominican Republic 0.42 9
Puerto Rico 0.16 18
Guadcloupe 0.09 47
Martinigue 0.05 43
Total 4.53 21
Grand total 861.10 42

a. Percentage of total area is 0.4,
SOURCE: Cochrane, T.T. 1978,



Table 3. Typical characteristics of two orders of tropical soils®,

Exchangeable

Soil Organic Ettective Al
order Depth Clay matter P pH Al Ca Mg K CEC saturation
{cm) (0 () (ppm) _ (meyq 100g) (%c)
Ultisol 0-20 71 7.1 1.8 4.1 2.7 65 49 36 4.21 64
20-35 77 4.0 1.1 4.0 2.7 31 .04 A3 3.25 83
35-62 84 1.9 0.9 4.3 22 .24 .02 05 3.65 88
62-91 &8 0.7 0.9 4.4 L1 .15 .02 .06 1.43 77
91-105 89 [ 1.2 4.4 2.0 .22 01 .04 2.34 85
Oxisol 0-12 38 4.0 1.0 4.5 3.8 .20 .20 .10 4.40 8E
12-32 41 2.0 1.0 4.6 2.8 10 .10 10 3.10 89
32-58 43 1.7 Trace 4.8 2.1 .10 .10 10 2.30 91
58-88- 45 0.9 Trace 5.2 0.7 .10 .10 10 0.90 78
88-148 45 0.6 Trace 5.i 0.6 10 .10 10 0.80 75

Ultisol characteristics from CIAT-Quilickao substation; Oxisol characteristics from a well-drain=d savanna,
CIAT; ICA-Carimagua substation Method of extracticn and; or determination was P - Bray I, pH-I:1
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 CEC times 100. Data from CIAT.
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Table 4. Changes in selected commodities in JUNA (Y ceuntries snd Brazil for
periods 1974-76 and 1980-82.

Percentage of growth per annum

Commodity Arca planted Yield Production
or number of animals

Wheat -2.1 -0.3 224
Corn 1 24 3.7
Paday vricc 2.0 0.9 6.0
Sorghum 13.0 -1.9 9.6
Cattle 0.9 e 1.6
Pigs 4.0 . 4.5
Chickens 7.4 19.1

a. JUNAC (Juntadel Acuerdo de Cartagena); also known as the Andean Pact. Countries in
JUNAC ase Bolivia, Colombia, | cuador, Peru, and Venesuela.

SOURCE. FAO (Food and Agnculture Organization of the United Nations). 1983,

Evaluation for Al tolerance

Areview o1 the literature of the different methods used to sereen
plants tor tolerince to Al toxicity is beyond the scope of this
paper. Afewe miples will be provided, however. to help explain
the rationale for the system recommended here for sorghum.

Early successtul evaluations of the tolerance of sorghum to
toxiceffeets of Alwere conducted in field tests on acid soils of the
Cerrados in Brazii (Schaffert et al., 1975; Pitta et al.. 1976). The
Brazilian National Program, Empresa Brasileira de Pesquisa
Agropecuaria (EMBRAPA) staff has screened sorghum germ-
plasm sent to them from Uganda by Dogget, as well as converted
lines from the Texas A&M University United States Department
of Agriculture (USDA) conversion program. Less than 167 of the
sorghum world coilection has been sereened for Al tolerance in
Latin America due to the lack of availability,

Prior te coming to Colombia, the author and some of his
students at Mississippi State University used a modification
(increase of Al and decrease of P concentrations) of & nutrient
culture technique to sereen sorghum seedlings for tolerance to Al
(Bastos and Gourley, 1982) developed by Clark and his students at
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the University of Nebraska (Furlani and Clark, 1981). The
correlation coetficient obtained when a tange of Al-tolerant
genotypes were heing tield validated 'n Colombia was pusitive,
Howcever. less than one-half of the variability was aceoiiad for
bv the associetion of relative primary root growth using the
nutrient culture technigue and Al-toierance rating under field
conditions (Gourley, unpubai-hed data). Researchers in Brazil
have reported similar findings of a coetlicient of determination of
STE  ordess (dos Santos et al L 19%50).

