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Personnel

{As of 31 December 1977)

CIAT General Direction

Senior staff :

John L. Nickel, PhDy, Director Genes

Alexander Grobman, PhD, Associate Director
General, International Cooperation

Kenneth £ Ruchie, PhD, Associate Director
General, Ressarch

thher professional siaff
Cecilia Acosia, Adminisirative Assistant

Administragion
Office of the Administrative Frivision

Senior staff
Jestas Antonio Cuaéllar, MBA, Excoutive
Administrator

Other professional staff
Herndn Yilla J., BS, Administrative Assistant

Bogotd Office
Ricardo Castafleds, Administrative Assistant

Carimagus Station
Fernando Bernal, MS, Station Superiniendent

Foad and Housing
Edusrdo Fonseca, Head

Humasn Resosrees
Carios R. Yiasm, BS, Head
Edgur Echeverri, Lawyer, Personne] Officer

Maintesance Services

Alessandro Ferrari, Superintendent

Mario Cadena, Assistant Superintendent
{Electrical Shops)

Marvin Hennan, Assistant Superintendent
{Muotor Pool)

Pargonnel

Franeiseo Jaramillo, Assistant Superintendent
{Mechanical Shops)

Purchosing
Fernxndo Posada, M8 Head
*Edgar Casiillo, BS, Head
Percy de Castro, Administrative Assistant
Marine 1LOpez, Administrative Assistant
Diego Mrjia, Administrative Assistant
*Rubén Trujillo, BS, Administrative Assistant

Office of the Controller

Serior staff
Andrew ¥, Urqubary, FCA, Controller

Otther professional siaff

Joffre A. Guerrero, Assistant Controlier

Yolands Ferndndez, Accountant

Mauricio Lossno, MBA, Administrative Associate
César Moreno, Cashier

Hernando Navia, Internal Auditor

Bean Program

Senior staff

Awrt van Schoonhoven, Phi), Entomologist
(Coordinator}

*Charies A. Frands, PRI, Agronomist

Guiltermo Gdlvez, PhId, Regional Coordinator
for Central America {stationed
in San Jose, Costa Riga)

Peter H., Graham, PhD3, Microbiologist
{on study leave}

**Reinhsrdi Howeler, PhD, Soil Scientist

Douglas Laing, PhD, Physiologist

Silvio Orozco, PhD, Plant Breeder
{Attached to ICTA, Guatemala)

*  Left during 1977
**  Agsigned to two programs
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Jokn Sanders, PRI, Economist

Howard Schwartz, PhDD, Plant Pathologist

Shree Singh, PhD. Plant Breeder

Steven Temple, PhDy, Plant Breeder

Oswalide Voysest, PhD, Agronomist

Kazuhiro Yoshii, PhD, Plant Fathologist
{attached to KT A, Guatemalal

Visiring scientist
Oghenetsevbuko Todo Edje, PhD, Seed
Physiclogist

Postdoctoral fetlows

Jereray Davis, PhD, Agronomy
*Fred Eskafi, PhD), Entomology
*Yoshihiko Hayakawa, PhD, Physwology
Richard Swindell, PhD, Plant Breeding

Visiting specialisi
*Hobert Burns, MS Germplasm

Research associates
Camilo Alverez, MS
*Luls Alberto Rojas, MS

Research assisianis

Rieardo Campos, Ing. Agr,
Mauricio Castafle, Ing Agr.
Jorge Garels, Ing. Agr.

*Luis A, Gomez, Ing. Agr.
Pablo Guamin, Ing Agr.
Nora Ruiz de Londefio, Ing. Agr.
Nebon Marinez, Ing. Agr.
Cartas J. Medina, Ing. Agr.

*Jorge E. Parra, Ing. Agr.
Martin Prager, ing, Agr.

José Restrepo, Ing. Agr.
Rosmira Rivera, Ing. Agr.
duan . Rosas, Ing. Agr.
Fernando Takegami. Ing. Agr.
Gerardo Tejada, Ing. Agr.

*Rafael Valderrama, Ing. Agr.

*Guillermoe Yalencia, Ing. Agr.
SHvie Vitery, Ing. Agr.

Silvis Zoluaga, Ing. Agr.

Beef Program

Senior staff )

Pedra A. Sénchez, Phil, Soil Scientist
{Coordinatar)

Eduarde Aycardi, Phid, Amimal Health
Specialist

Walter Coute, PhD), Soil Scientist, Pasture
Development {stationsd in Brasilia, Brgzdy

VHI

*

William Fenster, PhD, Seil Fertility Specialist
(IFDC Phaosphate Praject)

John E. Ferguson, PhD, Agronomist,
Seed Production

Belx Grof, PhD, Legume Agronomist

Jake Ha#iday, PhD), Soil Microbiologist

€. Allan Jones, PhD. Grasses Agronomist

iago Kleinhetsterkamp, PhD, Animal Scientist,
Management

Luis Alfrede Ledn, Phid, Soil Chemist
{1+ DC Phosphate Propect)

€. Patrick Moore, PhD, Animal Scientist
{Statipned in Brasilia, Beazil}
*{iustava Morales, PhD, Veterinary Pathologist
Gustuve A, Nores, PhD, Agricoltural Economist
Osveide Paladines, PhD, Animal Scientist,
Nuirition

Kenneih 3. Sayre, PhD), Legume Breeder

Rainer Schultze-Kraft, PhD, Agronomist,
Plant introduction

James M. Spain, PhD, Soil Scientist,
Pasture Development (stationed
in Carimagua, Colombia)

Luis E. Tergas, PhD, Agronomist, Traiming
and Regional Trials

*Eric Wells, PhD,  Epidemiologist

Visiting scientists

Thomas T. Cochrane, PhD, Land Resourees
$pecialist

Nabuyoshi Maeno, PhD3, Legume Agronomist

Pasidoctoral fellow
Mario Calderon, PhD, Entomology

Visiting specialist
Ralf Minhorst, PhD, Animal Management
{stationed in Brasilia, Brazil)

Research associates

Ruben Dario Estrads, MS

Yictor H. Guzntén, MS

Libarde Rivas, MS
*Victor Rivas, BS

Resedreh assisrants

Ampare V. de Alvarez, Ing. Agr.
Miguel Aywrza, Ing. Agr.

Daniet Belalcazar, Ing. Agr.
Francisco Bonilla, Ing. Agr.
Raul Botero, DVM

Arnulfo Carabaly, Ing. Agr.
Jost Misael Cortés, DVM
Patricia Chacdn, Biologist

Mertha Luciz Escandon, Ing. Agr.

Left duneg 1977
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Juime Escobar, ootecnista
Luis E. Forero, Biologist
Lub Horsclo Franeco, Ing. Agr,
Davin Garcia, Ing. Agr.
Herndn Giraldo, Ing. Agr.
Ramén Gualdrén, Ing. Agr.
Fabio Gutibrrez, Ing. Agr.
Uriel Goterrez, Agr. Econ.
Jorge Leal, Zooteonista
Griando Lozans, DVM
*¥ictor . Lowmno, DVM
Henry Llanos, Ing. Agr.
Carlos Humberte Molano, Ing. Agr,
*Hemerson Moneada, DVM
Martha Stella Pefia, Chemist
Bernardo Rivera, DVM
Manuel Sancher, Ing. Agr.
Gustavo Adolfo Urrea, Ing. Agr.
Ferndn Alberto Yarelu, Ing. Agr.

Cassava Program

Senior siaff

James H. Cock, PhD, Physiclogist
¢Coordinator}

Anthony C. Bellottl, PhDD, Entomologist

Abelardo Castro, PhD), Agronomist

*“*Reinhgrdt Howeler, PhD), Soil Scientist

Kazuo Kawano, FhID, Plant Breeder

Dhetrick Leihner, PhD, Agronomist

1. Carlos Lozano, PhD, Plant Pathalogist

Romere R. Obordo, PhD, Regional
Coordinator for Asia (stationed at
SEARCA, Los Bafios, the Philippines)

Julio César Toro, PhDy, Agronomist

Fiviting sclentists
*Rupert Best, PhD. Cassava
Drying Specialist
*¥ okic lrikura, Ph), Physiologist

¥oshiki Umemurs, PhD, Plant Pathologist

Postdocioral fellows

John K. Lynam, PhD, Agricultural
Economcs

Michae! Thung, PhD, Muitiple Cropping
Agronomy

Reseqrch associates

Jaire Casiziio, MS
Rafael Orlando Diaz, MS
Octavie Vargas, M5

Researeh assistanis
Bernardo Aras, [ng. Agr.
Eitel AdoHe Buckhardt, Biologist

* Assigned 10 1wo programs
Parsonnel

*Luis Fernando Cadavid, Ing, Agr.
Humberto Calderdn, Ing Agr.
Fernando Calle de Calle, Ing. Agr.
Ernesto Celis, Ing. Agr.

Julio Edoardo Holguin, ing. Agr.
Gustave Jaramilio, Ing. Agr,
Sera Mejie, Ing. Agr.

Germin Parra, Ing, Agr,

*Jorge E. Pefia, Ing. Agr.

Edgar Salazar, ing. Agr.
Uldarico Varén, Ing. Agr.
Ana Cecilia Velasco, Med, Tech.

Swine Unit

Senior staff

Guillermo Gomez, PhD, Nutritionist/
Biochemst

Julidn Buitrugo, PhD, Mutritionist

Revoarch associote
Jorge Santos, MS

Research axsistanits
Luis Enrigue Beltrin, DVM
Elkin Tabords, Zooteenista

Rice Unit

Senior staff

Manuel Rosers, PRD, IRRI Liaison
Seientist {Acting Coordinator)

Peter Jennings, PhD, Regional
Coordinator for Central America
{stationed in San Jose, Costa Rica)

*1oyd Johnson, MS, PE, Agricultural
Engineer
Heclor Weeraratne, PhD, Plant Breeder

Research associates
*Rodrigo Lopez, Ing. Agr.
¥Rafael Posads, MS

Research assistamis

Gustave Bemavides, Ing. Agr.

Maring Caicedo, Ing. Agr.

Luis Gareia, Ing. Agr.

Camilo Jaramiile, ing. Agr.
*Rati} Vilderrutén, M3

Genetic Resources Unit

Senior seaff
Raobert A, Luse, PhD, Biochemist
{Coordinator)

*  Left guring 1977



Leonard Song, PhD, Germplissm
Specialist

Rezearch associate
Rigoberio Hidulpo, M8

Research assistanis

James Garecia, Ing. Agr,
Hember Rubiano, Ing. Agr,
Jdosé Finoco, Ing. Agr.

Research Support Groups
Biowetrics

Senior staff

David Franklin, MS, Systems Enginoer/

Biometrician {on study leave)

Postdoctoral fetiow

Gastén A. Meadoza, PhDD, (Acting Coordinator)

Research associates
dorge A. Pocras, BS
Maria Cristing Amézquits de Quifionez, MS

Research assistanis

*Patricia Juri de Garcia, BS
Adolfo Gordills, Ing. Elec.
Gerardo 1. Hurtado, Ing. Agr,
Jusn QOspinw, Ing. Agr.

Special Studies Unit

Visizing specialist
Petrus Spijkers, MS, Rural Sociology

Research assistant
Guillermo Girido, Ing, Agr,

Expermment Station Operations

Senior siaff
Alfonso Disz-Dyrin, MS, PE, Experimental
Farm Supenntendent

Research assistants
Xavier Carbonell, Ing. Agricola
Rivardo Crez, Ing. Agricola
Ramiro Narviez, Ing. Agricola
(st CIAT—Quilichao Substation}
*Bernurdo Sshazar, Ing. Agr.

Laboratory Services

Research assistant
Charles McBrown, 85

Hemo- and Ectoparasite Research
{Special Project with Texas
A&M University)

Sentor staff

Radmilo Todorovic, DVM, PhD, Hemoparasitologist
{Coordinatar)

Donsld Corrier, DVM, PhI) Animal
Pathologist

Kenneth C. Thompson, DVM, PhD, Acarclogist

Specialist

Edunrdo F. Gonzilez, DVM, PhD, Veterisary
Pathology

Research associate

*M.K. Terry, DVM

Research assisrant
Ray F. Long

Training and Conferences

»

Senior staff

Fritr Keamer, PhD, Commanications
Seientist {Coordinator)

Fernando Fernandez, PhD, Plant Scientist
(on study leave)

Training

Training associates
*Mario Aguilera, DVM { Beef)
Alfredo Caldas, MS
Carlos Dominguez, M5 (Cassava}
Carlos Flor, M5 (Beany)
Muareelisno Loper, M5,
{assigned to ICTA, Guatemala)
Eugenio Tascin, Ing. Age
{assigned to Sec. de Estado
de Agric., Bominican Republic)
Cornelio Trujille, MS (Swine)
Gustavo Vitlegas, M5 (Rice}

Training assistanis
Antonio Acosta, Zootecnista

Oscar Arregocds, Ing. Agr.
Luis F. Cetmilos, Ing. Agr.

Left during 1977
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Chlia Fuentes, Ing. Agr.
Silvio Guzmén, DYM
Hector F. Ospina, Ing. Age.
Carlos Sudrez, BS

Conferences
David FEvans, Conference Coordinator

Library and Information Services

Senivr siaff
Fernando Monge, PhD, Commaunication
Scientist (Coordinator)

Library and Documentation

Fisiting specinlist
Trudy B. de Martinez, MA. Editor,
Asst. 1o the Coordinator

Associates
*Angels de Cock, MA
Herndn Poveda, BA

Assistgnts

Stelle Gomer, BA

Marils 0. de Henzel, BA, Documentalist

Sonia Laverde, BA, Head, Public Services

Jorge Lopez 8., Documentalist

Pledad Montafio, Head, Acquisitions

Julian Emma de Rodriguez, Ing. Agr.,
Docamentalisi

*Steilia de Salcedo, Lic, en taduccidn,
Documentalist-Translalor

Himdice Serng, BA, Head,
Technical Services

Masris 1sabel Bolton de Zapata, BS,
Documenialist-Translator

Information Services

Senior siaff
Charles E. Bower, BSJ, Editor, English

Personnel

Mario Gutiérrez, lng. Agr.. Editor, Spanish

Associates

Manfred Hirsh, Photographer

Borothy Muller, BA, Edilonial Associate
Alvara Rojas, Production Manager

Assistarnis
Carlos Rojas, Graphic Designer
* Amparo de Madrigal, Editorial Awsistant

Public Information Office
Associate
Fernande Mora, BA, AHA, Head

Assistants
Catherine J. Crane, BA
*Marvin Andrade

CIMMYTACIAT Regional Andean Maize
Unit

Senivr staff

Gonzalo Granados, PhD, Entomologist
{Coerdinator)

James Barnert, PhD, Plant Breeder

Research assisianl
Edgar Castro, Ing. Agr.

International Programs

Guatemals (Rockefelier Foundation)
Lostituto de Ciencias ¥ Tecnologin
Agricola (1CTA)

Serdor siaff

Robert K. Waugh, Phl), Associate Director

Roland E. Harwond, BS. Coordinator of
Experiment $tatipn Operations

*  Left during 1977
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Foreword

1977 was a landmark year in the history of CIAT. It was a year of
consolidation of previcus program modifications, making possible well-
defined strategies with increased staff and expanded facilities; confirmation of
the appropriateness of these strategies through the positive results of a high
level, external review; and clgrification of philosophy and obijectives of the
Center. Thus, 1977 represented a transition year from building and fine-
tuning research and training programs and philosophies Lo a new period of
stability and productivity.

CIAT programs had individually been through intensive internal and
external reviews during the past several years, In the Beef Program
particularly, and also in the Training Activities, these resulted in major
changes in direction. The uncertainties and program changes consequent to
this process, resulted in a sufficient turnoverin staff and delays in recruitment
that the numbers of senior staff remained virtvally static during 1975 and
1976, in spite of CIAT, as a young institution, still being in a planned
expansion phase, This changed in 1977, with a net gain of 11 senior stalf along
with a rapid increase in the numbers of visiting scientists, postdoctoral fellows
and support personnel. The progurement and development of the CIAT-
Quilichao substation on acid, infertile soils south of Cali, and the
development of a new, co-management relationship with the Instituto
Colombiano Agropecuario for research on its station at Carimagua in the
Colombian Llanos, greatly improved the availability of research facilities.
The outposting of staff 10 the Colombian Llanos, Brazil, Costa Rica and the
Philippines also consolidated efforts to increase off-site research and improve
oufreach functions,

The Technical Advisory Committee (TAC)of the CGIAR i responsible for
conducting an in—depth review of each Center inthe international agricultural
research system every five years. The TAC Quinquennial Review of CIAT was
conducted in 1977, That, together with the review by the TAC of farming
systetns research across centers was very supportive of the objectives, strategy
and accomplishments of CIAT.

The culmination of the earlier series of reviews by the in-depth, five-year
review provided an opportunity and stimulus for a restating of CIAT's
objectives to better reflect the policy decisions taken by its Board of Trustees
during the evolution of this Center. The new statement reads as follows:

Foreword XHl




“To generate and deliver, in collaboration with national institutions,
improved technology which will contribute to increased production,
productivity and quality of specific basic food commodities in the
tropics, principally countnes of Latin America and the Caribbean,
therchy enabiing producers and consumers, especially those with
hisnited resources, to increase their purchasing power and improve their
nutrition.”

This makes clear that the product of CIAT is improved technology and
wdentifies national research institutions as the chief clients and collaborators
m the development of this technology and its local adaptation and transfer to
farmers, Naming of the poor consumers and producers as special target
beneficiaries greatly affects the nature of the technology being produced and
transferred and makes clear that CIAT has humanwelfare concerns as well as
production goals.

CIAT has developed programs which translate s concerns for poor
consumers and producers into concrete action through appropriate
commodity selection and techuology design. The commodities included in
CIATs mandate insure that the low-income sector among consumers wiil
benefit most through increased productivity resulting Jfrom improved
technology. By adopting a philosophy stressing minimum inputs, and by close
collaboration with national programs emphasizing on-farm testing, CIAT
endeavoring to insure that this technology will be valid and feasible on farms
with limited resources.

The results achieved in the various programsin [977, as summarized in this
report, encourage us to believe we are making excellent progress towards
achieving these objectives.

John L. Nickel
Diirector General

X 1877 CIAT Annual Report
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The reorientation of the Beef Program
was completed during the vear, An
interdisciplinary team was assembled fora
syachronized attack at overcoming the
soil-plant-animal barriers preventing in-
creases in beef production in acid soil
ecosystems. T he Program impact area was
defined, and a geographical study of the
830 million hectares of Oxisols and Ultisols
of tropical America is in progress. A
research and transfer of technology
strategy was developed, and operations at
three principal research stations at CIAT-
Quilichao, Carimagua and Brasilia are
underway. A regionai testing network with
locations throughout the impact area is
being organized to initiate extensive testing
in 1978,

The Program’s objective is to develop
and transfer effective low input technology
for increasing beef production in acid,
infertile soils of tropical America, primari-
Iy through mproved, year-round pasture
production, supplemented by
economically-sound animal management
and health practices. The following ad-
vances illustrate progress during 1977
towards attaining this objective.

Beef Program

Beef Program

The genetic base of CIAT’s tropical
forage germplasm collection adapted to
acid soil ecosystems was doubled this year
reaching a total of 3400 accessions. The
number of grass and legume accessions
under field evaluation in clipping or
grazing irials was broadened considerably.
At Canmagua, for example, the number of
forage legume accessions tested under
grazing, increased from six accessions of
ong species last year to 30 accessions of
several species in 1977,

Specific selection criteria for forage
legumes and grasses were established and
the most promising germplasm was ranked
according to its potential for cultivar
release in specific ecosystems.

For the high stress savanna conditions of
Carimagua, characterized by extreme acid
goil infertility and devastating disease and
insect attacks on legumes, several
accessions of Siylosanthes capitata, Zornia
sp. and Desmodiun ovalifolium showed
most promise among the legumes, while
Andropogon gayanus appeared the most
promising grass species. S. guignensisisno
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longer considered promising for this
ecosystem because of disease or insect
susceptibility and/ or poor seed production
potential.

For the somewhat less stressful climatic,
edaphic and pest conditions at CIAT-
Quilichao, §. grianensiz 136 and 184 plus
Centroserng hybrid 1733 appeared most
promising and are at advanced stages of
testing. Swards of these legumes mixed
with A. gavanus, Particum maximum ot
Brachiaria decumbens produced sustained
liveweight gains of 561 g/steer/day at a
stocking rate of 2.3 animals/ha during an
vnusually extended dry period which
caused severe weight losses in adjacent
pastures. Seed production increase of the
most promising germplasm has proceeded
accordingly,

CIAT's Rhizobiwm strain collection for
forage legumes also doubled durning 1977.
Effective inoculation techniques with or
without lime or rock phosphate pelleting
were developed for most of the promising
accessions.

Several promising legume and grass
accessions were found to have extremely
low requirements for phosphoris, coupled
with an excellent tolerance to aluminum
tevels considered toxic for most cultivated
plants.

Diirect application of reck phosphates
with low 1o medium reactivity typical of
most Latin American deposits, performed
equally as weil or better than
superphosphate  when  applied to
Carimagua Oxisols growing aluminum-
tolerant grass species. Considering that the
cost of a kilogram of P:0s as rock
phosphate is one-third or one-guarter that
of superphosphate, the use of these
materials appears to be an important
component of the emerging low-input
technology.

New pasture establishment and
maintenance systems featuring low-cost,

A-2

space-planting techniques, and 2.5-meter
wide-strip planting of grass-iegume mix-
tures such as Brachiaria decurmbens and
Pueraria phasecloides showed significant
promise. Systems for conventional and
nancenventional pasture  establishment
methods  were initiated at Quilichao,
Carunagua and Brasilia,

Long-term pasture utilization and herd
systems studies and their economic evaloa-
tion showed that only very limited beef
production levels are possible by grazing
native savanna without improved, persis-
tent pasiures. Blood parameters of Zebu
breeding cows grazing native savanna
underscored the need for improved nutri-
tion.

Evaivation of the Herd Systems trial,
completed at Carimagua in May 1977,
provided excellent information on herd
performance on native savannas during
four reproductive years. The most
profitable improvement under such con-
ditions was direct mineral supplementa-
tion. Salt supplementation, garly weaning
and the use of Mefinis minutiflora pastures
during the wet season are not profitable
alternatives,

Among other improved  grasses,
Hyvparrhenia rufe has failed under grazing
because of its relatively high phosphorus
amd potassium requirements and lower
tolerance to high levels of aluminum.
Brachiaria decumbens, with modest fer-
tilization requirements, produced annual
liveweight gains of 150 to 200 kg/ha,
approximately 5 to 10 times more than
native savanna. Under the intense rainfali
at Carimagua, these pastures are now
showing severe symptoms of nitrogen
deficiency, which raises guestions as to
how long they will remain productive.

Transfer of technology activities were
integrated with research activities during
the vear. Training is oriented towards
program objectives and opegrations of
regional trigls throughout the impact area.

1877 CIAT Annual Report



Program Organization and Strategy

Beef cattle production is one of the most

mportant agricultural enterprises in Latin
America and a major source of protein for
its 300 million people. The per capita beef
consumption in fropical Latin Americs is
three times higher than that of tropical
Africa and about 16 times higher than
Asia. At 16 kg/vear, per capita consump-
ton approaches that of Western Europe.
I'his 1s probably an important reason why
there is less protein malnutrition in the
Latin American tropics than in tropical
Africa and Asia. Studiesin Cali, Colombia
showed that families of all economic strata
spend 10-12 percent of their total income
on beef, underlying the fact that beef s 4
staple food in Latin America.

About two-thirds of Latin America’s
beef is produced in its tropical regions
where 71 percent of its cattle population is
found. The annual productivity per head of
cattle in tropical America, however, is
about one-half of the productivity in
temperate South America and nearly ong-
fourth the productivity in the United States
and Canada.

This technology gap is more acute when
one considers the rapidly growing demand
for low-cost beef, and the beef production
potential of the vast areas of acid, infertile
soils classified as Oxisols and Ultisols,
presently under savanna and forest vegeta-
tion. These regions together encompass
about one-half tropical America’s land
surface and are characterized by high
annual rainfall with a dry season of varying
intensity, good soil physical properties, but
extremely low native soi} fertility and poor
infrastructure. The paramount barrier
preventing beef proaduction in these areas is
inadequate year-round forage supply
caused by the severe soil and water stresses.

As population pressures increase it is
estimated that beef production in the
fertile, high-base status soils of tropical
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America will be unable 1o compele with
food crop production, while in the vast,
acid infertile soil areas just the opposite
occurs. In mid-1976 CIAT’s Board of
Trustees directed that the Program con-
centrate its efforts towards increasing
production in these areas with primary
emphasis on overcoming the putritional
gap.

A large part of 1977 was devoted to
orieniing the Program in this direction,
developing a clear objective, a research
strategy, recruiting new staff, obtaining
appropriate research facilities to do the
work, and formulating means for
technology transfer to the national in-
stitutions.

OBJECTIVES

The objective of the Beef Program is to
develop and transfer effective technology
for increasing beef production n acid,
infertiddes  soils of tropical America,
primarily through improved vear-round
forage production.

The expected result of the Program's
activities is the development of improved
pasture production systems both in terms
of quantity and quality, complemented by
economically viable animal management
and health practices. The national research
and extension institutions are the clients,
the beel producers the wsers and the
consumers the beneficiaries. Hence the
final objective is to benefit consumers
through increasing production leading to
lower prices of beef in tropical America,
and other regions of the world with similar
conditions.

‘The Program’s orientation toward acid
soil ecosystems also represents a significant
effort towards the develapraent of the 300
million hectares of infertile, acid soil
savannas of Latin America, and the
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increasing proportion of the 550 million
hectares of similar soils presently under
forest vegetation which are being cleared
for agricultural production. These vast
areas are recognized as one of the most
important underutilized land resources of
the world with great potential for in-
creasing food production at a global scale.
The comparative advantage of beef cattle
can serve as a major tool bringing these
areas into efficient and ecologically-sound
agricultural production and therefore an
imporiant factor in the overall economic
development of these countries.

STRATEGY

The research and outreach strategy is
lustrated inFigure 1. Through worldwide
plant exploration efforts plus the new plant
breeding section, a wide variety of forage
grass and legume accessions is assembled,
multiplied in the greenhouse or field
nurseries, screened for tolerance to the
main disease and insect pests as well as for
alurinum toxicity and low phosphorus
availability typical of the Oxisols and
Ultisols of the impact area. The surviving
ageessions are observed in space-planted
field plots for growth, viger and other
agronomic traits at the Quilichao substa-
tion. Seed of the promising ones is
increased for further testing, including the
inoculation needs for effective nitrogen
fixation of the legumes and laboratory
estimates of intake and digestibility.
Clipping trials then follow, testing com-
patibility of grass-legume mixtures, cutting
frequency,  height, fertilization  re-
quirements and drought tolerance.

The most promising material 5 then
tested in small regional screening trials
conducted by collaborating national in-
stitutions throughout the impact area to
provide an carly estimate of adaptation to
different environments. The necessary seed
production technology is then developed
and a second seed increase effort takes
place in order to permit plantings of 510 10
hectares of the promising accessions. T hese
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promising lines are subjected to grazing
pressure trials involving several variables
such as stocking rates, grazing intérvals
and fertility levels, primarily to test for
persistence under grazing, without making
ammal measurements as such. A second
level of regional trials follows, testing
agronomic variables and persistence under
grazing throughout the impact area. All
germplasm rejected through this process is
given to CIAT's Genetic Resources Unit
for their maintenance and possible future
use.

The survey of the impact area will
characierize the variability of the 850
miilion hectares of interest in terms of
climate, soils, topography, existing pasture
and beef preduction systems, animal
heaith problems and the economics of the
beef industry. This knowledge will increase
the Program's ability to focus its
technology to the most crueial aspects,
Among them are the different pasture
establishment and maintenance methods
including oversowing native savannas,
planting grass-legume mixtures either
directly or preceded by annual crops, and
imtensively managed pastures in small
irrigated areas or in the pockets of fertile
soils found in some ranches. The results of
these efforts and the regional trials permit
the final evaluation of the potential
cultivars through animal performance,
measuring  liveweight gaing and other
parameters. Foundation seed 15 then
increased and new cultivars are then
recommended for reiease.

Animal management trials are con-
ducted with the promising pasture systems
in order to synchronize the improved
nutritional levels with the needs of
different types of animals in the herd,
through scasonal mating, early weaning
and other herd management practices, The
diseases of Zebu cattle which are likely to
disappear with improved nutrition are
identified as well as those diseases that are
likely to increase as a# conseguence of
higher animal density because of improved
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nutrition. The control of these diseases (s
then attacked. A package of the new
technology  consisting  of  improved
pastures, animal management and health
practices is then put 1ogether to quanitify it
at the herd level. After economic evalua-
non, improved besf production systems
will be refeased.

The complexity of the program and the
nature of the impact area dictate that
research and international cooperation be
totally mmtegrated. Tramming of national
institution personnel is linked with their
role as actual or potential collaborators in
regional  trials  and  other means of
technalogy transfer.

RESEARCH LOCATIONS

Because of the fertile, high base status
soils at Paloura, most field research has to
be conducted elsewhere, with the CIAT
facilities serving as headquarters and for
greenhouse, laboratory and library work.
During 1977, arrangements were made to
operate in three important field research
lecations suitable 10 the Program's objec-
tives and providing a wide range of climatic
and soil conditions,

The three locations are CIAT-
Quilichac, 40 kilometers south of Cah, the
Centro  Nacional de  Investigaciones
Agropecuarias of the Instituto Colom-
biano Agropecuario {ICA) at Carimagua,
inthe Colombian Llanos and the Centrode
Pesquisa  Agropecuaria dos Cerrados
{CPAC) of Empresa Brastleira de Pesquisa
Agropecuaria (EMBRAPA), 35
kilometers northeast of Brasilia, Brazil.
Long-term climatic data are shown in
Figure 2. The most important difference
between these locations is the dry season
length. At Quilichao there are two short
but intense dry seasons a vyear, each of
abouwt two to three months duration.
Carimagua has a strong four-month dry
season and Brasilia, a strong six-month dry
season.
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The soil at Quilichao is classified as an
Utltisol, while those of Carimagua and
Brasilia are Oxisols. They are all acid (pH
4.1 tc4.9), high in aluminam saturation (64
to 8293}, very low in available phosphorus
and deficient in many of the other
nutrients. Their well-granulated structure,
however, provides excellent physical
properties. Details on soil properties are
presented in the Soil Fertility section.

In addition to climatic and edaphic
properties, the three sites offer significant
contrasts of pests and disease attacks on
forage legumes. The incidence of anthrac-
nose and stemborer at Carimagua is high,
at Quilichao moderate to slight, while these
pests are not yet important at Bragilia.

Although beef production is the prin-
cipal activity in all three locations and the
productivity of native pastures is low, the
degree of infrastructure development also
provides a range of economic possibilities.
The closeness of Quilichao to the Cali
metropolitan area contrasts with the fairly
developed but more difficult conditions in
the Cerrado near Brasilia. Both in turn are
totally different from the relatively isolated
Carimagua station, representative of an
area with poor roads and communications
infrastructure.

Many of the Program’s sections have
been in operation for several years and
have accumulated a significant amount of
data. Other sections were established this
year, and are at the early stages of
development.

Impact Area Survey

The Beef Program'simpact area consists
of 850 million hectares of acid, infertile
soils of tropical America classified as
Oxisols and Ultisols, A detailed
breakdown of these soils in tropical
America is shown in Table |, ranking the
countries in terms of the extent and
imporntance of these soils.

_Most of these areas are sparsely pop-
ulated and devoted to extensive beef cattle
production, In order to obtain detailed
information a survey was initiated in mid-
1977 to classify the land resources and
provide a geographically-oriented
economic synthesis to serve as the basis of
the Program’s transfer of technology
strategy. The survey and analysis of the
impact area is to be completed in two years.

The “Land Systems" approach
developed by Christian and Stewart in
northern Australia was the methodology
adopted. For our purposes, a Land System
has been defined as “an area or group of
areas throughout which there is a recurring
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pattern of climate, landscape and soil”.
The environmental parameters affecting
land wutilization are classified in the
following categorial order:

Climate
a. Radiant energy received
b. Temperature
¢. Potential evapotranspiration
d. Water balance
¢. Other climatic factors
2, Landscape
f. Landform
& Hydrology
3 Suol
h. Soil physical characteristics
i Soil fertility characteristics

Professor George Hargreaves with his
associate Mr. Karl Hancock of the Utah
State University (USA) are carrying out
the climatic work using data from over
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Table I. Distribution of Oxiscls and Ultisols in Latin American countries, calcalated from the FAG World
Soil Maps st the scale of 15 million.

Perceniage

Miliion of
Country hectares country importance!
Beaxii ST 68 o
Colombia 67.45 57 *
Peru 36,01 44 *x
Venezuela 51.64 b1 b
Bolivia 19.54 57 ]
{uyana 12,25 62 o
Surinam £1.43 ¥, .
Paraguay 9.558 24 =
Ecuador 8.6l 23 *
Fr. Guayana #.61 94 kidd
Mexico 4.42 2
Panams i 63 e
Honduras 3.13 b e
Nicaragua 292 i ik
Cuba 242 21 *
Chile 137 2
Argenting 128 0.4
Guatemala .96 g
Costa Rica 0.7 14 *
Haid 6.52 19 *
Jamaica 43.45 41 e
Trinidad .42 4 il
Dominican Republic 0.42 ]
Belize 040 18 *
Puerto Rico 016 1R *
Guadalupe 0.0% 47 b
Martinigue .05 43 e
Totals:
Latin America? 451,10 42 r*
Tropical America 848,45 51 e
Tropical South America 428.21 39 oed
Central America and Caribbean 15.50 23 *

Tower Mere tian 50% of the country
*+ Kfore than 25% of the couatry
* Morz than 1% of the countzy
i Inciudes the follawing souniries where Oxisols snd Ultisols aee ot gresent: Uruguay. Ei Sahader, Antgua, Rahatous, Barbudun, Luracan ad
other Jasser Antilies.
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1004 metereclogical stations in the impact
area. Satellite imagery with supporting
aerial and land reconnaissance is being
used to define landscape patierns. A
complete collection of LANDSAT im-
agery for the impact area was assembled.
Soil fertility characteristics are being
described according to the Soil Fertility
Capability  Classification  System
developed by Dr. Stanley Buol and co-
workers in North Carolina.

The study will be complemented by a
preliminary definition of the conditions of
growth of the major grasses and legumes
throughout the area, to help forage
introduction. Further, an attempt will be
made to locate the geographical boun-
daries of major cattle disease problems in
cooperation with the animal health
specialist.

Following the geographical delineation
of Land Systems, geographical priority
areas for the introduction of improved beef
cattle production technology will be made
according to economic considerations.
This work, to be carried out by the
ecopomist, will be complemented by field
studies of management practices of specific
areas to help identify production systems.
This latter work will come under the
direction of the animal management
specialist.

The survey, as it crosses national
boundaries, involves the cooperation of
various national agencies. In Brazil where
work has started, the project is a joint
venture with the Cerrado Center of
EMBRAFPA, with Dr. Luiz Guimaraes de
Azevedo as coordinator.

At this time, the climatic studies by Dr.
Hargreaves' group are proceeding normal-
ly and the organization of the literature
review and cartagraphic aspects are under
way.

In-situ checking of the preliminary
interpretation of the satellite imagery of

Beet Program

approximately 200 million hectares of land
has been carried out over the major
savanna regions of tropical South
Amenca, including the central-west of
Brazil and a part of eastern Bolivia
between latitudes 108 and 20°S. This
represents about 23 percent of the project
area as a whole and about & percent of the
savanna regions to be studied. Presently
the preliminary salellite image interpreta-
tion is being revised according to field
checks, and data compilation is under way
for eventual classification and storage ina
data-bank, prior to report compilation.

Some provisional findings can be
highlighted:

(1) Throughout the area studied to date,
approximately 40 percent of the lands
classify as well-drained savannas, prin-
cipally Oxisols, 25 percent as poorly
drained savannas, mainly Ultisols, and the
remainder as other ecological forms. Cattle
production on the well-drained savannasis
generally limited by a lack of dry season
fodder, whereas on the poorly-drained
savannas there i1s often a problem of wet
season feeding due to flooding and a
shortage of accessible non-flooded higher
lands with adequate fodder.

(2} Over 85 percent of the well-drained
savannas have a relatively continuous tree-
shrub cover, commonly referred to as
*Cerrado” in Brazil, and only a relatively
small fraction would classify as open
savannas., As the density of tree-shrub
vegetation has a positive correlation with
soif fertility, this would indicate that whilst
these savannas undoubtediy classify with
the low fertility soil circumstance, this
circumstance is by no means as extreme as
is found in the northern eastern plains area
of Colombia. Further, it is common to find
significant intrusions of more fertile soils,
especially along the drainage patterns, in
these lands.

{3} 1t is clear that there are vast areas in
A-8



western Brazil which might be used for
more intensive catile production, with the

application of innovative, low-cost

technology.

Plant Introduction

The objective of this section is to
augment and broaden the genetic diversity
of tropical forage germplasm with poten-
tial for the Beef Program's impact area.
Activities started at the end of 1976, and
during 1977 were focused on (1} assembl-
ing of germplasm through direct collection
and exchange with other institutions; (2)
initial increase and maintenance of germ-
plasm; (3) preliminary evaluation of
germplasm; and (4) identification and
classification of germplasm through a
reference herbarium,

COLLECTION AND INTRODUCTION
OF FORAGE GERMPLASM

Since the creation of the Plant Introduc-
tton Section in 1977, CIAT's tropical
forage germplasm has increased
significantly (Fig. 3). This increase is the
result of systematic collection trips
through Ozxisol and Ultisol regions of the
Llanos of Colombia—mainly in the
departments of Meta and Vichada, the
Lianos of Venezuela—in the states of
Bolivar, Anzodtegui and Monagas; and in
the Cerrado regions of the state of Mato
Grosso in Brazil. The latter expedition was
with the participation of scientists from

CIAT, EMBRAPA and CSIRO
{Australia).
These systematic expeditions and

several occasional collection trips within
Colombia contributed considerably to
CIATs forage germpiasm collection,
which is specialized in materials origi-
nating {from regions with very acid, infertile
savanna and jungle soils, Besides direct
collection, germplasm was introduced
through exchanges with other institutions.
The major contribution was obtained from
the International Development Research
Centre (IDRC, Canada) University of
A-10

West Indies Forage Legume Project in
Belize and Antigus. Direct collections and
introduction through exchange of germ-
plasm during 1977 more than doubled
CIATs forage germplasm collection to
3400 accessions, Table 2 shows the germ-
plasm acquisitions during 1977 for major
genera and groupsin the forage germplasm
bank.