Using sorghum pure lines selected from nutrient culture
sereening trials wnd thedr By byvbrids, Bastos (19%1) found that a
signiticant poriion of the variance tor Al telerance was under
genetic control according to the results from a study of two
diallels. Both peneral combining ability (GCA) and specific
combining abilitviSCA) contributed signiticantiy (P==.04) (o the
genetic vartanee of both diallels. Farther, the variance for GCA
accounted for most of the genetic varianee and GOA effects of the
parents were consesieni with their ranking for Al (ole, anee.
However, continuing the study of some of the Jiallel tolerant-by-
tolerant and tolerart-by-susceptible crosses in sewiegating gen-
crations, Bastos 1982 found no penctic gain in selecting the
upper 1004 ai 700 scedbings from cach of live b, populations and
their Fyoffspring using the nutrient cultur: method of evaluation,

A greenhouse sereening technique wis developed at CIAT
using a virgin Oxisol soil trom the Colombian [ lanos with
different levels of Alsaturation (Gourley. 1983). Three levels of Al
saturation (827, €007 and 4577) were obtained using different
tevels of ime. Four sorghua plants were grown per pot i these
soils for a 3-week period. The intermediate level ol 60¢;, Al
saturation produced the best senavation of genotypes. Dry mattey
vield of =oots, tops, and total plant, as well as visual ratings did
not, however. correlate well enough with the top dry weights of
field-grown plants atanthesis to continue using this technique in a
breeding proaram.

Because of alack of confidence in the so-called “quick tests” for
Al tolerance, a field screening technique was developed. The
procedure wis designed to measuie Al tolerance and, insolar as
possible, not the effect of P or the Al-P interaction. The objective
was o establish an Al-toxicity ievel high encugh to kitl sensitive
genotypes but not too high to preveat tolerant genotypes from
producing a reasonable vield of grain. An Al-saturation level of
60% to 704 was selected to accomplish the rescarch goal.
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This high level of Alsaturation was selected for seveial reasons.,
In the inttial screening of 3000 entries from the world collection,
only the mast tolerant genotynes were desired for further
evaluation or breeding purposes. Severe Al-toxicity stress was
applied 1n order to reduce the number of genatvpes quickly by
chiminatizg ines with low to moderate levels ot Al tolerance and
“escapes.” Te have ceonomical potentinl, genotypes with the
highestlevel of Altolerance would allow resource-poor farmers to
apply a minimum guantity of hme tor commereial preduction,
Since only the topsotlis usually modified with soil amendinents,
the routs of genotvpes with the highestlevel of Al tolerance would
not be completels inhibited from penctrating the higher level of Al
saturation encountered m the subsoil Field observations show
that the 607 -700¢ level o1 Al sateration will accomplish these

gols.

Table S contams a listof the soil testresults of a virgin Ultisol in
permanent pasture (Quihchao, Colombia) before and alzer amend-
ments were incorporated. Broadeasr applications of SO0 kg
dolomitic linwe, 1000 kg 10-30-10 mised tertiliver, S ke zine (Zn),
and T kg boron (B) per hectare were incorporated into the upper
20 cmyof soth Aluminunrsaturat:on was reduced from S0t to 63¢;
but the pH remaimed unchanged. The quantities of amendments
reguired to achieve similar conditions in wrher soils will depend
upon many factors so it iy recommended that the breeder work
closely with asoilscieanst famihar with the chemiical characiciis-
tics of the soil in question.

Vable 5. Topsoil cheracteristics of a virgin Ultisol before and after amendment
with 500 kg/ha dolomitic lime and 1000 kg/ha of 10-30-10 mixed
fertilizer (and small samounts of Zn and B) at Quilichao, Colombia.

Soil characteristics Before amendmieat After amendment
pH (H, ) 45 1.4
P (ppmj 2.3 17.9
Ca (meq/ 100 g) 0.68 1.24
Mg (meq/ 100 2} 0.18 0.52
Al (meg/ 100 g) 3.9 34
Effective CEC (meq/100 g) 491 5.40

Al saturation (%) 80.4 63.)
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Thefollowing simple visual rating scale was used to evaluate the
exatic sorghun genotypes:

I Good plint color, well-filled panicles. few stress or Al-
tOXICHY svmptoms,

2) Some vellowing of leaves, reduced panicle size, some stress
and Al-toxicity svimptoms,

3 Stunted plants, yellowing and dead Ieaves, small panicles with
little grain, many stress svmptoms,

4)  Severely stunted or dead plants 2 to 3 weeks after cmergence.

Field observations

Ficld evaluations are less controlled by the rescarcher than those
conducted in the laboratory. Therefore. the causc-and-effect
relationships of the final observation or result must, in many
instances. be obtained by deduction or await further claboration,
Suchappears to be the case in ficld evaluations ol sorghums to the
“tropical acid-soil complex. " Several of these factors are discussed
in the following paragraphs.