INITITAL GERMPLASM INCREASE
AND MAINTENANCE

In most cases the amount of seed or
vegetative material introduced per acces-
sion is not sufficient for any evaluation
wotk nor for maintenance of germplasm,
For this reason, much of the section’s work
during 1977 consisted of maintaining and
increasing germplasm. In addition to 493

No. of accessions
35

1000 ; /

a i
1978 "2 ‘73 ‘T4 75 76 T
Year
Figure 3. Development of CIAT's tropicat forsge
germplasm coltection.
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Tubic 2. Introductions of forage germplasm by direct coliection and exchanges with other institations during 1977,

Neo. of accesions

acguired by collections in:

No. of aceessions acquited by exchange from:

FEXRC Uiniv, of W indies
Forage Legume Project

total
accessions in
CIAT Forage

Genera Colombia  Venezuela Brazil Total Behieg Antigua USDA  Othees  Total Germplasm Bank
Srviosarnihes 62 67 i48 277 48 24 - HE 82 102t
Besmodium i25 5 14 244 @i 7 - 6 74 525
Lornig 42 - 74 1it i - - - 1 145
Agschynomene 40 2 32 74 2 - - - 2 vz
Macropsifium group! 60 1 32 43 32 12 - ? 54 278
{ornirnge g 25 3 13 43 35 4 " 1 42 232
Galavtia Kt - ib 46 - 4 - - 4 T
Aravhiz - . ] 6 - - 42 - 42 77
Miscellancous fegumey’ il 4 154 ERE 46 i3 - 12 7t 806
Grasses 3 - i 4 - - 13 20 33 154
fotal 558 24 94 1236 325 64 55 58 502 3400

Mezropatium, Phaseolus any #igee,

Cwiepogonmiue, Ferarit, Terannw, Ghrme, {ussws. Bhvnchosia, Crosaforta, Tephrosg, Eresema, Uithera, Brbigolera. Louvanang usd others,
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fable 3 Forage plant germplasm acguired |
POTY that s umder initial seed incresse
for maintemnwe  and  working
collection.
No. of
Ceonery AECESs LTy
Strfonanthes 32
Desmiodiim 124
Lurtiid Tl
Aesclivnomeny 54
Meavruptiium group 95
LeatrapeIng 47
ol fiu k3
Arafiin 42
Muscelianeous legumes 170
Girasses” RES
Fatal 1026

Vi ropiziens, Fhaseotes aml Lo

Adner Pt prohmmiing?s o didabion, sl callisr ftndUole e

accessions from earlier introductions
{1971-1976 germplasm), initiai seed in-
crease of 60 percent of the 1977 materials
was imtiated under screenhouse conditions
at CIAT-Palmira and in the field at CIAT-
Quilichao {Table 3}

Furthermore, maintenance of non-seed-
producing grasses was initiated by es-
tablishing a living collection of 28
accessions in CIAT -Quilichao.

PRELIMINARY EVALUATION
OF GERMPLASM

Preliminary evaluation of some of the
potentially most promising 1977 legume
germplasm  was initiated in CIAT-
Quilichao, New accessions of the Macrap-
tilivm group, Zornia spp., Aeschynomene
spp., Centrosema spp. and Stylosanthes
capitaia, all of which originate from acid
soil savanna regions, and of which suf-
ficient seed was available, were established
in introduction plots with 24 spaced plants

A-12

Fihle 4. Forage legume geemnplasn avquired s
1977 that » usder preiiminaey fivid
evaluation v C3AT-Qatichao,

o ATV

hpecies ACCeaNIHY
Zarniq spp 55
Macropadium group 3
Aese AYROIeRs Spp. 26
Cenrroaermg spp. 14
Mylosanthey capuarg 14
Fotal 36

each. They are being tested against the
most cutstanding accessions of previous
coliections {Table 4}.

HERBASEY

figure 4 Sumple  of  forage germplasm
L fgrehes capitaia) with bnel deseription and
collection data, in CLAT s referenve herbarimm.
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DEVELOPMENT OF A REFERENCE
HERBARIUM

in cooperation with CIAT's Genetic
Resources  Unit, development of a
reference herbarium was initiated. Her-
barum specimens {Fig. 4) of a wide range
of genera, specics and ecolypes will
document the broad variation of tropical
forage planis and enable dentificationand
classification of new germplasm as well as
of native savanna vegetation, During 1977,
208 specimens were assembled {Table 5).

Table 5. Specimens of tropical forage plants and
savanaa vegetation in CIAT s relerence

herbarium, as of Movember [, 1977,

No of
specimens

CEAT furage germplusm

Liramiinede 20

Leyrariiniusae 3
Savanng vegeiation

Grantnae and Cipergoear M

{agurninsoe 55

Other tamibies &0
Foral _2—5;

Farage Breeding

I the past, the Beef Program has relied
entirely on the evaluation of native {orage
legume ecotypes obtained from CIAT-
sponsored collecting expeditions or from
germplasm collections available at other
institutions 10 the attempt to identify
suitable ecotypes for commercial planting
in the impact area. This rationale has been
sound because of the many promising,
native tropical forage legume genera,
species within genera and ecotypes within
species that have not been adequately
evaluated to assess both their direct utility
in commercial production and their
feasibility for consideration within a plant
breeding framework. Priority emphasis is
aad will continueto be given to evaluating
NEW ZCCESSIONS.

Therefore, the forage breeding section as
presently conceived has two major fun-
tions. First, breeders will participate in
evaluating existing germplasm in close
coordination with other Beef Program
scientists 1o identify ecotypes suitable
either for direct, commercial utilization or
as parental types for use in crosses. Second,
the section will initiate breeding in-
vestigations involving those forage legume
species which have demonstrated the most

Beef Program

general promise within the impact area as
indicated by previous and continuing
experiences of the Beef Program.

Inititally, the legume breeding section is
placing {irst priority with the complex of
Stvlosanthes species, primarily 5. capitaia.
Secondary priority will be given to other
promising  genera Centrosema,
Desmodium, Macroptilium, Leucaena and
Zarnia. Unul recently introduced ecotypes
of species of these genera have been more
fully fieid-evaluated and; or a wider genetic
base has been collected, primary emphasis
will remain with Siyfosanithes.

Specific breeding investgations have
been imitiated with Styfosanihes species,
particularly with S8 capitata. The
chromoseme number of this species i§
unknown. Initial chromosome counts
made with S. capitata, using joot-lips
squashes, have been inconsistent. Some
ecotypes appear to have 2n = 20
chromosomes, the same as S, gulanensis,
while others apparently are tetraploids
with 2n = 40. The morphology of the
chromosomes of these two species, in
addition, appears to be markedly different
tsev big. 5y winch could indicate dif-
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Figure 5. Somatic chromosomes of two Stylosonthes species. (A) 8. guianensis, metaphase (In = 20); (B} S

i

capitata, metaphase (In= #0); {C) 5. pdenensis, anaphese; (D) 3. capirara, ansphase,

ficulties in making inter-specific
hybridizations between these two species.

Pure line selections are being made
within ecotypes of various Stylosanthes
species to determine both intra-ecotype as
well as inter-ecotype variability for certain
trpits. Laboratory-greenhouse screening
methods to identify resistance to
Colletatrichum gloeosporiodes (anthrac-
rnose) are being modified to eventually
handle segregating populations coming
from crosses. Experiments in Carimagua,
in cooperation with the entomologist, were
initiated to characterize and separate the
effect of anthracnose and stem borer in

A-14

order to develop reliable field screening
methods for ideniifying resistance to both
problems.

Plants of ecotypes of the several
Stvlosanthes species with known valuable
characteristics have been established in the
greenhouse and wil be used for
preliminary crosses both within and
between species. These plants will serve to
develop the most approprigte controlled
pollinization methods and the resulting
hybrids will provide a small, but represen-
tative sample of segregating populations to
use as a prototype for developing efficient
screening procedures,

1877 CIAT Annuai Report



Legume Agronomy

The Program's legume agronomists are
responsible for evaluating germpilasm
believed to be adapted to acid soil
conditions through a series of steps ranging
from observation plois to clipping and
grazing trials. During 1977, 226 accessions
of 34 species were evaluated at six
locations, including the base sites at
Quilichao and Carimagua. The number of
accessions under grazing in Carimagua
increased from 6 in 1976 to 30 in 1977,

ESTABLISHMENT OF
SELECTION CRITERIA

A program Germplasm Committee was
formed in mid-1977 with three functions:
{1} to establish selection objectives for
grasses and flegumes; (2) to establish
promising categories and project seed
increase priorities; and (3} to classify the
promising accessions according to selec-
tion ¢riteria into promising categories.

The legume selection objectives are
shown in Table 6. The criteria will be
reviewed and quantified further ss new
information on tolerances 1o the various
stresses become available. The criteria for
general adaptation to specific ecological
conditions are based on growth and vigor
ohservations. Although adaptation to
moderate and high soil fertility conditions
is not part of the Program’s mandate,
promising accessions from the working
collection are identified for possible use
outside of the impact area as well as in the
pockets of high fertility soils found within
the impact area. The promising categories
developed are shown in Table 7.

CLASSIFICATION OF LEGUME
GERMPLASM

Tables 8 and 9 group 2! promising
accessions inte the two most advanced
categories, describing their known reaction
to the selection objectives. Twelve
accessions of five species are histed in

Best Program

most promising Category 4 and are now in
grazing pressure testing at either Quilichao
or Carimagua, or in both locations, This
table shows that accessions of Stylosanthes
capitata, Zornia sp. and Desmodium
ovalifolium are promising under the
environmental stresses at Carimagua,
where tolerance to anthracnose and stem
borer is of paramount importance for
Styiosanthes. The Centrosema hybrids and
the two Stvlosanthes guianersis accessions
are more promising for the somewhat
lower stress ecosystem found at Quilichao,
particularly in terms of discase and insect
attacks. The many blank spaces in this
1able underline the need for further
evahiation, particularly persistence under
grazing and throughout the impact area via
regional trials, before any cultivar can be
recommended for release.

Table &, Preliminary selection eriteria for CIAT
forage legumes,

Criteria Symbol
Adaplation to Carimagua

conditions! ¥C
Adaptation to Quilichao

conditions? YQ
Adapiation 10 medium

fertility soils Y™
Adaptation to high

fertility soils ¥H
Discase tolerance 1
insect tolerance 1
Nitrogen fixation poetential N
Seed production potential Sp
Water stress tolerance W
Aluminum and low

phosphorus tolerance 5
Nutritional quality Q
Persistence under grazing P
Case of management M
Awmimal productivity A
: '.’/gfescribcd i Figure 2 andd Tabls 26,

: A-15



luble 7, Promising categories for C1AT lorage legume accessions and lmplications for evaluation and seed

1139 LS RN
Proming Sced production
CiEegon Level of evaluation Slages! planning:
I Initial telerance and or small initlh
scale agronanue tnals -4 (Up w 0.2 ha}
z Complete sgronomic trials .7 Prnarny:
U to 30 hy)
3 Complete agronpmic and Sveoadary:
grazing pressure trials -1t (U ) B
4 Complere agronomic and Tertian:
amumal {rials 1-17 {Morethan |8 ha)
5 Pre-cultivar selease 114 Foupdalion:

{More than 10 ha)

Hefers to nummbered agtwvaies i@ the Begt Program Flow Chast ks )

Srend produchien suthamst Lo plant 1he thdicaled wrea

Tuble 8 CIAT foruge legume accessions classified as promising Category 4 as of November 1977
(,'EA’E' Selection criter’ {bisnks represent unknowi;
Species o Yo Y2 ¥M YH £ i N 5p W s Q2 2
Letreasig Sp. 1733 - + + . + . R
" " 1787 - + * + s -
o ” His - - + - - +

Dsiireasdivem

overfeiofiem 35 + + + # +

Suvlonanithos

caiii 19 4 - - - + + B P
h 1078 + - - - + + + -
1097 + - - - + > + '

135 * - - - B # .

§ 105 + - - . . .

RYRFITIVII

guianensis 136 - * - - . - : .
3 134 . ‘ . B . . N
Lot »p. 7 + - - - + + -

Lomin age duscizhed o abl &
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Table 4. CIAT forage legume accessions classified as promising Category 3 a8 of Novembaer 1977,
CIAT Selection criteria! {blanks represent unknown)
Species No. YO Y0 Y™ YH D i N Sp W 5 Q P
Desmodium
distortum 335 . - + + + + -
Desmodium
heterophyllum 349 - + * * *
Desmodium sp. 338 - . + -
Glycine wightit 281 - - - + + -
* " 204 - - - * + “
Macroptiium sp. 535 + + + + +
FPueraria
phaseoloides 9908 + . - + + s + @
Siviosanies
hamata 118 - - " + ¥
" 147 + +

Cosdes are descrived in Tabie 6.

Being a first attempt at a systematic
classification of tropical legume germ-
plasm these lists should be considered
tentative and subject to change as not all
the projected evaluations have been com-
pleted.

STYLOSANTHES

Anthracnose, caused by Colletorrichum
gloeosporiodes Penz, is a highly destruc-
tive disease of Stylosanthes spp. The
disease is endemic in South and Central
America, and plant resistance is the only
practical means of control. The widespread
occurrence of stylo anthracnose in tropical
and subtropical America and recent
reports of its presence in Australia, Africa
and Florida emphasize the need for
disease-resistant genotypes.

Systematic screening of 850 accessions
of Stpiosanthes spp. for anthracnose
resistance was initiated some three years
ago. Simultaneously, the genetic diversity
of the germplasm in CIATs forage legume

Besf Program

collection has been increased by exploring
and collecting new accessions from the
savanna regions of tropical America.
Information and results from these in-
vestigations may be summarized as
follows.

The seed-borne nature of anthracnose
was explored in one accession of S. scabra
as the subject of a special project. C.
gloeosporivides was solated from surface
sterilized pods and seeds of S. scabra
grown in field plots at Palmira. This isolate
produced anthracnose symptoms and
killed seedlings of 5. guianensis CIAT 1198
and also affected several other species and
ecotypes of Stylosanthes.

A high degree of resistance was found by
screening a large number of Stylosanthes
accessions, §. eapitata Vog. displayed the
best tolerance to anthracnose in giasshouse
and laboratory pathogenicity tests. Results
of a series of experiments are summarized

A-17



in Figure 6a-f. Several accessions of §.
capitata maintained strong resistance to
anthracnose undzr actual field conditions
at Carimagua over the past two years.
Ecotypes of 8 capitata were tolerant to a
wider spectrum of physiological races of
the pathogen than other species of the
genus, although  variation  between
ecotypes was indicated in this character
(Table 10}

Effective nodulation after inoculation

was observed on §. capitara in all plantings
it Carimagua.

i

SUSCEPTIBLE

S. capitata is one of the most promising
legumes for the environmental conditions
of the Lianos of Colombia. Tolerance to
anthracnose and stemborer attack coupled
with good adaptation to low base status
soils which are algo high in aluminum are
important agronomic characteristics of the
species. Indeed, this species is rather
ntolerant of soils with high pH or high
calciom statnus. When grown on a
Carimagua Oxisol limed to pH 6.1 in the
greenhouse, 8. capitata showed distorted
growth and symptoms of nutrient distur-
bances which have not been ideniified.

——.

™.

]
\z
7

\\ ,»/
Figure 6a. RESISTANT """

Figure 6. a-f. Disease severity mdices (DSH) for Siyiosanthes spp. sud devistion (1) from mean values,
Positive valises represent suscepiible Unes of Siyviosonthes and negstive values indicate various degrees of

resistance. IS1 was calculsted from the formula:

Mean Disesse Score of Accession - Mesn Disease Score of Experiment

DSI=

S tandurd Deviation of Mean Score of Experiment

Disease Score = weighted meons of five score claxses: 1:= sic infection; 2 =spots <1 mm; 3=25% of ienf
ares infected; 4 = 50% of lea! aren infected; 5 = dead plamt.

Q 8. guicnensix
O & guigrensis {fine-stemmed)
« S copitgia

A-18

& F bracreata
& 5. humilis
& K viscova

@ 5. seabra

£1 8 hamara

® 8§ monievidensis
- Styvlosanthes sp.
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Table 18, Reaction of Siplosanthes spp. 10 two isolates of anthracnose.
CIAT_ Biscase score!
accession
Mo, Species isolate [ Isolate 1
1054 Srrlosanthes sp. 2.33 5.4%
1061 8. svabra 1.08 {06}
1062 S, guianensh 1.50 1.00
978 &. capltata 100 £33
HeH 3. capitea i.33 168
1098 5. scabra 1.00 1.67
1668A 8. guianensis 247 .00
G874 Stylasanthes sp. L40 283
1191A 3. capitaia 260 113
1129 §. guianensis 5.00 1.60
1162 3. guianensis 3.00 L]
1297 §. guianensis 1.50 1.33
1298 8. capiiata 167 18
1312 S. capitata |RiL 1.00
1338 8. capitata 1.00 (W(A]
1379 8. hgmata 100 L.67
14465 & capitaia 108 1400
1497 . eapiimia 1.67 207
1526 Stylosanthes 3p. 1.33 P17
1527 &. scabra 1.00 1.83
1538 Srylasanthes sp. [REY IREH
t Weighted meass of fve seoo classes: | = no infection; § % dead plant. lsolite | from § caprraia 1097, aomaic 3 tram 85 goaninenn vl o
Boaf Program A-21



The species is known only from Brazil
and Venezuela, however, it is rather wide-
ranging in the savannas of Brazil (Fig. 7).
The first accession of 5. capitate was
introduced from Brazil in mid-1974.
Presently, some 57 ecotypes of this species
are held in CIAT"s forage germplasm bank.

Ecotypes differ morphologically and
considerable variation was observed in
flowering date. At Quilichao, accessions
from the southern limit or distribution of
the species (latitude 16* - 21°8) commenced
flowering in August, at least one month
ahead of the accessions from the
northeastern states of Brazil at latitudes 3
- 5§ (Table 11},

During late 1977 about three hectares of
5. capitaia grass mixtures have been
seeded at Carimagua. Twelve accessions of

stylo are included. The two companion
grasses of contrasting growth habit are
Brachiaria decumbens and Andrepogon
gayanus. Anthracnose-tolerant accessions
s¢lected from the collection will have tobe
exposed to a wide spectrum of strains of
the fungus in several ecological regions
where the disease is present to asceriain the
existence of stable, horizontal resistance.

For the Quilichao site varieties of the
common plant type of 8. guianensis appear
to be very well adapted. Observations and
yield data over two years indicate that the
fine-stemmed varieties also showed good
field resistance to anthracnose and stem-
borer at Quilichao. Unfortunataly, most of
-ae fine-stemmed stylo accessions are poor
seed producers. Selection pressure shou'd
be directed towdrd the fine-stemmed

"
b
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Figure 7. Collection sites of Styfosanrhes capitata
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varieties with the two high-yielding typical

capiiaia and twe 3. bracieata accessions forms of S, guignensis ¢.g., 184 and 1175,

Table 1§ Yield attributes of 15 Stylosanihes
grown as spaced plants at Quilichas.
Mean of four
CIAT accession No, yield cuts Flowering
and species {g plant) response!

1078 8. capitate 18717 a? L

1323 " 150,83 ab MS
1342 146.75 ab MS
1313 » 142,08 ab M5
1339 " 14142 ab M3
1315 - 123.92 abe MS
1324 " 121.92 ahe M5
1382 & Bracieara 121.24 abe MS
1343 8. rapitata 115.42 bc MS
1338 " HAL e MS
1328 " 106.25.be M8
1334 " 102,92 be M5
1281 8. bracteara G758 b MS
1333 8 capitasa 92.50 bc M3
1338 " 89.83 ke MS
1375 ” 80.95 be M$
129% " §1.58 ¢ E

PooL s late flawering (November); MS = rud-season fiowering
(Octaber), B o vorly floweniag (Tid-August).

T Megns ipllowed bya ;:Hifﬂ{nt Tetier nre wgnilicantiy different s P=
0.05 by Duecar’s Multigle Rangs Test.

ecotypes with better seed producing
capacity.

At Quilichae, 10 accessions of §
guignensis were established during the
current season to compare fine-sternmed

Two accessions of S, guianensis, 184 and
136, have been included in cutting and
grazing experiments. The formet is a local
variety, native to the Quilichs o region; the
latter isanaccession from the Llanos. Data
obtained so far indicate that 184 is the
higher vielding of the two accessions, in
both cutting { Table 12) and grazing trials,

Since October 1975, & total of 138
Stylosanthes accessions have been es-
tablished at El Limonar {near Quilichao)
for initial observation. Some high-yielding
ecctypes were identified among the
accessions of the typical robust growth
form of style. The incidence of anthrag-
nose in the Quilichao area has been rather
low during the last two exceptionally dry
years and some of the promising material
selected on the basis of vield data must be
checked for anthracnose tolerance over
one O MOre Seasons.

CENTROSEMA

Preliminary testing of new accessions of
Centroserna  originating from  Oxisol
savanna regions has been done in the
greenhouse, Dry matter yields of 12
accessions of Cenirosema grown in pots
containing eight kilograms of soil are
presented in Table 13,

At Quilichao Centrosema was regularly

Table 12.  Diry matter yiclds, plant aitrogen and phosphorus contents of two advanced nccessions of
Stwlosanthes guignensis cat at fives snd nine-week intervals at Quilichno, July 1976 to July 1877,
CIAT 184 CIAT 13&
Cutting
frequency Dry Matter Protein P Dry Matter Protein p
{weeks) {tiha/year) ) (G5 {t/ha/yeard (%) A
5 159 16.0 .47 13.6 17.6 G618
g 09 15.0 0.7 9.7 17.5 417
Baef Program A-23



Table 13, Yields attributes of 12 sccessions of
Centrosema spp. grown on Llanos soil.

CLAT Dry Matrer yieki,
aceession mean of three barvests
No. Origin {g/ploty

495 Venezuela 4.54 a!
5038 Brazit 450 a

411 Colombia 4.27 ab

420 Venezuela 404 ab

400 Yengszuels 4.01 ab

497 Cokumbia 397 ab

481 Brazil 3.84 abe
3008 Colambia 3148 d

458 Colombia 329 bed

492 Brazil 299 d
Commercial Australian 287 cd
5040 Colombia .74

Means followed by a difforent levier are sgnifisantly different i¥=
6,651 by Dungan’s Multiple Renge test.

higher in plant nitrogen and phosphorus
content than Stylosanrhes. This observa-
tion was recorded in various grass/legume
combinations under cutting and grazing
{Fig. §).

Desmodiom

Desmodium  ovalifolium has shown
promise at both testing sites, and it was
selected for further evaluation. It is being
compared with Centrosema and Galactia
under six- and eight-week cutting regimes
at Quilichao. Establishment and early
growth of this Desmodium is rather slow
but once established it produces yields
comparable to the other legume species
{Table 14).

Its stoloniferous habit and apparent
compatibility with Brachiaria decumbens
make D. ovalifolium a fairly attractive

%N @ Sryiosanthes guinnensis (134) %FP
4.0 0 Cemroserma bybid (1733) 42581
35
30- 7"‘/&\3 0.20
2.5
20 0151
H H H H H H H H H £ H i L i i i 1 L i
%N & Panicwm maximum (835 ®F
& Brachiaria decurnbens (606)
® Andropogon gaverus (621}
Lso- .15
125
1,60 a1
r
I R R a s e S
1976 1977 1976 - 1977
Monthy Manths

Figure 8, Mant vitrogen and phosphorus contents of Styfosaniies guianensis CIAT 184, Centrosema CIAT
1733, Paricum maximum cv. Makoeni, Brachiaria decumbens ov. Basitisk awd Andropugon gayemus CIAT 621

s} under grazing 2t E1 Limonar, (near Quitichaoj.
A-Z2R
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Tabie 14.  Dry matter vields of Censrosema hybrid, Galactia siriata #nd Desmodium ovdl folium st EL
Limonar (near Quilichao), from Msrch 1977 to October 1977,
Harvest
Species and I 1i 111 1V Total
CIAT accession No. {kg, ha)
Centrosema sp. {1733} 4331 &' 938 cde 9% ¢ 1080 ¢ 8343 4
Galactia striata (964 KLARY 57 e 1707 ¢ 1389 ¢de 7608
Desmodium ovalifoliues (3507 31355 905 ¢ 1657 od 1166 cde 6954

U Means foliowed by a dalferent lester are significans®y thfferent at P= 8.9% by Duncan's Muluple Range Fest

prospect for the better Oxisols. It has been
established with Andropogon gavanus, 8.
decumbens and B humidicola for further
evaluation under cutting and/or grazing,
Following preliminary studies, promising
accessions of I, scorpiurus, D. barbatum,
D. heterocarpon and D. canum have been
established in sward plots at Quilichao,

ZORNIA

Several introductions of this little-
known forage legume show promise under
Llanos conditions and at Quilichac. Eour
accessions have been included in yield
trials seeded with Andropogon or
Brachiaria. Of them only CIAT 728
appears to be perennial and the others are
free-geeding  annuals. The annuzls
regenerate weli from self-sown seed early in
the wet season, but provide littie or nofeed
for the dry season. Preliminary data(Table
I5) indicate that the perennial form, CIAT

Table 15, Wetand dry season vields {fwo hurvests)

of five wecessions of Zornia spp. st

Quilichao,
CIAT Dey Matter yield

accession March to October, 1977

No. (kg/ha}

78 8168

K4 467

BB3 2072

802 2048

897 1496
Besf Program

728, 1s more productive and better adapted
to the longer growing season of the Llanos
as well as the Quilichao site. To date, no
serious insect or disease problems have
been identified in Zornia.

EVALUATION IN MIXED STANDS
UNDER GRAZING

The African gamba grass {Andropogon
gayanus) continued to show good potential
at Quilichao as well as at Carimagua. This
introduction is being observed in the third
year and it was included in cutting
experiments and grazing tests, in mixtures
with  several legume species e.g.:
5. guianensis, Centrosema hybnd, Galac-
tig striata, and S, capiiaia.

It is well-adapted to acid soils, toleram
to drought and fire, has a rather moderate
requirement for phosphorus, and is also
tolerant to high aluminum levels. An-
dropogon owt-vielded Hyparrhenia rufa
under a five weekly cutting regime. It was
compatible with stylo and centro under
both cutting and grazing (Table 16).

Three hectares of A gayanus wers
established at El Limonar in May, 1976, to
test the reaction of various pasture species
and grass/legume mixtures to grazing. In
one experiment S, gudanensis 184 and 136
were established with B decumbensand A.
gayanus. Brachiaria was the more produc-
tive of the two grass species. Brachiaria in
association with stylo varieties produced
111-114 kg/ha/day of dry matter, while

A-26



Table 16.  Dry maiter yields of Andropogon gayanus and Hyparrhenia rufa exch with Centrosema or
Stylosanthes under g five weekly cutting regime at Ei Limonar (pear Quitichao) 1976-77.
Dry Matter
yield Proiein P
Mixture (kg/ha/vyear) {%) 4]
Andropogon gayanus + iR7I0 £8 G.l4
Centrasema hybrid 1733 4,005 19.8 019
Total 22,715
Andropogon gayarus v 15.295 8.9 013
Seviosanthes gutanensis 136 6,158 14.7 16
Total 21,453
Hyparrhenia rufa + 13,665 7.5 o.n
Cenirosema hybrid 1733 4,039 PitR 419
Total i7,704
Hyparrheriia rufa + 13,710 7 a1l
Stylosanthes guianensis 136 9,563 16.1 0.18
Total 23,273

Andropogon ranged from 46 - 71 kg/ha/-
day. Maximum dry matter production of
stylo was only 29 kg/ha/day. This vield
was obtained in the Andropogonistyle
mixture (Fig. 9}. The result of the slower
growih rate of Andropogon was a higher
legume content in the mixtures containing
this grass species (Figure 10},

In another mixture containing the same
two grass species with a mixture of legumes
Le. stylo + centro + (Gaelactia, a better
grass/legume balance was maintained
during the first seven-month grazing
period (Fig, 11),

In the third grazing test, five varieties of
Centrosenta were established with A,
gayanus as the common companion grass.
The four centros, including three hybrid
varieties, outyelded (P =0.05) the local
ecotype of C. pubescens (Fig. 12)

The area has been under grazing since
February, 1977. A rotational grazing
system was adopted and the plots were

A-28

Dy Matter {kg/ha}

o
Brachiaria + Stylosanthes .ol
Andropogon + Stylosanthes i

A
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[ &ac{ﬁarfa ‘ i 'r
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Figure 9. Grass and legume presentation yields of
Brachiaria and Andropogon alone and mixed with
Stylosanthes gutanensis {CIAT 184 & 136} at Kl
Limonsr {sear Quilichao).
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Feb Mar Apr May June July Aegg

Months

Figure 10. Grass/legume composition of four pasture wistures under grazing at QGuilichao,

grazed at the uniform rate of 2.3
animals/ha. The first 2{4-day period has
been completed and in spite of the long dry
season an average liveweight gain of 561
g/animal/day was obtained from Zebu
steers introduced from the Colombian

Beat Program

Lianos. These animals reached the
slaughtering weight of 450 kilograms at the
age of 2.5 years; in sharp contrast, animals
grazing on the native Paspalum notatum
savanna suffered severe weight losses.

727
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Mixtures witlt Brachiaria Mixtures with Andropogon
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Figure 11, Dry maiter yvields available In two grass/legume pastures under grazing et El Limonar (near
Quilichro).

Legume Diry Matter {kg/ha)
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Figure 12 Dry matier available in grazed plobs of
five Cemtrosema varieties at El Limonar (nesr
Quilichao).
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Grass Agronomy

The newly-formed Grass Agronomy
section has begun work infour areas. First,
imitial evaluation and characterization of
accessions is being conducted at Quilichao
and will be extended by regional testing to
other parts of the impact area. Second,
promising and well-known varieties are
being studied at Quilichao and Carimagua
to determine their response to drought
stress, nitrogen and phosphorus re-
yguirements, tolerance to buyrning, and
response to clipping. Third, the relative
importance of competition for light and
nutrients is being studied at Quilichao.
Finally, mass selection for productivity,
quality, and date of flowering is being
conducted in A, gayanus (CIAT 621),

The Program’s Germplasm Committee
has identified the selection criteria and has
determined the outstanding characteristics
and research priorities for each of the most
promising grass accessions (Tables 17 and
bk 1 its Dist will be periodically revised to
reflect changing knowledge and priorities.

Table 17,
forage grasses.

Preliminuary selection criteriz for CIAT

Criteria

Adapiation to Curimagua
Adaplation to Quilichao
Adaptation to medivm Teridity soils
Plisease lolerance

Imneet tolerance

Waler stress (drought) tolerance
A soll styess toleranee
Vegetative vigor

Flood tolerance

Burning tolerance

Seed priciuction

Persistence under grazing
Nutriticnal quality

f£ase of management

Animai produstsvin
Compatbiisy with kegume

ArEO s wrew B0

Table 18, CIAT forage gruss accessions classified secording fo selection eriteria, as of Navember 1977,
Selectivn criteny
{blanks represent unknowny) Cat-
Ci1AY oy
Species No. YO YO YM ¢ DI W s 53 B O n
Andrapogon guayanus 621 + + LA - * - “+
Andropagaen gayanus 433 - !
Brachiaria decumbens [E + + S . 3
Bravhiaria sp. et - N
Brgchiorig fumidivola &3 * + - + 2
Brachiaria humidicola 679 + - + 2
Brachiaria ruziziernsis &G + i
Hemarthrig aftissima B33 * ' H
Fanfcum maximum 622 + + 3
Paspalum piicotutum &40 *
Beef Program A-29



Seed Production

The objectives of the seed production
section arer (1} the production of seed for
the expernimental needs of the Beef
Program, and {2} the dentification and
study of the restrictions to commercial seed
production within the impact area of this
program. The Program's Germplasm
Comumittee defines which genetic matenials
are reyuired for experimental purposes
and the seed section responds with a field
production program. The strategies
applied are first to idenufy suitable
geographic regions for forage seed produc-
tion and then to develop efficient produc-
tion systems for particular species.

SEED INCREASE

Establishment of lots for grass seed
production  was continued at  both
Quilichao and Palmira while legumes were
concentrated in the Quilichao region.
Sixty-five legume accessions were in-
creased under non-irrigated conditions at
El Limonar {near Quilichao). Because of
the large number of hnes and small plot
sizes, almost all harvesting was done
manually. Most were harvested twice
during the vear, with the main harvest
period between March-April and lighter
crops in August.

The total amounts of seed produced and
average annual vields are presented in
Table 19. This seed provided the basis for
exiensive new forage evaluation studies
wnitiated by other team members at both
Carimagua and Quilichao and will provide
material for regional trials. The high yield
levels for the majority of legume accessions
combined with low weed infestation,
confirmed the utility of the Qulichao
region for basic seed increase of a wide
array of germplasm.

The current promising accession lists
(Tables & 9, and 18} show the revised
orientation of seed increase for the coming

A-30

vear. Included are 37 accessions of 23
legume species and 10 accessions of 8 grass
species, Some 8.5 hectares of new jots were
established at the Quilichao site during
September and October and will be
managed with supplemental irrigation and
mechanical harvesting.

LEGUME SEED
PRODUCTION TECHNOLOGY

The two most advanced Siviosanthes
pretanensis accessions {CIAT 136 and 184)
showed highly contrasting phenclogy and
vield patterns at Quilichao . CIAT [36was
harvested once, in January, and vielded 95
kg ha of pure seed. CIAT 184, however,
flowered throughout the year and was
harvested in Janoary, May and August,
yielding 41, 102 and 117 kgs ha respective-
lv, Tor a wotal yield of 260 kg/ha/year.
Neither  accession  responded to
phosphorusabove 43 kg P, (¢ ha. Defolia-
tion prior to the January harvest, while not
affecting vield of CIAT 184, did increase
vield of CLAT 136 at the 135 kg/ha level of
P20s.

Styiosanthes capitata proved to be a
good seed producer as low density, hand-
harvested stands produced vields averag-
ing 266 kg:ha during the establishment
year.

Seed yield of Centrosema sp. (CIAT
1733 was studied on a trellis support
system: at Quilichao, with row spacings of
one, two and three meters. Yield declined
with increasing spacing from §77 to 515 to
466 kg/ha, respectively. At Palmira by
comparison, a two-mneter trelis system
vielded 90 kg/ha. In another hand-
harvested varietal comparison at
Quilichao, but without a support system,
CIAT 1733 and common centro produced
equal seed vields, The high hand-harvested
seed vields of Cemtrosema spp. at
Quilichao, averaging 750 kg/ ha, indicate a
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Tabic 19,  Summary of forage seed produced at CIAT from October 1976 10 Getober 1977,
Number Total seed Average Type
of produced seed yigld of
Species accessions ikgd {kg, ha year) seed
Sviosanthes
capirata 5 410 266 in pod
guignensis Ll 43.0 64 "
hamata 2 510 283 ”
scabra ] 539 254 "
sympodialis 2 4.5 {63 "
viscosg 2 0.5 44 “
Diessmodium
heterophyiium ] 15.1 362 pure
cantp 4 i.2 162 -
spp. 4 55 "
Centrasema
pubgscens i i7.4 654 pure
3pp. 3 1631 754 N
Macroprilium spp, 2 8.7 192 pure
Anrdropegon gavanus 2 3530 124 graded
Panicum moximun 2 iR 4% rwded
Brachiaria decumbens 2 3iu a7 graded

high potential for successful mechanical
harvesting in this region {Fig. 13}

Desmodium  heterophyllum produced
abundant seed at Quilichao during 1977,
The below average rainfall (about 430
millimeters) during the second 1976 rainy
season may have provided ideal conditions
for successive flushes of flowering, seed
maturity and accumulation of shed seed on
the ground. Seed was harvested by clipping
to remove all above-ground growth (which
contained no seed) followed by several
passes with a small suction harvester (Fig.
14). The average pure seed vield per crop
was 265 kg/ha, but the average annual
yield was 302 kg/ha. This is the first

Beef Program

instance where economic seed production
appears possible for this valuable sphcies.

GRASS SEED
PRGDUCTION TECHNOLOGY

Andropogon gayanus CIAT 621 in-
itiates flowering throughout the year at
Palmira and Quilichao. Flowering 1
variable beiween plants and very prolong-
ed within plants. Mature spikelets are shed
progressively. As a result, optimum
harvest matunty is difficult to determine
and harvest efficiency is low. To date all
lots have been hand-harvested with flower-
ing stems left in the field for -6 days before
hand threshing and natural shade drying.
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Figure 13, High seed yields were obtained with Centrasema hybrid on trellises st Quilichso.

Figure 14, Suction harvesting of Desmodium
heterophyiham at Quilichac,

A-32
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Spikelets have been machine<threshed or
hand-rubbed over wire screens then passed
over a gravity table. Graded seed Jots
contained as much as 45 percent cariopses,
Yields last year were extremely variable,
ranging from 30-300 kg/ha of graded seed
and reflecting the below-average rainfall.
Germination of untreated pure seed has
been as high as 65 percent at nine months
from harvest,

Seed yield of Brachiaria decurnbens was
recorded in various ¢rops in the Cauca
Valley where the species flowers from early
June uniil October. The earliest crop
matured in [ate June and the majority from
mid- to late July. Hand-harvested crops
vielded from [5-50 kg/ha pure sesd. With
irrigation and nitrogen fertilizer & second
crop was harvested in early September.
The highest vield recorded from one such
area was 68 kg/ha/yr, These modest yields
reflect a low proportion of flowering tillers,
poor synchronization of flowering, and
inadequate nitrogen nutrition.
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Plant Protection

The Plant Protection section of the Beef
Program was established in July 1977,
with the arrival of an entomologist. 1t has
three objectivess {a) to conduct basic
studies (taxonomy, biclogy, ecology,
population dynamics of the main insect
pests), (b} to determine economic
thresholds to define priorities; and, {(c) to
develop an integrated control program of
the pests on promising pasture legumes.
The plan: pathology dimension is expected
to start in 1978,

STEM BORER

A survey of ster borer damage caused
possibly by Zaratha spp. on stylo
accessions together with biological and
prefiminary evaiuation of plant resistance
have been initiated, to establish the status
and imporiance of the pest. The initial
evaluation was cartied out on available
material at Quilichao and Carimagua. At
both locauons random samples of all
available accessions were evaluated for
stern borer damage {Tables 20 and 21), At
Quilichao, all 19 accessions evaluated
showed damage, but CIAT 1019, {152,
1102, 184, 1009, 1057 and 1094 showed the
lowest levels of infestation.

An average of 88 percent of infestation
was recorded at Carimagua, and 84 percent
at Quilichao. However, a high percentage
of accessions growing at Quilichao, show-
ed low infestation. At Carimagua, §
guianerisis CIAT 1385 which was not
planted at Quilichao, did not show any
stem torer damage. This may indicate that
this marerial could have berter levels of
resistance of rolerance to this insect, or that
the envirominent and/ or other factors may
favor higher imsect populaiions @
Carimagua. These possibilities will be
further evainated.

To oetermine which part of the plant is
the mostartacked by the borer, evaluations

Beef Frogram

were made on upper, middle and lower
thirds {Table 22). Observations indicated
that stem borer attacks begin at the basal
part of the plant in which the femnales

Table 20.  Preliminary evaluation of Stylosanibes
spp. Lo stemn borer (possibly Zaratha sp.)
at Quilichao,

No. of Stem
random  borer

ACCERRIONS samples  damage

Seviosanines guianensis

H 3 #!

184 3 +

191A 3 +

1094 3 +

1098 3 +

671 3 +

H6TA 3 L

Srvlosanthes capitara

1619 3 +

1078 3 *

Seviosanthes scabra

1064 3 +

1G04 3 *

Siviosanthes viscosa

o 3 +

1G94 3

Stviosanthes angrstitolio

12 3 +

Sivlosunther 5p.

1043 3 +

10S1A 3 +

0518 3 *

1122 3 -

1132 3 -

"’ ©oindicaes s horer demagn
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Table 2i. Preliminary evaluation of Siylosanthes
spp. 1o stem borer {possibly Zaratha sp.)

#t Carimagua.

No. of Stem
rantiom  boter

Accessions sampies  damage

Suvlosanthes guianensis

1182 3 +1
133 3 *

1285 3 +

Stvfosanthes capitaie

1298 3 *

i3is 3 +

1342 3 kS

119EA 3 +

Stylosanthes viscosa

1273 3 +
039 3 +
1062 2 +

Stvéosanthes sp.
PEs2

1281

1051B

1385

1448

1213

1277

L FE R T P PV
H
i

P B

s barer & mndicates o Bamags.

presumably oviposit. The larvae then
penetrate the stem and commence to build
tunnels. Plants attacked by stem borer

Table 22,  Stem borer distribution, within Stvio-
ganthes plants, at Quilichao.

No, of

plants No, of  lufesiation
IHsteibuting  examined  lesions %
Upper third 57 -8 5
Middle third 57 64 I
Lower third 57 94 57
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Figure 18, Siviosanihes scabry affected by the stem
borer {possibly Zarathe sp.). showing pupstion siis,

develop gall-like malformations. In these
structures, which become soft and decom-
posed, several larvae and pupac can be
found.

Last instar larvae are approximately 8,5
millimeters long and white in ¢color. The
adult s a microlepidoptera and is brown-
grey in color with very long filiform
antennae. (Figs. 15, 16, 17).

i o % i 2

Figuee 16, Stylusamibies capimra showing damage
cuused by the stem borer larva {pussibly Zoratha sp. b
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Figure 17. Stem borer adult (possibly Zarqrha sp.).

Stem Borer Parasite

Adult parasites of the order
Hymenoptera were found in laboratory
examinations of material collected from
Quilichao. Studies of these parasites will
continue.

Alternate Hosts

In Carimagua, the weed called “Escoba”
(Sida sp.) has been observed infested with
stem borers. This weed is also host to
another borer, a beetle probably belonging
to the family Curculionidae, which oc-
casionally attacks stylo plants.

BUDWORM

The budworm, identified as Stegasta
bosqueella (Chambers) Lepidoptera,
Gelechiidae, 1s another pest of
Stylosanthes. The eggs of Stegasta are
white and elongated, about 0.2 millimeters
long, and have a corrugated surface. The
females lay their eggs on the trichomes of
the external bracts of the inflorescence.
One larva is usually found per bud. First
instar larvae are approximately |
millimeter long, and milky-white in color
with a dark-reddish cervical plate. Last

Beef Program
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Figure 18. Stylosanthes guiarnensis attacked by the
budworm, Stegasta bosqueella (Chambers)
Lepidoptera, Gelechiidae.

instar larvae become pinkish in color and
are approximately 6 millimeters long. The
adult is a microlepidoptera, 5 millimeters
long, black in color with a yellow spot on
the dorso and two small lateral spots on the
wings (Fig. 18 and 19). Two different
parasites of the budworm belonging to the
order Hymenoptera have been obtained at
Quilichao.

Figure 9.
hosqueella (Chambers) Lepidoptera, Gelechiidae.
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Scil Microbiology

The objective of the Soil Microbioclogy
seelion is to maximize the benefits of
bological nutrogen {ixation to adapted
forages in the acid, infertile soils of tropical
Latin Ametica. Although “forages” im-
plies both grasses and legumes, priority has
been given to the legume/ Rhizobium
symbiosis. The research strategy 18 (1} 1o
atuntain and  asgment  the  CLAT
Rhizofuum germplasm resource; {2) to
evaluate the symbiotic nitrogen fixation
potential of Rhizobium strains  with
adapted legumes; and, (3) to test expres-
sion of symbiotic potential of selected
strains in ficld sitwatons, imitially at
Quilichao, Carimagua and Brasilia, and
then in regional tnals throughout the Beef
Program's target area.

RHIZOBIUM COLLECTION

There were 1031 strains for forage
legumes in the CIAT Rhizobium Collec-
ton as of October 31, 1977; of these, 644
were added during 1977, These have been
isolated from 111 species in 50 genera. For
gach strain the following information is
recorded and stored i an information
retrieval system.

Relating to origin:

s Genus* from which strain was 1solated.,

* Species* from which strain wasisolated.

® Accession number® of plant of origin
{seed of the plant of origin may be
conserved in the CIAT Forage Germ-
plasm Bank),

¢ Source™. If isolated and supplied by
another laboratory this is acknowledged
by mclusion of the original strain
number. I solated at CIAT the collec-
tor is acknowledged.

o Country wnere collecied,
o State where collected.

# Rainfall (mm/year} at collection site.
A-36

* Temperature* {mean daily temperature
{"C'} during growing season),

s Land use at collection site.

* obi* of soll at coilection site.

Relating to growih in pure calture:

* Day~* to reach 2 mm colony diameter
an YMA (280C).

* Acid* or alkali* producer on Y MA with
bromthymol bue.

* Comments on coiony appearance,
Relating to strain efficiency:

* Effectivepess® with individual piant
species (and accessions).

& Acetylene reauction {per plant and per
unit weight of nodules).

A catalogue which ncludes those
parameters of wide interest (marked with
an asterisk above} was puplished and is
avallable from the Beef Program on
request,. A compact, sturdy kit which
facilitates surface sterilization of legume
root nodules and the transfer of nodule
bacierta onto culture plates has been
developed for use by plant explorers
during prolonged collecting expeditions in
remote regions, The main advaniages
offered over conventional collection
methods based con reirieval of dessicated
nodules are that the success rate with
isolations from small nodules (especially
from Srylosanthes spp.}) is increased from
12 to 835 percent and that guarantine
regulations prohibiing the importation of
plant mawenal and/or soil are not
applicable to this system.

STRAIN SELECTION

The fives stages of strain sgigction are
described in Table 23, The following is a
summaty of the trials conducied during
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Table 23, Procedure for Rhizobium strain selection,

Method

Stage To assess

I Genetic
compatibility

I Nitrogen
fixation
potential

1§} Physicai and
chemical stress

39 Biological and
chimatclogical
stress

¥ Range of

applicability of
recommendation

Inoculation of plants cultured aseptically
in agar deeps of Hensen's medium in 150 % 25 mm
tubes. Five replicates. Dala: + or -nodulation

inoculation of plants cultured in Leonard jar
assemblies using washed river sand as rooting
medium and Norris and Date'’s nutrient solution.
Five replicates, Data: dry matier and N contest.

Inoculation of plants cultwred i pats of sterilized
{methyi bromide) site sotls, Five replicates,
Data: dry matter and N content

Field trial of three best strains from HI inoculated
by three techniques (simple inoculation, lime
pelleting and rock phosphate pelieting). Randomized
complete block design (3 replicates) using

4 % 2 1 plots with | m drainage canals around
cach. Data; dry matter and K conent; % nodulation
due to inoculant strain.

Regional irial of inoculation recommendation
istrain and technology) compared wilh uninoculated
and nitrogen fortiiized plots, Threo

rephicates. Paia dry matter and N conlent; %
nedulation due te inoculant stran,

1977 (no trials were done in Stages IIT and
V).

Stage 1

Desmodium heterophyilum (CIAT 349)
was nodulated by 10, and Desmodium
ovalifolium (CIAT 350), by 35 of a total of
39 Rhizobium strains originally isolated
from Desmodium species (Table 24).

Stage II

In an evalvation of 48 strains (all
Centrosemna isolates) with the Centrosema
hybrid CIAT 1733 (C. brasilianum x €.
virginianum) the commercial strain for
pribescens was only partially effective,
whereas several local isolates (CIAT 193,
221, 224, 227, 594, and 602) wers outstan-

Boof Program

ding, giving higher dry’matter yields than
those plants that were grown with com-
bined nitrogen (Fig. 20}. The best two
straing (CIAT 583 and CIAT 584) were
isolated at CIAT from dessicated nodules
collected i Mexico from C. brasilianum,
one of the parents in the cross, The black
nodule strain C 1012 ({CIAT 49) was among
the most efficient strains. Crude protein
content (Kjeldahl Nx£.25) of shoois of
plants with efficienit symbioses averaged
20.7percent, compared to 6 percent in non-
nodulated plants, 11.3 percent in plants
with nitrogen available in the media, and
12 percent in inefficient symbioses.

In a trial of 35 strains with Desmodium
distortion {CIAT 335), the current
Australian recommendation for D, imtor-
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Table 24.  Contrasting compatibility ranges of Desmodium heterophyifum (CIAT 349) and Desmodnin
ovalifolium (CIAT 358 with 38 Rhfzobium strsins.

CIAT CIAT!
Strain Desmeodium Desemodivm Strain Desmeoxdium Desmodium
No. Aeterophylitm ovalifelium  No, heterophylium ovalifolium
i3 3 + 26 - N
31 * ~ 267 + =
46 - \ 298 . +
59 - + 99 - +
B0 + + 304 . +
109 + * 3 - -
o4 - + 329 ® +
187 - + 333 - *
259 - . b . +
by - . 338 + *
282 - + 7 + 4
283 - + £12 - +
284 - * b ¥4 + +
288 - + £33 R +
289 - + M - -
20 - ¥ 572 + s
291 - + 573 - +
23 . + 592 . N
294 - “ 593 - +
295 . +
All strains isalates from noduies of Desmodium wpeeles. * = Nodulated itwe or more of the Hve eepii dulatedhm N

Dy matter {g/plant}

4.9
Nitrogen
contral ",
0.6
1
Uninooulated
0.3~ control
| i
o LEEETEEELE LA
Yy

Rhizpbium strain
Figire 20, Rhizobium strain selection for Controsema hybrid (Stageil). (*  Upper confidence limit (95%} to
mean of uninoculsted control.}
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Nitrogen
Lo comntrol

I

0.5
Usninoculated
control
ol l I l ) l ' .. . 3
”ow R L (=Sl Rl T N ”y 4
AR BRR TS YR CRERRIENREFRBEET825RED

Figurs 21. Rhizabipm straln selection for Desmodium disioraim {Stage ). (* Upper confidence Hmit
{95%} to mean of uninoculated control.)

funm (CB 627) was ninth in efficiency order percent more dry matter than CB 627. The
{Fig. 21). CIAT 512 and 533 gave 33  best strain in the test (CIAT 512) was the

Dry matter {g/plant}

506 myg
0.2 Mitrogen ‘
control
Uninoculsied
control
‘ * *
N ) iy N : ]
R R I S R RN - ] PEARRERBERG

Figure 22, Rhizobium sirain seleetion for Desmodian heterophylhim (Stagelln(* Upper confidence limit
{55%) to mean of unincculuted control.)
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only one originally isolated from nodules
of D. distortum,

D. heterophylium is known to be specific
in its Rhizobium strain requirement. Only
seven of 37 Desmodium isolates formed
effective associations (Fig. 22). The
Australian recommendation {TB J0835) for
D. heteraphyilfum was efficient in this test,

Stage IV

Ten field experiments of the standar-
dized design outlined in Table 23 were
sowd, six at Quilichao and four at
Carimagua.

Quilichao. Inoculation of Galactia
striata (CIAT 969) with Rhizobium strain
CIAT 378 increased the dry matter yield 20
percent and the percentage protein of cut
forage by 18 percent during establishment
(Fig. 23}; at the second cut, however, dry
matter yvield of inoculated plots was not
significantly  different from the un-
inpculated  control. The Centrosema
hybrid (CIAT 1733) responded slightly to
inoculation with CIAT 390 and CIAT 594,
with no consistent effect due to the
inoculation method (Fig. 23). Stylosenthes
guianensis (CIAT 136} responded to
inoculation with all three strains, and rock
phosphate-pelleting  was  consistently
superior to lime-pelieting (Fig. 23). Simple
inoculation, ie wetting sceds with an
aqueous suspension of inoculant, was
adequate for the strains CIAT 71 and
CIAT 702 (isolates from acid soils) but not
for CIAT 79 (CB 756} a wide-spectrum
cowpea strain, Plots inoculated with CIAT
71 were markedly superior to all others at
weekly visual assessments during the first
two months of establishment but less so
during the third month. By the time of the
first cut {14 weeks after sowing) plots
inoculated with CIAT 71 did not differ
significantly from those noculated with
CIAT 79, CIAT 71 had proven much more
efficient than CIAT 79 in Stage 11 and
Stage HI {CIAT Annual Report, 1976).
This early advantage from inoculation
with Rhizobitm suggests its exploitation
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as a strategy to impart early vigor to
legumes whichk are notoriously slow to
establish in mixed pastures.

Carimagua. Macroptiliom sp. (CIAT
535) responded to inoculation with all
three Rhizobium strains (Fig. 24). CIAT
318 was the most effective strain and lime-~
pelleting was the best inoculation
technclogy. These results contradict
traditional concepts that Macroptilium is
unresponsive to Rhizobium inoculation
and that slow growing (tropical) rhizobia
should not be lime-pelleted. Trials with D
ovalifolium, S. capirata (CIAT 1019) and
5. capitata (CIAT 1078) are in progress.

INOCULATION
RECOMMENDATIONS

An inoculation recommendation has
been made for each promising legume
accession under evaluation (Tabje 25).
Although preferable that each recommen-
dation is based on field evaluations (Stage
¥} 1 has been necesary to make tentative
recommendations based on early screening
stages or, in the case of accessions still
pending investigation, Australian
recommendations. In a few cases, tentative
recommendations were made on the basis
that the strain was isolated from the same
species,

INOCULANT CARRIERS

Peat-based legume inoculantis available
for ail accessions for which inoculation is
recommended {and also for all
agriculturally important forage legumes).
Finely-milled peat is widely accepted as the
most satisfactory carrier for rhizobia butis
not available in many countries, or is of
variable and unpredictable gualiy, In
Colombia peat from only one of nine
deposits tested for use as an inoculant base
exhibited satisfactory survival of rmzobia.
The inconvenient location of this peat
source and suspicions about quality
variability within the deposit was the
metive for comparative evaluation of peat
with coals from three local mines.
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Pry matter {¢; ha)

2 . .
Z Galaciia striata — Gaiactia striata
{15t cut Hb wks) {2nd cut 16 wky)
f i— —
CIAT CIAT CIAT CLAT] [ CIAT CIAT
426 55K 378 426 558 278
0 L)L oL UL L LI L)
12 345 & 78 9161 i2 12 343 & 78 gy 12
3 2
Centrosema hybrid i Sivlosanthes guianensis
{14 wks) — 1 (14 wks) . ]
I+ B = N
CIAT CIAT Clat ; CIAT CIAT CIAT
48 396 5594 5 71 702
ol L1 Ld ol LI -
t 2 345 6 7% LRV B s o2 143 6 7 8 31014 12
Treatments

Treatments: {1) Notfertilized, not inoculated; {2) Fertilized (no N), notinseulated; ( 33, {63, (%) noculuted waith
aqueocus suspension of Rhizobium; (4), (7), (10} Inoculated with Riizobium, lime-pelleied; (5 (51 ¢11)
Inoculated with Rhizobium, rock phosphate-pelleted; (12) Fertibzed (106 kg N haj, not inoculared.

Figure 23. Rhizobium strain selection Stage IV (field tria}, Quilichao),
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Dry matier (kg ha) The survival of rhizobia in coal- and

800 T peat-based inoculants was determined by
Macroptiim sp. the plant dilution method. Peat afforded
best survival, having 1.2 x 10°
Ol - | rthizobia/gram of inoculant after six
e months of storage. One of the three coals
: 1 ™1 — tested supported acceptable survival of
: rhizobia {Fig. 25) but could not be
00+ e recommended as an inoculant base due to
= — . . .
; its tendency to aggregate into hard lumps
§ during storage and to resist wetting at the
; i tme of seed inoculation.
zw!—“m CIAT | | cat | | ciar
% 19 318 319
oles L |
i 2 3435 678 911011 {2
Treptments

Treatments: See Figure 23.

Figure 24, Rhizobium strain sefection Stage IV
(field trial, Carimagua).

Tabie 25.  Current inoculation recommendations for promising forage legumes (31 Qctaber, 1977)

CIAT
Species No, Strain Technology Basiyt
Alvsicarpus sp. 106 CIAT 503 Ruck Phosphaie Pellet 85
Cenirosensa sp. 1733 CIAT 594 Rock Phosphate Peifet LIL Y
" 1787 CIAT 3554 Rock Phosphate Peiier HE 1LY
* 845 CIAT 554 Rock Phosphate Pellet HETIEAY
Desmodivm barbotian 3063 CIAT 359 Rock Phosphate Pellet 58
" canum s e -
disiortum 335 CIAT %12 Rock Phosphate Pellet 8541
v heterocarpor 355 e -
' heterophylium 349 CIAT #0 Rock Phosphate Fellet AUS I FB
lecni 3001 — —
pyvalifolium 350 CIAT 4% Rock Phosphate Peilet I1; 1¥: FB
searpiurus 322 - o
" sp. 336 e -
" sp. 3019 e e
Glveine wighiéi 201 CIAT 79 Rock Phosphate Pelley AUS
" " 204 CIAT Rogk Phosphate Peifet AUS
Macraptilium sp. 535 CIAT 318 Lime Peliet iV
Pueraria phasecloides {(commony CIAT M Rock Phosphate Pellet AllS
Stvlpsanthes capitma 1619 CIAT 7 Rock Phosphate Pellet I FB
- v HOTR CIAT 7 Rock Phosphaie Peliet Hi FB
" 1097 CIAT 7t Rock Phosphate Pellet tH
! 1405 CIAT 7t Rock Phosphate Pellet 3§

Basis: ALS # Asstralian recommendatien; S5 Isolate from sume species. FH = Fond Buck Progien: e Steaa hiduim
Slages: §= Tube culture: U= Lesnerd s Hi= Pot tnal; IV= bald dral v = Regivnal tog:
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Table 25. {continued;

CIAT
Species No. Strain Technology Basis!
5. gulanensis 644 CIAT 7 Rock Phosphate Pellet 1,1}
v " 136 CIAT 71 Rock Fhosphate Pellet LG UKLV, FR
' 184 CIAT 71 Rock Phosphate Pellet I H
1133 CIAT {11 Rock Phosphate Pellet ALS
v 1200 CIAT 1i) Rock Phosphate Pellet Als
" 1062 LIAT 11 Rack Phosphate Pellet AlS
8. hamata Ig CIAT 71 Rock Phosphate Pellet HH
- " 147 CIAT H Rock Phosphate Pellel HE
8. humidis 1364 CIAT 71 Rock Phosphate Peltet 1
8. scabra 1047 CIAT 71 Rack Phosphate Peliet Hi
5. svmpodialis 1044 CIAT 71 Rock Phosphate Pellet iy
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Figure 25, Survival of rhizebis in four prospective carrisrs,

Soil fertility research is conducted by
program soil scientists with the purpose of;
{1} identifying soil limitations where field
research is undertaken; and, (2) to develop

Beasat Pragram

Soil Fertility

more efficient methods of fertilizer
management. Emphasis during 1977 was
on characterizing the soil properties at the
new CIAT-Quilichao station, determining
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Tabie 26,  Characteristics of the main soils af Quilichao, Carimsgez and Cerrado Center Stations,
Exchangeable cations
(g (e 160 g} Aj Ak, Avail.
Horizon {lay  Sand pH C satn P b0
{cm) (%) % (H:0) (% Al Ca Mg K ECEC (% (ppmi %y voll
CIATQuilichao Ultisol (Orthexic Palehumult, clayey, kaolinitic, lsohyperthermich.

(-20 71 [ 4.1 4.1 27 65 43 36 4.2 251 l.& ih
20-35 77 5 4.0 23 23 3 4 13 32 83 11 13
3362 54 2 4.1 1.1 2 4 02 09 i 4] 0.9 15
62-91 38 | 4.4 64 1.4 A3 o2 ke 1.4 77 iy 4

91-150 1] t 4.4 4.3 20022 61 &4 2.3 85 H P4
Carmmagoa: Oxisol (Typie Haplustox, clayey, kaolinitic, isohyperthermic),

-2 i3 12 4.5 22 18 02 02 44 47 81 0.9 9
12-32 41 i 4.6 1.2 28 6l &1 0.1 kN &9 0.4 7
12-38 43 11 4.8 a9 2 049 [ Gl 2 Sl 0.4 5
5888 45 iz 3.2 G4 8.7 04 0.1 Gl 9.9 78 .4 3

88143 45 12 5.1 63 06 00 01 01 0.8 ) u4 7
Cerrado Center: Oxisol {Typic Haplustox, fine, kaolinitic, sohyperthemic - LVE)L

G149 45 36 4.9 IR 13 .4 Rt 24 o ir Li
{43-15 4% kLS 4.8 12 20 0.2 o5 22 9 i t
3570 47 35 4.9 69 1.6 g2 03 i8 B L, 9
-158 47 38 5.0 0.7 1.3 0.2 EH 17 i i 9

1 §0-264 42 34 4.6 G.3 6.7 02 @2 [IRY 6 . Pl

T Bray [ extraction method

the limiting soil factors at that location,
and evaluating sources and methods of
phosphorus application in Oxisols and
Ultisols.

S0OIL PROPERTIES AT THE
PRINCIFAL RESEARCH SITES

Representative profiles of well-drained
positions at Quilichao, Carimagua and

A-44

Brasilia are shown in Table 26. Allsitesare
very acid, with surface pH values ranging
from 4.1 to 4.9, with toxic levels of
aluminum saturation. They are very lowin
available  phosphorus, exchangeable
calcium, magnesium, potassium  and
several micronutrients. The basic cation
contents of Quilichae however, are con-
siderably higher than at Carimagua and
Brasilia, but still very much within the
realm of acid, infertile soils,
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Because of their high clay contents and
the presence of iron and aluminum oxides,
the three locations have a high capacity to
fix fertilizer phosphorus, The phosphorus
fixation curves in Figure 26 indicate an
extremely high fixation capacity —on the
order of 620 to 750 ppm phosphorus for
Quilichao and Brasilia, and about one-half
that amount (350 ppm) for Carimagua.
For comparison, the phosphorus fixation
level of the Mollisol from CIATs head-
quarters at Palmira is about SO ppm of
phosphorus.

A detailed soil survey of CIAT-
Quilichao was contracted with the Cor-
poracién Auténoma Regional del Vatie del
Cauca (CVC) at the scale of 1:20,000. The
soil map indicates little variability from the
profile shown inTable 26 on plateau and
slope positions, all of which are classified
as Orthoxic Palehumults. The poorly-
drained soils in  lower topographic
positions are also extremely acid and low
in exchangeable bases, indicating that the
entire landscape is base-depleted, similar
to conditions at Carimagua and Brasilia.
The poorly-drained soils are also Ultisols
but are classified as Umbric Paleaquults.

P sorbed {ppm)

12()0& l

i

Brasilia H
Quilichao !
i

O

g

& Carimagua !

O| Palmirs 1/

00

800

01 o
P in solution {ppm)

Figure 26. Phosphorus fization isotherms of
research  sites st Brasilia, CIAT-Quilichao,
Carimzgua and CIAT -Palmira,

Beef Program
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Figure 27. Response of Centrosema plumieri to
missing nuirient elements in the Quilichao LUltisol.
(Dry maiter production, af first cutting, mean of four
replications.}

Detailed mineralogical analyses conducted
at North Carolina State University (USA)
show that kaolinite and halloysite are the
dominant layer silicate minerals. The well-
drained soils average 15 percent free Fe20;
and 11 percent free Al,O1 contents, which
account for their high phosphorus fixation
capacity.

FERTILITY LIMITATIONS
AT CIAT-QUILICHAQ

A series of greenhouse experiments were
conducted with the topsoil samples of the
Quilichao Ultisol described in Table 26 in
order to describe its fertility status. A
missing element trial showed this soil ta be
extremely deficient in phosphorus, sulfur
and boron and, to a lesser extent, calcium
(Fig. 27}). The extremely low vield of the
check  plot created the suspicion of
aluminum and manganese toXicity,

The magnitude of phosphorus response
was then tested with Panicum maximum
and a Centrosema hybrid (CIAT 1733).
Both species responded sharply to
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Dry matter production {g/ pot)

Panfcws:a maximurm J )

8f /

Y g .
]

4 A" Centrosema hybrid 1733
2
f o
48 60 120 240 480 1200
Phosphorus applied
(kg P20 s/ ha}

Figure 28. Phosphorus response by a grass and a
fegume species in the Quilichao Ultisol. (Sum of twa
cuts and mean of four replications.}

superphosphate  applications but the
amounts required to approach maximum
yields were higher in the grass than in the
leguma. The response curves show the first
inflection point at 40 kg Py05/ha for
Centrosema and 60 kg Py05/ha for P
maximum, but each species yielded only 56
percent of its maximum at those levels
(Fig. 28). The subsequent gradual increase
may be related to the ameliorating proper-
tics of superphosphate although soil
chemical analysis did not show marked
differences,

An estimation of critical soil test
phosphiorus levels in the unlimed Ultisol is
shown in Figure 29. In both cases, the Bray
1I critical level is about 3 ppm phosphorus.
In order to obtain about 80 percent of the
maximum yield, these two figures suggesta
broadcast rate of about 240kg P, 05/ hafor
either species.

The relationship between pH percentage
aluminem saturation and exchangeable
manganese as 4 fuction of liming are shown
in Figure 30, The buffering capacity of this
soil 13 extremely high, probably because of
its high organic matter content. In order to
raise. the soil pH to 5.5 approximately 16
tons/ha of CaCOj3 are nesded. The
contrasting lime response of three forage
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Figure 29, Estimation of the critical phosphorus
levels in the Quilichao Ultisol in the greenhouse. {Sanm
of two cuts and meas of four replications.}

legumes is shown in Figure 31
Stylosanthes guianensis 136 vielded best
without lime applications, confirming its
tolerance to the relatively high aluminum
saturation and exchangeable manganese
levels. The decrease at high lime rates is due
tp a calcium:magnesium inbalance. The
Centrosema hybrid (CIAT 1733) showed a
marked response tothe |t/ ha lime rate and
decreased afterwards. The reasons for this
response  are unknown. Cemtrosema
plumier], a species adapted to high pH
soils, required 8 t/ha of lime to approach
maximum yields. This figure underscores
the importance of selecting for aluminum
tolerance as part of CIAT's low input
strategy.

In summary, the Quilichao Ultisol is
extremely deficient in phosphorus, sulfur
and boron, moderately deficient in
calcium, potassivm and nitrogen and
alominum toxic for certain species.
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Figure 31 Lime respunse of three lurage legumes
in the Quilichac ¥ ltivol under greenhuuse conditions.

ROCK PHOSPHATE EVALUATION

Direct application of rock phosphate 1o
acid soils offers a promising low-cost
alternative for supplyving this element in
Oxisols and Ultisols that are both extreme-

Beat Program

Iy deficient in phosphorus and fix large
quantitics of phosphorus fertilizers. Since
late 1975 CIAT has been evaluating the
various rock phosphate deposits found in
Latin America. In July 1977 a special
project on phosphorus was established,
with International Development Research
Centre (IDRC) financial support as a
collaborative proiect between the Inter-
national Fertilizer Development Center
{IFDC) and CIAT, IFDC has stationed
two of its senior scientists at CIAT to
conduct this work, The project is an
integral part of the Beef Program although
work with other crops is also done, and is
described elsewhere in this annual report.

Initial greenhouse experiment. Figure
32 shows the results of initial evaluation in
the greenhouse with Pamicum maximum
growing on an unlimed OGxisol from
Carimagua. High reactivity rocks from
Sechura{Peru) and North Carolina (USA)
were superior to t{riple superphosphate
applications and similar to basic slag. The
two Colombian rock phosphates, Huila
and Pesca, considered of medium ard low
reactivity, respectively, were less efficient
than superphosphate. Figure 32 also
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Dry maiter (g: pot}

%P  RAE |
& Sechura R.P 56 94
{ & N Carolina R.P, 8.7 82
< Basic Slag 4.5 100
T Trple I
Superpnosphate 20.3 62
G Huiia R.P. 14 4}
™ Pesca R.P. 1.9 27
20

50 100

Pnospherus applied {ppm)}

Figure 32, Effect of sources of prospharus on
Fanicum maximum dry matier production (sum of
three cuts} grown in the Curimagua Oxisel without
litning in the greenhiouse. {% P = citrate-soluble P of
entire matenial; BAE = reiative  xgronomic
effectiveness.)

illustrates the Relative Agronomic Effec-
tveness (RAE) of each rock retative 1o
basic slag. The poor response to
superphosphate is probably related 1o
inhibited growth by the low caicium and
high aluminum saturation level of the soil.
The Sechura and North Carolina rocks
and basic slag ametiorated the soil because
of their calcium release properties.

The relative availability of phosphorus
from phosphate rock sources has been
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shown to be weli-related to the citrate-
soluble phosphorus content of the
material. The correlation between citrate~
soluble phosphorus in the phosphate rock
and yield or phosphorus uptake was highly
significant and improved as the rate of
application increased. The citrate-soluble
P2:0s of the phosphate rock was better
correlated with vields when expressed as
*percent of the rock” rather than ¥percent
of total P+ Os in the rock” (Fig. 33).

Diiferences in reacuvity of phosphate
rocks were also refiected in the soil test
parameters. The cirrate-solubic P;0;
content of the phospnate rocks was well-
correlated with Bray I exxraction. Higher
crop response was observed with the
phosphate rocks than with triple
superphospnate at a given level of Bray |
extractable pnosphorus {Fig. 34)." This
suggests that P maxirtum was responding
to the calcium supplied by the phosphate
rock in addition to tne phosphorus.
Citrate-soluble phosphiorusin the rock was
significantly correlated with the concentra~
tion of waier-soluble phospnorus in the
soil at the 200 and 400 ppm phosphorus
rates. At the 50 and 100 ppm phosphorus
rates, however, there was not a significant
correlation,

Dry mauer {g: pot)

# 40ppm P !
v =95

4| 200 ppm P
r =93

Pt At S *
O 100 ppm P !

i i om RF 1

& 50ppm P
= 67

G Carac-solubie Moty O1 rock prnospnate

Figure 33~ Reintionsnip beiween yieid of (hree
eultings of Panicumt maxpmn ana chrse somole
phosphotus in reck phospusate (Sig. #.01 levet)
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Figure 34. Relationship between yield of thres
cuttings of Pamicuen maximuem and Bray Pl
extractgble phosphorus messured 96 days after
application to & Carimagus Qxisol in the greenhouse,

Phosphorus uptake by P. maximum was
linearly correlated with water soluble
phosphorus{r= 0.918**), Drv matter yield
was related to water soluble phosphorus by
one curvilinear relationship for the
phosphate rocks and basic slag, and
another curvilinear relationship for triple
superphosphate (Fig. 35).

Yield {g; pot}
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2 b 2 S
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Figmee 35, Relationship between yield of three
cuttings of Panicum maximum and water soluble
phosphorus in a Carimaguz Oxisol, in  the
greenhouse.

Beel Program
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Ficeld Experiment. A long-term field
experiment with Brachiaria decumbens
was established in May 1976 at Carimagua
to compare effects of six rock phosphates
with triple superphosphate. Application
rates range from 010 400 kg P05/ ha, all
broadcast and incorporated into the
topsoil. The first four cuts of this experi-
ment were harvested at 3, 6, 13, and 16
months after phosphorus applications.
The lag between the second and third
harvest includes the dry season.

The absolute and relative yield responses
are shown in Figures 36 and 37, respective-
ly. Triple superhosphate was only superior
to rock phosphates during the first cug
afterwards all rock phosphate sources
increased their effectiveness with time,
approaching or surpassing the vields from
superphosphate during the third and
fourth cuts. The overall results during the
first 16 months show that the high
reactivity rocks Gafsa and Sechura were
105 and 99 percent as effective as
superphosphate; the medium reactivity
Huila rock was 91 percent as effective, and
the low reactivity rocks, Tennessee and
Pesca, were 87 and 88 percent as effective
as triple superphosphate.

Figure 37 shows excellent performance
of low and medium reactivity rocks not
previously reported elsewhere. Normaily,
phosphorus from these rocks is very
unavailable during the first year. By
keeping the pH low (4.6 to 4.8), the soils
became, in effect, an efficient
superphosphate factory. By using a species
tolerant to the high levels of aluminum
saturation encountered (72 to 85 percent),
the low pH did not affect growth. Totaldry
matter produced was 13.1 t/ha in 16
months, without irrigation and a basal
fertilization of only 50 kg N, 100 kg K30
and 20 kg S/ha. This indicates a very
exciting potential for the medium and low
reactivity rocks, so common in Latin
America, as an important component of
the Program’s low input strategy.
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Figure 36. Dry matter yield of four cutfings of Brachiaria decumbens ws sifected by rate and source of
phosphorus in ¢ Carimagua Oxisol,

An evaluation of the residual effect must  appraise the value of such applications. An
continue for several years, in order to fully exira set of treatments of annual
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Figure 37. Initital and residuat effects of five phosphaie rocks relutive to superphosphate applications on
Brachiagria decurnbens vields in an ©xigol from Carimagus. {Percent figures indicate Relative Agronomic
Effectiveness; maximum yields for each cut shown in parenthesis as t D.M./ha)

applications of triple superphosphate is
being included for comparison.

Figure 38 shows that the application of
the differsnt phosphate rocks and soluble
phosphorus  fertilizers modified some
chemical properties of the soil measured
12 months after application. This
modification is more pronounced when
phosphorus is applied at 400 kg P> Os/ha.
Available phosphorus, measured as Bray [,
increased substantially in the soil after
application of triple superphosphate and
high to medium reactivity rocks like Gafsa,
Sechura and Central Florida. Changes in
pH were not significant, but increases in
exchangeable calcium were remarkable in
the high reactivity rocks. Applications of
400 kg P20s/ha of Huila tripled the
exchangeable calciutn in the soil, while the

Buef Prograin

same amount of Sechura rock doubled it.
These changes produced a decrease in
aluminum saturation from 85 to 72 and 78
percent, respectively.

The greenhouse and field results show
that direct applications of low (Pesca),
medium  (Huila) and high (Sechura)
reactivity Latin  America rocks to
aluminum-tolerant  grasses such  as
Brachigria and P. maximum are superior
to triple superphosphate in Oxisols of the
Llanos of Colombia. A rate of 100 kg
P20s5/ha appears optimum. Considering
the low relative cost of akilogram of P20
as rock phosphate compared with
superphosphate, rock phosphates can
significantly lower pasture establishment
costs in the impact area,

A-51




P {ppm), Bray |

Exch. Ca, {(meq/i00 g)

10%‘%\.
9

8

-~

6

i’
|
|
|

T

| B.
|
|

_ L

; e TSP e TSP
i I ‘ O Sechura R.P. = Sechura R.P.
o 4 Pesca RP ‘ ‘ ‘ & Pesca R.P.
- 5 Huila R.P. : ‘ | } & Huila RP.
ol o aaslli
0 S50 100 400 0 50 100 400
Kg P05 ha

Figure 38. Chemical properties of a Carimagua Oxisol supporting Brachiaria decumbens as affected by rate
and source of phosphorus, measured 12 months after application.

THERMOPHOSPHATE
EVALUATION

Fused magnesium phosphate(FMP}isa
phosphorus source produced by fusing
rock phosphate with magnesium and
silicate, usually supplied in the form of
serpentine or a related material The
product is a glass whose chemical
characteristics are very similar to basic
slag. The latter has been shown to be more
effective than triple superphosphate in

A-B2

Colombian Oxisols, but unfortunately, the
supply is very limited.

This experiment was designed to com-
pare the FMP produced in Japan with two
other thermophosphates produced with
native Colombian phosphate rocks and
with other phosphorus sources in use.
Materials were evaluated in the greenhouse
with Stylosanthes guianensis (CIAT 136)
on Carimagua Oxisol. Treatments with
magnesium (as MgO) and silicate (as
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calcium silicate slag from TV A)equivalent
to the amounts contained in FMP were
included to separate the possible con-
tributing factors, Lime was aiso included
to separate the effect of the liming capacity
of the calcium silicate from the possible
heneficial effects of silicate anion,

Drry matter yields of the average of two
cuttings are in Figure 39, In general, 8.
guianensis responded up to the highest rate
of phosphorus applied. Only when the
phosphorus source was TSP was the
increase in vield between the two highest
rates not significant. On the other hand,
when TSP was mixed with MgO and
calcium silicate or lime the response was
almost linear.

When FMP was added to the soil yields
were comparable to those produced by
fertilization with basic slag supplemented
with MgO and much higher than those of
the TSP treatments.

Yields were not very ditferent dug to the
use of coarse or fine FMP, but coarse
Rhenania phosphate presented the lowest
yields in this experiment. The Huila(Huila
phosphate rock fused with serpentine} and
Pesca thermophosphates {Pesca
phosphate fused with dolomite) give better
yields than TSP and coarse Rhenania
phosphate, but were very similar to those
produced using Huila phosphate rock
mixed with MgO and calcium silicate. The
results in Figure 39 also show that both
magnesium and silicon are probably
Limiting the phosphorus response of §.
guianensis n this soil.

Soil analyses did not show important
variations in the chemical properties of the
soil, except for available phosphorus
measured as Bray 1-P. There was little or
no  influence in  the exchangeable
magnesium of the soil. On the other hand,
the thermophosphates and the Huila
phosphate rock with MgO and calcium
silicate increased appreciably the percen-
tage of phosphorus and magnesium in the
tissue of Styfosanthes. The use of TSP or

Baeft Program

Rhenania phosphate decreased  the
magnesium conient of the tissue. Calcium
content was also increased by the applica-
tion of these thermophosphates to the soil.

SILICATES AND MAGNESIUM
APPLICATIONS

In order to study the effect of silicates
and MgO on the response of §. guianensis
(CIAT 136} to phosphorus, a greenhouse
experiment was established using an
Gxisol  from Carimagua. Triple
superphosphate and Huila phosphate rock
were the phosphorus sources. Magnesium
oxide and calcium silicate were mixed and
applied with the phosphorus sources at
three different rates butalways keeping the
same ratio MgO: 8i0, of 0.75: 1040,

Dry matter vields of the first cut are
shown in Figure 40. When no phosphorus
was added to the soil, stylo responded
slightly to the first increment of MgO and
5102 but no response was detected
afterwards. With added phosphorus, the
response to MgO and calcium silicate was
appreciable for the lowest level of these two
compounds when TSP or Huila phosphate
rock were used. Magnesium oxide and
calcium sificate produced strong yield
responses at high rates of TSP, Stylo yields
are not markedly influenced by
applications of MgO and ¢alcinm silicates
when high levels of phosphorus are applied
as Huila phosphate rock. It is possibie that
high rates of phosphate rock are adding
enough calcium, magnesium and silicate to
the soil to supply the plant requirements.

MIXING PHOSPHATE ROCKS
WITH TRIPLE SUPERPHOSPHATE

One  possibility for improving
phosphorus  availability in  phosphate
rocks ¥ by mixing them with acid-forming
substances like sulfor or triple
superphosphate. Two greenhouse ex-
periments were conducted using mixtures
at different ratios of Huila phosphate rock
and labeled triple superphosphate in a
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Figure 39, Dry matter yield of two cuttings of Stylosenthes guianensis 136 as alfecied by rate of phosphorus
with Mg(, CaC0; and 503 and by different thermophosghate, on 2 Carimagus soil in the greenbouse,

Carimagua Oxisol and Quilichao Ultisol. maximum were used as indicator plants,
Desmodium distornum {CIAT 335)and P.  respectively, Figure 41 shows that yields
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Figure 40, Dry matter yield of one cut of Stylosanthes guyenensis 136 as affected by rates of Mg0 and 5:0,

and by rete and source of phosphorus on a Curimsgus soil in the greenhouse.
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increased with the addition of tniple
superphosphate to the rock.

In the Uhisol from CIAT-Quilichao
P. maximum responded almost linearly to
phosphorus fertilization and there was no
appreciable difference in yield by the useof
100 percent Huila phosphate rock or triple
superphosphate and the mixture of the two
products {Fig. 42}. Only at high rates of
phosphorus did the grass respond mark-

% HRP 100 75 50 2% g edly to the increase in soluble phosphorus
% TSP g 25 50 75 qo0  inthe fertilizer. It seems that P, maximum
. , can use phosphorus from insoluble forms.
% of HRF and TSP inthe mixture  The mixyures of soluble and insoluble
phosphorus sources, therefore, are of

Figure 41. Dry matter yield of Desmodium limited value in such circumstances.

distortum CI1AT 335 as sffected by rate of P and
mixtures of Hulla reck phosphate ¢HRP} and triple
superphosphate {(T5P) on 2 Carimagus soil in the
greenhouse.