Aluminum, Folerance to Alis, of course, the foremost factorin
the sereening procedure. Without an adequately high level of Alin
the test media, a susceptible genotype with no practical degree of
Al tolerance could be selected and the measure of any other
genetic or agronomic factors would be negated. The degrec of Al
saturation in the upper 20 cm ol the topsoil can be altered to the
desired level with a relatively high degree of accuracy. Thislevelis
quite stable fora period of a few vears. Pxperience has shown that
mostsorghum genotypes appear to tolerate Al-saturation levels of
about 2007 with litde vield reduction. Of the genotypes evaluated
to date, few will tolerate 807 Al saturation. and these produce
very little grain,

Phosphorus. Although not intended as a variable in this
sereening procedure, the association of P availability and Al
saturation must be comsidered. Some genotyvpes sereened showed
the typical purple-leal symptom of P deficieney up to four weeks
after planting even though the high rate of 300 kg haof P,O had



Finding and Utilizing Exotic Al-Tolerant ... 301

been applied when the test plot was prepared. Mineral soils
readily fix added phosphates; thus added solubie phosphates are
only partially recovered by plants under optimum conditions. The
high hydrous oxide content of many tropical soils can result in
enormous phosphate-fixing capacivies. Mycorrhizae can also aid
plants in P utlizatton. Sorghum is used to maintain strains of
mycorrhizac in greenhouse studies, and the association of mycor-
rhizae and I uptake is being clucidated. Genetic variability for
roet mass and mycorrhizal association could possibly account for
apparent ditterences in P uptake observed in the tield.

Caleium and magnesium. Calcium and magnestum carbonates
in iming materials will reduce the level of Al saturation when
applied to tropical acid soils, In rhese leached, low-base status
soils, Caand Mgin fertilizer quantities are also important in plant
nutrition. Calcium soessential to root elonpation as it is not
translocated o the root tp. The quantity of Ca in some tropics.
subsatls is insufficient for root growth. Ritchey et al. (1986) have
shown that the Ca jons of some compounds such as CaSQy,
CaCl, and CaNO, will move downwird m the soil profile (up to
100 cmin a year) i association with the anion. This is not the case
with CaCO L The entical Ca concentration for sorghum root
growth in these soils s not known, Witheut a sutficient degree of
Al tolerance, however, the question iy academic.

Root mass. tThe relative rate of ront and shoot growth of a
particular sorghum genotvpe will affect its visual Al-tolerance
field rating. Some genotypes produce rapid top growth in the
Juvenile stage of development while others appear stunted and
stressed. Many of those lines producing good early top growth die
before or during the grain-filling period while the slow-growing
lines seem to reeover and produce grain yields nearly equal to their
genetic potential on a soil with a lower Al- ation level, This
phenomenon appears to be due to a priority e partitioning of
photosynthate throughout the stages of growth of the different
genotypes. Those genotypes tolerant 1o high levels of Alapparent-
ly partition a greater portion of their photosynthetic resources to
developing roots. The results of this difference will influence the
visual Al-tolerance rating at different stages ot plant growth.
Sinee grain production is the ultimate goal under the preseribed
conditions, visual tield rating for Al tolerance is of little value
before the genorype reaches physiological maturity.

Drought. Drought can be a production constraint on acid soils
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in the tropical savannas even auring favorable ramfall periods.
Despite a clay content of 406, 10 7007 Osisols aand 1 Htisols in the
tropics respond more like a sandy loamin the temperate zone with
regard to water infiltration, The agpregate structure of these sotls
allows field operations within hours after a rain, Water-holding,
capacity in the upper soil profile is therefore redueed. During
short periods without rain, veramicos. plants with only sufficient
Altolerance to root normally inthe topsail frequently fail because
of drought. Theretore, it is tmportant to have a sutliciently high
Al-saturation Jevel in the topsoil tor adequate Al-tolerance
sereening and to e irigation only to “reseue” or prevent the loss
of the sercening vl When plants e i fall foliage, wiiting
durieshort periods of dioueht provides an addition:l measire of
thedegree of Al talerance. 1 hose genotypes notwilting under tull
radidion are undoubtedly obtaming sufficient water {rom the
subsoil. Genotvpes that wilt under these conditions do not have
the Al tolerance necessary for the roots to penetrate the higher
Absaturation level of the subsoil. Root mass and other drought-
tolerance related factors will also influence observations on Al

tolerance.

Interactions. The total sum of these factors and their interac-
tions will affect the visual rating for Al tolerance. From a practical
standpoint, the plant breeder at this stage of investigation is
observing what a furmer alwayssees  theend result, Consistently
high ratings for Al tolerance under the conditions prescribed in
the sereening process will denote the upperextont of the range of
genetic variability for the overall *Al tolerance complex.”

Underthe 6367 Al-saturation conditions of the sereening trial,
tairly large number of genotypes exhibited a moderate-to-high
degree of tolerance to Al toxicity. Most of these genotypes,
however, are agronomically unacceptuble as grain sorghum
varicties in their present form. Table 6 shows the ratings of the
first 775 world collection genotvpes evaduated. by country of
origin. Acid soils areas in Kenva and Uganda had o higher
percentage of entries in categories 1 and 2 than those evaluated
from the other countries listed. The rating procedure was designed
to eliminate the poorer 5007 10 75¢; of the genotvpesin categories
Jand 4. Itappears that an Al-saturation level of between 604 (o
700 is sufficient stress for this purposc. Additional world
collection entries are being sereened curcently. Final conclusions
concerning the best source countries in Alfrica will not be made
until all 3000 of the genotypes originally selected have been tested.
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Table 6. Al-tolerance ratings# of 775 world collection lines by country of origin.

Al-tolerance rating

Total | 2 3 4
Countsy lines Percentage of lines
of origin
Burkina Faso 82 4 16 2 28
Ethiopia 158 13 21 Ry 29
Kenya 16 15 n 30 18
Nigeria 161 6 25 38 3t
Tanzania 14 14 36 29 21
Uganda 104 i4 48 22 )
Zaire 16 12 37 31 19
Miscellaneous 224 10 23 35 32
Total 775 1 31 k) 26

a. 1 = Altolerant; 4 = Al susceptible.

A few of the more agronomically desirable Al-tolerant geno-
types are now being cvaluated for yield. Preliminary results of
yield trials a lime-rate study at Quilichao, Colombia, are given in
Table 7. After further testing, the release of some ol these
genotypes for direct commercial use may be recommended. At the
very Jeast, parental material for breeding programs has been
identified.

Breeding strategy

Delegates to * The 1983 Plant Breeding Research Forum™ outlined
five steps required to utilize exotic germplasm (Conservation and
utilization..., 1984). They werc: collection, maintenance, evalua-
tion. enhancement. and distribution. The breeding strategy used
in this project paradlels those of the forum. The steps in the
INTSORMIL. acid soils rescarch program are: select genotypes
from the sorghum world collection; increase the seed in the
tropics; evaluate for Al tolerance under field condition-; incor-
porate Al tolerance into clite lines and hybrids; and distribute
superior germplasm to national programs and commercial seed
companies.



Table 7. Results of 1984 grain yield trials of sorghum grown in field plots with 0.5, 1.5, and 4.8 t/ha lime {CaCO.) at Quilichao, Colombia.

Lime (0 b

0.s [BN] 3.0

Visual Hewin Yield Height Yicld Height Yield
Cultivar ratingd (m) (t hi) (tmj (t/ha) (m) (L ha)
IS 2765 1.3 1.4 4.0 1.5 4.6 1.7 7.1
IS 7132 1.0 1.4 4.3 1.3 4.9 LS 6.9
IS 7151 1.7 1.6 4.8 1.7 5.7 1.8 5.2
IS 8577 1.3 1.4 5.0 1.5 6.2 1.7 5.7
IS 8612 2.0 1.4 3.2 1.4 3.3 1.6 5.6
IS 8860 20 1.9 3.1 20 3.6 23 54
IS 8933 1.0 1.4 4.1 1.6 49 1.7 6.7
79 SEPON 8 2.7 1.2 23 | 3.2 1.6 6.3
79 SEPON 11 3.0 1.2 20 1.4 3.2 1.5 3.6
79 SEPON 54 20 1.0 3.8 1.2 37 1.3 5.0
M-91057-117 20 1.1 4.6 1.3 4.4 1.4 4.9
M-90378 3.0 1.0 2.9 1.3 3.1 1.2 3.2
(F3B55XF3B441)-1 20 9 2.5 1.0 28 1.0 39
(F3B554XF3B441)-2 23 1.1 2.8 1.2 34 1.2 39
(GPR168XCS-170-6-17)-1-1 20 1.3 44 1.4 4.7 14 5.1
(1512573CXSC108-3)7-3-5-1-1-] 1.7 1.2 4.4 1.2 4.5 1.2 55
IDXS57 1:1:910 1.3 1.3 4.5 1.4 4.6 1.4 5.1
IS 7173C 1.0 1.3 3.6 1.3 4.3 1.3 4.8
TX 415 4.0 6 5 .6 1.2 7 2.2
Mean 2.0 1.2 35 1.4 4.0 1.4 5.1
a I = Al tolerant, 4 = Al susceptible. Visual ratings for cultivars in 1.5 and

4.0 t ha trials were all 1.0. Aluminum saturation levels for the 0.5, 1.5, and
4.0 t-ha lime rates were 63z, 45%, and 320, respectively.
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The International Crops Research Institute for the Scmi-Arid

Tropies (ICRISAT) has a woridwide mandate for sorghum
improvement rescarch, which includes germplasm collection and
conservition. The world collection of some 22,000 sorghum lines

is maintained by TORISAT at Hyderabad, India. More than

15.000 of these fines are i long-term storage at the VLS National

Seed Storage Laboratory at Fort Collins, Colorado. Anaddition-

al 9000 lines are manntained in the TS, by the USDA and other

rescarch agencies CAcheampony eCal . T9R),

The tirstCstep inutilizing this exetie germplasm was nonrandom
selection of those lines that have a higher probability of being Al
tolerant and that were obtamable in the Western Hemisphere in
order o avoid quarantine delavs, In 19820 the author, in
cooperation with John Axtell agronomistat Purdue University,
developed a plan to selectabout 3000 hines trom the portion of the
world collection mumtamed at Purdue. Using sotl classitication
maps of Alrica to trace the location where a particular line was
originally collected, lines were systematically selected trom the
acid soil arcas. One would reasonihly expeet to find the greatest

genetic diversity tor Al tolerance in these tropical areas.