Beef Program
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Figure 42 [3ry matter vidd of Panfoum masimum as affected by rate and minture of phosphorus sources on
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Plant Nutrition

The natritional requirements of many
grass and legome species of interest to the
Beef Program are not well understood,
During 1977  studies conducted by
agronomists and soil scientists provided
new information om {1} tolerance to soil
acidity (aluminum toxicity) amd response
to Himing, and (2} tolerance to low available
phosphorus, A Plant Nutrition section will
be established with the arrival of a fult time
senior scientist in 1978,

ALUMINUM TOLERANCE

Fourteen grass and 24 legume species
have been planted on existing lime blocks
at Carimagua to study their tolerance to
aluminum. Lime levels are 0, 0.5, 2 and 6
1/ha of calcium carbonate equivalent as

A BB

deseribed in previous annual reports,
which provided topsoil aluminum satura-
tion values of approximately 90, 85, 50,
and 10 percent respectively. Dry matter
yields were recorded in a series of harvests
and the average yields forali cutsto date as
affected by lime levels are shown for 11
grasses in Figure 43, Excellent aluminum
tolerance was observed for a number of the
mast important grass species including
Hrachiaria  decumbens.  Andropogon
ravanus, Panicum maximum, and other
species of Brachiaria, all of which ap-
proached maximum yields at the 0 or 0.5
t/halime levels. In the case of 4. gayenus,
B humidicole and B. radicans, maximum
vields were attained without lime
applications. In contrast, Hyparrhenia
rifa, @ very cammon grass throughout the
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tropics, responded strongly to the relative-
ly high level of 2 t/ha. This cbservation
confirms greenhouse experiments con-
ducted in 1976 in which six tropical grasses
were grown in solution culiures ranging in
aluminum concentration from 010 4 ppm.
The effect of aluminum on four species can
be seen in Figure 44. Cenchrus ciliaris was

Beef Program

the most severely affected of all the grasses,
followed by #H. rufa. P. maxiumum
reponded positively to the first increment
of aluminum and was adversely affected
only at the highest jeve! of aluminum. B
decumbens was unaffected over the range
of concentrations studied. H. refaisclearly
much more susceptible to aluminum
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Figure 44, The effect of aluminum concentration
on dry matier vieids of four tropical grasses grown in
solution culture.

toxicity than B decumbens in both
greenhouse and field trials, Yields of A
maximum were reduced at the zero-lime
level (highest aluminum level) in the ficld
as they were in solution culture.

Digitariz  decumbens appears to be
tolerant to aluminum, although the ab-
solute yield Jevels were rather low, A
Cyriodon hybrid (African Star Grass) and
Imperial grass (Axonopus scoparius}
responded strongly to lime. The grain
sorghum hybrid Taylor Evans Y-101 was
included because of reported aluminum

tolerance in the Cerrado of Brazil. The
strong response observed indicates thatitis
more susceptible to aluminum toxicity
than any of the forage grass species used.

Dry matter vields of eight legumes are
shown m Table 27, Thesedatg are fromthe
first harvest only. Magnesium was subse-
guently added to the zero lime treatment
which had not previously received that
nutrient. All other lime treatments had
received magnesium to maintain a cons-
tant calcium: magnesium ratio of 10:1 in
lime added. Some of the responses to 0.5
t;ha lime may well be to magnesium,
especially in the case of Desmodium
ovalifolium and Puerarie phaseoloides and
possibly in the case of Cemrosema
pubescens and the hybrid Centrosema sp.
1733, Stylosanthes capitata and Zornia sp.
728 are notable {or their vigor and lack of
response to lime, whereas C. plumierii is
obviously the most sensitive species io soil
acidity mn this group of legumes,

TOLERANCE TO LOW AVAILABLE
PHOSPHORUS

Twenty Stylosarthes  species  and
ecotypes  were  soreened  for  their
phosphorus requirements in a pot trial
with the Carimagua Oxisol using the
following levels of applied phosphorus: 0,
3, 10, 20, 30, 60, 120 and 240 kg P/ ha. The
critical level of phosphorus according to
the Bray Il soil test was chosen as an

Table 27.  Effect of lime on dry matter yields (kp/ha) of tropical legames, first eutting, 1977,
Lime (¢/ha}

Specied 0 03 7 6
Centrasema pluntier; 470 G 0 582 1058
Centrosema sp. 1787 45 912 2014 Fre9
Centroserna sp. 1733 356 1330 1568 1317
Cenrosema pubescens 680 129 16594 20133
Lesmodium ovalifolium 1118 2302 018 2450
Puerarin phaseolpides 1286 1688 1422 1434
Zorpig sp. 728 3000 3108 2686 2028
Strlosasthes capirata 019 23565 2381 3011 2458
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Figure 45. Exiernal phosphorus requirements of 12 CIAT forage accessions on Carlmagua Oxisol.

indication of the external phosphorus guirements were not successiul, because of

requiremient of the species. Attempts to

the small

changes in percentage

estimate the internal phosphorus re- phosphorus in plant tissue at the crucial
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Table 28

Relationship between phosphorus applied in the field and in the greenhouse to phosphorus

content (G P in dry matter) of plants of Andropogon gavanus

Rate applied (kg P;Os; ha)}

Test 0 10 20 40 60 8O 120 160 240
Greenhouse 0.10 0.09 0.10 - .10 - 0.12 - 0.15
Field 0.09 0.08 0.09 0.09 - 0.12 - 0.16 -

low phosphorus rates. This is shown in
Table 28.

The external phosphorus requirements
are given in Figure 45 using the Cate-
Nelson method to determine the critical
soil test level. Large differences among
forage species and ecotypes can be observ-
ed from this figure. The two lower rows
include accessions with critical levels of 4
ppm or less available phosphorus. There
are four accessions of S. capitata, a fine-
stemmed S. guianensis and one Zornia.
These accessions utilized limited amounts
of phosphorus more efficiently than
others. They are among the most promis-
ing entries for Carimagua conditions,
except for S. guianensis 1200 which does
not produce seed.

Three other accessions have a critical
level between 5 and 6 ppm phosphorus,
thus showing considerable adaptation to
phosphorus stress. Two of them: A.
gayanus and D. ovalifolium, are in the
most promising list for Carimagua con-
ditions.

Finally, three species have critical levels
higher than 8 ppm: Macroptilium 536, D.
leonii 3001 and D. scorpiurus 3022. They
are not well-adapted to Carimagua con-
ditions. The generally accepted critical
level of Bray Il phosphorus for crops in
Colombia is on the order of 15 ppm. All
forage species tested have lower
phosphorus requirements than most arable
crops, confirming the comparative advan-
tage of tropical pastures adapted to low
input management in Oxisol savannas.

Pasture Establishment and Maintenance

Two new Pasture Development units
were established this year at Carimagua
and Brasilia with the overall objective of
developing systems for pasture establish-
ment and maintenance at different levels of
investment in tropical savannas. The
different systems are illustrated in Figure
46, Studies will include: (1)} low cost
methods of establishing improved pastures
on native savanna; (2) establishment of
grass-legume mixtures after plowing native
savanna; {3) using crops as precursors to
pasture establishment at a somewhat
higher level of investment; and, (4) es-

A-60

tablishment of intensively managed grass,
legume or mixed pastures for small
irrigated areas or pockets of fertile soils to
provide cut forage for strategic supplemen-
tation. The maintenance requirements of
all these systems will also be studied, The
main variables involve land preparation,
planting methods and fertilization rates for
establishment and maintenance under
different grazing intensity. Work reported
this year concentrates on a new low-cost
pasture establishment system, and fer-
tilization requirements of the principal
grasses both at Carimagua.
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Figure 46, Outline of pasture establishment and maintenance systems for Oxisol-Ultisol savannas.

LOW DENSITY ESTABLISHMENT fertilizer are almost always limiting in
SYSTEM AT CARIMAGUA savaina areas. In the particular case of
improved pastures, seed or vegetative

Resources such as capital, labor and planting material is rarely available in
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sufficient quantity and is often very
expensive in the early stages of livestock
development programs. An experiment
was initiated in 1977 to study the feasibility
of low density plantings of ten species
expected to self-seed or spread via stolons
and provide an accepiable stand in one
year or less, taking advantage of the lack of
weed competition for several months after
land preparation and before fertilizer
application in Oxisols of the Colombian
Llanos.

A three-hectare field was prepared with
an offset disc to control native vegetation,
Fertilizer was initially applied only in the
planting hill in a manner to affect ap-
proximately 0.1 o¥, With a population of
100 plants/ha, the initial rate of
phosphorus application ranged from 0.5 to
9 kg P2O: /ha, Within the 0.1 m? treated
arca, phosphorus application rates ranged
from 50 to 900 kg P20y /ha. Potassium
applications ranged from O t 1.5 g
K20/ hill, equivalenttoOto 1.5kgK;O/ha
initial application and from 0 to 150 kg
K:O/ha for the area treated.

The second stage of fertilizer application
in the area between hills will be completed
after initial stolon development {or seed
production  from  non-stoloniferous
species) to avoid weed competition until
stands are assured. Brachiaria decumbens,
B humidicola, B. radicans and a Cynodon
hybrid were expected to spread primarily
via stolons although B. decumbens is
already  setting seed. Andropogon
gayanus, Panicum maximum, Zornia sp.,
Pueraria  phasecioides,  Desmodium
ovalifolium and Stylosanthes capitata
depend primarily on seed production for
self-propagation, but some also spread by
trailing stems. Five different fertilizer
treatments will be applied in the area
between hills in order to cover the range of
probable response of the 10 species which
vary in fertilizer requirements. All are
assumed to be reasonably well-adapted to
the acid soil environment.

A-62

Figure 47 includes results for four
stoloniferous grasses showing the response
to phosphorus and potassium in terms of
percentage maximum length of the four
longest stolons per plant and number of
soions per plant longer than one meter, and
in the case of B. radicans, stolons longer
than two meters. Stolon length was only
slightly affected by phosphorus, primarily
in the range of 0.5-1.0 g/hill for &
decumbens, B humidicolz and B
radicans. The Cynodon hybrid responded
up toe 3 g/hill, However, the effect of
phosphorus on number of stolons longer

5 Max Brachiaria decurmbens
length Stolonss ‘¢ Max,  Slolons>

& {m.plamt  lengh | plant
100 X
Ry L ..5....__.....%} g
50~ b
O Maxiength% | ! i

o ® No Stolons Lm per plant | |

Brachiaria humidicola

100 e -

5
. : ;,/M"““’}
; ‘ 41
oLl i ] M o
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% ey
80 ; Stoloms Zm ; 45
1;) j per plant ! Jio
- 5

g i
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Figure 47. Effects of phosphorus and potassivm on
stolon number and percentage maximom length of
the four ongest stolons for four grasses, 12 weeks
after planting vegetative material in hills 3.16 meters
center to center (1088 hills/ha) on an Oxisol in
Carimagua. The aserage length (cm} of the four

longest stolons per hill in the best treatment is showre
in pafenthesis.

5.0 0
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than one meter was very striking for both
B decumbens and B. radicans over the
entire range of phosphorus application{0.5
~ 9 g/hill}. Response to potassium was
especially marked in terms of number of
stolons longer than one or two meters.

In less than three months, B radicans
has covered almost the entire area between
hills, spaced at 3. 16 meters, center to center,
B. humidicola is also providing rapid cover
but was slower in establishing and in-
itiating vigorous stolon growth. B
decumbens has developed rapidly but
initial development is largely vertical
before appreciable stolon development
occurs. Leaf cuiter ants caused damage
during the establishment phase, especially
on 1. ovalifolium.

This system may result in important
advantages in pasture establishment in
savanna areas characterized by infertile,
acid soils where labor, capital, seeding
material and fertilizer are scarce and where
the farmer is willing to trade time for initial
capital investment.

FERTILITY REQUIREMENTS FOR
CONVENTIONAL ESTABLISHMENT
AT CARIMAGUA

The major limiting fertility factors for
pasture establishment and maintenance in
the Oxisols of Carimagua appear to be
nitrogen, phosphorus, potassium,
magnesium and sulfur. Response profiles
of four grasses to phosphorus, potassium,
magnesium and sulfur are shown in Figure
48, All four species responded strongly to
applied phosphorus; P. maxintum and H,
rifa were the most responsive and A.
gayanus the least responsive. H. rufe was
by far the most responsive to potassium. In
the absence of applied potassium, the
population of H. rufa deteriorated very
rapidly; yields of treatments without
potassium averaged over all levels of
phosphorus were only 15 percent of
maximum. Nitrogen has become a severely
limiting factor during 1977 and uniform

Best Program

applications are now being made to all
treatments. Sulfur and magnesium have
also become Limiting for some species;
uniform applications of both nutrients
wers made to all treatments except con-
trols.

Four legumes were seeded in 1976 but
establishment was unsuccessful and the
experiment was reseeded in June, 1977
with P phasecloides (kudzu), D.
ovalifolium, Zornig sp. (CIAT 728) and
Centrosema pubescens. Early stands were
excellent for all four species but C
pubescens later failed. Only one harvest
was made in 1977, the results of which are
shown in Figure 49.

Zornia sp. is the least demanding of the
three species that survived. D. ovalifolium
is intermediate in response to phosphorus
and potassium. P. phasecloides develop-
ment was limited 5o severely by magnesium
deficiency that data on the response to
phosphorus and potassium are not includ-
ed. D owalifolium is also extremely
responsive 1o magnesium as shown in
Table 29. Zornia was least affected by
addition of magnesium; D, ovalifolium
yields doubled and P. phaseoioides yields
tripled after adding magnesium. Uniform
applications of magnesium and sulfur have
now been made to all plots except controls.

STRIP PLANTING
OF LEGUME-GRASS MIXTURES

Puerariy phaseoloides (tropical kudzu)
is being grazed in association with &
decumbens, M. minutiflora and H. rufa in
a trial established in 1976, The legume was
seeded in 2.5-meter strips alternated with
2.5-meter strips of the associated grass.
The trial includes three rest periods of 28,
42 and 56 days and three maintenance
fertilizer rates and is managed with mob
grazing. The strip system and grazing
management has resulted in good legume-
grass balance between Xkudzu and B
decumbens and legume dominance over
both H. rufa and M. minwiflora during the

A-B83

:




% Maximum yieid

Paricum muximum

0 b -
R H H
EH
Andropogon gayirius
100
50 W
4
[+
Brachiaria decumbens
100 ‘ )
"
so—A—
!
;
O § |
ifyp&m‘émh rufa
“ / o
I/‘ ‘/“ ]-_I
0 50 100 w0 0 a0 5,78, 5. sa
P.O, - (kg/ha) K0 - (kg/ha) M3, ﬁffgh“?n Mg,
' g/ha

Figure 48. Response of Tour grasses to phosphorus, potassium, magnesium sod sulfur in sn Oxisol at
Cerimogua. Dry matter yields are averages of three and four harvests during the first year after estabiishment.

first season of grazing. B decumbens is
producing three or more times the volume
of forage produced by the other two
grasses and is invading the companion
legume strips while the kudzu is also
invading the B decumbens stnips. It
appears that the two species may remain
compatible for a reasonable period of time
using this planting system,

PASTURE MAINTENANCE
FERTILIZATION REQUIREMENTS

Small enclosures within grazing pad-
A-8a

docks have been used for the past year to
study the response of previously grazed
grass pastures to phosphorus, potassium,
magnesium and sulfur. Nitrogen was
applied in 1977 on a split-plot basis. Yield
responses have been erratic, with no
consistent response to the fertility
variables,

Druring the 1976-77 dry season, stands of
H. rufz in three grazing paddocks were
almost entirely lost but variability within
the plot area was too great to permit
positive identification of causal factors. In
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Figure 49. The effect of phosphorus, potassium, magnesium and sulfor on dry mastter yield (kg/ha) of two
trapical legumes; first cutiing, 1977, Rates of magnesivig and sulfur were 10 kg/ha.

other trials reported in the Plant Nutrition
section, H. rufa was shown tobeextremely
susceptible to both phosphorus and
potassium deficiency and only moderately
tolerant to acid soil conditions. These
stresses, exaggerated by drought, were
probably the principal causes of failure.

Work is continuing with stubble muich
sweeps as a low cost aliernative for control

Tabie 29,  The effect of magnesium on dry matter
sields (kg ha}of three Torage species, at
first harvest, 1977,
(kg Mg/ha)
Specics 0 2
Zornia sp. 728 2436 3151
Desmodium ovalifoliven 675 1552
Buerarig phasecloides 2329 739

Beaf Program

of the native savanna and seed bed
preparation with minimum  erosion
hazard, Satisfactory control of vegetation
requires several days mitbout rain after
cultivation, thus limiting the use of sweeps
to very early in or late in the rainy season
{December-November or March-April).

ANNUAL CROPS AS PRECURSORS
OF PASTURES

In many savanna regions crops such as
upland rice, corn, and peanuts are sown
following land clearing, and after their
harvestthe land is planted to pastures. Two
field trials were established at Quilichao
anmd Carimagua to study the possible use of
several crops as pasture precursors, in
which forage legumes and grasses are
interplanted at different stages of crop
growth and at different fertility levels. The
results will be available in the next Annual
Report.
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Pasture Utilization

Activities of the Pasture Utilization
Section of the Beef Program were discon-
tinued at CIAT-Palmira. Towards the end
of 1977 a series of experiments were
established in the newly acquired substa-
tion of CIAT-Quilichac. The acquisition
of this substation provides the opportunity
to study the grazing management of grass-
legume mixtures—particularly of new
CIAT pgermplasm—as they relate to
managing potentiaily useful mixtures for
Ultisol areas of low climatic stress.

At Carimagua, two grazing experiments
were terminated in December 1977, at the
end of the rainy season. One experiment
was designed 1o measure the beef produc-
tion potential of the tropical savanna
under two systems of management of fire.
This trial started in 1971 and after six years
had given valuable information. The
second experiment terminated, studied, in
its first part, the effect of phosphorus and

potassium fertilization at the time of

establishment on the beef production of
Meliris minutifiora and, in its second
phase, measured the effect of three grazing
managements. The first part started in
1971 and the second, in 1973,

CIAT-QUILICHAO

Two types of research activities are being
conducted at this station. The first will
measure the nutritive value of new,
promising accessions of legumes and
grasses, particularly those about which

little information is available. Nutritive
value measurcments include in vivo
digestibility and intake studm with the
plant tmaterial offered unchopped and
fresh to crated wethers. In instances when
nitrogen utilization appears of interest,
nitrogen balance is measured.

The other projects involve the study of
the grazing management of CIAT selec-
tions which are in advanced stages of
selection (Category 4). Each is studied in
mixtures with several grasses and subjected
to various levels of fertilizer application,
varying rest periods between grazing and at
least two grazing pressures.

Two such projects were established in
1977, one with the Cemirosema hybrid
(CIAT 1733) and the other with §.
grtanensis {CIAT 136). Grazing will begin
approximately in February 1978.

CARIMAGUA

The grazing year between November
1976 and November 1977 wasa hard onein
Carimagua. The dry season, which nor-
mally ends in late March or early April,
extended until May. In most instances this
meant that rainy season stocking rates
could not be adjusted until May and, ina
few instances, until June 1977, Also,
weight losses were unusually high in all of
the pasturc treatments involved. This was
the first year in which weight losses of any
magnitede were registered in A
decumbens pastures.

TFabie 30.  Body weight changes (kg/animsi} of steers grazing mOM savanna in Carimagus (November
§97¢ - November 1977). H
Burning the total area 1 " Sequential burning
Stocking rate Diry Rainy Dry Rainy
(steers/haj 5EH508 STASON Year season SEASON Yeur

0.20 -7 £3 5 «20 Ry H
0.35 43 R 53 44 104 &l
0.50 -50 1 2 ~52 - 78 10
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Table 30 presents the weight changes of
steers on the native savanna. losses were
registered in all treatments and amounted
to as much as 50 kilograms per animal in
the higher stocking rates. Weight gains in
the following rainy season were high,
compensating strongly for the poor perfor-
mance of the dry season. Gains registered
in this period ranged from 363

/day/animal in the highest stocking rate
to as high as 558 g in the lowest stocking
rates. On a yearly basis, gains were similar
to preceding vears, averaging 16 kg/ha/yr.
This underscores the low beef production
levels of native savanna per unit area.

Also because of the severity of the dry
season, supplementation with urea +
molasses (80 g/animal/day + 400
g/animal/day) to animals grazing M.
minutiflora had a greater effect thiy year
than previously. It was calculated that 0.28
kilogram of urea and 1.40 kilograms of
molagses were required to produce one
kilogram of additional weight gain in the
pastures grazed at (.44 animals/ha while
(.71 kilogram of urea and 3.50 kilograms
molasses were required in pastures stocked
ai (.44 animals during the dry season and
at 0.88 animals in the rainy season. The
difference is only due 1o the lower rate of
gain during the rainy season between the
two groups, as can be seen inFigure 50. At
the prevailing prices of the area, the
supplement costsequal 46and 116 percent
of the cost of one kilogram of liveweight at
the lower and higher stocking rates, respec-
tively.

Supplementation of animals graziag the
native savanna, with urea + cassava meal,
was studied again during the 1977 dry
season. One comparison mncluded 2 3x 3
incomplete factorial of 0-40-80 grams of
urea and 0-200-400 grams of cassava
meal/animal/day, fed mixed with a salt +
dicaleium phosphate mineral mixture.
Table 31 presents the average weight
changes. There was a response during the
dry period to urea + cassava meal, but no
effect 10 urea alone. Actually, after a few

Best Program
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Figure 50. Four-year average per hectare weight
change of sloers grazing Melinis minuiifiore in
Carimagua. (Supplemented animals received 38
g/ day of urea + 460 g/ day of cane molasses during
the dry period.}

weeks of supplementation it was realized
that the steers did not totally constime their
diet of urea + cassava meal without the
addition of a small quantity of molasbes; 50
grams of cassava were replaced by 50
grams of molasses, by weight, starting in
February 1977, Consumption of urea
when not fed with cassava meal was not 40
grams as designed, but averaged 23
g/animal/day. Consumption of ur¢a ta the
40-gram urea + cassava treatments averag-
ed 36 g/animal/day ahd 52 grams inthe 80 .
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Table 31, Weight changes (kg animal) of steers grazing an Oxisol savanes in Carimagun with various levels
of ures + cassava meal supplemeniation,

Level of Level of urea (granimal Jday)

cskava evel of urea {gfan ¥

meal (g7 O 40 )

animaif Diry Rainy £iry Rawny Dny Ramy
Jday) SEAS0N season Year seasen SERSON Year seasan SEUON Year

4 -7 &% kit - 55 49

206 | 48 4y 19 34 64 13 37 50
400 - it kS 54 = 44 £8

grams urea + cassava grouips, These
averages include the period prior to and
during the time when molasses was added,

Because of the very strong compen-
satory gain during the rainy season, there
were no differences in the yearly weight
gain. The large compensation can be
abserved in Figure 31, The slope of the line
indicates the proportion by which the
weight gain of the rainy season is influenc-
ed by the weight change of the dry season.

Liveweight gain during
rainy season (kg/ha)

65 . 1
N
S5 \.]\ . ’
NS
56 P
| AN
48 E - ‘\‘
& L Y=510-07716X N,
a | r=-0.85 (P00} \
* Y
s .
T A T I L

Liveweight change during
dry season (kg animal)

Figure 51. Relationship between weight change
during the dry period and gain during the reiny period
in supplemented steers grazing the Carimagus
savanns. Point a, not incleded in the regression,
corresponds to a group of totally unsupplemented
animals,

A-B8

Figure 52 presents a similar relationship
for the burning management trial. In both
cases compensatory gain was 74-78 per-
cent.

The second comparison of this trial was
a 2 x 3 factorial in which the interaction of
mineral supplementation at different times
of the year and nitrogen supplementation
during the dry season was studied.
Minerais offered were salt + dicaloium
phosphate {50% + 50%) ad lkbitum and

Liveweight gain dunng the
rainy season (kg/ha)

15 \\\_% ; ; -
H H | .
30 i f
N‘
il LN b
= 1515 - 07437 x\ i
2L~ 080 (P<001) . -
15 WENVHE S S :
10 . . e :\0\-
T i |
! Lol
25 20 15 -0 .5 -9+ 5 10

Liveweight change during
the dry season {(kg/ha)

Figure 52, Relationship between body weight
change during the dry period and gain during the
rainy pericd in & burning ranagement trial in the
tropicai savanna of Carimagua. lodividual vaiues
represent average of one stocking vate group in one
year and cover a period of four years.
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Tirne when mineral
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Figure 53 Relstionship between mineral
supplementation  and  uren +  cassava  mes)

supplementation during the dry period, to steers
graziog the tropical savanna st Carimagua,

the nitrogen supplement was 80 grams of
urca + 400 grams of cassava meal/ animal/-
day. Also in this trial, 50 grams of cassava
were replaced by 50 grams of molasses.
Consumption of wurea averaged 69
g/animal/day in those treatments receiv-
ing the nitrogen supplement. Figure 33,
represents the weight changes during both
seasons. The resuits suggest a response to
nitrogen stpplementation during the dry

period, independeni of the supplementa-
tion of minerals and a linear response to
mineral supplementation during the rainy
secason. This part of the trial will be
repeated in 1977-78 with twice the animals
to help understand the large between-
animal variation found.

The results of the third year of grazing of
B decumbens at fixed stocking rates
during the vear are presented in Table 32,
Weight losses for the dry season werelarge
and increased with increasing stocking
rates. Annual production was, however,
very similar to the previous year. Average
annual per hectare production over all
stocking rates was 110 kilograms in 1975
76 and 1035 Xilograms in 1976-77.

A second experiment with B. decumbens
explores the possibility of increasing per
hectare production using high stocking
rates during the rainy season and a low
stocking rate during the dry season. Table
33 presentsthe results of the second year of
grazing of this pasture. At the higher
stocking rates, rainy season weight gains
decreased markedly, but per hectare gains
reached as much as 200 kilograms per year.

A third pasture of B decumbens was
incorporated this year to explore the effect
of varying the stocking rate during the dry
season and maintaining a medium stocking
during the rainy season. Table 34 indicates
gains of around 200 kg/ha/year. The
paddocks appear to be depleting, par-

Table 32.  Liveweight changes of steers on Srachioria decumbens pastures in Carimagus in the third year of

grazmg.
Liveweight changes
Kg/animal kgih
Stocking Bran B
rate Dry Rainy By Rainy
{ateers/ ha/year) season season Year SERSGA Seasd Y ear
154 ) 124 i18 -5 1 66
13 -21 118 97 -27 i83 {26
1.7 -19 105 .13 -32 i79 147
Baaf Program A-68




Table 33.

Liveweight chunges of steers on Brachiariadecumbens pastures in Carimaguna in the second year of

grazing with low stocking in the dry sesson and variable stodking in the rainy season.

Liveweight change

Stocking rate

{sseers/ha) kg/animal kg, ha

Ly Rainy Dry Rainy Dey Rainy
season SEAsN Seascn season SERSON oison Year
8.7 i.63 w1 81 ~ 8 132 134
0.7 234 313 7 -12 1§60 6%
0.7 3.06 H &3 12 193 25

ticularly at the higher stocking rate and
their future is uncertain.

Three smail areas of these pastures were
fenced and nitrogen fertilization ex-
periments were initiated in July 1977, The
response to nitrogen, in the three pastures
of different ages, was very evident,
suggesting that this may be one of the

Table 34.

limiting factors involved. The quantifica-
tion of this observation must wait until the
1978 Annual Report,

Twentyfive hectares of land were
planted, by cuttings, with A. gayanus, o
measure the beef production potential of
this species in the tropical savanna.
Grazing will start during the rainy season
of 1978.

Liveweigh! changes of steers on Brachiaria decumbens pastures in Carimagus in the first year of

grazing with & variable stockiag in the dry season snd medivm stocking in the rainy season.

Liveweight change

Stocking rate

{steers/ baj kg/animal kg, ha
Dry Rainy Pry Rainy Dy Rainy
SEE5ON SEASOR Senson S2aAS0ONn SERSOD SOH 0N Year
8.72 2.4% 3 87 2 18 158
103 bR 9 114 4 236 227
.36 .04 ~B 112 -11 227 g

Animal Management

The objective of the Animal Manage-~
ment section is to develop economically-
sound production systems in the impact
area, through herd management research
emphasizing the utilization of natural and
improved pastures. Main activities during
the vear were: (1) analysis of the results of
the Carimagua Herd Systems experiment,
which terminated in May 1977; {2} descrip-

A-70

tion and evaluation of the prevailing beef
production systems of the impact area in
order to obtain a range of their technology
and productivity, with emphasis on herd
productivity and particularly, reproduc-
tive performance; (3) research on the effect
of single herd management components
and their interaction with improved
pasture availability, and, {4} management
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of the Program’s test herd to provide
animals for research and training func-
tions.

HERD SYSTEMS

The extensive cow-call operation is the
predominant beef production systemin the
Llanos of Colombia. Under these en-
vironmental conditions, herd productivity
generally i3 low. In 1972, ICA and CIAT
started a cooperative research project at
Carimagua, to study the effects of several
management techniques on reproductive
and growth performance of breeding herds
on a life-cycle basis. The experiment
included the following variables: mineral
supplementation, utilization of savanna
and molasses grass (Melinis minutifioraj
pastures, urea and molasses supplementa-
tion. and early weaning.

Data on animal performance were
recorded over four reproductive vears and
the experiment was concluded in May
1977. Size and structure of the data set are
summarized in Table 35, The Harvey
method was applied in analyzing main
effects. Therefore, not the given absolute
values, but the differences between values
are relevant, in quantifying treatment
effects. The following parameters are used
in reporting this experiment:

P overall mean values
least squares corrected means

('_;, =
n= number of observations

Mineral Supplementation

The effect of mineral supplementation
¢anbe analyzed by comparing Herds 210 5,
all on native savanna. The treatment
included ad kbitum supplementation of
salt {(Herds 2 and 3}, and a mixture of
minerals (Herds 4 and 5), with 47 percent
salt, 47 percent dicalcium phosphate and 6
percent of & minor elements premixture.

Best Program

The minerals mixture contained 7- 7.3
percent phosphorus,

Overall average intake was: salt 335
g/AU./day (12,2 kg/A.U./year) and of
minerals 59.5 g/AU./day (21.7
kg/A.U./year). Therefore, 4.0-4.5 grams
of phosphorus were consumed, or ap-
proximately 50 percent of the daily
requirements. There was no seasonal effect
on mineral consumption,

The minerals intake of animals grazing
molasses grass (M. minutifiora} year-
round (Herds 8 and 9) was 70 percent
higher (71.2 grams) than that of animals
grazing native savanna. This may indicate
that periodic burning of the savanna could
contribute to satisfving mineral re-
guirements, through the mineral content of
the ash.

Mineral supplementation resulied in
higher body weights of dams at different
reproductive stages, as shown in Table 36,
Minerals are particularly effective on
lactating cows, thus favoring reconception.
This becomes evident when fertility
parameters are analyzed (Table 37).
Conception rales were increased through
mineral supplementation and a sharp
decrease in abortions was observed. As a
result, a 29 percent increase in calving rate
was obtained when breeding stock was
supplemented with minerals when grazing
on native savanna

Mineral supplementation also reduced
pre-weaning mortality of calves. While
mortality in Herds 2 and 3 was 19.2
percent, in Herds 4 and 5 it was 10.5
percent. Likewise, mineral supplementa-
tion positively affected calf growth, as
shown in Table 38. All differences in body
weight were significant, and, of all the
systematic effects, mineral supplementa-
tion was the most important source of
variance, across all ages. According to the
results in Table 38, mineral supplementa-
tion has maximuom effect oncalf weightat 6
and 9 months. This may indicate higher
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Tablke 36,

Effect of mineral supplementation on body weight {kg) of dams,! grazing ou ssvanna.

Reproductive

Sytatus A Salt_only With mmcra%:_:
1 H ni H n &
At tating 13 304 67 L 64 it
Prior to calving 308 352 136 335 178 369
After calving 307 307 134 285 i1 327
Al weaning 194 289 #2 272 122 305

! Nearest body weight to indwated Bats.

milk production of dams and/or a higher
roughage intake of calves older than 3
months.

In summary, it can be concluded that
supplementation of breeding herds with
minerals substantially increased overall
productivity through:

(1) a 29 percent increase in calving rate,
mainly due to a reduction in abortions;

(2} a 26 percent increase in weaning
weight of calves, and 17 percent increase at
18 months of age; and

{3) a45percent reductionin pre-weaning
calf mortality.

The results suggest that in the Llanos of
Colombia, mineral deficiency and par-
ticularly phosphorus, may be considered
the primary limiting factor for cattle
reproduction and growth. This conclusion
agrees with Faber's study of the heifers'
performance at Carimagua (see
publications list).

Early W eaning

In 1973-74, five cows from Herds 2to 9
were selected for early weaning at 86 days.
Al other cows had their calves weaned
normally at nine months. During the first
30 days after early weaning, the calves
received 750 g/ day of concentrate and cut
Imperial grass (Axonopus scepariush
Afterwards, calves grazed on planted
pastures (Hyparrhenia rufa, M.
mingtiflora and Stylosanthes guianensis,
when available) and were supplemented
with 500 g/day of concentrate. At six
months the calves were placed on savanna,
without concentrate supplementation.

As reported for previous vears, the 1976-
77 early weaned cows had higher calving
rates compared to the others{Table 39 ),
indicating that under the conditions of this
experiment, early weaning can increase
calving rate by 18-2{ percent.

Analyzing the calving interval, only the
cows which calved in the first year were

‘Fable 37.  Effect of mineral supplementation on fertility rates of dsms, grazing on savanm,

M Salt only With munerals
Reproductive
paramsters 41 £ 41 ¢ n €
Conceptions? 140 73.2 7t 69,5 69 6.8
Abortions? 140 49 71 9.3 6% 0.4
Calving 140 67.9 71 %4 69 76.4
P Assamsd, through pslpstion.
Beof Program A-73
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Tabie 38.

Effect of mineral supplementation on calfl growih (hody weights, kg} on savanna (Herds 2-8),

Age §

of B Salt only With minerals Relative

calves tQ
{months) B é n ¢ fn £ Salt=100

3 228 72,2 87 66,3 141 778 117

213 HM4.G &0 924 133 1157 125

9 i91 13118 Eyd 116.7 .19 i46.9 126

i2 H 1343 59 1221 {10 146.5 120

i5 i56 1383 61 125.7 925 151.0 120

18 £3%8 162.1 51 149.6 87 174.6 17

considered. Results (Table 40) indicated
that regardless of other treatments, early-
weaned cows had a calving interval of 15
months, while normally weaned cows
varied between 18 and 20 months. With
this technique, a cow would produce one
more calf during her lifetime,

However, in these tropical savanna
regions, early weaning seriously affects calf
growth, as shown in Figure 54, Betwgen 6
and 9 months, early weaned calves showed
a severe growth check, which was still not
compensated by I8 months, This applied
especially to cows born during the late
rainy season(September to December) and
weaned during the dry season (January to
April}, This 18 illustrated in Figure 58,
which shows least square constant es-
timates of the interaction season X type of
weaning for calf weight at 9 and 18 months,

Early weaning of calves has serious
limitations in the Colombian Llanos, with
regard to animial management and, es-
pecially, calf feeding. Due to low soil
fertility and rainfall distribution, there is
presently no technology available to
produce on-farm at low input levels: (1) the
components for an adequate concentrate;
{2y year-round high yielding cut forage
species; and {3} pasture species with
adeguate feed valve. This emphasizes the
need to develop a forage base for the region
which would assure satisfactory calf
growth after weaning.

Pasture Treatments

The type of pasiures used in Herd
Systems generally had lhttle effect on
animal performance. Pastures were: savan-
na throughout the vear; molasses grass

Tabié 39,  Effect of age at weaning on perceniage calviag rate.
197877 Average 1975-17
Herds 2-8 Herds 49 Herds 2-5 Herds 4-92
Weaning treatment z ¢ g <
Early {86 days) 80.0 86.7 6.7 Y
Normal (270 days) &52.7 39.8 63.1 66.6

t Herds on sxvasna with ssngrsl trestments.
1 Herds with pasture toestmen, sll with eiinerals,

A-T4
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Table 48, Effect of early weaning on calving

L8Q - Constan: {&) {kg)

interval (days).
1 - Dry season
L 2 - First 1/2 rainy season
) Herds 2-3 Herds 4-% {Kg) 3 - Second 1}2 rainy season
Weaning
sreatment n g n E +30-
At 9 months At I8 months
Normal{270days} 39 $95a' 163 S4lg 20
Farly (86 days) 9 4386 36 450b
+10-
B 8 813 131 49 ﬂ ]_i]
a
T Herds with mumrsl vesument
3 Herds ol supplemenied with minerais ) S Seasons Linear seasonal
3 i‘é;j:uzészn | weith i festars are signid iy it (a1 birth) effect !
20 J_
throughout th ; and mola b3 213
OUENOU € YE4Ar, and molasses grass 4,

during the rainy season and savanna
during dry season.

Cows grazing native savanna were
heavier after parturition and at weaning
than those grazing molasses grass. Cows
on molasses grass plus savanna had
intermediate body weights, Consequently,
cows grazing savanna were slightly more
fertile than cows on molasses grass,

Pasture treatmetits had no effect on calf
growth performance, Nevertheless, dug to
the different stocking rates, 3.3 times more

Calf weight (kg}

200 [ i
Of Normal weaning
Al /’
&t Early weaning }/,42 3
150 /
100 ]
i
3 & g iz {5 %
Age
émonths}

Figure 54, Effect of weaning age on calf growth in
Herds 4-2 {vorrected LSQ means).

Baef Program

Figure 55. Season-weaning age interaction effects
on weight of early weaned czlves (86 days old).

calves (kilogram basis) have been weaned
per hectare of molasses grass, and 2.5 times
more on molasses plus savanna, than on
savanna all year-round {Table 41}

YUrea and Molasses
Supplementation

Cows from Herds 2, 4, 7 and 9 were
supplemented daily, during the dry season,
with a mixture of 500 grams molasses, 80
grams urea and 4 grams sulfur per animal.
The supplementation period averaged 90
days. No effect of supplementation on
reproductive  parameters was detected.
Supplemented cows were slightly heavier
than non-supplemented ones on  the
average. Although calves from
supplemented cows were eight kilograms
heavier at 6 months and seven kilograms
heavier at 9 monthsof age, this difference
did not persist after weaning.

It is not clear if the guantity of
supplementation was sufficient, particular-
Iv for an adequate period of time, to
compensate the effect of the dry season, On
the other hand, even if substantial animal
response could be obtained, the economy
of urea-molasses supplementation s

AT5




Table 41,  Calf production in relation to pasture treatments and stocking rate.
Weaning

Weaned weight Stocking Cali Relative
Pasture calves (kg) rate production produg-
treatments n & ha/A ) {kg/ha/year} tion
Savanna 162 130 15 16,40 1
Molasses grass 157 126 1.7 52.6 39
Muolasses + savanna® 173 132 23 M7 248

! Weighed moans
+ Molasses nise aombs, sevaros three months,

guestionable, since the ingredients of the
mixture must be imported to theregionata
high transport cost.

Seasonal Effects

To identify techniques to increase
productivity within an scosystem, it is
necessary to have quantitative information
on the influence of natural environment on
anima! performance. The most important
environmental factor is the seasonality of

% Calves born
20

feed availability, determined in the tropics
mainly by rainfall regime.

The seasonal effects on relative calving
distribution are illustrated in Figure 56,
Independent of the treatments, the most
common season for conception is between
April and July, i.e., at the beginning of the
rainy season, since 46 percent of all cows
calve between January and April.