Seed of the first 1000 Tines was planted at CTA T, Cali, Colombia
during the winter of 1982-83, Since these hmes were maintained in
medium-term storage, they were planted imsotis of optimum pH
and fertility. JUis necessary to increase the seed of these exotie lines
in the tropics because about 6077 of the world collection is
photoperiod sensitive. Where plants were obtained., theseed frem
10 sclf-pollinated heads ot cach Tine was harvested.

EFvaluation for Al tolerance under ticld conditions was con-
ducted as previously deseribed in this paper. Additonal advan-
tages of field-sereening trials over laboratory methods are the
agronomic notes that can be collected. Plant height, number of
days to anthesis, panicle shape, seed color.and toliar discases are

examples.

Based on observations n Colombia and discussions with
EMBRAPA scientists, it appears that the inheritance of tolerance
to the “tropical acid-soil complex™depends upon the parents used
in the different studies and the degree of Al-toaacity stress. Some
general conclusions can be drawn. Hybrids are generally more
tolerant than cither of their parental lines. Some fines (e.g., IS
7173C) appear to possess one or two major dominant genes for
tolerance while others with more moderate levels of tolerance
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produce an epistatic response in hybrids. This would seem to
indicate that several penes are interacting, but cach gene contrib-
utes less than a major response in both hybrid and parent. When
cither TN 2530 o1 NH 9040 is used as a poltlinator on Wheattand,
all thre Tines being susceptible to all but low levels of Al toxicity,
the hybrids are reasonably tolerant. When other factors in
addition to Al tolerance are considered for the 2enotype grown in
the tield. it as not surprising that major. minor, modifier. and
interacting genes should be encountered.

Additonal mheritance studies are underway to determine
whether Al-tolerant sources differ and if <o, to see it they can be
combined to produce lines with higher degrees of Al tolerance,
Based on the differing quantities ot Al in the leaves of tolerant
Hesitseems probable that different mechanisms of tolerance are
possible.

Several differentapproachestor incor porating the best sourees
of Altolerance into elite sorghum lines are being emploved in the
Colombian INTSORMIL breeding program. Seiected exotic
genotypes with pood Al tolerance are first crossed to a standard
FLS malde stertle or A-line, and the seed set of the hyhrid panicle
(covered with a pollinating bag) is observed. No seed setindicates
the exotic is a maintainer or B-line: tull seed set, i restorer or
[-line Genes tor other taits can be determined by observing the
hybrid tor ieight and maturity interactions, seed color, panicle
characteristies. combining ability tor vield, cte. 1t the hybrid is
planted i the sereening plot. the presence of major dominant
genes for Al tolerance can be determined by the high degree of
tolerance to Al toxicity.,

Once the restorer noerestorer status is determined for the
exotie, hybrids are made using elite tnes with the same restorer
response, restorer by restorer and nonrestorer by nonrestorer. A
general improvement program is followed using the pedigree
breeding method.

Ot the nearly 100 evaluated B-lines released trom the U.S. and
TCRISAT programs, only a few indicate o shight tolerance to Al
toxicity under fickd conditions. On the other hand. several exotic
B-lines from the Texas A&M University USDA sorghum con-
version program produce a range of tolerance, IS 7173C being the
best. Backerossing into sterile eytoplasm is currently being carried
out with IS 1309C, 15 3625C. 1S TI73C, IS 12539C, and 1S
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[2685C to produce Al-tolerant tester A-lines. Most of these lines
are unsuitable as parents tor commercial hybrids: therefore, lines
1S 7173C. and 1S 12685C have been crossed toelite LS, B-lines in
a standard pedigree breeding approach.

Two random-mating populations with ms, genetic male sterility
from the authors Mississippt breeding program were used as
discase-reststant base populations fer the development off Al-
tolerant B-line and R-line pools. As promusing new Al-tolerant
exatics are found. they are crossed into the appropriate pool. By
replanting these populations on soil with 60-70¢0 Al saturation
twice cach vear. genes for At tolerance will be concenirated in the
surviving plants. This population improvement approach is ideal
for Al tolerance because the susceptible plants die before they
contribute their genes to the population,

This sereening and breeding citort is without value unless the
Al-tolerant germpiasm i distributed freely to national sorghum
improvement programs and on to commercial seed companies
and the farmer. Each vear, the best agrononucally desiiable Al-
tolerant genotypes are made avaiiable for regional vield trials,
Other exotic genotypes, improved lines, ad segregating popula-
tions are sent to breeders upon request.