An analogous seasonal effect on calf

o
T¥

I

|

LI R
1

i : i ; ;

L P 1 | ! H

& Wahout minerals
O With supplement

Total N= 645

Jan. Feh. Mar.  Apr

' 3 1 § §

May June
Montks of births

July Aug Sept Oct. Nov. Dec

H i i

1 H L
Mar. Apr. May June July Aug Sept. Ot

i 1
Nov, Dec. * Jaen. Feb. Mar

Months of conception
Figure 56, Sessonal effects oo relative calving distribution
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Table 42, Influence of season at birth on ¢elf weight (kg) (Herds 4-9).
Season horn
Dy First half rainy Second half rainy

Age of January Aprit May Aungust September December
calves 0 3 n g n ¢

3 months 213 Foat 143 79ab 21 7ib

¢ months g8 1433 129 | 24 66 Hlde
18 months i42 195a g9 i79b 57 152

¥ ¥Yalues foliowed by diffseent letiers are significantly different (P 05).

growth can be observed. The results are
summarized in Table 42,

Although calves born during the dry
season showed the strongest growth
depression after weaning, which cotngides
with the end of the rainy season, at 18
months they weighed 43 kilograms more
than calves born during the second half of
the rainy season. A similar seasonal effect
on body weight of dams was found.

Considering the significant influence of
season on animal performance, the impor-
tance of adapting the critical periods of the
production cycle (conception, calving,
lactation) to the most favorable season of
the year becomes evident.

Caif Mortality

High calf mortality is one of the reasons
for low extraction rates of herds in the
region. The overall mean for all treatments
of calf mortality before weaning was 13.4
percent. The analysis of relative distribu-
tion of montality according to age showed
that 9 percent of all calves born died within
the first 30 days (Table 43). Mortality
between 9 and 18 months of age was 2.5
percent.

Through improved management and
closer supervision of calves in special
paddocks calil mortality rate could be

Beef Program

considerably reduced, especially during the
first stage of life.

EVALUATION OF BEEF
PRODUCTION SYSTEMS IN
SAVANNA REGIONS OF
LATIN AMERICA

This project is a cooperative effort of the
Animal Management and Economics
sections, in collaboration with the Enstitute
of Animal Production, the Technical
University of Berlin. The main objective of
the study is the identification of manage-
ment lechnology which assures an
economic increase in reproductive efficien-
¢y, under actual beef production con-
ditions. At the same time, the feasibility of
transferring modern technology is also
being studied.

The management aspects of the project
are: {a) a situational analysis of reproduc-
tive performance of breeding herds in
relation to different technology levels

Table 43, Relative distribution of call mortality
unitil weaning,
Life Period % of dead caulves
Perinatsl s
Between 2 and 30 days »
Between 31 and 270 days 28
AT




existing on commercial beef cattle ranches;
{b}quantification of the effects of manage-
ment techniques, combined into systemns,
which increase herd productivity; and, (¢}
specification of demand for new
technology and possibilities of adoption,

This study constitutes & part of the
Impact Areg Survey. Data will be collected
on selected farms at different locations, in
the following countries: {1} Colombia:
Eastern Plains; (2) Brazil: Cerrado; (3)
Venezuela: Orinoco Plains; and (4) Peru:
Jungle Region.

Quiside of Colombia, the project will be
in collaboration with national research

institutions. In Brazil and Venezuela,
activities will begin in December 1977 or
early 1978, as soon as the German
collaborators are integrated into the team.

In Colombia, the project started in
August 1977. Twenty farms, characterized
in Table 44 were selected and in October
1977, the CIAT team began collecting
data. Locations of the farms are shown in
Figure 57

The following characteristics are
evaluated fot each farm.
{1} Farm charagteristics: location,
area, soil properties, physical
inputs, production systen.

Table 44.  Characterization of selected farms in Colomblan Lisnos portion of beef eattie technology project.

Area Animals
Farm Intensity  Type of Total Planted

Nag. fevel! operation® (ha} pastures (ha) Cows Tota!
i Hi Cr-L 90 150 200 500
Z Hi Cr-1. 000 140 150 400
3 v 13 800 400 - 400
4 | H Crb. 3200 - 250 730
3 v CrL. 1200 1 66 2
[} v Cr.L-C 3500 50 400 H
H 13 Crd 5200 900 180 {0
8 v CrL 600 60 60 128
g i -l {100 - 50 96
10 v 1 2300 1500 - 500
1t v Crl 5000 30 430 1566
1z Hi Ce-lC 0600 120 210 e
13 i Crl 1500 . 15¢ 00
14 i CrL 3000 30 200 300
1$ 111 Cr-L 4300 - 300 1908
£ I Cr-L 40500 - 00 460
it i1 Crele 6000 130 200 400
18 i Cr4.-C 5000 8¢ 200 HE
% H Cr-t. 4500 - 15( 450
p.1) it CelL 500 250 200 00

\ Intentity levely: § — S

pastire anly, few minerals, without weaning, withowt bertd subdiveaon, U

Syeey catsid pusluf Iy .

inerals, nﬂxwmw;, with herd sustivision; 111 — boproved pastures, fow mincrals, withowt wearang, withom herd subdis v
1¥ . Ieproved pastures, minerals, with weaning, with berd subdivision.

i Operstion; CR e CowCalf; € =Fastening, 1 =Raising.
A-T8
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Zone A Near market near main road
Zone B: Near market, distant from main road
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Figure 57. Lecation of the 20 farms selected for characterizing beef production systems in the Colombian

Lienos.

{2} Feed resources: savanna, planted
pastures, other feed resources,

(3) Utihization of feed resources:
stocking rates, pasture manage-
ment.

{4} Animal production: reproductive
performance, montality, type of
animal product, animal output.

(5} Production techuiques: with
regard to feeding, herd manage-
ment, animal health.

BREEDING HERDS
MANAGEMENT SYSTEMS

In August 1977, an experiment on
managing breeding herds was initiated at
Carimagua. After a preliminary penod, the
expetimental phase will start in May 1978.
The data collection period will include
three reproductive cycles.

performance.

The main objective is to study reproduc-
tive performance of breeding herds related

Beef Prograrm

to: {1) strategic use of planted pastures (5
percent of total available area), for the
critical periods of the year (dry season) or
critical growth stages (parturition, lacta-
tion, reconception and weaning); (2)
adaptation of the critical periods{of higher
demand} to periods of better forage
availability, by restricted mating seasons;
and (3) duration of lactation.

To study these components of herd
management systems, six herds were
established with the treatments described
in Table 45.

For Herds 2,4 and 6, 120 hectares of B
decumbens and 30 hectares of 5. guianen-
sis were plamted. The mating periods have
been established according to the findings
from the Herd System experiment, in
relagon to seasonal effects on animal
All  herds will be
supplemented ad libitum with minerals,
and undergo preventive health measures,

A-79




Table 45.  Treatments in breeding herds mansgement system experiment, Carimagua,
Treatments between herds?
Muting period
No. of Duration
Herds COWS Pastures Type Months {days}

i 50 Savanng Continuous Jan-Dec. 365
2 50 Savanna+ Srachigrict Legurnes

3 sa Savanna 1 Period June-Sept. 124
4 50 Savanna+ BrachiarigvLegumes

5 5¢ Savanna 2 Periods May-July 150

Savannat BrackiariatLegumes {ec.-Jan.

& 50

P Ao, within herde, 5 perenr of calves weaned o8 6 monihs, 30 percent wekned a2 % rmonths.

TEST HERD

At Carimagua Pasture Utilization,
Ammal Management and Animal Health
sections are carrying out or have planned
large experiments with cattle. In practice, it
is difficult to purchase sufficient numbers
of cattle having uniform ages, weights and
health status and with good background
information on pre-experimental
treatments. At Carimagua, with its 22,000
hectares of savanna, it is feasible to
produce the stock required for ex-
periments,

After new working agreements were
developed this year, the land, part of the
infrastructure and cattle stock became
available to set up a cattle pool with the
following objectives:

{1} To provide adequate animals for
experimental purposes.
(2) To collect detailed information on

herd performance under
reasonable, commercial-like
management.

(3 To verify management techniques
which have been experimentally
tested or observed to work in the

A-BO

environment, under practical con-
ditions and with large herds.

On a total area of about 4,500 hectares,
there are 16 fenced savanna ficlds, from
150-750 hectares in size, and four pad-
docks, totaling 10G¢ hectares of A
decumbens. Overall carrying capacity of
savanna pasturc is estimated to be 6-7
ha/A.U. Further area for expansion is
available.

Cattle stock in the Test Herd as of 30
September 1977 was as listed below:

Breeding cows 195
Unweaned calves

(0-9 months) 89
Replacement heifers

for mating 149
Heifers (9 months -

3 years) 306
Steers {# months -

3 years)! 265
Bulls _3s

Total 1039

1 Includes animals that were later culled.

By late 1978 it is hoped to have 300
breeding cows, to praduce 160-180 steers
and heifers per year.
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Tabie 46.

Breeding stock in the { arimagua Test Herd,

Lactating Pregaani
Category N Cony covs Abortions
L ows 197 108 Lt I+
Muated heifers! 51 9 4

Phese butory dus e eea made v adable i as capenmen:

Two small herds—of 20 Zebu and 65
San Martinero cows, with their respective
calves and bulls — are managed within the
cattle pool, to maintain a pure breeding
stack of these two breeds.

Comparing the available fenced land
and the existing stock, it is evident that
grazing areas are partally overstocked, the
main reason for low animal performance in
the past.

The first activity (June 1977} was to
initiate selection or screening, based on
existing records amd individual checks,
with the results shown in Table 46.
Approximate calving rate for 1977 will be
63 percent, compared to 36.4 percent in
1975 and 42 percent in 1976

Based on this thorough check of all
animal categories, the animals were culled
in June, and in November, all herds were
checked again for records information and
further culling. {Tabie 47). It was decided

Table 47, ;::zsls culled from Carimagua Test to replace all San Martinero bulls by Zebu,
bulls to obtain a more uniform calf crop.
Twelve young Zebu bulls were purchased.
Category No Reason .
Numbers of cattle furmished for ex-
Cows 34 Nocal over 2 years periments are listed below,
Heifers 17 Genital infantilism Category No, Section
Heifers 4 Underdeveioped
Steers 187 Unsuitabie for experiments Mated heilers 5] Herd Management
Cows 28 Unsuitable, crosses Steers 71 Pasturs Utilization
with Eiiu,mgsean breeds Steers i3 Legume Agronomy
Bulls 24 Age, ferility Heifers for mating 149 Amnimal Health
Bulls i4  Sun Martiners breed
. ] Total 22
Total 08
Animal Health

Activities in animal health are centered
on problem analysis and problem solving
investigations. The section is responsible
for establishing and maintaining preven-
tive medicine schemes in animals under
experimentation and herds that provide
experimental cattle. Monitoring of health

Beaaf Program

in both groups of cattle is a complementary
activity.

Investigations continue In  areas
associated and complementary to the main
thrust of the program, the increase in feed
supply. Four main areas have been
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dentitied. (1} Diseases assoctated with or
augmented by nutritional deficits (Jep-
tenpirosis and others)h {2) Diseases ex-
pected  to increase &s amimal density
increases because of improved feed supply.
I hev nelude gastro-intestinal parasitism.
infectious bovine viral rhinctracheitis and
viral  respiratory  infections.  (3)
Epidemiologcal surveillance of catile at
the Carimagua  station, preventive
medicing  and  control. {4y A discase
inventory of the impact area as part of the
overall survey. (5) Disease-nutrition in-
teraction studies through blood parameter
analysis in the Herd Systems trial.

LEPTOSPIROSIES

infecthity under
High Nutritional Stress

Observations continued on  natural
infection occurnng in a herd of 100
hreeding cows and seven bulls grazing in
400 hectares of native savanna and
receiving salt and bonemeal supplementa-
tion. The farm is located 65 kilometers
Irom Puerio Lopez in the Meta region,

The basic ebjective of this study 15 to
obtain a thorough understanding of the
pathogenesis, epidemniology, diagnosis and
effect on productivity of Leprospira hardjo
while at the same time, studying a control
procedure.

The herd is examined every 10 weeks,
Blood samples are examined for ¢linico-
pathological measurements and serum
examined for leptospiral antibodies, which
are used to monitor evolution of infection.
Lring samples are obtained from ammals
with increasing antibody titers and
cultured for isolation of Leptospiras to
ideatify shedders and chronic infections.

Animals in the herd have been assigned
to three groups, One group of 35 cows
received two doses of Streptomycin by
mtramuscular uyection 16 weeks apart at
the end of the rainy season October-

A 82

December 1976, The second group of 35
cows received one dose of Streptomycin
(ntramuscularly} at the end of the dry
season {April 1977). A third group of 30
caws remalns untreated as the control. The
three groups grazs the same pasture.

Infection has appeared to diminish
overall in the herd as a consequence of the
treatment {Fig. 58).

It could be argued that infection in the
herd 15 slowly decreasing by iself.
However, some decrease in the number of
mfected animals in the untreated group
could be expected singce ali cows are in the
same pasture, and a decrease in sheddersin
one group reduces the chances of re-
infection in other groups. Also, infected
titers are kept apparently by constant re-
infection,

Animals with high serum titers — 1400
of more— have also decreased as a whole
inthe herd (Fig. 58), as have average titers,
which decreased from 447 {0 300, At this
rate it would seem possible to eliminate the
infection  from the herd by further
treatments.

Some cows with active infection seem to
have abortion problems; however, of 3%
abortions  occurring  from  July 1976
through September 1977, 14 were in cows
with no detectable infection (Table 48}

Twenty-five abortions occurred in late
pregnancy, a characteristic of Lepiospira
infection. Some of these fetal deaths
reported as abortions might actually have
been perinatal mortality {calves dying in
the first 24 hours of lifej which is
sometimes undetected in the field. This s
especially interesting in view of the findings
from experimental reproduction of the
discase reported below. Abortion data
should be carefully interpreted since maost
cows have not had a chance to have at least
two pregnancies. The Leptospira strain
isolated from this herd, and reported last
vear, was confirmed at the Pan-American

1977 CIAT Annual Report
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Abortions in Colombian Llanos trial
herd, compuring Leptospira infection in
the cow and sigge of pregnancy, July
1976 thru September 1977

Tabie 44,

Pregnasc
Detectable infection Late Early Totals
With antibadies 16 3 21
Without antibodies ¥ 5 4
Totals 25 i 3%

L abortons detected By palpatnn,

Zoonosis Center, Buenos Aires, to be L.
hardjo. This strain is being used to
experimentally reproduce the disease.
Urine cultures from infected animals have
produced three more isclations tentatively
identified as L. Aardjo.

Culturing could be a very useful tool for
diagnosing the disease and detecting

shedders. However, chronically infected
animals with high titers did not give rise to
cultures. All three isolations came from
cows with low serum antibody levels.

Infectivity in Well-nourished Cows
under Artificial Inoculation

The L. hardje isolated from naturally
occurring infections was inoculated into 10
pregnant cows to study its capacity to
produce infection and alterations in well-
fed animals. Cows are receiving sugar cane,
cottonseed meal and minerals. Six cows
have ended their pregnancies, Cow No. 4
gave birth, almaost at full term, to a very
weak calf that died after 36 hours, with
damages in the liver and kidneys. Thiscow
had a retained placenta and developed a
severe metritis. She was treated locally to
control secondary infections but died 30
days after parturition with evidence of
Leptospira infection in the kidneys and
secomdary bacterial infections in other
organs. Three cows gave birth to weak

Table 45,  Alterations observed i pregnant cowsinovulated with Leprospura furdjo and neonatal changes, at
110 days after chalienge.
Retained
Age pregnancy placenta
Cow at inoculation  Average cow and Caid Culi
No. {mosnths} antihodies! Metritis cangdition antibudids
1 50 80 + (LK.
2 6.5 1i0 - OK.
A gy 235 —_ Weak Ted)s
42 6.5 35 * Weak- o oawrun
died aviilable
5 540 185 o Weak 00
& 50 igs + Weak 40U
7 4.0 145 {Stll pregnant}
8 4.0 255 {Sull pregaant}
. 3% 605 {5till pregnant}
14 15 255 (81l pregnant)
1 Non-inoculated Control - Normal
12 Non-inoculsted Comtrol o Normal

U113 days after inoculation.

T Cow died 120 days wfter inoculation anid 3 days alfter partundion.

A-B4
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calves that were infected, as evidenced by
high serum antibody levels (Table 49).
Calves were sacrificed 24 hours after birth.

All cows developed antibody levels
immediately after challenge; antibodies
peaked at 14 days{Fig. 39}).Infection levels
decreased and reached their lowest level
after 75 days, after which a second rise
oceurred, reaching a smaller peak ay 102
davs. Apparently, after the intialinfection
recedes, re-infection  occurs in some
amimals that are exposed to shedders, since
cows are all in the same pasture, Animals
that remain infected tend to increase their
antibody levels even further and could
remain chromeally affected.

There are cbvious differences in in-
dividual animals (Fig. 60). Cow No. 4

Serological titer
1600

developed a low level of infection, and
antibody defenses did not last over 52days.
This might be one of the reasons this
animal died later from a complicated
infection in which the primary cause was
leptospirosis. 1t might also explain the in
wrere infection of the calf and its death
some hours after birth. Cow No. 3
developed high antibody levels from 14 10
32 days after challenge and dropped tolow
fevels up to 109 days. The calf from this
cow developed a reasonably high infection
level corresponding to the dam’s level. Cow
Moo 3 had a very clear re-infection after
imiial imfection and decreased antibody
levels from 39 to 75 days. This high
infection seems 1o be reflected in her calf’s
reaction, which has been the greatestin the

group.

L l
I
800 } - -
; O Average 10 cows
& Average reacting animals
Lt U : \ E
\ é
| A
N o\
100 \ ~ ! \
a W/ )
ol et/ \'\ /
/ ~f
0 ' ;
13 5 10 14 18 3 32 3 46 53 66 67 75 Bi 88 9t iaY i@

Erays

Figure 59. Infection measured by antibady respoase in fen pregnant cows inoculated with Loprospira hardio,
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Serological titer

160G ? Average Titer i :
i Cow No. 3 A 235 !
’ Cow No. 5 & 8% :
CowNo. 4 & 1%
800 —— AR e —

18 25 32 39 46 53 60 o7

02 9

8% 95

&}

Days

Figure 60. Infection detected by antibody respunse in three pregrant cows inoculated with Leprospira

hardio.

isolation of Leptospira from wurine
samples has closely followed the antibody
levels in the blood serum, Leptospira were
isolated from most cows up to 75 days
post-inoculation and are beginning to
appear in animals that are getting re-
infected. Shedding of Leptospiras in the
urine began five days after inoculation. It
has been possible to detect shedders by
directexamination of the urine under dark
ground illumination. When bacteria are
observed with this procedure, it has also
been possible to isolate them in artificial
media and, very frequently, by hamster
inoculation. Even though the tral s
continuing {four more cows have tocalve),
it appears that the L. Aardjo isolated from

A-B6

field cases in the Llanos of Colombia has
considerable ability as a pathogen. The
kidney and the liver lesions with generaliz-
ed icterys seen in a calf, have not been
described in the literature for this Lep-
tospira. There is some tendency to produce
weakened calves that mighi not survive
under {ield conditions. This could explain
some calf losses in cows at full term thatare
reported in the ficld as abortions, since
very few cows are seen during parturition,
Some abortions apparently related to
Leptospira infections have not been
explainced by the artificial infection and
some unknown triggering mechanism may
exist.
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From the natural and arntificial infection
results it can be hypothesized that cows in
late gestation {over & months) will lose
their calves to perinatal death, if exposed
to L hardio infection and not having
antibodies. It 15 not known if treatment ar
vaccination could prevent this. Also the
influence of nutritional deficiencies on the
development of the mfections 15 still
unclear. On the other hand, with natural
infections, cows with chronic infectionand
elevaied antibody levels tend to lose
condition.

R esponse {o Yaccination
in Heifers before
First Pregnancy

Strategic use of a vaccine might give
sufficient protection to a heifer in over-
coming a Leptospiral infection. A com-
mercial vaccine (not available locally)
comtaining L. Aardjo, L. pormona and L.
grvpporyphosa was  obtained.  One-
hundred and fifty beifers to be kept for
breeding in the herds of the experimental
cattle pool were vaccinated with this
product. Fifty of these heifers are keptina
separate group and closely observed for
development of protective serum antibody
levels, Yaccine will be applied every six
months and blood serum sampies collected
at 30 days, and every lwo months
thereafter. Antibody development is com-
pared against & similar group of non-
vaccinated heifers. Both groups are ex-
posed to low-level field challenge.

EPIDEMIOLOGICAL STATUS
OF THE CARIMAGUA HERD

Epidemioclogical surveillance of cattle in
Carimagua is done by a pathologist, who
will be joined by an ICA senior
parasitologist and a research assistant at
the end of the year. The most commeon
clinical conditions encountered have been:
bone  fractures, retained placenta,
polyarthritis, metritis and wasting disegse.
Ectoparasites (ticks and Dermatobia
hominis) and Internal parasites are com-

Beet Program

mounly in an eguilibrium state with the host
and become problems if not strategically
treated. A search is underway for an
inventory of diseases in the area of
influence of this experimental station,

Polyarthritis is a bacterial infection of
various joints. Bacteria probably enter the
system through a non-treated navel infec-
tion. The condition is gaining importance
in Canmagua due to the extensive areas
where calving takes place. Because many
calves are not scen in the first 48 hours,
infection can easily occur. A limited trial
will be set up to prepare an immunizing
product that, given to the cow, would help
the calf withstand infection.

Routine vaccination schemes for
brucellosis, aftosa, black-leg and
hemorrhagic septicemia are being used and
adapted to management conditions.

Internal nematodes interfere with nor-
mal growth and performance of beef cattle,
Parasite control, however, should be used
strategically fo insure economic use of
resources. Seasonal changes in parasite
content of calves in the Carimagua area
will be determined with a bio-chimatogram
where the level of parasitism is compared
against climatological data such as
temperature, rainfall, and potential
evapotranspiration. For the analysis, fifty
calves born durng the rainy season were
selected and 50 more will be selecied from
animals born during the dry peried. A
comparison will be established between
level of parasitism and nutritional status
measured by weight and some blood
parameters,

IMPACT AREA SURVEY

A disease inventory of the Beef
Program's impact area is being con-
structed. The basis for analysis of the
information will be gathered by the impact
area survey project of the Program,

{.ocal teams of scientists will collect
A-B7




information and, when possible, samples
for laboratory analysis. Professionals from
national institions are dlso being contacted
to obtain descriptions as complete as
possible. While initial information is not
necessarily guantitative, it is hoped to
obtain rather precise information for calf
mortality causes, reproductive diseases
and internal parasitism,

Work began in Brazil through EM-
BRAFA and in collaboration with their
staff at the Cerrado, Center, Brasilia and
the Centro Nacional de Pesquisa de Gado
de Corte in Mato Grosso, Data.collection
also started in Paraguay with the
collaboration of the Diagnostic Center of
the Ministry of Agriculture. Bicod serum
samples for examination of reproductive

‘problems from the three places will be
-analyzed in CIAT laboratories. Other
-examinations will be performed locally.

DISEASE-NUTRITION
INTERACTIONS

In large parts of the tropics the main
animal health problems are associated with
killing diseases such as the tsetse-
transmitted trypanosomiasis, rinderpest,
theileriasis and contagious bovine pleuro-
pneumonia. [n Latin American countries,
however, synergism between malnutrition
and disease probably is the main factor
influencing livestock productivity.

Epidemiologic  studies, clinical in-
vestigations and lsboratory experiruents
have clearly shown that malnutrition and
infectious diseases are mutually
aggravating and together, they can
produce more serious consequences for the
animal than would be cxpected from the
sum of independent effects. In veterinary
medicine, the close association of nutrition
and husbandry to production disease is
marked in tropical countries where grazing
and crops are dependent upon a seasonal
rainfall.

A one-year experiment was conducted
on the nine herds of Ze¢bu breeding cows of

A-B8

the Carimagua Herd Systems trial. The
objective was 1o evaluate the usefulness of
bload parameters in identifying abnormal
situations arising in beef animals subjected
to severs clirnatic stress, different manage-
ment practices and production inputs,

Most blood parameters studied in-
dicated the effect of season, mineral
supplementation,  urea-molasses-sulfor
supplementation,  type of  weaning,
reproductive condition and pasture {ype.

Bicod parameters influenced by season
in herds receiving salt and/or mineral
supplementation {Group 1) were packed
cell volume {(PCV), serum glucose, urea,
inorganic phosphate, calcium, magnesium,
sodium, potassium, total protein, globuiin,
hemoglobin, weight and weight gain
(P<(1.01); albumin was the least variable
parameter {P<{},08) Most variable, as
influenced by mineral supplementation,
were serum ufea, inorganic phosphate,
total protein and weight (P<0.01); serum
magnesium and globulin were the least
variable (P<8.05). For urea-molasses-
sulfur supplementation, the most variable
parameters were PCV, serum  urea,
calcium, sodium, inorganic phosphate,
hemoglobin and weight (P<0.01); aibumin
was the Jeast variable (P<0.05). For
weaning type, serum albumin and weight
gain were most variable (P<(.01); globulin
was the least variable (P<0.05). For
reproductive condition, most variable were
PCY, serum inorganic  phosphate,
albumin, hemaoglobin, weight and weight
gain (P<0.01); glucose was the least
variable (P<{.05} (Table 50}

Blood paramerers influenced by season
inGroup 1l (Herds 4,5,6,7,.§,9)are shown
in Table 51. They were: PCY, serum

glucose, urea, inorganic phosphate,
calciur, magnesium, sodium, potassium,
total protein, albumin, globulin,

hemoglobin, weight and weight gain
{P<0.01). Most variable, as influenced by
pasture treatments were serum glucose,
urez, inorgamic phosphate, calcium,

1977 CIAT Annual Report



LD ady o) kg Wy
FAR ED W (G J0 PRRCRA WU W (15
NSy o1 TR 10 MY

HEd G wy i 154 e SEF L P E 4 e e st EEEL W L] LI 7277 B 5 YA 12 4 sl - Ly
el W Hadl i biss 73 wE (1< S <4 W pigd 6T LR TR ViY L LSO T S YR i v wae - By
goRt wie ra | ity 1 192 Lid7 W Y e ore iz e W IF L3 Y nE S v - Aigy
9% E8214 o4l e 2 15 e orirt 8T 00l 6% 8157 W feE B PY st SPLYEY T - Roswow
N H i 3 i £
E e BLE 334 x4 »ne % [EX 22 ¢ 24 #l Ed 24 4 WE W 3] ¥i o Li%st 1 o - L1y
700 | N | Y+ 4 Tt e T WL (541 [ S 2 4 gt a4 a4 WTE # ES I To 0 1 ek + ey
Li%d RIS 3 s 1 L4 197 bl 29 19987 Wt Fe=4 w3 2324 HE iy 3 el eHN 3 wwkaidt Sigy
] LEwE 1 viepBai - fauiee g
PI3 [NHUAD SIERS IRLPIGEN
% a3 WL Eiad W 33 o3 sitry 7 a2 s #wE U e 500 ¥ Vel FRLYTY Ay
43 wi 513 L %1 i s w27 5% %3 W e eref i*ll LT TR S YAy L
oo
"y wuEr L5 a3 1 L7514 s sowl L A $ik 74 (v9L  BUBC 39 v LS £y WIS » W04fE
a1 S6EIT [L RS Had [£34 [y $s woel T "5 1134 Wi Wie WS L] Lo 7] i R
Ao L10rk peiddes
2 PEWIE 9t $0% T #i it Wy T iz 3 E 12 6 0L KW 5% Lo e ] F4] SEE SNy
wi {13473 el s "wi 77 813 ®ED  WI E134 33 I e Hwy W yi o Ie%E £y el e . Wl
Wt 88 BT L31 74 EH 803 E- T 4 (823 &3 R Y e oF LRI 133 EF e
FAIREE §
WL R a1l 34 Wi fCH Y ol KT [1£:H §t% 244 w{s 15 6l ¥ W ANLOE uores frw B
185 g <3 >4 3] =y 5T it Wy o L W#E oY FE UM HH 154 < F2 TS Va1 QoI L)
i Bt 1331 »i T =73 3 e IFT 1ws " &t I §YIY € z LTS E Ya iy uore duw oiey
S 8t R S 4 ist E-¥3 #H3 T FEa4 i Y 143 LIEE I YiY $HL 1 LAY A UORESE AUTRI ALNTE
wosrg
W0 s Fea s ot 2 S8 W T A 4 e s "Wt [ PRI 4 24 L4 (2] r
S WIR *#iEE £ (134 Wi "y Qe 8T Tre oy ST HTE  AEE & 3 8l 3
[139 LT wii " o "W (134 BBl BET w0 "y [R5 -4 ®3E wir 1 H %6} £
Ll B w3 1 wH (i3 2RI LET ot e R 5L STOw w 1 %8l T oS
thy) (*1 fw fr e [ SR 561 Ui ik s [ iw i IAGT  uosRg g e ] P
el gyt 001 %) og /B s vy ewd jhom:  geriRw: pordhw) ooy iRel mpribel serdon LAn4 DN
LT UeRNEIE TR0 anenery o k| R W = F Whify OO
TS OO
» .. “LAT AW
FIAT PN UL R W 1) oy o Jeeg 20 et i e saiea Foom =0 FouEL; Nupmenih wop wyhilng muyiyna sassers Wi pormd PR 05 A93),

A-89

Besf Program



08-v

Hoday (eNUUY 1YID LL61

Table 5. Effect of seasonal periods, mineral L | sags weaning type and on blood welght and weight gains of beef cattle In Groug | (Rerds 2, 3, 4, 5
June 1976 to May 1977
Blood Parameters
Glucose Urea P Ca Mg Na K Totrb Albumin  Globuhn Hemoglobin Weight
No. of PCY!  (mg/i00 (mg/100 (mg/l00 (mg 100 (mg/l00 {(meq/ {meq: Protein (g 100 ig/ 100 (gi 100 Weight gam
Tremment Herd Year Season  cows o] ml ml) ml) mi) L1H Iiter} Wter) (g 10 mal} mi} mi) mi (kg) (ky)
Control t 1976 1 52 40.29 71.96 .15 i 10.70 237 138.60 5.68 822 2.56 5.66 14.38 n7e -6.75
1 1976 2 50 41.54 65.60 2107 .54 10.68 298 178.28 714 7.84 2.49 534 13.94 3902 338
t 1577 3 49 .08 82,30 216 5.8 %12 170 144,23 4.16 T84 258 5.2 13.1a 28274 I8 96
1 1w 4 24 arnir T1.60 35.56 5.0% at .69 151 385 KI5 28l 150 13.72 879 43 08
Season
Early rainy mason 2,345 1976 1 254 383 .0 28.88 3n 10,33 24 1443 5% 750 263 i 1442 32667 708
Late rainy season 234.3% 1576 2 253 4.7 76.03 804 5% 9.58 2.58 133.67 54! &21 5 542 13.9% 3,57 133
Dry tcason 34,3 1w 3 247 19.89 a2 2656 5.5 .37 247 147.28 430 741 162 4.7 344 T -25.50
Early rainy wason 1,345 1577 4 121 4039 84.23 3608 432 i1.85 57 15328 3e? 805 268 5.38 13.55 32873 1597
Minerals
Sal 3 1976-17 14 427 40.0% 7186 nM 4.50 £0.00 24 150.23 51 7 261 516 1412 s 17
Salt « minerals 45 1976-77 14 450 oo Ta.44 2657 in Ep.11 .57 148,11 M9 797 263 534 13.69 33998 353
upplement (Dry season)
None s 1976-717 14 432 B 75.85 164 52 992 .50 14611 S8 747 261 52% 13.68 12004 136
Urea + molants 14 197677 14 443 40.40 76.75 30.92 4.7 .19 .51 152.08 5.08 787 2.62 3.2% 14.11 ELLAR] 146
Weaning
Normal 197611 14 ™ 39.60 I 9.16 496 L0.07 .50 149.07 514 788 2.63 322 1384 2716 262
Early 1976-77 14 138 4117 7374 26.87 497 999 2352 14948 506 795 2.56 53¢ 14.21 33380 191
Reproductlve stage rontrol erd
Lactacting - pregiant 1 1976-77 14
Diry-pregnant 1 19761 14 kL] 41.98 7331 26.88 557 L0.75 7% 13061 59 4,06 261 .43 1437 1247 5
Laciating - open | 197617 14 k1 6 Hy 7210 D4 4.40 1045 2.61 134,50 59 760 pa 1] 128 1272 7 n <178
Dry - open 1 1976-17 14 63 a0 58 7539 2.9 5.07 L0.46 2.61 155.91 547 & 14 259 5.58 178 o222 -367
Repr A herd
Lactanng - pregnant 345 197677 -4 kL 3778 TTuz 3148 454 1034 241 4T 1% 508 H.04 275 5.3% 111 NTTE .4
Lry - pregrant 2,3,4,% 197617 14 415 41.34 74.00 1794 540 .05 251 149.07 514 1.9 266 529 14,50 RIURH) 1429
Lactating - open 2,345 1976-17 14 305 715 75.99 3083 4.45 L0 04 254 149.83 514 150 15 524 1296 304,08 1552
Liry - apen 197%-1 1-4 121 481 84,82 941 434 .57 2.3 148.20 509 et 260 5w 14 46 T HY boY

U acked cell nluIE of hematncnt

From lansary fo Apl. 1977
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magnesium, sodium, fotal protein,
albumin, globulin and weight (P<0.01);
potassium was the least vanable (P<0.05).
For urea-molasses-sulfur  supplementa-
tion, most variable were serum sodium and
weight (P<0.01); glucose and albumin were
the feast variable (P<0.05). For weaning
type, most variable were serum albumin,
globulin, weight and weight gain (P<0.01);
total protein was the least variable
(P<0.05). For reproductive condition,
most variable were PCV, serum inorganic
phosphate, potassium, total protein,
albumin, hemoglobin, weight and weight
gain (P<0.01); glucose and sodium were the
least variable (P=(.05).

The largest correlation coefficients in
decreasing order of all possible pairs of
biood and production parameters (Tabie
52), were found between total protein and
globulin (0.91}, PCV and hemoglobin
(0.80}, weight and hemoglobin (0.44),
potassium and sodium {0.44), weight and
PCV  (0.41) magnesium and calcium
{0.38), PCV and total protan {(0.33),
weight gain and weight {0.32), total protein
and albumin (0.31), PCV and globulin
{0.30), weight and iotal protein (0.28),
hemoglobin and total protein (0.28).

Three of 12 blood parameters studied
namely, serum total protein, PCV and
hemoglobin, were influenced by weight,
Concentrations of all three increased with
weight (P<0.01) (Fig. 61).

Seasonal variations of blood parameters
and weight in relation to reproductive
condition {Herds | to 9), showed that the
highest serum mean value concentrations
for inorganic phosphate, total protein,
PCV, hemoglobin and weight across
seasons 1 to 4 corresponded to the dry-
pregnant condition(Figs. 62, 63, 64). The
condition lactating-pregnant had the
highest serum mean value concentrations
for albumin, wurea, calcium and
magnesium. The condition dry-~open had
the highest mean value concentrations for
globulin, sodium, potassium and glucose.

Bes! Program

The lowest serum mean value concen~
trations for total protein, PCV,
hemoglobin, albumin, sodium, calcium,
magnesium and weight corresponded to
the lactating-open condition. The lowest
serum mean value concentrations for
glucose, potassium and urea, correspond-
ed to the dry-pregnant condition, The
condition lactating-pregnant had the
jowest mean value concentrations for
inorganic phosphate and globulin.

Seasonal variations of blood parameters
and weight in relation to type of weaning
{Herds 1 to 9) showed that the highest
serum mean value concentrations for PCV,
total protein, globulin, hemoglobin and
weight corresponded to early weaning
cows during the late rainy season of 1976
{Table 53). The highest mean values for
sertm urea, calciom and albumin cor-
responded to normal weaning cows during
the eazly rainy season of 1977, The highest
mean vaiues for serum sodiom and
potassium corresponded to normal wean-
ing cows during the late rainy season of
1976, The highest mean values for serum
magnesium corresponded to normal wean-
ing cows during the dry season of 1977. The
highest mean values for serum inorganic
phosphate and glucose corresponded to
early weaning cows during the dry and
earty ramy seasons of 1977, respectively.

The lowest serum mean values for
calcium, total protein, globulin,
hemoglobin and weight corresponded to
normal weaning cows during the dry
season of 1977 The lowest mean values for
serum morganic  phosphate and PV
corresponded to normal weaning cows
during the early rainy season of 1976, The
lowest mean values for serum glucose and
magnesium, urea and albumin, sedium
and potassium corresponded to early rainy
season and late rainy season of 1976 and
early rainy season of 1977, respectively,

Herd | {negative control) was not
included in the general statistical analyses.
However, the highest mean values for PCV
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Table 32, Pearson correlation coefficient for afl possible pairs of blosd and production paramseters.!

Totai Weight
Glucose Urea  Albumin  Globulin  protein  Hemoglobin  PCV o Ca Mg Na K Weight gain
{lucose 100
Urea 0.06 1.00
Albumin 0.92 0.19 OO
Globulin 3405 0,03 0,07 1.00
Total protein 0.06 0.04 0.31 .91 1.0
Hemoglobin 002 006 0.19 0.22 0.2% 1.00
PCY 00 019 0.12 0.30 0.33 0.80 1.00
P 4304 .23 0.08 -4.08 0,10 4.07 0.03 1.00
Ca 0.08 0.07 a1 .17 .20 0.14 02 4 LK
Mg .05 0.08 016 .04 0.i6 6.0Z 44 005 038 100
Na £.92 842 0.02 £.01 G.00 4.3 405 007 012 018 LO0
K £.17 (.05 0.03 0.09 007 613 £.02 001 a0 005 .44 1.60
Weight £.13 .03 0.21 0.22 0.28 0.44 8.41 002 086 01 001 013 1.00
Weight gain .03 0.14 0.24 0.08 G147 016 06 000 BB -G048 002 G2 0.32 1.00

i Correlations => 0.26 buve been found significant {F* .= 0.61) due to the high variability observed in experimenial parameiss values
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serum inorganic phosphate, magnesium,
sodium, potassium and weight cor-
responded to the late rainy season of 1976.
The highest mean values for serum uvrea,
calcium, albumin and weight gain cor-
responded to the early rainy season of
1977. Highest mean values for total
protein, giobulin and hemoglobin cor-
responded to the early rainy season of

Baet Program

1976. Serum glicose highest mean values
corresponded to the dry season of 1977,

Lowest mean values for PCV, serum
calcium, globulin, hemoglobin, weight and
weight gain corresponded to the dry season
of 1977. Lowest mean values for glucose,
urea, total protein and albumin cor-
responded to the late rainy season of 1976.
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Figure 62. Scusonnl varintions of serum total proteln, albumin, globuiin, bemoglobin, packed cell vojume
(FCY) and urea For I8 beef cows in relation to reproductive condition (Herds 1 {o %),

Lowest inorganic phosphate serum mean
values, magnesium  and sodium, cor-
respended to the early rainy season of
1976. Serum potassium had its lowest
value in the carly rainy season of 1976,

The condition lactating-pregnant did
A-94

not oecur across the experiment. Highest
mean vaines for PCV, inorganic
phosphate, calcium, magnesium, albumin,
hemoglobin, weight and weight gain
corresponded to the dry-pregnant condi-
non. Highest serum mean values for
glucose, sodium, potassium, total protein
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Figure 63. Sessonsl varintions of serum norganic phosphate caleium, magnesium, sodium, potassium and
glucose for 282 beef cows in retation to reprodluctive condition (Hesds 1 30 9).

and globulin corresponded to the condi-
tion dry-open, Highest mean values for
serum urea corresponded to lactating-

open.