Summary

A svstematic screening procedurce is being employed to evaluate a
significant portion of the sorghum world collection tor toleranee
to the Al-toxic low base status soils m the tropies. Through
cooperation and colleboration with international agricultural
rescarch centers. national programs, universities, and commercial
companies, INTSORMIL has helped make available a large
infusion ot Al-tolerant exotic sorghum permplasm to scientists
conducting rescarch on the tropical acid soil trontiers in develop-
ing countries.
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Group 1 (Scientists) Report on
Working Session

Researchers

Group i met on 30 May 1984 and discussed the provided agenda.
Ihe mecting was chaired by Dr. Vartan Guiragossian and notes
were recorded by Dr. Oscar de Cordoba. Conclusions and
recommendations are isted below,

Improvements and selection of sorghum for
aluminum toxic soils: goals and strategies

Fhesorghumamvestigators would like to recognize the prehminary
work mitiated by the Internaitonal Sorghum and Millet Program
UNTSORMILY and International Crops Research Institute for
the Semi-Arnid Tropies (ICRISAT) in seeking new germplasm
which cin be grown on South American tropical soils that have
high acidity and Al toxicity problems.

Coordination in planning and execution of the various areas of
investigation among the national programs and the international
organizations such as INTSORMIL. TCRISAT, and the Centro
Internacional de Agricultura Tropical ¢CIAT), is an efficient Wiy
to resolve and find solutions to pertinent problems, to find
adapted genotypes to the acid and high Alsoils, and to devetop the
neeessary technology to identify and improve these genotypes.

Apart from the countries invelved, the international organi-
zations should also assume responsibility for finding a solution to
the problem.

Agroclimatology

The agroclimatology information for the South American areas
with acid and high Al soils should be gathered. Dr. Lynn Gourley
was piven the responsibility to colleet the agroclimatologic and
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edaphie data tor the zones with acid and high Al seils in
colinboration with representatives of the countries attending this
workshop and with Dro 1 Nicholaides who shondd be an advisor
for the collection and interpretation of the data. Dr. N, Sceetha-
rama is to send Dro Gourdey all of the information available at
FORTSAT relative to agroclimatic data and the methodoiogies
used. The Institwte Interamericanc de Cooperacion para la
Agricultura (HCA) should serve as the center for sending
agroclimatic inormation to the various sones.

Germplasm

For better efficiency in secking appropriate germplasm for 7ones
with acid and high Al soils, germplasm movement should be
through the INTSORMIL research station at CIAT, Colombia,
and ICRISAT in Mexico. To do this, interested countries should
send 20-to 40- g samples ot the seed of each genotype to lICRISAT
present legislation and requirements of each country for the
import and export of experimental seed samples. Private compa-
nics mterested in obuaining sorghum germplasm ol INTSORMIU,
and ICRISAT should follow the established regulations of cach
country. They should inform INTSORMIL. and 1CRISAT of
reqelts they obtain,

ihe national programs and INTSORMIL, who have some
germplasm with colerance to the acid and high Al soiis. should
send 20 to 40 g samples of the seed of each genotype to ICRISAT
(Mexico) tor immediate increase so these materials can be made
available to other interested countrics.

Since Brazil has conducted some advanced investigations on
sorghum tolerance to acid soils, scientists there should receive
from ICRISAT the Tanzania, Thailand, INTSORMIL.. and
CIAT collections for testing. Dr. Gourley of INTSORMIL.
should evaluate all materials that are collected in the laboratory
and; orin the field.

Since the world collection s large and difficult for a single
institution to evaluate, INTSORMIL and ICRISAT should ask
the country national programs and private companies to help
evaluate some of these materials under INTSORMIL and {CRI-
SAYT supervision.,

The infermation obtained by the national programs and other
institutions on germplasm evaluation should be channeled



Group 1 (Ncientists) Report 315

through INTSORMIL and ICRISAT representatives for distri-
bution to tne investigators in cach ceuntry.

Physioiogy

Physiological mechanisms for tolerance or susceptibility to high
Allevelsinacid soilsare fundamental pot oniy for a knowledge of
the problem. but w0 for the development of more appropriate
methodologies so thattests i the Iaboratory can be validated
within the field. Thus, genotypes with greater agronomic produc-
tion potential can be selected.