Lowest mean values for PCV, glucoss,
inorganic phosphate, calcium, magnesium,

Beef Program

potassium, total protein, aibumin,
globulin, hemoglobin, weight and weight
gain corresponded to the lactating-open
condition. Lowest mean values for urea
and sodium corresponded to the condition

dry-pregnant.
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Figure 64, Seasonul varintions of weight of 282
beef cows in relation to reproductive condition (Herds
1to 95

ihe soil chemical dats  (Table 54)
showed a low pH indicating the acid naturg
ot the soil. with a medium organic matter
content. Exchangeable minerals {calewum,
magnesium, potassiom and sodium) were
iow. as weil as the available phosphorus
content. The aluminum saturation percen-
tuge was high, and 1s a common feature of
I Eanos soils in general.

1 he pasture chemical data (Table 35)
showed that the phosphorus and calcium
content of molasses gruss was higher than
thut of native grass across seasons. The
magnesiumn content was simikar in both
types of pastures. The nitrogen content of
mlve grass was lowest m the late ruiny
seasan of 1976 and early dry season of
1977, Fhe same seasons showed the highest
nirogen values for molasses grass.

Nitive gruss had highest nitrogen values
i the date dry and ecarly ramny sessonal

& 96

periods of 1977, these also showed the
owest values of the same element for
molasses grass.

‘The mterpretation of these preliminary
ronitits should be done cautiously. since
many  more  estimates are  needed.
However, it has been established that
biood parameters of Zebu breeding cows
grazing i ackd soils were mifluenced In
decreasing order of importance by season,
pasture type, reproductive condition,
mineral supplementation, urea-molasses-
Sulfur supplementation and weaning type.
Clear seasonal patierns wereevident forall
twelve blood parameters studied, including
the production parameters weight and
weight pain. Highest mean values cos-
responded to wet seasons, and lowest to the
dry season.

Phe direet relation of  pasture
phosphorus to phosphorus content o
Blood was evident. Anmmals on molasses
grass had the highest blood concen-
trations, followed by those grazing native +
malasses grass and native grassalone. This
may partly explain the greater number of
bone fractures that occurred o animals
grazing native grass alone (Herds 1 1o 4)
from 1974 1o 1977, [t also suggests the
advantange of establishing an improved
grass efficient in phosphorus absorption
acid sotls.

Low  phosphorus content  in  these
tropical soils and native grasses also leads
to “pica” or depraved appetite, which
predisposes amimals o botulism, a toxic
condition that undoubtedly killed several
ammals this year near the Carimagua
Station,

Burnmg of native grass augmented the
phasphorus content, as was obsenved by
Lebdosoekojo in 1976, However, chenvieal
analyses  showed that molasses grass
abways had higher phosphorus content
AUTOSS SCASONS,

Other important parameters ke serum

1977 CIAT Aaaual Beport
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Table 53. 8 | variat of blood par and weight in relation 1o type of weaning (herds | to 9). June 1976 to Muay 1977,
Blood Parameters
Total
Glucose Urea P Ca Mg Na K protein  Albumin  Globulin - Hemoglobin

Type of No.of PCV' (mg/100 (mg/10C (mg;100 (mg/100 (mg/I100 ({meq; (meq: (g L00 (/100 g/ 100 (g 10O Weight
weaning Seasong, Year  cows mi) mi) ml) ml} ml) liter} liter} ml) ml) ml) ml) (kg)
Normal Early rainy season 1976 592 38.10 71.87 26.69 4.48 16.29 2,19 144.70 586 7.85 2.59 526 14.20 122,17
Normal Late rainy season 1976 593 41.40 77.29 21.73 6.19 9.75 241 151.34 591 7.88 2.49 5.39 13.91 333.80
Normal Dry season 1977 583 39.15 75.26 24.69 595 9.05 243 144.63 439 1.38 255 4.83 13.21 30097
Normal  Early rainy season 1977 287 39.67 81.63 a7 4.83 10.80 2.37 139.14 3.79 192 2.65 527 13.3 320.62
Early Early rainy season 1976 99 3849 70.40 23.25 4.59 10.21 214 142.63 5.61 7.89 252 537 14,23 34189
Early Late rainy season 1976 100 42.68 77.03 20.62 6.12 9.47 2.32 150.34 579 8.13 2.46 5.69 14.32 35220
Early Dry season 1977 98 41,20 71.08 2209 6.28 9.15 2.42 14598  4.32 7.39 2.48 4.9] 13.95 325.60
Early Early rainy scason 1977 50 4033 84.69 30.19 495 10.25 228 138.69  3.69 8.01 160 5.41 13.51 334.83
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Table 54. Mesn chemical data for soils of pastures for experisentsl Herds 1-9, June 1276 10 May 1977,

Exchangeable Available
COrganic P Al Ca Mg 4 Na CEC %
Type of matier Bray I (meq/ {meq/ {meq/ {meq {meq/ (meq/ Al Zn Ms Cu Fe
Herd pasture oH (%) (ppmy 100g) 100g 0 100y 1060g 10g sat (ppm)  {ppm} {ppm} (ppm)

I Native 49 is 17 2.3 6.1 .07 6.08 4.09 2.4 88 0.58 19 0.75 M4
2 Native 48 4.3 27 23 0.09 .07 0.06 {1.06 9.1 £9 .69 1.8 (.38 45
3 Native 4.6 44 L8 2.8 614 0.1 0,07 0.06 5.4 88 .61 54 0.55 39
4 Native 4.7 4.1 18] 3.2 018 0.12 4.09 0.06 116 .37 0.67 68 0.56 45
5 Nalive 4.8 4.2 £L9 27 0.10 0.08 0.07 0.06 9.2 90 0.63 3.7 D46 45
6  Native 4.7 4.3 LS 32 .17 G408 4.09 0.06 1.2 89 0.54 4.6 0.54 42
7 Native 48 3.8 639 3t a.16 0.12 .18 207 0.7 ¥4 0.53 4.1 .58 44
§  Molasses 4.7 4.2 1.5 31 0.44 0.7 Q.14 0.07 L8 i (.61 5.7 0.62 ki)
7 Molasses 49 3.1 | ] 2.2 0.28 0.1 .08 Q.05 78 Bl .35 42 0.56 49
8  Molasses 4.8 13 20 29 6.51 &is 0.1} 0.05 .G 8 0.68 7.8 .64 63
¢ Molasses 4.9 34 1.4 2.4 0.36 0.13 Ok 0.04 £8 79 0.54 45 (.54 61




Table 55.  Seasomal variations of nitrogen, phosphorus, calcium snd magnesium in native snd molasses
grasses.t
No. of N P Ca My
Pasture Sampling period Year Month abserv, (% (%) (%) {4
Nanve
suvanBa fate ratny season 1976 December 5 0.53 0.04 0.4 [F
Early dry season 1977 February 7 (.40 G.02 .12 G, 10
Late dry season 1977  March 7 0.60 G.04 (.10 G.O%
Early rainy season 1977 May 7 (.82 (.06 13 GG
Mo lasses
grass Late rainy season 1976  Dgcember 4 (.58 0.08 {15 HEM
Early dry season 1977 February 4 0.50 0.08 G.13 g
Late dry season 1977 March P (.45 203 {34 HAE
Early rainy season 1977 May 4 (.74 907 HA TS 49,10

© Valies for all nutrients expressed on a des matter bass

calcium, magnesium, sodium, urea, total
protein, albumin, globulin, hemoglobin,
PCVY and weight were consistently higher
in animals grazing native grass during the
dry season, than in those grazing native +
molasses and molasses grass alone during
the dry season. This possibly refiects
improved mmnagement practices upon
animals and native savannas in this eritical
season, as well as the low drought
resistance of molasses grass.

The condition kaown as “secadera”
oceurred more often in cows of the
lactating-open condition, grazing molasses
grass in the dry season (CIAT Annual
Report, 1976). Animals in this condition
had consistently lower mean valae concen-
trations of total protein, albumin,
globulin, PCV, hemoglobin, urea, glucose,
magnesium, potassium and weight than
animals in the same reproductive condition
grazing other pastures. These findings
support the hvpothesis that the stress of
Iactation without adequate nutrition plays
the most important role in the ocurrence of
this syndrome, together with secondary
infectious and parasitic disesses.

The condition Hydrallantois {“vaca
inflada™) was only seen in Herds [ to 3

Beaf Program

grazing native grass without mineral
supplementation. Serum inorganic
phosphate and potassium mean value
concentrations for the nine cases observed
were low. Other blood parameters studied
were within normal limits.

Table $6.  Values of Muod parameters, weight and
weight gains of 181 Zebu breeding cows
sampled every fwe months on seven
accasions. Jone 1976 to May 1977,

Mean Range

PCY {95 »o 230 558

Glucose (mg: 100 mi} 0240 (39 - 19040

tirea img 100 mi} 322 02- 832

Incrganic phosphate

{mg/ 106 mi} 2.8 4.9 - 183

Caimg HE mb 0.5 8- 172

Mg {mg/ 100 mi) 29 i1- 47

Na {meg/liter} i41.4 56.1- 2326

K tmgy hiter) 8.8 2i- 154

Total protem {g/ 106 mb) 7.3 4.0~ i3S

Albumin {(g/ 108 mb 28 £5- 17

Clobulin {g; 108 miy 7 i4- 7%

Hemoglobia (3/ 100 mi 4.0 84- 1935

Weght (kg) kTR 180.0 - 5420

Weight gain (kg) - 135 -141.4- 1140
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Mean values of blood parameters,
weight and weight gains for 282 Zebu
breeding cows inthe Llanos were establish-
ed (Table 55). Although the Herd Systems

Experiment was location specific, these
parameters could serve as a base for future
wark to be undertaken.

Economics

The Economics section is responsible for
both micro-economic analyses of the
experimental results and macro analyses of
the beef industry in tropical America.
Results presented this year concentrate on:
{1) simulation of alternative beef produc-
tion systems in the Colombian Llanos,
and, {2} the economics of foot and mouth
disease control,

ALTERNATIVE BEEF PRODUCTION
SYSTEMS IN THE LLANOS

Cow-Call Operations

Using preliminary resuits obtained in the
Herd Systems experiment, farm level
adoption of alternative cow- calf produc-
tion systems was evaluated through
simulation wusing the computerized,
activity-budgeting  model (HATSIMY
developed at CIAT. The experimental
treatments considered as  alternative
systems were:

Systems 1 and Z: Traditional systems
with all animals grazing native savanna
and ad libitum salt supplementation with
an average intake of 12 kg/year/ A1, of
sait {as in Herds 2 and 3 of the experiment
described in Table 35).

Systems 3 and 4 Same as above but ad
libitum  supplementation with a full
mineral mixture with an average intake of
16 kg/year/A.U. {as in Herds 4 and 5},

Systems & and & Same as above but
weaning all calves at 86 days ofage. During
one month, early weaned calves are fed
0.75 kg/day of a caloric-proteic supple-
ment (20% protein} and ad fibitum fresh

A-100

chopped Mxonopus scoparius {lmperial
grass). During ancther two months they
are fed 0.5 kg/day of the same supplement,
grazing in rotation Paspalum plicatulum
{pasto negro) and a mixture of Melinis
minutifiora  (molasses grass) and
Hyparrhenia rufa. After six months of age,
calves graze native savanna and receive
only mineral supplementation. Given the
location and conditions of the pastures
used in the early weaning treatments of the
experiment, and in order t¢ extrapolate
treatment results to farm level, it was
assumed that such pastures need to be
irrigated during the dry season. Hence, the
cost of small-scale irrigation equipment
and associated operating and labor costs
are charged to this treatment.

Systemis 7 and 8 Cows, bulls and
unweaned calves grazing M. minwtiflora
during the rainy season and native savanna
duning the dry season; all animals are
supplemented ad Zibitum with a mineral
mixture with average intake of 22
kg/year/A.U. {as in Herds 6 and 7).

Systems 9 and 10: Same as above but
weaning at 86 days, with the same early
weaning treatment as Systems 5 and 6.

System 11: Same as Systern 7, but
grazing Brachiaria decumbens during the
rainy season with a stocking rate of 1.7
A.U./ha., and savanna during the dry
scason. Reproductive as well as productive
performance is assumed to be the same as
in System 7.

Odd-numbered systems represent ex-
perimental results (four-yvear averages)
directly extrapolated to farm level, with the

1877 CIAT Annual Report



exception of Systems 1 and 11, In System
1, calf-mortality was assumed to be I5
percent rather than the experimentairesult
of 26 percent, since this value appears to
overestimate actual farm losses, In fact,
even a 15 percent calf mortality implies a
decreasing herd over time, In even-
numbered systems, calving rates and calf
mortality are hypothetical values con-
sidered valid for the farm level, based on
survey experience in the Colombian
Llanos and preliminary estimates of the
experimental variance obtained for the
corresponding treatment in the Herd
Systems experiment,

The main biological parameters used to
simulate herd development in esach system

are shown in Table 57. Based on these
parameters, the same inpitial herd was
developed over a 25-year period and the
net income flow was used to calculate the
internal rate of return of sach system using
the discounted-cash-flow method. All
prices corresponded to average farm prices
of 1976, which were assumed constant over
time and expressed in real terms. Since
prices of inputs as well as output {cattle}
vary according to distance to market, the
economic evaluation was carried out for
two areas: (A) from Puerto Lopez to
Puerto Gaitan, and (B) from Puerto
Gaitan to Carimagua. Prices of both inputs
and cattle were corrected for transporta-
tion costs.

Table 57 Parameters used in herd development of alternative production systems.!
Treatments Parametlers
Mortality Heifer mating
ate (%) rate ()

Sys- Calving 12 23 34
tem  Pasture Minerals Weaning  rate (%) Calves® Adults vears years years
{ awative salt normal 46 i85 5 0 &0 100
2 native salt normal 50 8 5 0 50 HiY
3 pative fuli mixtare  normal 65 12 b 0 90 1
4 native full mixture  normal 61 8 5 0 a0 104
5 native full mixture  zarly 87 i3 4 0 &0 10¢
6 native fuli mixture  early 77 & 4 0 B0 oG
7 molasses+ native full mixture normal 64 10 5 HE 90 100
£ molasses+native full mixiure  normal of 7 5 19 96 100
g molasseytnative full mixture  carly 85 8 4 0 9 HG
10 molasses+native full mixture  early 77 7 4 0 46 106
0] Brachiaria decumbens  full mixture normal &4 10 5 10 90 100

+ native
P sher parameters such a3 proportion of budls Lo cows{ | 26}, caliing rates of cows {152 end beils (205 and propurios of
wabes temales a1 b {93 5 are assured squnl for all systerss,

i Up to ont year of age.

T Weight 2= 270 kgs.
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Table 58 summarizes the performance of
all systems for commercial ranches of
2500-3000 hectares. Resulfs are desoribed
below, using the return on capital as a
criterior,

Minerals. Syvstems 3 and 4, grazing
native savanna with mineral supplementa-
tion, are the most profitable of the
alternatives considered. They are followed
by Systems 5 and 6 {which include early
weaning), and by Systemn 2 (native system
supplementing only with salt). One of the
reasons why ad lbitum mineral
supplementation it not a widespread

practice in the Colombian Llanos may be
the reduced net income occurring during
the first few years after implementation
until the additional calf crop obtained i
sold.

Early weaning. This practice is not
profitable at present cost and under
current management {Systems 3 and 4
versus 3 and 6}, it becomes an economic
alternative, compared to normal weaning,
oply in iniensive pasture systems for
breeding cows (Systems 7 and % versus 9
and 10), by increasing breeding perfor-
mance, and thus reducing pasture invest-

Table 38.  Simslstion performuance of siternative production systems in the Colombian Llanos.
Ares of Breeding Initial Annual net Rate ol
impraoved herd size investment! ingcome’ el
pasture {ha) {cows} {$ U000 {5 US000) (%e
Sys- year o oyear TCEIOE  1egion

tem imitial  tofal  initial final pasture  total? 4 13 A B

H - - 186 127 - %0 6.4 52 55 kN

2 - . 156 82 - 90 7.5 1.3 81 .3

3 - - 196 24 - 9l 6.3 HET 104 EA)

4 - - 194G 230 - 91 5.9 10,2 PR 5.¥

5 12 12 194G 1943 4 97 5.0 18 %1 7.5

& 12 i2 194 1) 4 97 5.6 Ix 8.4 4

? 450 650 196 325 56 147 6.7 9.6 3 X7
(81 {172y

] 450 650 190 325 36 147 67 9.0 4.6 13
80 (i

4 450 516 190 250 &} 154 4.2 18.2 £3 14
{67} {160}

0 450 516 L] 50 &} 134 4.7 6.0 b 4.6
67} (1ol

1l 106 190 190 325 13 3 6.7 9.6 8% e
(24} (1id)

' Values eacresponding o region A,
t Includes value of cattic and improvements. exciudes value of =nd.

' Figures in parenthesis ars mvestoseat valots meluding the total aren of anproved pusies
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ment per unit of output (sales of steers). In
addition to management problems, early
weaning implies a substantial reduction in
net income during the first few years after
implementation,

The relatively poor performance of early
weaned calves, {especially those weaned
during the dry season), the high cost of
caloric-proteic supplement and labor, and
the establishment and maintenance costs
of improved pasture contribute to this
result, overshadowing the economic
benefits from a larger calf * crop.
Nevertheless, if scasonal mating can
imprave calf performance and, at the same
time, reduce calf feeding costs by reducing
the need to maintain good quality pasture
during the dry season, it might become an
economic alternative for the Colombian
Llanos, particularly in the case of
widespread adoption of improved pastures
for breeding herds.

Pastures. Systems based on grazing
molasses grass during the wet season{7 and
8) were found to be only half as profitable
as systems based on native savanna {3 and
4), both using minera} supplementation.
Total investment nearly doubled in the
former systems because of the low stocking
rate of this pasture (0.5 A.U./ha). With a
higher stocking rate (1.7 A.U./ha) as in
System 1} (a simulated case with B
decumbens, assuming the same reproduce-
tive and productive performance as for
molasses grass), the return oo capilal
increases markedly.

Pasture persistence and establishment
failures, Table 59 illustrates the effect of
pasture duration on the returns to capital.
In systems using a limited area of improved
pasture for early weaning (such as System
5), low persistence has a negligible effect.
However, when the area planted is
sizeable, returns on capital are quite
sensitive to pasture duration (Systems 7
and 9).

Table 60 shows the result of a sensitivity
Baaf Program

Table 59,  Percentage rates of return of Systems 5,
7 and 9; sensitivity analysis with respect
1o pasture persistence,
Pasture persistence (years)
System 24 12 9 &
5 9.1 S0 39 &.8
7 24 28 13
g 8.1 4.2 2.7 0.9
Negative value.

analysis on pasture persistence and es-
tablishment losses. Two cases are con-
sidered: System 7 and 7, the latter
assuming a 50 percent reduction in
establishment costs of this particular
pasture (molasses grass). It may be
abserved that reducing establishment costs
without affecting carrving capacity not
only increases returns to investment but
also implies that these returns are less
sensitive to establishment failures and to
persistence risk. This is one of the reasons
why a minimum input philosophy, and
practices such as minimum tillage repre-
sent promising alternatives when the
improved pasture is grazed by the entire
breeding herd. They may not be as relevant
when dealing with smail areas for strategic
use only.

Fipancing. In Colombia, as in some
other countries of Latin America, the
nominal interest rate on loans is smaller
than the inflation rate. This implies
financing under subsidized conditions.
Table 61 is included to illustrate the effect
of this type of incentive on the return to the
cattleman’s own capital. The following are
assumed: an annual expected inflation rate
of 30 percent and an 18 percent notninal
interest rate and four years of grace on a
12-vear loan. These conditions are found in
the Colombian Llanos, although they may
not prevail over the long-run. As the
proportion of initial investment financed
under these conditions increases, 50 does
the profitability of all systems. But, even
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Table 60. Percentage rates of retarn of System 7: senaitivity anniysls with respect to pasture persistence and
establishment fafture.
Pasture persistence (vears)
o 12 4
Pasture establishment
failures!
{% of arca) 7” b 7 7 7 T
¢ 50 71 2R 59 L3 50
0 44 67 24 55 039 EX
40 40 6.3 2.0 82 0.6 4.3
60 s 6.0 1.7 49 0.3 44
1) 12 17 1.3 4.6 0.0 38

: First year failures in pamure esablishment.

1} Actusl cost; 71 A ing 50 ¢ reduction in catablish

. P

under 60 percent financing, System 7
{including molasses grass) is not as
profitable as Systems 2 and 3 (native
pasture plus salt and minerals, respective-
ly) with zero financing. However, such is
not the case with System 11 based on B
decumbens. Beyond 30-40 percent finan-
cing under such subsidized conditions, it
becomes more profitable than Systems 2
and 3, This may explain why many
producers in the Llanos are adopting this
particular grass species.

coats,

Land values. When analyzing the
profitability of alternative production
systems which are relatively equal in
intensity of land use, the value of land is
not inciuded in the amount of initial
investment. The relevant gquestion is
Which of the production systems is more
profitable, given that the producer has
already invested in land?

However, when comparing the returns
on capital of a given technology in two

Table 6f.  Percentage rates of return an producer’s own capifsl from alternstive systems recelving credit
under subsidized conditions.!
Percent financing of initial investment
System g P-4 44 60 80
2 8.1 {na} {n4.) {n.a.} (n.a.)
e 8.8 {12.8) {181 (18.8)
7 50 36 6.3 7.2 ( 3.8)
biG 7.1 19 89 10.2 (12.0)
1 8.5 8.6 1.0 13.1 {16.8)

! Figures in purcisiesis are improbable cascs inciuded omdy for Husteation,

T A 3G p 3 in oty

A-104

1877 CIAT Annual Raport



ecologically homogeneous regions facing
different input-output prices (because of
distance to markets) the value of land has
to be incorporated in the analysis to
explain profitability differences between
the regions, 1f the same technology is
adopted in bhoth arcas, land prices are
expected to compensate for the difference
in profitability due to different input-
output prices. The regions further from the
muarket, and hence with the least favorable
prices, will have a lower return on capital
when the value of land is not included in
the amount of initial investment. This
explains the difference in returns between
Region A and Region B, asshown in Table
58. Comparing normal weaning systems (3
and 7)against ¢arly weaning systems{5and
9} it may be observed that the regional
differences in return are larger in the ¢case
of systems incorporating early weaning.
This indicates the obvious—technology
using more inputs has a lower probability
of adoption in regions further away from
the market than in regions closer to the
market, In order to obtain widespread
adoption, not only it is preferable that the
given technology minimize input use in
terms of value, but alsoin terms of volume,

Table 62 illustrates the effect of a land-
saving technology on the total return to
producer's own capital (including land

valuel. [t was assumed that the real price of
land increased at an annual rate of 2
percent. The area below the line represents
situations in which System I (8
decumbens plus minerals) is preferable to
System 3 (native pasture plus minerals)
using total returns on capital as the
criterion. This partly explains why land
saving technology (pastures with high
carrying capacity), even under similar
ecological conditions, are adopted first in
areas closer to the market which have
higher land values,

Fattening Systems

Based on four years experimental results
reported in the Pasture Utilization section,
a 1000~ hectare fattening farm in Region A
of the Colombian Llanos was simulated.
As in the previous cases, the economic
analysis was carried out over a 25-year
period. Prices of 1976 were used and were
assumed constant over time and expressed
in real terms. The net income flow was used
1o caleulate the internal rate of return using
the discounted-cash-flow method.

Three {atiening systems were evaluated:
(A) grazing molasses grass during 270 days
with a stocking rate of 0,44 A U./ha; (B)
same as above but with a stocking rate of
0.88 A.U./ha; and, (C} grazing B

Table 62,  Percentage rates of return? of S ystem 11: sensitivity analysis with respect te land values und percent
finaneing of initial investment’ under subsidy conditions.
Land value: Percent financing of initial investment
Col3/ha US$/ha g 20 44 o} 80
0 G 8.5 9.6 1.6 131 l6.%
500 i4 6.5 7.0 7 8.5 y3
HY0 28 34 58 6.2 5.7 72
1500 4z 4.8 5.1 532 57 6.0
2000 56 4.3 4.6 4.8 5.4 5.2

i RBages of return on producer’s own gapital and g totlal investment including »akue of kg

T Finangiag of initial imvesteront exsduding land.

Beef Program

A-108




Table 63,  Rates of return from finishing cattle on improved pastures.
Stocking Prodactior Rate of
rate per- per- return
System Pasture head ha
{AU. /Ra) {kg 276 days) {%}
A M. minuiifiore 0.44 14 56 1.2
B M. minutiflora .88 ki 67 4.5
C B decumnbers 130 il 134 2.k
D B. decumbens 176 80 136 8.0

decumbens during a similar period, fer-
tilized with 200 kilograms of basic slag
every two years, at a stocking rate of 1.3
A.U./ha, Results for the three systems are
reported in Table 63. Using return on
capital {excluding value of land) as the
criterion, although System B yields more
output per hectate, it is less profitabie than
System A which has a lower stocking rate.
Only in areas with high land values would
System B become more profitable than A,

System C Is significantly more profitable
than the other two systems. This resuilt
tends to support the ones obtained in the
simulation of Systern [1 with the breeding
herd grazing Brachiaria.

Table 64 is included to illustrate the type
of economic results that could be expected
from different pastures needing different
tevels of inputs with different frequencies.

Each value in the table represents a
different pasture needing application of a
given amount of fertilizer (worth the
amount indicated in the respective
column), with a given frequency (as
indicated in the row), in order o vield the
same output per hectare with the same
stocking rate as in System C {Table 63). In
the Carimagua region and at 1976 prices,
the amounts indicated in Table 64 would
buy the volumes of nitrogen P. 05 in-
dicated below:

Kgsof informoft US$28 USS42  USSSY
N urea 50 75 106
P20 basic slag &7 101 135
P20O5 TSP 39 38 78

A-1086

Other things being equal, pastures
needing frequent fertilization (even low
levels) are markedly less profitable than
those needing only low establishment
rates. Pastures needing the same fertiliza-
tion with higher frequency are also
substantially less profitable. In order to
compensate for such differences in returns,
animal response to fertilization of the
pasture needs to be rather high, Thus, i
seems logical that, in the case of the
Carimagua region, pastures needing fre-
guent fertilization could become economic
alternatives perhaps only in cases of
strategic grazing by those animals with
high response capacity.

Alternatively, for systems grazing the
bulk of the herd on improved pastore

Tabie 64. Fercentage rates of return on
investment! of simulated fatiening
systesnss  having  identical <arrying
capacity and  animal performance,
applying Inputs at different freguencies.

¥alue of inputs {LI8%/ha)

Input

application

every; § 28 42 56

year 121 4.6 1.6 z

2 years 12.1 5 6.7 56

3 years 121 .2 £.7 1.6

4 years 12.1 0.4 8.7 89

t Exciuding Iand valiin
* Negstive foirts
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(fattening farms or grazing the entire
breeding herd), the above results clearly
indicate the appropriateness of selecting
species and varieties based on minimum
input and maximum carrying capacity
criteria, reinforcing the need for seeking
legume-based pastures.

ECONOMICS OF FOOT-
AND-MOUTH DISEASE

During 1977, the foot-and-mouth dis-
ease {FM D) control study in endemic areas
was completed with the sensitivity analysis
of vaccination and the study of the
eradication strategy.

Sensitivity analyses on both the private
and social optimum vaccination strategics

were done with respect to the main
parameters in the model: results areshown
sn Table 65, The first 12 cases sorrespond
to changes in one variable at a time. It may
be observed that the private optimum level
fluctuates between 60 and 80 percent of
vaccination coverage, and the social
optimum varies between 70 and 90 percent.
The gap between private and social
optimum is present in all cases, and
increases with a lower vaccine effectiveness
as shown in Table 65.

In Case 13, 20 percent lower attack rates
and outbreak probabilities together with a
lower vaccine effectiveness were con-
sidered. Results indicate that cven in the
case of a possible overestimation of these
parameters, the private and social op-

Table 65.  Summary of results from sensitivity anafyais of vaccination strstegies for foot-and-moutls disesse

in an endemic srea,
Optimum strategy
Case Change
No.  Variabies changed assurned Private Social
i Outbreak probabilities 209 lower 60 80
2 Sameas 2% higher 80 %0
3 Mortality rates 20% higher T %
4 Bameas 3 20% lower 10 90
5 Attack rates 2% lower 40 80
& Semess$s 20%; higher 80 90
7 Vaccine sffectiveness From B5% &0
down to 60%
&  Weight losses from FMD 20% higher 0 90
9 Samess8 20% lower 70 80
B Milk loss from FMD 206 higher 70 90
i1 Sameas 10 0%, lower 70 o0
12 Vaccination costs 1065 higher & 0
13 Combination of rums 6B 70
No. 1, 5,7
14 Sameas 13 plus R higher 30 &0
vacination costs
15 Bame as 13 plus 50% higher i 70
vaccination costs
A107
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timum levels of vacoination would be only
10 percent lower, indicating stability of
results. On the other hand, if, in addition,
vaccination costs were underestimated, the
private  optimum  solution changes
drastically (Cases 14 and 15).

The eradication strategy wasdefined asa
sequence of massive vaccinations for a
period of four years, followed by two years
of vaccination combined with slaughter.
Also, to ensure the continued disease-free
status of the region, a permanent
epidemiological surveillance was con-
sidered as an essential component of this
strategy.

The rationale for this sequence is that
after four years of vaccination, the full
effect of this activity would be realized;
after that, all animals becoming sick plus
those in contact with them are slaughtered,
while preventive vaccination continues. It
is expected that after two years of
slaughtering sick animals, outbreaks will
terminate as will the vaccination and
slaughter activities. However, efficient
epidemiological vigilance continues in-
definitely so that further widespread
episodes of the disease are avoided.

The benefits from eradication are two-
fold: {1) the economic losses from the
disease are eliminated; and, (2} additional
foreign-cxchange earnings are gained due
to the price differential favoring exporting
areas (countries) “without FMD”, if access
is gained to markets in disease-free
countries, A 30-percent inerease in beef
export prices was estimated for Colombia,
based on the long-run FOB price paid by
the United States to Costa Rica, which
exports a similar quality of beef. This
second benefit is another type of externali-
ty, that can only be captured by a farm (or
exporter) f all farms carry out the
gradication  strategy  simultaneously,
Therefare, two different cases were con-
sidered: one with and the other without
aecess to the market in FMD-free coun-
tries. Alternative vaccination coverages of
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60, 70, 80 and 90 percent were considered
as part of an eradication program. As
shown in Table 65 the optimum vaccina-
tion level for an eradication program is 90

percent.

Net henefits from shifting to eradication
were compared with those resulting from
continuing to vaccinate at 90 percent
coverage indefinitely {which was reported
in the 1976 Annual Report to constitute the
socigl optimum vaccination strategy).
Inspection of Table 67indicates that, ifthe
area i8 accorded a diseasefree status by
importing nations, FMD e¢radication is
preferable. When there is no guarantee of
access to the disease-free market onee the
slaughter cycle has terminated and eradica-
tion achieved, at the current opportunity
cost of capital of 10 percent, the social
optimum control strategy is still 90 percent
vaceination coverage in the region. This
result would hold even more for higher
opportunity costs of capital. In this latter
case, only in a situation with capital
abundance and opportonity costs of less
than § percent, would eradication be the
optimum strategy.

A collaborative project with ICA was
carried out during 1977, to obtain direct

Table 65, Socisl net present benefits from shifting
to eradication versus continuing with
vaccinetion, in relalion to level of initisl
veceinstion’ (in millions of Col, 1973
prices).

Level of vaccination
{% coverage)
Strategy 6() H & S
Continuous
vaceination 2.545 1063 3124 3,126
Eradication? <11,42% 382 31857 6,308

+ Nej benefits are discounted up to year 5, when the aliernative of
shifting to aradication arises, with g 10 percent discount fate.

! Thes s Case A, of hecess 10 the market "without FMIY". Values
indicate pet present value of henedits from year 5 onwards, if the first
phase comists of the vastinatisn coverage showp above in
cirASpORding scinma,
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Table 67. Net present value of the social benefits
expected from shifting to eradication
versus continuing with vaccination' (in
millions of Col.$, 1975 prices).

Social discount rate (%)

Control strategy 5 10 15

Vaccindtion

{90% coverage) 6,252 3,126 2,084

Eradication

Case A? 16,206 6,368 3,289
Case B? 6,316 2,241 966

! Net benefits are discounted up to year $, when the alternative of
shifting to eradicatin or continuing with vaccination arises.

2 This cas assumes sccess to the FM D-frec matket. Results are based
on conservative estimates, assuming a price-elasticity of supply equal
to zero.

3 This case assumes no access to the FMD-free market.

field information from the Urabd region
(North Coast of Colombia), in order to
validate the simulation results described
above. This collaborative project was
partially financed by the Ford Foundation.
A survey was done on all cattle farms
experiencing FMD outbreaks during one
year. The group consisted of 49 cattle
farms, equivalent to 1.24 percent of all
farmsinthearea, at a time when an average
vaccination coverage of 90 percent was
achieved in the region. Data were obtained
for epidemiological parameters, physical
losses and vaccination costs. Information
from the survey plus that collected from
the ICA-USDA program in charge of the
campaign against FMD in the area,
provided the following results.

(1) The annual outbreak probability at
90 percent vaccination coverage was
considerably lower than expected.
However, data obtained correspond only
to reported outbreaks. It is suspected that
at high vaccination levels, many outbreaks
are so mild as to go undetected. This
information was used to recalculate disease
incidence for all levels of vaccination
coverage.

Beef Program

(2) Attack rates observed were higher
than those expected at high levels of
vaccination, but this may be explained by
the fact that 90 percent coverage had only
beenin effect in the area for one year. Thus,
the corresponding parameters in the semi-
Markov model were not altered in the new
calculations.

(3) Weight losses of only 15 kg/animal
for steers older than 2 years of age were
reported by the farmers, as compared with
average losses of 35 kg/animal cbserved in
areas with low levels of vaccination.
Therefore, new estimates have been ob-
tained with physical losses expressed as a
continuous decreasing function of regional
vaccination coverage.

{4) Finally, although the private costs of
vaccination per head were very similar to
previous estimates, the public cost in the
area turned out to be considerably higher.
During the one year, the average annual
public cost per head vaccinated was
Col.$40.50, which gave a total unit cost per
head of Col.$60, at 1976 prices.

Table 68 presents the costs and benefits
from all vaccination intensities estimated
for the Uraba region. In spite of the higher
vaccination costs, and lower outbreak
probabilities, the optimum vaccination
coverage from the social standpoint is 80
percent, versus 90 percent projected
previously. This is within the range of
results predicted with the sensitivity
analysis described above.

A comparison between the on-going
vaccination strategy in Uraba and alter-
native control programs, including
eradication, is being completed and will
appear in a separate report.

The study on the economics of animal
health, through the case of FMD in
Northern Colombia, ended during the
year. The methodology developed at CIAT
was transferred to ICA, the national
institution in charge of disease control.
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Table 68.  Social anvual costs and benefits from foot-and-mouth dizesse vaccinstion in the region of
Urabi,! Colombia, {in millions of Col$, 1976 prices)
Kegionx;zi
vaccmatiion
cOverage EFconomie Gross Yaceination Net
{%} josses benefits costs? benefits
4 447 0 0 0
g 358 7.5 1.8 7
26 3.4 139 kX i3
36 25.5 18.7 53 134
40 19.9 24.3 11 132
50 13.7 305 89 L6
&6 1.3 36.9 iee 262
76 is 40.3 24 27.9
86 1.6 426 4.2 8.4
0 6.7 433 160 21.5
100 &6 436 i 259

£

Estimates based on » siabilized region) heed of 295.8 thousand hesd.

T Annual usit ot of Col580 per Beaud vaccinated,

Training and Regional Trials

In mid-1977 a senior scientist arrived to
coordinate the Program's transfer of
technology activities which inciude train-
ing, regional trials and seminars. Establish-
ment of this section implemented the
policy of integrating the development and
the transfer of technology within the Beef
Program. As with other new sections, a
considerable part of available time was
spent in developing a strategy.

STRATEGY

The objectives of the section are: (1) To
develop and strengthen a network of
scientists working on research and produc-
tion of forages to validate, adopt, and
transfer new technology developed by the
Beef Program and other institutions to the
impact area. {2) To ¢stablish cooperative
links with national institutions for all the
activities of the Program, especially on
regional trials. In this fashion the principal

A110

functions of training and regional trials
form z continuum, Training activities will
be followed up by regions! trials in
cooperation with the CIAT staff to assure
continuity and guarantee the feed-back of
information to the research program.
Figure 65 illustrates the strategy

TRAINING

In 1977, 31 postgraduate interns receiv-
ed individual training in pastures and
forages, animal management and animal
heaith. Trainees were selected from
national institutions in Latin America for
advanced training to better prepare them
for research responsibilities in their coun-
tries.

Six visiting research associates are
conducting dissertation research projects
in the various disciplines of the Beef
Program, in collaboration with the univer-
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Figure 65, Integration of research, transfer of technology aud training in the Beef Production Program.

sities where they have completed their
academic requirements,

The TFifth  Livestock  Production
Specialist  Training Program began
January 1977 for a group of I8 par-
ticipants, 13 from Guatemala, 2- from
Bolivia and 1 each from Colombia,
Honduras and Panama. The trainees spent
three months at CIAT (theory phase} after
which 16 went to Gustemala for a ranch
phase of an additional seven months under
the supervision of two training assistants
from CIAT. The Programa de Desarrolio
Ganadero (PRODEGA) supported the
training program in Guatemals.

The main emphasis in the ranch phase
was on establishing and managing im-

Beef Program

proved pastures, since the most critical
problems associated with the development
of the local cattle industry were related to
lack of adequate nutrition during the dry
sedson because of lack of forage, lack of
persistence of improved pastures under
grazing, and weed competition during
establishment. Alternatives considered
were the establishment of grass species that
could compete fairly well with weeds,
improved grazing management, weed
control, and the use of sugar cane and
green-chopped pgrasses for fodder
supplementation during the dry season.

REGIONAL TRIALS

Eight priority countries -—Brazil,
Colombia, Venezuela, Perd, Panama,
A-111




Bolivia, Nicaragua and Ecuador— were
identified within the impact area of the
Program, with the possibilities of including
Honduras, Paraguay, Trnnidad, the
Guyanas and other sections of the Carib-
bean region. Selection was based on the
relative extent of their territory covered
with acid infertile soils (Oxisols and
Ultisols) and the refative importance of the
beef cattle industry in relation to national
agricultural development projects.

The first eight countries were visited
during the year with four objectives. (1) To
become acquainted with forage production
conditions in relation to the development

of the cattle industry. (2) To establish
contacts for future collaboration with
national institutions working on research
and development of the beef cattle in-
dustry, especially for regional trals to
evaluate the adaptation and productivity
of forage germplasm developed by the
Program. (3) To evaleate the training
needs of national institutions and
possibilities of participating in training at
CIAT.

The first regional trials in cooperation
with npational institutions have been
designed to evaluate the adapiation and
productivity of promising germplasm.

Table 69, Southern hemisphere sites selected for CIAT Beef Program regionsl irials of forages.
Country Institution Satex
Brazi I Centro de Pesguisa Agropecudria Brasilia, DLF.
v das Cerrados (CPAQ)
2 EMGUOPA {iomanig, Go.
3 Centro Nacional de Pesquisa de Gado Carapo Grande, M.T.
de Cone {CNPHO)
4 Centro de Pesquisa Agropecuana do Belem, Ps.
Trapico Umide (CPATY)
5 CPATU-UEPAE Manaus, Am.
Peri 6 Centro Regional de Investigacién 11 Tarspeto
Ministerio de Alimentacién/ Proyecto
Ceaperholta
7  Universidad Esiatal Carolina ded Yurimaguas
Norte; Ministerio de Alimentacién
Bolivia 8 eniro de Investigaciones de Agriculiura San fgnacio
Tropical; Misidn Britinica
Ecuador 9 iastiiuto Nacienal de Investigaciones Santa Domingo
Agrepecuarias {INIAF}
10 institute Nacional de Investigaciones Coea

Agropecuarias (INIAP)
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Table 69 lists sites where these trials will
begin during the present southern
hemisphiere rainy season.

Plans are being developed to include
sites 1n other ¢ountries of the impact area
beginning  with  the next northern
hemisphere rainy season, in May 1978,

CONFERENCES

A Workshep on “Collection, Preserva-
tion and Evaluation of Tropical Legume
(rermplasm Resources™ was organized in
collaboration with the University of
Florida {USA) and sponsored by the
United States Agency for International
Development, {USAID), be held at CIAT
in April 1978. The objectives are: {1} To
develop procedures for ¢ollecting, preser-
ving and evaluating tropical legumes which

may have agriculture potential. (2) To
prepare a manual which would provide
guidelines for a coordinated system of
coltection, classification, preservation,
distribution, and evaluation of legume
germplasm.

A Seminar on “Forage Production and
Utilization on Acid Lnfertile Soils of the
Tropies™ was also organized by CIAT o
follow the workshop above. Seminar
abjectives are: (1) To review the state of
knowledge on production, management
and utihzation of forages under acid
dertile sol conditions {Oxisols and
Ultisols) in the Latin American tropics and
related areas of the world. (2) To discuss
the possibilities of exchanging information
and technology between CIAT and
national institutions and to establish the
mechanisms to transfer this technology to
beef cattle producers.

Publications

Adegbola, A.A. and Paladines, 0. 1977, Prediction of the Drigestibility of the .M. of Tropwal Pustures from
their selubility in fungal cellidose solutions. Journal of the Science of Food and Agrwulture, 28775783,

Ayesrdi, E. and Morales, G. 1977, Un modelo epidemioldgico para fichre aftoss endémica on dreas tropicales.

ACOYEZ H2%6-9.

Baldion, R.. Lozase, J.C, and Grof, B, 1977, Evaluacion de la resistencia de Siylosanrhes spp. a la antracnosis
{Colletotricines gloposportoides). Fitopatologia. 10: 104-108.

Ellis, M.A., Ferpuson, 1.E., Grof, 8. and Sincladr, £.B. 1976, Transmission of Ceffotoirichuim glovesporiides
and effect of sulfunic acid scarification on mternativ-borne fungs in seeds of 3ivdosamhes spp. Plant Disease

Reporter, 60010k 844-846,

Fuber, L.

1976, Supplementation and reproductive performance of beel nesters under various grazing

managernent systems in the Eastern Plains of Colombia. MR, Thesls, Agrivuliurat Unnenity, Wageningen,

Netheriands,

Hammand, L.L. 1977, Effectiveness of phosphate rocks in Colombian soils as measured Iy crop response and
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With the arrival of the second breeder
for the Bean Program, the importance of
varietal development activities by the team
greatly increased. Large numbers of new
crosses were inititated and the first CIAT
hybrids entered the international yield
testing program this year. At this level,
they  will compete with germplasm
accessions and entries from various
national programs.

The results of the first International
Bean Yield and Adapiation Nursery
{IBYAN) showed a 35 percent vield
difference between the five best entries
furnished by CIAT and the five best local
materials, in favor of the former group.

The yield differences observed in the first
IBY AN wereequal in the tropical as well as
in the temperate zones. These nurseries
showed that wide adaptation to en-
vironments  exists  within  Phaseolus
vulgaris. This testing fegime  greatly
increased the intensity of the Program's
Latin American network, The 1977
IBYAN was composed of two different
sets, according to seed coal color
preference - that is, a black-seeded
anursery and a non-black nursery, each
containing 25 entries.

Bean Program

Bean Program

In physiological experiments, it
appeared that large vegetative structures
leads to increased vields if lodging
resistance can  be found. Lodging
resistance is also thought of as an impor-
tant mechanism for disease avoidance.

Also in 1977, the second pathologist
arrived and greater attention was given to
moving segregating populations through a
set of pest resistance nurseries 85 well as
screening them for wide adaptation. The
close collaboration with national program
virologists in El Salvador, Guatemala, the
Dominican Republic and Brazil identified
sources of germplasm resistance to bean
gotden mosaic virus, The first multiple-
country testing of hybrids between golden
mosaic-tolerant parents resulting from
respective  breeding  programs showed
transgressive segregation and gave promise
of future reduction of this increasingly
important virus disease in Central A merica
and Brazil,

Sources resistant to bacterial blight in
tests in the United States were rated
susceptible in tests at CIAT due to lack of
adaptation. Adapted, moderately tolerant
germplasm was located.

B-1




Vegetable oils, at a dosage of only 5 second intensive course for bean research
millimeters per kilogram of bean sced, cientists was held; 30 Latin American
appeared to effectively control insect pests  professionals participated. The program
of stored beans. This method is safe, cheap Was also active in training individuals at
and easily adapted to household use. the postgraduate intern levels and several

MS and PhD thesis research requirements
were fulfilled with projects done in the
YTraining again formed an important Program. A total of 71 professionals were

part of the Bean Program activities. The trained in 1977,

B-2
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Breeding

Major nurseries were planted at CIAT
during the 1977 rainy seasons and & seed
increase Empoasca resistance nursery was
planted in the intervening dry season.
Nurseries were planted in collaboration
with other program disciplines and the
Institute Colombiano  Agropecuario
(ICA) in four locations outside CIAT.

Selected families were revaluated in
replicated yield trials and multilocation
observation nurserics were planted to
select progenics for international testing in
1978, With the addition of a second
breeder to the program in mid-1977,
increased emphasis was given to breeding
for improved plant architecture, vield, and
adaptation. Also, with improvements in
screenhouse facilities the program reached
& capacity of 1500 crosses/year.

MAINSTREAM BREEDING
Parental Selection and Hybridization

Parents which consistently gave a high
frequency of good offspring, most of which

Tabile |.
and 1976-1977.

were validated by Agronomy in vield tests,
were emphmzed in planning crosses.
Priority was given to identifying better
non-black parents for hybridization (Table
1). With mechanized ficld operations the
chances were increased of getting a larger
volume of hybrid progenies and a grextes
number of segregating plants per popula-
tion and to obtain non-black

with multiple resistance factors, A large
number of parents and progenies have
been discarded (especially those suscepti-
ble to Problem X) based on morecom-
plete information provided by program»
disciplines to the information system
(SIFRL.

Progeny Management—Early Generstion
Screening

The breeding program has modified the
previous systemn of progeny management
(CIAT Annual Report, 1976} such that
program disciplines contribute 10 genetic
improvement through the screening of
seiected bush bean progenies (Fig. 1)

Freguencies of crusses within and smong bisck and non-black parents! for the periods 1974-1976

Blacks Black x Color Colors
1914-Nov, 1976 1111 {35%;) 1712 {56%3 259 { 89
Nov, 1976-Nov. 1877 152 (2205 216 (3% 336 (434}
' Does not isclude 402 intecraatings of proganics.
Baan Program B-3




Germplasm Intrextuctions from national Special projects:

Bank | and international programs YEF, EP, IBYAN, ESE, zic.
Parental Selection for Hybridization

700 crosses vearly: CIAT-meshhouse -
ang highland site

t

Screening of Segregating Fopulations & Families

{various generations) -
Falmira 1000 masl Popayan 1800 mas!
Rust Colletorrichum ]
BCMY Isariopsis
Bacterial Blight Ascochyial
Leafhoppers Cercosporg -

| 50-100 selected segregating
bulk populations to

national progras
upon specific request

Selected lines Lo Selecied lines 3
unform for i’:{i’;‘éoﬁ Gmgi&sm! Special uniform for |
resistance rograms Bank | projects registance ‘
reaction preg reuction

T \ ¢ -

v SIFRI
¥EF: Uniform Scresning Nurseries
2000-3000 selections, non-replicated nbrseries
Simuitanecus clean seed production {or EP

!

EP; Prelimingry Trials
500-800 sclections, replicated trinis within Colombia A
Simultsneous clean seed production for IBYAN

~ !

IBYAN: International Bean Yield & Adaptation Mursery
120148 selections, repiicated triais
August: distribution in Latin America
February: distribution worldwide
Simultaneous ciean seed production for ESE
=7

1

1

B ESE: International Bean Elite Trial R
20-30 selections, replicated trials worldwide

Figure . Program for simultzneous and sequential development and svalustion of bean germpiasm.
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Large plantings were inoculated with
bean common mosaic virus (BCMV) rust
and infested with Empoasca (see Fig. 3,
Pathology). Also, angular leaf spot and
bacterial blight tolerance were recently
elevated to a high priority. Selections for
multiple disease and insect resistance were
made in a renge of agronomic types and
seed color combinations. Homogeneity is
being sought for field tolerance to rust and
anthracnose, rather than homozygosity for
specific gene resistance. Progeny
evaluations for anthracnose, angular leaf
spot, and root rot resistance also began in
the latter part of 1977,

A relatively remote combination of
parents produced red-seeded progenies
with reasonably erect, indeterminate
growth habit combining resistance to
BCMY and rust, which demonstrated the
value of massive crossing. A number of
populations and selections from crosses of
promuising bush type parents x climbing
donors were given to the ¢limbing bean
section for evaluation.

Progeny Testing (Colombia)

Relatively  homogeneous  families
selected at CIAT or Popavan from
mainstream, disease-insect resistance and
architectural-yield breeding, and from the
national programs enter preliminary
testing. This includes replicated vield trials
by Agronomy, multilocation observation
nurseries in contrasting environments; and
screening by the program disciplines Tor all
principal disease, inscct and edaphic
factors {(Fig. 1). Summarized data from
SIFRI is used to select entries that
progress to international progeny testing,
and to plan future crosses.

Yield irials of selections from earlier
crosses in the program were conducted in
each rainy scason during 1977 but results
were unrcliasble due to persistence over
several semesters of the disturbance,
Problem X.

Baan Progrem

International Progeny Testing

During 1977, breeding distributed to
national programs a total of 646 F2and F3
populations, and 326 early and advanced
generation selections for evaluation. All
selections and seed from Fo/Fy pop-
ulations originating from the breeding
program sre accompanied by information
from the SIFRI regarding parents and
their key characteristics,

SPECIAL BREEDING PROJECTS

Bacterial Blight Toierance

Segregating populations and sclected
families were evaluated for bacterial blight
tolerance to select parents for the first cyele
of intermating. In greenhouse studics,
narrow-sense heritability estimates of 6.68
and 0.27 were obtained from leaf clipping
inoculation of progenics from crosses of
P 566 x P6SS, and P712 x P684, respective-
ly. This suggested that selection for
existing levels of tolerance in tropically-
adapted progeny of tolerant x susceptible
crosses will be easier than selection to
increase existing tolerance levels,

Bean Golden Mosaic Yirus Tolerance

Black-seeded progenies from crosses of
parents identified by the 1976 IBGMY
nursery performed very well in Central
America. As a result, crosses were made
among the best non-black eniries in the
1977 IBGMV nursery and a recurrent
selection and intermating effort was
initiated with the collaboration of scien-
tists in Guatemala, El Salvador, the
Dominican Republic, and Brazil.

Bean Architecture, Yield and Adapta-
tion Breeding (BAYAB)

{JAT bean breeding initially corten-
trated on the improvemsnt of bean yield

85




through breeding for resistance to the
principal bean diseases and insects in Latin
America. Selection for morpho-agronomic
characters in the segregating populations
was also practiced to maintain or improve
current levels of yield potential.

With the arrival of a second breeder,
improved bean plant architecture and
lodging resistance, maximization of adap-
tation to ¢limatic and edaphic factors and
upgrading of yielding ability were further
emphasized. In the F2 (or equivalent)
populations, emphasis was placed on
selection for architectural characters.
Grain vield and adaptation selection
criteria will be imposed onthe Fyand F
generations. Presently, parents from germ-
plasm collections, introductions, breeding
nurseries, et¢. are being sought.

The importance of other characteristics
arc also being determined.  Root
phyliotaxy of 36 selected parents of growth
habits I, 1, and HI was studied to
understand the variation of important
characteristics within and between growih
habits and tc determine if any root
characters are associated with resistance to
lodging, drought, early vigor, and stability.

Ten seeds from each of 36 lines with
three different growth habits were grownin
seed germinators for seven days.
Differences within and between growth

habits were found only for total number of
first order Iateral roota and length of the
primary root (Table 2). The value of these
characters is being assessed.

Fourteen lines were sciected for more
extensive evaluation it sand culture. The
factors considered were: number of firat
order laterals; length of the primary root;
weight of roots snd shoots; and shoot/ root
ratio. Five plants of each genotype were
harvested at 10 and 24 days after planting.
The pgreatest differences were in the
number of first order laterals and total root
and shoot weights of growth habit | lines as
compared to those of growth habit II and
111. The latter two showed similar patterns
of growth.

BREEDING STUDIES
Earliness

A special project was conducted in
which a series of crosses were made to
generate early maturing material and to
obtain heritability/inheritance estimates
for earliness in three tropically-adapted F4
populations. Eighteen superior, black-
seeded F 4 lines were selected combining
earliness with good yiclding ability. Days
to flowering and days to physiological
maturity were both found to be highly
heritable (Table 3). Crosses from 2ofthe 3,
donors demonstrated a single dominant
gene for earfiness, with no maternal effects

Table 2. Mean values for five root charsctecistics of seven day-old seedlings of bush bean Hines grownin e
seed germingtor.
Days to Noa. of
No. of Days 16 Appearance of Positions of No. of Length of
Growth  Entries Radicle Firgt Order First Grder  First Order Prumary
Habit  Tested Emergence Laterals Laterals Laterals Root {om)
i 21 2 3 4 {11 160.2
il 12 2 4 9.2 150.4
i 3 2 3 4 94 1815
Mean 2 3 4 29 1845
B-6 1977 CIAT Annual Report



Table 3.

Inheritance und heritability of earliness in three wopically-adapted sowurce popuintions'.

Diays to

Hp?

Hn? Fitto 31 Maternal
Cross Pedigree Flower  Maturity Flower Maturity Flow  Ratiof Effects
g, 19 P69 x P72 3 60 80 87 I No Yes
H P13 x P721 32 0 73 G 32 ¥es Na
26,21 P80 x P721 ki 55 72 80 &0 Yes No

Valugs represent srean of poeIprocal crotees,

Broad-sense heritability, based oo varianecs.

Rarrow-serse Botighihicy, based on pareat-offspring regressions.
Do major gery, weclinesws dominant to lateness.

[

{Fig. 2) while earliness in the third parent
was controlled by two or more genes, with
evidence of partial dominance for earliness
and maternal effects. Data suggest that
modifier genes were present in some
crosses, The coefficient of genetic variation
was high in all crosses, and days to first
flower and days to physiological maturity
were always highly correlated. Thus,
selection for earliness coukd be practiced
from the F: generation using a combined
pedigree-bulk  method.  Transgressive
segregation was observed for days to
physiological maturity,

Percent of Population

Evalustion of the Honeycomb Design

An experiment was designed to test the
feasibility of  using the screening
honeycomb design in ecarly generation
yield testing. Forty-seven pure lines of
beans were compared in two sets of four
randomized complete blocks and in screen-
ing honeyeomb designs with 1,15 and 0.70
meters between plant spacing. All varieties
occurred randomly once within each of
eight replications.

Results (Table 43 showed that there was

? |

5 sy

AP (P70)
45 ﬁ%z

OF
30
10 /

L\
yu S

4 i S §
2T 023 24 235 2 27 3 2@ M O3

RIS 36 37 38 39 40 A1 42

Days to First Flower

Figure 2. Frequency distribution (percent) for parents, and F | and F» progenies from the cross FT21 x P756.

Bean Program
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|.sbie 4. Corretations between mean yields of 47 varieties (as a group asd sepgrated by growth habit) from
randomized complete blocks and mean yields, modified and unmodified, from & replications of &
simudfated screening honevcomb design with 115 m. and 6.7 m. between plant spacing.
Uinmodified
Mean Yiekds Mean Yiekds Mueun Yields
from Correctad Corrected?
Spacing Honeycomb! { Trmangie; {Hexugon)
Yield? of 1.15 . ko* G364 .48
47 ¥Viarwties
m RCBs 0.3 0,45+ 0.43* U.47%>
Yield” of
23 Determinate i.15 0,48 053 51+
Varieties
in RCH's .70 049 2.37 (3.533+
Yield? of 115 0,29 0,24 3,36
24 Indeterminate
VYarictics in 870 {.32% 0,494+ 0,474

RCB's

£ Yieids of inshividual spaced plasts sn the noneycomb medifiod lthesai s peroeet of the surrpumting tnagle ul vonliad (e g5 ) or as 8

pereant of {he ding &« gon of § rand
=, Signaficans a1 she .05 and 8.1 tevel, respoctsvely.

no advantage in employing the honeycomb
design {in which mean vield was expressed
as a percent of the surrounding hexagon or
control tiriangle) over the randomized
complete block design.

Competitive Ability vs. Yield

Studies of competition were initiated to
optimize the effectiveness of CIAT bean
breeding methodologies. If the best
vielders in pure stands were also the best
yielders in mixtures, bulk breeding for
vield could be used. If not, another method
using spaced plants would have to be used.

Six determinate and six indeterminate
varieties were evaluated for their com-
petitive ability in separate tests. Between
plant spacing was 6.7 cm and between row
spacing was (.6 min a split plot design with
all possible if (f #7) combinations as main

B-8

yétiviig wed § control,

plots, and two pure stands and three
proportions of / and j as subplots. Table 3
shows mean values for yields in pure stands
and in mixtures over two replications and
three proportions.

Correlations between the yield of a
variety in pure stands and its average yield
over mixtures were (.94** for the indeter-
minate and 0.83* for the determinate
varieties, if the vield of the pure stand (the
mixture of a variety with iiself) were not
included among the values used 1o
calculate the means over mixtures. The
vield rank order for mixtures and pure
lines was identical for the indeterminate
varieties{if P46 which was heavily infected
with BCMV, were not considered).
Although rank order was not the same for
mixtures and pure stands among the
determinate varieties, the top three and the
lower three varieties were the same.

1977 CIAT Annual Report



Table §.

Matrices of yields in mixtures for the 6 determinate and {he 6 indeterminate varieties, based on

means over 2 replications and J(1:3, 1:L, and 3:1) proportions for the mixture plots and means over

4 individual plots for the pure lines!,

Determinate varietios

Associates
Yoariy
PEY P360 PH23 P&33 Po637 78y Meun
Pg9 5621 2657 461.8 546,27 3428 6327 4085
P360 482.12 6234 51585 8620 6253 55,7 0773
P&23 255.1 g4 5.9 14 107.8 23146 201.5
P&33 0.7 017 34240 4528.0 421.2 hYFRY 3660.8
pPaii 958.4 6350.9 7211 7315 54046 10007 7854
P788 6140 268.3 480.4 475.8 360.2 38%.5 436.7
Mean of
Associates 5928 #13.4 487.8 560.1 417.8 664.5
[ndeterminate Varieties
Associates
Viarwety
P46 P49 P524 P566 P64 P6HYY Moean
P2as 201.6 2258 1499 1606 194.9 47,0 1508
7498 198.4 442.2 19k 3823 2433 5158 RS XK
P524 599.3 683.0 6131 7.0 6193 (0832 R
P566 7809 7222 619.5 663.5 681G 185 T4
P643 493.4 4763 508.5 5459 470.0 B¥5.6 5633
PH9R i75.& 138.3 58.4 76.1 1281 6,2 147.2
Mean of
Associates 4082 448.0 3715 4K b 389.4 o6l
P AR values adusted 15 a grgems. B0 plant bas; means 101 purr e based on 800 plunh, moans B s ilees Gasad va T2 plants
N Fhix value (482 1) s the average viekd of PS60 when grows s muxtures with ey

Correlations between vields in mixtures
and the average vields of associates grown
with each competitor were -0.675 (n.s.) for
the indeterminate vaneties and -0.420{n.s.)
for the determinate varieties. However,
when P246 was removed from the analysis
of the indeterminates, as well as the
aberrant variety (which produced normal
growth but almost no seed due to Problem
X} analysis of the determinate varieties,
correlations between yields in mixtures
and yields of associates became -0.884%

Beaa Program

and -0.973** for the indeterminate and
determinate types, respectively.

This experiment strongly suggests that
the best yielding bush beans in pure stands
are the best competitors in mixed stands at
high densities. These results suggest that
bulk breeding may prove to be the most
effective methodology for vield improve-
ment. Results are being retested in
segregating hybrid populations {rom
crosses between parents with contrasting
plant architectures.

B-9




Pathoiogy

VIRAL DISEASES
Bean Common Mosaic Virus (BCMYV)

Strain Evaluation, Several isolates of
BCMY, obtained from infected seeds of
several varieties in the CIAT germplasm
bank originating in Latin  American
countries and the United States, were
increased in the susceptible variety, Boun-
tiful. Fifteen to 21 days after inoculation,
the virus from Bountifui was inoculated
onto a set of differential varieties
developed by Drijfhout in Holland and
Silbernage! in the United States,

The most common strain found was
BCMV-1{NL-], Westlandia ortype strain}
(80%) followed by: BCMV-3 (NL-§,
Florida, Western, ldaho, B, or Colana};
BCMY-4 (NL-8}, BCMV-2 (NL-7};, and
BCMY-5 (NL-2, New York 15 or Imuna),
Strains BCMV-6and 7 were not registered.

Epiphytotic of BCMV, An epiphytotic
of black-root (systemic necrosis) occurred
in June, July, and August at CIAT during
which abnormal drought conditions raised
temperatures above the average 24°C, This
coincided with a high population of
aphids, the natural vectors of BCMV
During this epiphytotic, many segregating
matertals showed a hypersensitive reaction
to BCMV as evidenced by vascular
necrosis of the roots, stems, leaves, and
pods, which produced rapid death of the
plant, thus demonstrating the presence of
the dominant [ gene,

To determine which BCMV strains were
present, field and greenhouse tests were
done with infected sap from planis con-
taining the dominant { gene and showing
systemic necrosis. The virus was
mechanically inoculated on the following
varigties: {13 P458, P459, P566, P673, and
P714 with the dominant [ gene for
tolerance; {2) Great Northern 123 with the

B8-10

recessive { gene; and, (3) the susceptible
varieties P34, P645, and Stringless Green
Refugee.

Table 6 shows the results of 1sclation of
the virus from field-infected plants with
systemic necrosis. Table 7 shows the resulis
of inoculation with sap from BCMYV
systemically infected plants (Table $)
which had been previously infected with
sap from field-infected plamts. A com-
parison of Table 6 and 7 shows that while
the susceptible varicties presented mosaic
symptoms, Great Northern 123 with the
recessive { gene was immune to the virus
strain. On the other hand, vanieties with the
temperature sensitive, dominant [ gene

.showed leaf vein necrosis and many plants

died from systemic necrosis. The low
number of plants with localized or systemic
symptoms (Tabie 6) was due to the low
concentration of the virus in the inoculum
source plants with svstemic necrosis. [t was
concluded that systemic necrosis was
caused by BCMYVY, probably by strain
BCMY-1, NL.-l or type strain.

Purification and $tability of the Virus.
To obtain maximum infectivity of the
BCMYV strain for later use in field infec-
tions and to produce an antiserum with a
higher titer specific to the virus, stability
experiments were done in the greenhouse
with differemt  buffers, at different
molarities and pH's, and combined with
reducers, oxidizers. and chelating agents.
Infectivity was 95-100 percent when sap
was extracted with water from mechanical-
ly infected plants. When buffers were used,
molarities superior to 8.5 reduced infectivi-
ty 25 percent. The virus was more stable
with a sodium citrate buffer, 0.05M, pH
1.5

Methods of Mechanical Inoculation.
Yanous mechanical inoculation systems
were tested. Mechanical inoculation was
tried with a pestle, index finger and thumb,
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Table 6, Reuction of susceptible and tolerant varieties after inoculation with sap from field-infected plants
with black-roet in the greesihouse s 28-30PC.
No. of No. of Plants
Na. of Plants No. of  with Typical
Type of Plants with Vein Dead BCMYV

VYariely Resistance  Inoculated  Necrosis Plants Sympioms
P458 (Tud) I 145 24! 28 0
P4359 {Jamapa} i 155 35 39 ¢
P566 (Porrillo Sintético) i 30 & i [¢]
B675 (ICA-Pijao) i 149 3 25 g
P7i4 H3 43 19 i €]
Great Northern {23 IF 44 G g g
Stringiess Green Refuoges Susceptibie &G G i i4
P&34 (Duvay Sescepiible 43 [ 3] 14
P&4S (Mima) Suscepiible i 3 G 3] 3

i Web-type Recrosis of the veins oa ihe inoculsted loaves,

sponge, hand brush, or an airbrush at 40
kg/em? of pressure. While all were equally
effective, the index finger and thumb were
more practical for mass screening.
However, the airbrush method required
lzss inoculum, and reduced the possibility
of contamination by other mechanically
transmissible viruses.

Selection for Resistance. Some 789
naturally inpculated, promising materials

were evaluated of which 234 were resistant
and 555 susceptible.

In Popayén (1800 msl), BCMV-1, was
mechanically inoculated on 724 promising
materials; 296 were resistant and 428
susceptible. While it was thought that
symptoms would develop better with the
fower temperature, and contamination by
the bean rugose mosaic virus (BRMYVY)
would be avoided, appearance of symp-

Table 7, Reuction of susceptible and tolerant varieties inoculated with sap from BUMY systemicaily
infected plants (Table 6} originailly inoculated with virus from field-infected plants.
Na of Nao, of plants
Na. of Plants No. of  with Typesd
Type of Plans with Vein {read BCMY
Variety Resistapce  Inoculated — Necrosiz Plants Symptoms
P43E (ICA-Tui i 20 i 5 14
P43 (Jamapa) i 2 a1 17 4]
P366 (Porrilio Sintdtico H 21 21 4 &
Great Northern (23 i ko) g [ 1]
PA34 {Duva) Susceptible i3 1] 1] iz
P84S iNima) Suscepiible i5 G 1] i3
Stringless Green Refugee Susceptible 24 G a 24
P Web-type somroms of veirs on the Inocniated igaves.
Baan Program B-11




toms was delaved, and they were not as
clear as those m CIAT,

Bean Golden Mosaic Virus (BGMY)

Presence of BGMY in America and
Africa. The presence of BGMV was
confirmed in Brazil, Cuba, Dominican
Republic, Mexico, Venezuela and Nigeria.
While different concentration levels were
registered in the different isolates, the
presence of different strains of the virus
was not suggested. However, further
analyses will be made.

Characterization of the Virus. To
improve efficiency and reliability of screen-
ing progenies for BGMY tolerance under
controlled conditions, a special project was
initiated on characterization of BGMY | its
concentration in the plant and stability in
plant tissues.

It was found that viral infectivity was
preserved up to 30 daysin dissected leaves
or sap when stored at #C. However, when
leaves or sap were {rozen, infectivity was
lost at five days.

When sampies were taken at 10, 15, 20,
25, 30, and 40 days after inoculation,
maximum concentration and infectivity of
the virus were obtained 20 days after
inoculation in  both susceptible and
tolerant varieties. However, the concentra-
tion was much greater in the susceptible
plants, and in the leaves above the third
trifoligte if the primary leaves were
inoculated. The first two trifoliates showed
only slight disease symptoms indicating a
correlation between.concentration of the
virus and symptom severity. Analytical
density-gradient  centrifugation  also
demonstrated that tolerant varieties which
did not show as severs symptoms as
susceptible ones had a lower congentration
of the virus. The tolerance rating in
descending order for the accessions tested
were as follows. P709, P4538, P704, P&T5,
P&35, and P714.

B-12

Selection for Resistance, Some 1150
germplasm accessions were preliminarily
evalnated in El Salvador and Guatemala.
Some red, cream, brown, and white
accessions were identified as tolerant to the
virus and include: G651, G716, G729,
G738, G165, G843, G1069, G1080, and
G 11537, The black bean varieties (G951,
G018, and G1257) showed the highest
tolerances so far. In Brazil, local materials,
Rio Tibagi and Gioianio Precoce and a
mutant, TMD-1, showed iow tolerance
levels,

Selection for Resistance in Different
Species of P. vuigaris. Under greenhouse
conditions, 141 CIAT accessions were
mechanically inoculated and evaluated.
Seven species of Phaseofus, 6 of Vigna,
Macroptilium lathyroides, Glycine max,
Lens culinagris, and Cajanus cajan were
tested. Al accessions of P. funatus, P
cocctneus, M. lathyroides, and V. ses-
quipedalis tested were susceptible. Resis-
tant materials of P, qcutifolius: P1310,800;
Pt 313,205, P1319,443; aand P] 307,805 will
be included in a program of interspecific
crosses (see Breeding). No accession of P.
vilgaris was resistant to BGMY, only
tolerance was found,

Internationzl Bean Golden Mosaic
Virus Nursery {(BGMN). The 190 entries in
the 1977 BGMN were sent to Jlocations in
Brazil, 2 in Mexico, and 1 each In the
Dominican  Republic, El Salvador,
Guatemala, and Nigeria. Accessions
previously classified as tolerant in Central
America (Puebla 441, Guatemala 388,
P488, P345, P04, and P709) were also
tojerant in Brazil and Africa. Tolerance
was defined. by symptom intensity com-
pared with susceptible and tolerant local
controls.

Chrysomelid Transmitted Bean Viruses

Chrysomelid beetles are the most impor-
tant vecters of bean viral diseases whose
characteristic symptoms are mosaics
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associated with malformations and leaf
rugoses or vellow or green mottles. They
are often confused with symptoms of the
bean common mosaic virus (BCMV). The
extent of their presence in Latin America
and the Caribbean is unknown. However,
bean rugose mosaic virus{BRMV}cultures
from Costa Rica, Colombia, Guatemala,
and El Salvader were analyzed in
pathogenicity trials and with specific
antisera and the existence of strains of the
virus was determined, confirming resulis
by Gamez in Costa Rica.

Bean Southern Mosaic Virus (BSMYV),
The symptoms of svstemic infection of the
bean southern mosaic virus {BSMV) on
some varieties under certain environmen-
tal conditions are similar to those induced
by the bean rugose mosaic virus (BRMYV)
or the bean common mosaic virus
{BCMYV), depending upon the virus strain
and the bean variety. Frequently, it does
not show any symptoms on beans. Since
BSMYV is seed transmitted, it interferes
with screening Tor other bean viruses,
Serology was done on Lhe cotyledon, testa,
embryo and whole seed and a 25 percent
seed transmission rate was obtained {Table
8).

Bean Yellow Stipple Virus (BYSV). This
virus was isolated from beans in Turipand,
Colombia and its symptoms were similar

to those caused by BOMY but not as
intense, The virus was easily isolated and
purified from beans and alse from cowpea
(V. anguiculara) and M. lathyroides which
appear to be its natural hosts and principal
inoculum sonrces. While the symptoms are
easily identifiable, no resistant bean
varieties have been found. However,
BYSV does not appear Lo cause major yield
reduction in P. vudgaris.

Seed Pathology

Clean Seed Production. During 1977,
production of pathogen-free seed con-
tinued on 351 accessions in the screenhouse
and 400 accessions of promising materials
multipiied in the field.

Serplogy of Seed-Borne Yiruses.
Depending on the variety and environmen-
tal conditions, there are several viral
diseases which do not express disease
sympioms -- remaining latent in their
hosts. One of these is the bean southern
mosaic virus (BSMV). This is a limiting
factor in a seed cleaning or seed certifica~
tion program. However, by soaking bean
seed overmight, the presence of the bean
southern mosaic virus (BSMV) could be
determined by immunodiffusion serology.
Bacterial seed pathogens could also be
detected,

Table & Seed transmission of the bean southern mosaic (BSMY) shown by sgar gel serofogy.
Beed Planty

Yareties Whaie  Coiviedan Testa Embryo Ner o
Bountiful (CIAT} + * -

Bountiful { Burpee's) — — + o {3 28
P14 (Toperop, CIATY — + — -

P714 (Tepcrop, Burpee's) + + + 100 i
lenproved Tendergresn (Burpee's) e + e

Stringless Green Pod {Burpee's) e - - =

P04 {Porniie 1) + + - o 1000 H
P634 (ICA-Duval - _ - -
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FUNGAL DISEASES
Bean Rust

Over the past two years, no cultivar or
line was immune or resistant to Uromyces
phaseoli at every International Bean Rust
Nursery (IBRN) location. However, some
entries were resistant or tolerant at many
locations and were incorporated into the
1977 IBRN along with recent CIAT
accessions (Table 9). The highest propor-
tion of susceptible IBRN entries occurred
at locations in the Dominican Republic,
Costa Rica, Mexico and CIAT. These sites
should be useful to screen hybrid materials
for resistance to diverse populations of rust
races.

At CIAT, field nurseries were planted to
simultaneously screen hybrid progeny for
resistance to the bean common mosaic
virus {(BCMV) and rust. Progeny were
hand-inoculated with BCMYV as seedlings
(CIAT Annual Report, 1976) and then rust
epidemics were generated on the BCMYV
resistant plants before flowering and pod-

setting. Two-three weeks before planting
of nursery entries, a mixture of 10-15 rust
spreading cultivars which were susceptible,
intermediate and resistant to rust were
planted four rows wide and parallel to
every 20 rows of nursery entries (Figure 3).
Three to four weeks after germination,
spreader plants were inoculated (Figure 4)
with a composite of rust races collected
during previous epidemics (Figure 5). The
mixture of varieties maximized survival of
all pathogenic variability inherent within
the local bean rust population.

Germplasm and progeny were evaluated
according to the following scale:
resistant = no infection or a few minute
pustules; intermediate = few to many small
pustules, usually present only on the lower
leaf surface, or pustules with limited
necrotic development; or susceptible =few
to many large pustules on the lower and/or
upper leaf surfaces.

A total of 1643 germplasm accessions
were evaluated for rust reactions in the
field: 89 were resistant; 69 were tolerant

Table 9. Reactions of the most widely resistant entries to bean rust { Uromyces phaseoli) in the 1975 and
1976 International Bean Rust Nursery (IBRN). Data on number of locations where the entries
received disease ratings:.

Number of Locations
. 1975 1976
Promising
Lines Identification I R INT § ND I R INT S ND

P793 Compuesto Chimaltenango 3 4 3 2 1 5 5 9 2 1 ¢
P709 Turrialba | 4 3 2 3 3 3 7 6 1 0
P675 ICA-Pijac 31 4 3 4 3 6 7 1 0
P699 Mexico 309 6 5 1 0 3 6 3 3 2 0

Mexico 235 2 1 2 0 10 6 4 4 2 1
P509 San Pedro Pinula 72 4 3 3 2 3 4 6 5 2 0
P693 Ecuador 299 5 7 | 0 2 3 &6 6 2 0
P68S Cornell 49-242 3 5 4 1 2 2 4 9 2 0
P239 P.1. 226-895 4 6 0 3 1 5 702 2

| = immune; R= resistant; INT = wiermediate; S = suscepible, ND =no data.

B-14
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Figure 3. Bean Common Mosale Virus- Rast Narsery design with 4 rows of rust spreader cultivars planted
paraliet to exery 2 rows ol nursery entries.

and 1194 were susceptible. The remaining Anthracnose

291 accessions were variable in their

reaction and provided additional sources

of resistance/tolerance. Greenhouse techmques were developed

Figure 4. Inoculation of Bean rust spreader rows 4 weeks after plant emergence.
Bear Program 815




2 W) -3 ok
Fagure 5. Rus tnoeulum (mistore of races) stored
with caicium chioride, Inoculum £2-3 md) mixed with
20 drops Tween I0 in 4 liters distilled water and
sprayed onto plants.

this year to screen for resistance to races of
anthracnose prevalent in Colombia, A
spore suspension, primarily of beta and
gamma races at 1.2 x 10¢/ml (Fig. 6), was
sprayed on leaves and injected into stems
of seedlings which were incubated in a
moisture chamber at 19-24°C and 90-100
percent RH. Materials were evaluated as:
resistant = noinfection onleaves or stems;
intermediate = small, limited lesions on
leaves with little development on stems; or
susceptible = large ksions on leaves and
stems, often causing plant death, Ap-
proximately, 100 promising lines registant
to anthracnose races in field nurseries in
Popaydn were also tested at other Colom-
bian locations to identify candidates foran
International Bean Anthracnose Nursery.

Root Rots

This year, experiments were initiated to
develop field techniques for screening for

B-16

resistance/tolerance to various root rot
pathogens, principally to Fusarium solani
f. sp. phaseoli and also to Rhizoctonia
solani, Scleratium rolfsii and Pythium sp,
Individual pathogen nurseries were
developed by inoculating seed and furrows
with a mixtare of isolates grown on
sterilized media such as rice hulls, Op-
timum inoculum concentration, plant
density and reliable rating scales for
evaluation of segregating progeny are siill
being determined. However, preliminary
data indicate that varipus accessions
exhibit resistant/tolerant reactions to
many or all pathogens tested (Table 10).

Some 240 accessions were also planted
for field evaluation at Popayan under
natural infestation with Fusarium and
Rhizoctonia: 32 percent were resis-
tant/tolerant but [0 percent of these
entries contained a mixture of susceptible
plants. Promising selections will be

bagure 6. Hs poderntic inoculation of bean seedling
with & distilted water suspensiun £ 2.2 < 1 spores/ml)
of brag snthracnos bolates.
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Table 19.  Exaluation of root rof reactions! on promising germplasm selections #t CIAT in 1977,
Promistng
lLine Fusarium Rhizocionia Selerotivm Fyihium
POUS INT INT-R s INT
Pigk kY INT INT in]
P332 3 R R R
P458 R 5 R R
P461 INT-R 5 R N
P566 R R? R R
Pelz R 5 INT R
P646 INT-R INT 8 R
P78 R s R R
P76 R R R R
P18 INT-R INT-R R INT

3,

TOINT i diate; R = b

?  P566 has been moderately susccptit}fe @ other tests at C1AT.

retested in artificially inoculated field
nurseries at CIAT to determine their range
of reactions to root rot pathogens,

Angular Leaf Spot

Greenhouse techniques to screen germ-
plasm for resistance/tolerance to angular
leaf spot were developed. Seedling leaves
were spray-inoculated in the greenhouse
with a spore suspension at 2 x 10¢/ml and
incubated in a moisture chamber {90-100%
RH)} for 24-48 hours at 19-248C. Symp-
toms appeared 12-14 days after inocula-
tion. Field inoculations (2 x 10# spores/ mi)
were done at Popayan and an evaluation
scale is being developed.

Web Blight

This year, techniques were worked out
te screen germplasm for resis-
tance/tolerance to web blight in the
greenhouse at temperatures above 28
with 95 percent RH. The fungus was grown
on potate dextrose agar (PDA} and after
four days, transferred to potato yeast
dextrose agar (PYDA). After five more
days, the fungus was then mixed in sterile

Bean Program

soil to produce abundamt quantities of
basidiospores. Eight to fifteen days after
germination, plants were spray-inoculated,
incubated and evaluated five days later
according to the following scale: I = no
symptoms, 2 = little growth, chlorosis
around the inoculation point; 3 = vein
necrosis, with 33 percent leaf chlorosis; 4 =
vein necrosis, 50 percent leaf chlorosis; and
5 = complete leaf necrosis. P17, P3358,
P488 and P566 were highly tolerant to web
blight.