It was recommended that Di. Dele Ritchey, in collaboration
with Drs. P Burlani and G. Pitta, be iesponsible for conduciing
much of the physivlogical research, INTSGR ML and [CRISAT
scientists should study the more basic mechanisms on how the
physiological mechanisms for resistance to Al toxiciy operate
and collaborate with the country scientists. I possible, graduate
students should be assigned 16 collaborate in the investigations
oriented to understanding resistance mechanisms.,

Dr. R, Clark was designated to colleet and distribute meth-
odological inforniation (possibly as a newsletter) suggested or
available to the in vestigators in cach of the interested countries.
Standardization of methodology. analysis, and nunerical expres-
sion should be incorporated. A proposed Al toxic soit definition
for ficld evaluation of sorghum lines from the world collection o-
breeding material was presented by Drs. John Nicholaides Jr.,
Stanley Buol, and K. Dale Ritchey.

. Surface soil amended 1o a maximum depth of 50 cm.

2. Method of analysis and degree of Alsaturation according to
that method.

a. I N KCl method

mey (Al) <« 100 = 609%

meq (Cu + Mg + K + Al
Unless soil has a very low effective cation exchange capacity
(ECEC) the meq Al per 100 cm? soil should be at least 1.5,

b. NH,OH method at pH 7
meq (Al + H)
meq (Ca + Mg + K + Al + H)

x 100 = 67%
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¢. BaCl, TEA method at pH 8.2

meyg (Al 4+ H)

x 100 = 769,
meqg (Ca + Mg + K + Al + H)

3. The following elements should be at the level indicated or
higher according to the method used.

P IS ppm via  Bray 1
12 ppm via  Olsen or Olsen modification

18 ppm via. North Carolina (double acid)

Ca 0.50 meg/100 em? soil  via | N KCL

Mg 0.25 meq; 100 cm? soil  via | N KCL

K 0.20 meq/100 cm3 soil  via Olsen or Olsen
modification.

4. Other elements must not he limiting,.

Improvement

Each investigator should use appropriate metheds for plant
improvement compatible with the availability of cconomic re-
sourees and technology.,

Ihe inheritance mechanisms for plant tolerance to tagh Al in
sotlsis important for understanding the problen. It was suggested
that Brazil and INTSORMIL., who have already intiaied gencetic
studies, continue these studies. INTSORMIL should involve
graduane students from interested countries to collaborate in
genetic studies as part of their thesis work. INTSORMIL. and
TCRISAT should involve the national programs or other institu-
tons i studying genetic mechanisms for tolerance or susceptibil-
iy to acid and high Al soils.

Fach country should perform tests in their own countries
during 1984 and send the data to Mr, Renato Borgonuviin Brazil
who will collect, analyze, and distribute then, From these results,
uniforny tests can be designed in different problem locations in
cach country for 1985 and therealter (Table 1),
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Table 1. Sites of interest to nationul programs for uniform testing,
Country Site
Colombia La Likertad, | lanos
Carimagui, 1anos
Venezuela El Sombrero, Central Plainy
El Tigre, Fastern Plains
Peru Yurimaguas, Amazonia
Puerto Maldonado, Amazonia
Brazil Instituto Agronomico de Campanas

(IAC), Moroa, Sdo Paulo

Empreca Brasleirade Pesquisa Agropecudria (EMBRAPA),
Scte Fapoas, Minas Gerias

EMBRAPA AGROCERES, Capinopolis, Minas Gerais

Agronomic and economic aspects

Both of these aspects are vervimportant and should be considered
once basic information has been delivered.

Training and service information

The professionals of interested countries can request the following
types of training from INTSORMIL and ICRISA'T:

1.

ICRISAT offers two courses of training: First, a one week
course in Mexico every year about different aspeets of
management, biological production, and cultivation of
sorghum; and sccond, a five- to six-month training at the
principal site in India or Mexico,

INTSORMIL offers opportunities for conducting basic
rescarch for the M.S. or Ph.D. degrees i the USA on
problems assoctated with the production of sorghum related
to South American tropic soils high in AL Somctimes
research 1s conducted n the home country. Short-term
training periods with speceific scientists or laboratories
should be considered and are often available,

Recommendations with regard to service information are:

1.

Persons seeking information on various aspects of sorghum
should comuact the Sorghum and Millets Information
Centre (SMIC) at ICRISATT.
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LIt is important that existing information related to Al
tolerance in cach country be sent 1o Dr. Lyan Gourley who
will collect the information and dispense it to interested
persons,

The nextinvestigators meeting should take place in 1987 in one
of the countries of the region. However, the national coordinators
should meet at least annually to inform cach other of recent
activities in their countries and to plan actions for tie future.

Other recommendations

[ The official representative from cach count ry should request
INTSORMIL and ICRISAT authoritics to extend their
activities to South America on the acid soil problems,

2. The group of tropical American sorghum investigators
working onacid and high Al soil problems should be given a
name, for example, ISAT (Sorghum Investigators of Tro-
pical America).

A The group should seriously consider preparing a regional
proposal to be presented to international financial organ-
izations so that continued investigations can be assured in
case INTSORMIL and ICRISAT terminate their involve-
ment.

Fhe sorghum workers ~f tropical America acknowledge
INTSORMIL, ICRISAT, and CIAT for organizing, financing,
and providing excellent facilities for this meeting,.



Group 2 (Administrators) Report
on Working Session

Administrators

Group 2 met on 30 May 19%4 and discussed the provided agenda.
[twas agreed at the outset that scientific priorities would be set by
the scientists and the administrators would focus on organization
and structural issues. The meeting was chaired by Dr. Fernando
Arbolediand notes were recorded by Dr. R.R. Foil. Conclusions

and recommendations are listed below.

Agroclimatology-environment

‘The International Sorghum and Millet Program (INTSORMIL)
with the belp from the Tropical Soils Program of North Carolina
State University (FROPSOITLES) should seek” input from the
National Programs and the Instituto Interamericano de Coope-
rocion parada Agricultura (1HCA) in the development of standard-
ized ceriteria for test sites in the tropics and protocols for uniform
cooperative tests. Potential sites in the tropics are listed in Table

Tahle 1. Potential sites in the tropics for the development of stundardized

criterin and protocols for uniform cooprrative tests,

Country Site

Colombia La Dibertad, 1lanos
Cartmagua, Flanos

Yeneruela L Sombrero, Central Fiains
F1 Tigre, Fastern Plains

Peru San Ramon, Amazonia

Puerto Matdonado, Amazonia

Brazil Instituto Agrondmico de Campinas (1AC),
Mocoa, Sfio Paule

Empresa Brasileira de Pesguisa Agropecuiria (EMBRAPA),

Sete Lagoas, Minas Gerais

EMBRAPA, Tridngulo Minciro, Minas Gerais
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Germplasm

The International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) should fead in designing and coordinating a
mechanism {or collection, rrovement, and cataloging of South
Amezican germplasin and netwaorking of breeding programs. This
should include the establishiment of a working collection at the
Centro Internactonal de Agpricultura Tropeal (CLAT) and the
Centro Internacional de Mejoramnento de Maiz v Trigo (CIM-
MY'T) to be coordimated by Do Vo Guiragossian,

Physiology, breeding, agroeconontics, and farming
systems

The national programs present agreed to organize and to
coordinate activities. Data from uniform trials would be ex-
changed and reported in a standard format. The seeretariat for
communication and coordination would rotate beginning with
Brazil in 1984-85. INTSORMIL. and other international research
agencies should participate and follow up with needed detailed
and fundamental rescarch.

Fraining
ICRISAT welcomes trainees from South America Lo its training
programs in sorghum (English language capability required).
INTSORMIL. should continue and increase the degree treiming
component of its program. Joint or separate TCRESAT/
INTSORMIL workshops at CIAT CIMMYT and other South
American locations are needed. The group agreed to explore
possibilities for cooperative inservice training activities through
personnel exchanges,

A “Sorghum in South America™ symposium every three years
would be appropriate.

Dissemination of information

ICRISAT will work through the organization of national pro-
grams to ensure that South American rescarchers and INTSOR-
MIL will he on mailing lists.
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Other recommendations

Collaboration of [1CA in organization and planning for the
regionat program is highly desirable,

Participation
[he following delegates were present:

Dr. Fernando Arboleda, national coordinator and session
chairman, Instituto Colombiano Agropecuario (1CA),
Colombia.

Dr. Héctor Mena, national coordinator, Fondo Nacional de
Investigaciones Agropecuarias (FONATATP), Venerzuela.

Dr. Antonio Pinchinat, project leader and plant breeder,
HCA, Lima, Peru.

Dr. Luis Narro Ledn, national program leader. Instituto
Nacional de Investigaciones v Promocion Agraria
(INIPA), Cyamarca, Perq,

Dr. Cindido Bastos, director of industrial plants, Instituto

Agrondémico de Campinas (IAC), Brail.

Dr. Renato Borgonovi, coordinator, National Sorghum
Research Program, EMBRAPA ' Centro Nacional de Pes-
quisa de Milho ¢ Sorgo (CNPMS). Sete Lagoas, Brazil.

Oscar Jurado, Programa de Investigacion de Proacol.
Hugo Montealegre, Programa de Sorgo Colsemillas,

Rodney IFoil, member of the Joint Committee on Agricultural
Research and Development (JCARD) of the Board for
International Food and Agricultural Development
(BIFAD) and director of the Mississippi Agricultural and
Forestry Experiment Station, Mississippi, USA.

Carmen Laserna, Semillas el Zorro,

John Peacock, principal plant physiologist, ICRISAT,
Hyderabad, India.
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