BACTERIAL DISEASES

Common  Bacterial  Blight

Greenhouse experiments were done to
determine if pathogenic variation of
common bacterial blight at CIAT weredue
to distinct races ot variations in isolate
virulence. The primary leaves of six
cultivars with differant degrees of tolerance
or susceptibility were clip-inoculated at 5x
107/ ml with isolates from Latin America
and the United States. Virulence between
isolates and tolerance of the cultivars
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Figure 7. Interaetion between commuon bacterial blight isolates with different levels of s rulence and bean

cultivars with different levels of tolerance.

varied, but there was no inferaction at the
P=0.05 level between isolates and cui-
tivars to imply the presence of races
{Figure 7). These isolates and others from
different locations in the Americas were

then inoculated onto a susceptible cultivar,
1CA-Pijao, to recover and estimate fre-
guency of highly virulent isolates in natural
populations (Table 11). Isolates from
nearly every location were as virulent as

Tabie 1. Frequency of virulent common blight isolates collected from different locations in Latin and Morth
America, and clip-inouiated onto primary leaves of susceptible ICA-Pijao.

Isolate Number of Number of Isolates as Runge m
QOrnigin 1solates Tested Vieulent as XP 123 Yiruleney
Colombia, Cauca Valley 13 i 14-9

Colombza, Restrepo 4 6 74149
Colombia, other 3 ] 5.0- 7.8
Puerto Rico 2 3 1.8-13.3
Mexico & 3 4t 9.6
El Salvador b3 6.7- 8.9
Brazii He 6 T2
U.S A, Michigan 2 0 5716

Data sormalized (o laeksts XP 123 with a virdence rating of 16 (L8

B-18
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XP 123 from Colombia. Therefore, the
bacterial blight screening will use the most
highly virulent isclate in local populations
of the pathogen to evaluate germplasm for
resistance /tolerance.

Several varieties tolerant to common
bacterial blight (Xanthomonas phaseoli
and X. phaseoli var. furcans}in temperate
zones are susceptible under tropical con-
ditions at CIAT. This makes parentai
selection and progeny screening more
difficult. Therefore, studies were initiated
in 1977 to investigate the influence of plant
adaptation and environmental factors
apon disease reaction, and to develop
reliable greenhouse and field techmgues to
evaluate common blight tolerance at
CIAT.

Five cultivars were selected which were
susceptible, tolerant, and varied for
photoperiod sensitivity (Table 12). The
poorly adapted cultivars, P684 and P698,
were treated with supplemental lighting to
simulate temperate zone lighting and to
extend time to flowering. Beginning at 20
days after germination, plants were in-
oculated at weekly intervals by water-
soaking with bacterial cells of a highly

virulent Colombian isolate, CIAT XP 123
{5 X 107/ml). At 22 and 33 days after initial
inoculation, the light treatment significant-
Iy delayed flowering and leaf senescence,
increased foliage development and pro-
duced a tolerant response in the non-
adapted P698, These differences were also
confirmed with yield data, thus
demonstrating the effect of poor plant
adaptation on common bacterial blight
tolerance. The CIAT breeding section will
select parents with bacterial blight
tolerance and/or incorporate tolerance
from poorly adapted parents within an
agronomic background well-adapted to
tropical conditions.

DISEASE OBSERVATION TRIALS

In collaboration with the Instituto
Colombiano Agropecuario (ICA), CIAT
bean breeding and pathology planted
nurseries in several areas of Colombia te
simultaneously evaluate germplasm for
plant adaptation and disease resistance,
Several promising accessions possessed
multiple disease resistance or tolerance to
various plant pathogens such as rust,
anthracnose, web blight, powdery mildew,
gray spot, Ascochyra blight and common
bacterial blight (Table 13),

Tabie 12, Effect of different environments on common blight ( Xemthomonas phasecliy veactions.t
Common Blight Reaction
Temperate Tropical
Promising Adaptation Mormal Mormal Extended
Lines at CIAT Photoperiod Photoperiod Photoperiod”
P&R4 Poer 8 S s
P{oB Poar T 8 T
P498 Good 8 8 5
P3ss Good 5 5 ]
pPay7 Gouod T T T
1 Nz suseeprible; T zcderam
418 kear duy, sapplementagion with incandescent lights in field,
Bean Program 819




Table 13,
variouas field nurseries in Colombiyg.

Promising lines with multiple disesse resistunce or tolerance 15 funpal and bacteris] pathogens in

Discase Reaction?

Promising Weh Powdery {iray Common
Linas Rust Anthracnose Blight Mildew Spot Blight
Pia7 INT R s S INT-R 5
Pis8 INT R’ 5 5 INT-R 1
P179 R R T N N T
Pigg B R s S INT-KR 5
F203 INT R 5 8 8 i
P04 R INT 5 8 INT-R l
P26 INT INT & INT-R ) 5
P33 INT R T s INT-R 5
P49 INT 8 S INT-R 8 5
psar INT R T 5 T 1
Pe3t R R S 5 INT-R it
P670 R R T 8 5 5
P782 INT R T 5 INT-R 1

t R resi 1 toderan INT 2 intermed § mapeotptible, INT-R= resistas dunmg aetinal oprdomins, rogbats controlicd ot

te confinm resistance, Noz P Line aot observed for reaction o spealic pathegos

Entomology

Moderate to low levels of resistance to
Empoasca, mostly based on tolerance,
were identified in the germplasm bank and
recurrent selection initiated to increase
resistance levels. Cuitural control of
leathoppers also appears promising. The
bicliogy of the Chrysomelid species,
Diagbrotica baltegta, was studied in the
laboratory and damage of the different life
stages to beans at different levels of
maturity, Treatment of stored beans with
vegetable oils was found to be a cheap and
effective method of protection against
Zabrotes subfasciatus.

LEAFHOPPERS
Sereening for Resistance

Additional sources of resistance to the
leafhopper, Empoasca kraemeri, were

B-20

found in new germplasm accessions. The
International Bean Rust Nursery (IBRN)
contains several entries — e.g. G05942 and
Turrialba | — with promising resistance to

Empoasca.

To test the feasibility of screening
segregating populations for resistance
based on individual plant damage scores,
38 promising lines having known and
varying resistance levels identified in
previous replicated trials were used to
simulate resistant x susceptible crosses of
an F: population. Individual damage
scores taken twice weekly, and yield per
plant in one replicate were correlated with
the other seven replicates. Rank cortela-
tion coefficients between individual and
replicated scores were highly significant
{Table 14), indicating that selection of
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Table 14, Correlation corfficients of individun
plant dsmage scores in 1 replicate with
the 7 remaining replicates for simulsied
¥ of 38 P lines scored twice weekly for

leafhopper dumage (dumage scale 8-5),

Spearman’s
Rank
No. Correlation
Evaluation Methad  Observations  Coefficient
Yisual damage score 13 0,592
Visual damage score 7 0.574
Yisual damage score 3 0.549
Visual damage score 3 0.533
¥isual damage score 1 .44}
Visual damuge score
with more weight
given 1o kater
ohservations (.653
Seed yield 0.585
Combined visual dam,
score and yisld 0.639

single plants in the F; generation may be
an acceptable screening method.

Scoring leafhopper damage once a week
was as accurate as scoring damage twice a
week while yield data supplement damage
scores. Yield regression between un-
protected and protected plants was signifi-
cant. Average yield/plant decreased from
10.42-2.63 g, respectively, but individual

lines deviated significantly indicating
variety X treatment interactions, i.e.
genetic differences in resistance,

A 15 x 15 diallel cross was made and Fz
plants and their F 3 progeny families were
evaluated in the same manner 23 the
simulated F: population (calculated for
50% of the 925 F2 sclections). Heritability
estimates (regression of F3 family meanon
F 2 plant value} of six crosses with black
and non-black parents were low (Table 15),
This may have been due to limited genetic
variability and relatively large non-
additive, genetic variation. Few F3 families
from superior Fz plants demonstrated a
uniformly high tolerance level to Em-
poasca; most showed wide segregation.

Capture of leafhopper nymphs on
hooked epidermal hairs i3 an important
resistance mechanism against Empoasca
fabae, Therefore, the effsctiveness of
pubescence as a resistance mechanism
against £ krgermeri was studied. Maxi-
mum capture rate of 24 percent was
observed only once on Redcloud and the
best average rate of nymphal capture was 3
pereent on Calima, followed by 4.7 percent
on Redcloud. While hairless, black-seeded
varicties already have superior £ kraemeri
resistance, nymphal capture ranged from
0.8-14 percent indicating that incor-

Table 15, Correlutions between individual ¥ ) plant damsge scores of 56 plants per croas and their F ; family
damage score in b selected crosses using resisiznt xnd susceptible parents.
Spearman’s Rank Narrow 4. Significance
Correlation Sense Level of
Cross Corfficient Heritability Herit. Estim.
P512 x P478 0.127 .28 3
P682 x P692 0. 155 a.t4 3t
P720 x PES1 0.221 .40 4.4
P& x P438 0.257 618 X
P420 x P6%2 6,274 0.2 14
P682 x P61 6422 .22 13
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porating pubescence into black-seeded
varieties may further increase resistance.

Economic Damage

Studies were conducted to determine the
economic threshold of leafhopper pop-
ulations on Diacol-Calima, a standard
susceptible control. Table 16 shows
nymphal populations permitted per leaf
before initiating chemical control, bean
yields, production costs and sale value. As
nymphal populations per leaf were reduced
to nearly zero, production costs were
estimated to itcrease cxponentially with
the number of chemical applications. A
linear relationship between production
(total returns} and nymphs per leaf was
assumed and an asymptotic relationship
between the number of nymphs and
production costs,

The highest profit was made at 0.81
nymphs per leaf. Therefore, the economic
threzhold population of leafhoppers was
defined asthe level which allows maximum
profit and not as the level at which cost of
control equals expected value of yvield loss
(Fig. 8).

Two experiments were done to deter-
mine at which growth stage the bean plant
is most susceptible {0 leathopper damage.
The growing season of susceptible Diacol-
Calima was divided into 18 day periods
and during cach of these four periods
plants were protected with monocrotophos
e; left unprotected in the control (Tabie
17).

In both trials, yields were highest when
beans were protected during flowering and
podset at 26 to 44 days but in the first
experiment in which leafhopper attack
came later than in the second experiment,
the period from 44-62 days was most
critical. The presence of leafhoppers onthe
plants from 8-27 days or from 62 days on
did not influence yiekds.

These results have important im-
plications. First, early chemical control,
ie. carbofuran as a soil treatment, is less
effective and protection by muiching does
not have maximum influence as the plants
are already large when the most susceptibie
growth stage begins. By that time, plants
have mostly covered the mulch,

Table 16.  Yield value of harvest and cost of production (xverage of four replicates) with varions lesfhopper
nymphal popalations on Dixcol-Calima when sprayed with monocroiophes at 8.18 Bter
ai./ha/ application.

No. of Nymphs/Leaf
Observed Value of Cost of
to initiate No. of Yieid Praduct? Production
Planned Spraying Sprays (kg/ha} Cal §) {Col $)
& 0.63 5 1254a 2,704 10.572
i 122 4 1118b 17.888 10.257
3 3.5% p &1 10,720 9.629
5 507 i fdlcd 10.096 2.314
7 7.45 ! 504 8.048 9.314
Control 86T g 38 608 9.000

U Maximvns popuistion st 44 deys counts from 2949 days afier planting were mostly above 5 nymphs, leal,

T 1 kg b valued af $16.00.
B-22
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Value of PFroduct

(x5 1800
I I i i
Prod. (in §) = 20025 — [93% % no. nymphs, leaf
{rr= (x5}
, Prod. cost {in$ = 5248 - 38y -
(No. nymphs/ieafy¥
P (r® 203,733

%
N
~
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) N, of NymphstLeal Tolerated

Figure 8. Relationship between leathopper nymphat population, velue of product and production cost {in

Col.$L

Table 17, Yield of dry beans of Digcol-Calims following insecticide trentrments during diferent plant growth
stages. {Avg. 4 replicates),

Diry Bean Yield (kg/ha)

Chemical Protection No. of
Period {in days Insecticide First Second
after planting) Applications Experiment Experiment
880 4 1359he? t4lia
862 3 1385bc 1550a
844 2 13276 i241a
8.26 1 10734 353b
Untyeated g 1g02d 475b
2780 3 1655z 14673
45-80 2 1549ab BaTH
63-80 ] 10124 383b
2762 2 1480akb 1276a
8-27 and $2-80 2 11Bled 532b

f Tresanients followsd Ty the sune letter werd fiol significantly differsnd at P« 005,
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Table 18, Yield of Dincol-Calims with different mulches providing leathapper control (avg. 4 replicates),

Dry Bean Yield (kg ha}

% Light {nsecticide
Freatment Reflection Protected Enprotected
Rice straw malch g0 16714 B61b
Aluminum foil mukh 203 Wize i2%6c
Black plastic mulch 5.2 1725 395y
Control S4 1734 4tba

Mulching

Studies continued on the influence of
straw and aluminum foil mulches on
leathopper populations and bean yield.
When beans were chemically protected and
mulched, yields increased 32 percent with
aluminum foil mulch (Table 18), probably
due to increased light intensity.
(Aluminum foil reflected 20 percent of
incident light compared to 5 percent
reflected in non-mulched and black plastic-
mulched plots.} Yields in the non-mulched
plots and the black plastic-mulched plots
were very low due 1o heavy insect pressure,

but doubled by rice straw mulching.
Aluminum foil mubeh tripled yield as
compared with the control plots, It appears
that light reflectiont and;/or color contrast
are the principal factors involved in
reducing leafhopper populations,

In another experiment with susceptible
DiacolCalima and P-14, a resistant
variety, the nymphal populations in straw-
mulched and aluminum foil-mulched plots
were 30 and 17 percent of the control,
respectively, during the first half of the
growing season {Table 19). However, later
populations were higher on muiched plots

Fable 19, Plant dry weight, dry bean yield and sverage nympha! populations per leaf on the leathopper
susceptible sariety, Digeol-Calima, and P-14, a resistant variety, following differentinsect control

treatments.
Dry Weight at Flowering (g, plant)
Treatment Diacol-Cabima P-14
Control 4.26 11L.O7
Insecticide-treated 478 528
Straw muich .65 i5.57
Aluminum foil muleh 9.95 15,50
Nymphs/ Leal

Up to After Up o After

4} days 41 days 41 days 41 days
Control K 283 22 5.41
insecticidal treated (.66 0.41 Gl 0.01
Straw mulch ] 354 0.7% 1.47
Alumimun muich 0.59 2.46 0359 478

B-24
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due to increased plant vigor and reduced
leafhopper damage during carlier stages.
However, plant dry weights at flowering
for the mulched plots were equal to or

higher than plant weights in son-mulched

insecticide protected ones. Yields were
generally very low, due to unusually hot
weather during the flowering period, but
dry bean vields of the resistant variety on
non-protected plots were nine times those
of the susceptible variety, confirming the
value of plant resistance to the leafhopper.

CHRYSOMELIDS

While Neobrotica variabilis is most
commonly found in flowering beans at
CIAT, the Chrysomelid, Diabrotica
balteata, the banded cucumber beetle, is
generally more common in the fields and
its biology was studikd in the laboratory.
Eggs of D. balteata hatched in seven days
in the laboratory and the three larval stages
required 12 to 14 days. Pupation also took
2 to 14 days. Although bean root damage
from Chrysomelid larvae is commeoenin the
field, Iarvae could not be reared on bean
roots or nodules in the laboratory.
However, rearing was successful on maize
roots. When larvae were fed maize roots
for three days, then placed on beans,
survival greatly increased {Table 20). Older

Table 21.

Table 20. D balrearq Ingval survivil on bean and

maize roots.
Days after Food Medium
Hatching Maize  Bean  Bean Root
and lafestation Roots  Roots Nodules
] 200 200 200
3 189 87 8
& 178 14 -
b 170 i -
12 162 1] -
Adults obtained 95 ) H

larvae were often found dead on the
hooked trichomes of the hypocotyles.

The effect of larvai feeding on seediing
development was also tested. When young
larvae attack beans prior to plant
emergence, feeding on primary leaves and
cotyledons, primary leaves emerge with
perforations, resembling symptoms of
adult feeding. When sceds were infested
with older larvae, one day after planting,
severe damage to cotyledons and stems
oceurred, often impeding plant emergence
or reducing plant growth, First instar
larvae were most damaging to sceds when
infested one day after planting. However,
second and third instar larvae caused more
damage, especially when seeds were in-
fested at planting (Table 21),

Leaf gres of Diacol-Calims beans measured 10 days after planting as percentage of Jeal nrea of

control plants, after infestation with Diabrovica balteasa Iarva on theee dates after planting.

Leafl Area
Infesied a5 % of
Countrol on days after Planting

No. of Larvas/Plamt Larval Stage 1] { 4
5 Ist instar 933 §9.3 6.8
2ad instar 22.1 33 76.0
3rd instar i .8 20
10 1st ingtar 953 534 842
2nd instar i2.1 9.1 L7
3 instar g 0.5 0.8

't Plams geown o the groeniouse {IBO-19C avg, 23,90 R 68 10GW, ava. 98.5%) Avecage of 20 ceplicatenor Istnstarand 16 replicates. for

2nd and 30d instars,

Bean Program
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Table 22, Relutionship between infestation level, bean leaf area and yield favg, 3 replicates Biacol-Callma).
Remaining
Feeding Estimated Leaf Area Yield
Period (days Infestation Level s % of as % of
after planting) {adults/plant} Contral Controf
& -3 0.9 8¢ 96.1
14 610 79.8
10 528 124
15-22 L2 817 113.8
1.4 T2 1il4
37 58.3 0.1
22-29 11 83.0 898
1.0 774 5.3
37 53.1 488

The effect of adult feeding on bean vield
way also studied. Preliminary results
showed thatup to 22 days after planting, 19
percent defoliation or up to 1.4 adults per
plant can be tolerated without significant
yield loss (Table 22). From 22 to 29 days
after planting, one adult per plant
significantly reduced vields.

BROAD MITES

In the CIAT Annual Report 1975, the

Tarsonemid mite, Polyphogotarsonemus
latus, was reported to cause up to 56
percent yield losses. Fifteen pesticides were
tested for P. latus control, in which beans
were sprayed with dimethoate to protect
them from leathopper attack and which
enhances P. lztus attack according to the
literature and previous obsetvations at
CIAT. Results of the best eight compounds
are shown in Table 23. Bean yield was
highest following endosulfan treatment
but kelthane and hostathion were also
effective. Tetradifon was highly effective

Table 23.  Damsge grade, mite population and dry bean yield following trestment by different insecticides
(svg. 3 veplicates, ICA-Piac})
Avg. Dam. Grade No. of
{0-3) of P. larus No. of £ latuy T. deseriorum

Dosis 7 Days after 5 Days 16 Days after Yield
Praduct (a.i./ha) 1st Applic. after ist Applis. 204 Applic. {kg/ha}
endosuifan 1.23 liter 0.1g 5e 178he 2013
dicofol .84 liter 0.8efg 124de e 1783ab
triszophios .40 Hier 0.5fg 115de 127 1765ab
omethoats 0.50 hiter I.5cde 5k 1190 17118
carbaryl 1.60 kg LOef 123bede §94a to6dh
Amitraz 0.06 liter i.5¢de Hde 42 1648%
monoerolophos 0.28 liter 1.8d 26dbe 286be 1578
carbofuran 0.12 kg 2ibe Jigh 617a 1540b
Contral - 30a 340 237 i155¢
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Table 24.

Effect of different vegetable gils tumbler-applied on Bruchid blology on besns{avg. 5 rephestions,

100 g eachs, infested with 7 pairs of adults).

% Adult Mortality after “"f‘,i‘;ﬁf"d
@l ol Application at Days No. Eggs/i Adults)
Oil kg zeed 2 7 Repiic. Reptlic,
Soybean 1 1] 528 7.8 6.4
5 160 100 0 ¢
i 100 00 &
Mixed i 9 84.3 1216 139
b 160 ) 0 &
e 160 io0 L) H
Maize i 2235 88.6 BU.O 13.2
5 100 0 0 G
10 164 00 g i
Control 0 1.4 3188 208.6

against Tetranychus sp. mites but not
against P. latus. By contrast, carbaryl was
effective against P. lgrus but caused a
Tetranyches outbreak. Elosal may be more
e¢ffective by increasing the dosage,

STORED GRAIN INSECTS

About 2000 germplasm bank accessions
were tested for resistance to the Bruchid,
Zabrotes subfasciatus. In the three trials,
there were variations in resistance for each

entry but selections P364 and PSO7
maintained a low resistance level. This
resistance was expressed in reduced
oviposition and emergence, or prolonged
development period for Zabrotes.

Vegetable oils were tested for control of
Bruchids infestations in stored beans.
Three cooking oils were tumbler-applied to
the beans which were then infested with Z.
subfasciatus (Table 24), At 5 ml/kg, 100
percent adult mortality was observed.

Table 25.  Seed germivation and water absorplion foliowing trestment with maize oil and storage for 1 or 130
days {avg. 5 and 3 replicates, of 56 seeds and 104 g, respectiveliy).
Percent Germination of Percent Weight Ingcrease by
Secd Stored after Ol Soaking for 24 Hrs. after Qil
mi oilf Treatment for: Treaument and Storage for

kg beans i day 180 days 1 day 130 days
f 887 855 107 83 193.8b
s 874 824 102.2h 1622
10 88.7 EER S 190.3b 10350
Centrol 90.0 9.6 167.7a 10774
Sign. leved n.s. n.s.
Boar Program B-27




Additionally, when beans heavily infested
with larvae were treated with 5 ml of
cottonseed oil/kg of heans, adult
emergence was also significantly reduced,
indicating that the oils also affected
Bruchids after their penetration in the seed.
Tumbler applications were more effective

than manual applications; only | to 2mlof
oil tumbler-applied gave complete control
while up to 5§ ml were reguired when
applied manually. Oil applications did not
affect seed germination or water absorp-
tion {Table 25}

Physiology

Physiological studies continued on yield
limiting fagtors and adaptation com-
ponents of Phasecius vielgaris germplasm
at CIAT and Dagua (altitude 830 msl) and
at Popayén (altitude 1,900 msl} during
1976-1977.

GROWTH AND YIELD OF
PORRILLO SINTETICO

in 1975 Porrillo Sintético was selected as
a representative variety to study yield
limiting factors under tropical conditions.
Results ar¢ now available for 12 growth
analysis experiments conducted at CIAT
from 1974-1977 under irrigated and
protected conditions. Yield and other
parameters studied are presented in Table
26. Results for experiment 7616 are
included where Porrillo Sintético was
grown at four distances from a line of
incandescent lights with a 16 hr 30 min
daylength, causing progressive Jengthening
of the growth cycle due to the photoperiod
sensitivity of the variety, The highest yield
(4.1 t/ha) in the series was recorded for the
plots adiacent to the light source (CIAT
Annual Report, 1976),

Yield variability for the 12 cycles was
associated with factors summarized in
Table 27 Lodging, bacterial blight
{chemical control was not effective} and
soil factors such as high sodium saturation
in one field were probably most important
although the relative importance of these
factors cannot be accurately indicated yet,
The sum of the severity scores for the six
factors in Table 27 was highly correlated

8-28

with yield (r = -0.94). Mean radiation and
temperature data recorded during the
experiments {Table 28) show extremely
low climatic variability,

Yield variation for one variety at one
location over & number of seasons provides
a useful means of evaluating the impor-
tance of various physiological parameters
in yield determination. The highly signifi-
cant correlation of pods/m?, total dry
matter at maturity and maximum
node number, shown at the bottom of
Table 26 supports the preliminary
conclusions {CTAT Annual Report, 1576)
that crops with larger vegelative struciure
have higher vields. Increased dry matter
production {correlation  with  yield
r=096) and a relatively constam
harvest index (r =~0.28) were associated
with this yield trend. Increasing node
structure increased leaf area index
resulting in higher levels of photosynthate
supply at least up to ceiling leaf area which
was from 4.1 to 4.2 m?/m? in this variety
under non-lodged conditions. Further
increases in leaf area in the upper nodes
after flowering were balanced by leaf area
ioss due 1o sengscence at the lower nodes.

Leaf area duration {LAD),theintegrated
leaf area available over a particular period
of the growth cycle, is a measure of the
total availability of green leaf area with
time. Figure 9 shows the lincar relationship
of maximurm node number to LAD for the
whole growth pericd (emergence to
physiclogical maturity) for the 12 cycles.
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Table 26, Yield and yield components for Porrillo Sintético in growth anaiysis experieaents a1 CIAT from 1975.76.

Yield! in Yield/Day Podst/ Beans/ Bean Totalt Harvest!  Maximum

g/mi at Days io Pays to in m Pod Size i Dy Matter Index Node No.
Experiment 145 Moisture Flowering?  Maturity? gimtiday i/m? iipod mg/ bean in gim? in % 1fm2
7616 412 (31p 31 95 4,12 114 £ 197 698 32 1010
7630 358 (2% 33 69 479 216 5.49 200 503 61 732
7616 kCERS .S 43 &4 389 255 8 A1 562 53 806
FHT7 312 (28} 33 7% 390 288 5.12 182 475 36 372
7616 B8 (37 3 1t 392 215 5.69 208 474 54 560
7609 295 (26} 32 72 383 pp: 5.65 204 415 62 545
16 277 (W) k. 89 374 262 5.59 210 409 58 349
7541 77 { & 34 72 i 208 593 191 384 62 376
7612 65 {25 33 78 i 204 597 186 381 5w 807
629 I8 (26) 34 81 2.6% 180 529 214 349 57 4492
7503 227 (20} 32 4 2.87 210 4.87 191 343 57 398
1622 219 (36) 33 67 3.04 192 5.52 {78 337 56 612
Mean 253 36 5 384 a2 5.60 197 444 57 638
Stand. Dev. (57 (5.6) {76 (0.59) 335 (03 {12} {106} 13 {145
r{us. yield) 0.74 6.85 0.85 0.94 0.41 o117 0.96 -3, 0.81

Yielkd mesaured on 7 10 10 mot harvested asts per replication, # replications per trial
Days from emergence.

Yield/day trom plaating & physiologicil maaturity.

Dt corvected by ratic of yield of muin plot: yield i 1o componeny subsampie,
Ratio ywld: total dry matier st harvest iminus leaves and pericies st meatusity),
Standard deviation.
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Tabie 27, Severity scores® for possible limiting factors in each of the growth snalysis experiments with
Porrifo Siatétice wt CIAT from 197571,

Bacterial Heliothis Soil Poor Total
Experiment Lodging Blight? sp. Mites? Salinity? Brainage Scorg
7630 i i 1 i i I &
7707 { i 1 1 i H &
1609 i i I 1 2 1 7
7841 2 3 f I { I g
616 2 1 3 § i i 9
7612 3 1 1 3 ¥ i 10
7628 4 1 I i l 3 ki
7503 5 2 3 H H i 13
1622 4 i 1 i 4 i 2

b Sevory sears: [m factor not presear; Swisstar at bagh level of severity, estimates bastd on global experisser v physiclogy
expasiments at CIAT,

> Baeteelad hlight conkrrd was wdffeetive with available chemicals.

Mite resistance to various matenals was encountered.

4 Maximum salingy 335 Na salutation in sxchange comsples.

L.AT {emacrgence to maturity)

Tabie 28 Datafor mean solar radiation snd mesn
temperature for growth analysis ex- 2§
periments! (for period from emergence p
to physivlogical matarity) with Porrille 200
Sintético at CIAT from 197577, /
190 /
Raglation in Temperature 180 A ,
Experiment cal/em?/ day in®C : /
17 /
7616 (s) 497 bR | p,
164 g
7630 496 23.3 /
7616 {b) 506 24.1 150 A
T 472 2314 / -
140 ¥= 323+ 0,165 X
7616 (c} S04 2.3 . y’ , |
130 1
7609 496 0.3 re 087
7616 (&) 503 4.3 i20 o
7541 426 220 110 —2
1612 a50 232 .
7629 483 231 TR0 s00  J00 %00 900 1000
7563 444 29 Maximum Node Nomber/m?
7622 473 230 Figure 9. Regression of LAD (lesf mres md
days/m! land area} from emergence to physiological
Mean 480 214 meturity on maximum vegetative node mzmber
measured after flowering for Porrilio Sintétics In 13
' Dams Source: ICA Meterslogical Station, Paimire. growth analysis experisnents at CIAT from 597677,
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Crops with a larger total node structure
maintained leal area at a higher level
throughout the growth cvcle. Increased
LAD is in turn correlated with final yield
(Figure 10). However, the relationship was
somewhat influenced by lodging. Three of
the crops in the bottom left of Figure 10
were heavily lodged {experiments 7629,
7503, and 7622) which resulted in an
apparent decrease in the efficiency of the
leaf arca available. This suggests that an
increase in leaf area duration without a
concurrent improvement in lodging
resistance will not produce higher yield
levels due to the inefficient use of solar
radiation by lodged canopies.

The influence of lodging on canopy
height for two typical experiments is
shown in Figure 11. Experiment 7622
lodged immediately prior to flowering
during a heavy storm while 7609 suffered a
gradual decrease in canopy height as the

Bean Yield g

|

4%

350

300

%
v
2501 : e

» * i

200k |
110 120 130 140 150 1560 179 180 190 208 210

LAD (emergence 1o maturity)

Figure 1. Kegression of grain vield { 4% moisture
basis} on LAD {leaf grea m* days/m? land area}from
emergence to physiological maturity for 12 growth
anudysis experiments for Porrille Sintético at C€IAT
from 1975-77.

Bean Program

Canopy Height in em

* Exp. ToGY

90 i £ i
a Exp, 7622

80/ g I
70 % /""? 1
soi |

40

l\; Qi D
H
30 \ R — !
20 E,f Ll | | 1
1 Flowering Physiological
1 (S — maz?rity i
S I T B
TOUTH36 a0 30 60 30 RO

Drays after Emergence

Figure 11, Effect of lodging on canopy height in
iwg growth anatysis experiments with Paowrdllo
Sintético.

crop approached maturity. The most
commaon type of lodging does not involve
stem bending per se but rather root lodging
which causes the whole plant to fall over.

The regression of yield on LAD for
various periods of growth are shown
below:

Yield {Y) vs. LAD (emergence to maturi-

tyr Y =55+ 1.73%,r = 0.82

Yield (Y) vs. LAD (emergence to flower-

ingh Y=155+ 349X r-0.80

Yield {Y) vs. LAD (flowering to maturity):
= 45+ 294X, r = 0.78

From these daia, it is obvious that a
general increase in Jeaf area at all growth
stages may be necessary rather than
particular emphasis on the post flowering
period. It is also obvious from the overall
data that a high LAD before flowering
normally means a high LAD after flower-
ing. This also implies that an increase in
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LAD and presumably photosynthate
supply, leadsto increased sink size and also
to increased post-flowering source to fill
the available sink.

The relationship of crop growth rate
{CGR, g/m?/day) of Porrillo Sintético for
the above-ground portion of the crop to
eaf area index {LAI) is an important
consideration with respect to the above
conciusions. Crop growth rate was
calculated from the weekiy total dry matter
samplings up to 56 days from emergence
{heavy leaf loss after 56 days prevents an
assessment of CGR for the whole crop
during the maturation phase), The data
(Figure 12) show a curvilinear relationship
to mean LAl with & mean maximum
growth .rate of ~ 12 g/m?/day at LAI
between 3.0 and 4.0. Up to a mean weekly
LAL of ~ 4.0 m?/m? there is no real
suggestion of an optimum type response in
these dats. Variability of CGR within a
particular LAl range was probably
associated with lodging, solar radiation
received, and other factors. Research is
continuing on the factors associated with
this variability. Any improvement in
maximum LAI above average levels may

CGR g/m?/ day
o :
|4L |
12 i {; r I
; L] 1
AT T
! ]
2 4 44 i i
. Y= 0.80 + 6.59 X - 0,96 X2
/{ : I 6,908
2 ‘ :
(] i
¢ o 531 19 Py
LAl

Figure 12. Relutionship of CGR {g/mi/ day) to
mean LAL Mean of weekly samplings in 12 growth
analysis experiments with Porrille Sintético st CIAT,
from 1975-77.
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not be associated with increases in CGR at
higher LAI values. However, if lodging
resistance c¢an be improved, increased
maximum leaf area should result in the
maintenance of a higher LAD.

High vields in experiments 7616, 7630
and 7707 were associated with either (a)an
increased length of the growth cycle by
manipulating the flowering date using
photoperiod response (for 7616), or (b)
were within the normal growth cycle for
this variety (for 7630 and 7707). In the
latter case, both crops had little lodging
and disease, insect and soil problems were
minimal {Table 27).

GROWTH AND YIELD IN RELATION
TO GROWTH HABIT

A summary of growth analysis data for
five varieties, representative of the four
growth habits defined at CI1AT is presented
in Table 29. Mean yield range in the data is
typical for the varieties at CIAT under
monoculture conditions. Mean data for
Parrillo Sintético from Table 26 isinclud-
ed for comparison (treatments in experi-
ment 7616 which were influenced by
artificially increased daylength have been
excluded).

While less ¢data is available for these
growth habits the conclusions which can be
drawn are similar to those for Porrillo
Sintético. Increased node structure and
ieaf area are strongly related to vield. The
comparative earliness of the determinate
varieties (P635 and P788) apparently limits
the maximum leaf area and thus the LAD.
Mean yield per day is slightly lower than in
Porrillo Sintético.

Leaf area efficiency (bean yield/LAD)
for the four nonclimbing varieties is very
similar ranging from 1.95 to 2,12 g/m?
days/m2, This strongly suggests that the
differences in canopy type in these lines
does not greatly influence the yield
capacity of the photosynthetic system.
However, leaf area efficiency for the
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Table 29.  Mean yicld und other parameiers measured for five cultivar from four types in growth analysis

experiments at CIAT, 197577,

Cuitivar and Growth Habit

P635 P788 £566 P4os £3589
Paramesers | i 11 W £t
Mean yield (14% moisture), g/ m? 230 242 273 n 363
Number of experiments 3 2 g 3 3
Pod number, m? 42 45 214 268 pa -
Bean per pod 255 3.2 3.56 4.36 5.69 -
Bean size, mg/ bean 544 272 195 240 i8S -
M aximum node number/m? 363 413 587 921 854 0.94
Maximum leaf ares index a3 343 3.5% 4.14 5.99 .94
LADY (E-FP 23 18 36 41 b 0.93
LAD (F-M) @5 96 94 123 180 .91
LAD (E-M) 118 114 130 164 %1 093
Days to flowering {E-F) 235 5 33 13 41 0.95
BPrays 10 maturity (E-M) 54 &7 73 g1 59 (.99
Yield/day {planting to maturity} 33 338 s 31 3.88 0.83
Yield/LAD (E-Mp 1.95 212 2 [.96 140 -

' Cooslation with yirki ()

tLAD oF days 1

* Ewmemergencs. F= ffowenng, M= physiological matunty,
*  Lesf arca efficiency. g/mé days. o lnd azea.

climbing variety used here was much lower
even when supported on a trellis, possibly
due to excessive leaf ares development
{(maximum LAl 5.99 which caused self
shading of the lower leaves. This conclu-
sion 1s supported by yield profiles by node
reported for P589 in the CIAT Annual
Report, 1976,

Crop growth rate data for the limited
number of cycles with P589 suggests a
lower rate of growth at higher LAI values
than was the case with P366. Further data
will be needed to reach firm conclusions.

CROP MANIPULATION
Carbon Dioxide Fertilization

in the firsi experiment carbon dioxide
supplementation (1200 ppm) was apphed
ta Porrilio Sintético growing in ! m? open-

Bean Program

topped, ventilated chambers over two
growth periods: {a) Period I{-5to +15days
from flowering); and (b} Period 2(-510+35
days from flowering). The objective was to
evaluate the relative importance of in-
creased photosynthate supply during the
period after first flowering when final pod
number is being determingd (Period 1)
compared to the whole of the flowering,
pod set and bean filling period up to
physiological maturity (Period 2). A 40
percent yield increase was obtained in
Period 1, compared to 43 percent in Period
2 (Table 30). The benefits of increased
photosynthate supply appear to be of
primary importance during the immediate
post-flowering penod due mainly to
increased pod set and mature beans/pod.
An additionzal 20 days of CO2 supplemen-
tation in Period 2 produced only a 3
percent yield increase over Period 1.
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Table 30.  Effect of carbon dioxide fertilization' applied over two periods on yield and other parsmeters of
Porrilfo Sintélico at CIAT.
Yieid in Ne. HNo. Mean  Node No.  Tetal

gim?(14% Pods/  Beans; Bean Wt Maturity Dry Harvest
Penod? Treatment  moisture} m? Pod mg/beas 1m? Weight index
LS €O 340 (140} 264 363 195 545 494 (39.13
Control 243 {100) 221 -84 | 18% 7 kii¥ {56.9)
-5 1o 35 cOa 446 (143} 328 5.44 215 Sa2 66 (58 3)
Control 311 {100) 24 5.16 213 535 456 {57.4)
L3005 33 25 0.32 il 53 54 {21
CV.% 2.0 89 4.4 39 T8 30 (37

# Applied 10 i a7 ventilated ggen-topped chambers in the field at 1200
chsrabers ventilated &2 smbient £0O ziwei.
T Diays from flawenng.

{ncreased photosynthate supply did not
significantly alter final node number
suggesting that overall canopy structure
was not altered. The increased dry matter
production was divided between vegetative
and reproductive parts with 2 slight
increase in harvest index in the CO2
treatment in both periods.

The results strongly suggest that
photosynthate supply in the immediate
post-flowering period controls pod set and
yield in this variety. An improvement in
photosynthate supply should be possible
by either increasing leaf area and leaf area
duration or by increasing the
photosynthetic efficiency of the available
teal arga. Both will be aided if stem
erectnass and lodging resistancecanalso be
improved.

Carbon Diexide/Major Element
Fertilization

A second experiment was conducted to
test the hypothesis that foliar application
of major nutrients (N, P, K and 8} to the
canopy could increase yield although the
crop had been fertilized with ali the critical
elements at sowing, Research in soybeans
in the United States had suggested this
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possibility. The possibility of an interac-
tion between increased photosynthate
supply and increased nutrient supply was
alse evaluated. The results of a 2x2
factorial experiment with the appropriate
treatment combinations are presented in
Table 31. The overall yield increase due to
CO; fertilization from-~5to+35 days from
flowering was only 21 percent (Treatment
I} compared to 43 percent in the first
experiment. The crop was well grown and
lodging was not a problem: leafl area of
adjacent control crops  approached
4.0m?/m?. Probably, the control canopy
was more efficient in this experiment
suggesting that photosynthate supply was
not as limiting. The eifects of NPKS
fertilization were entirely additive with no
suggestion of a positive interaction. A 6
percent increase in yield was recorded for
NPKS application with or without CO2

fertilization. In this experiment, the yield
increase dueto CO2 supplementation was
related almost entirely to an increase in
pod set which emphasizes the importance
of phatosynthate supply during this phase.

Foliar Fertilization at Different Growth
Stages

An experiment was also conducted to
1977 CIAT Annust Report



Table 31.  Effect of carbon dioxile feriilization (-5 to +35 days from Nowering) and foliar application of
KPKS on yield and parameters of Porritlo Simtético st CIAT.

Bean Naode Total B3ry  Harvest
Yield Pods/ Beans/ Weight in Number Matter Endex
Treatment! g/m? m? Pod mg/bean Iim? gimd %
GGy 471(121) 328 564 219 605 706 57.4
NP;(S 412{106} 286 5.73 216 S0l 608 83
CQy v NPES  494126) 330 5.83 220 305 116 592
Control I 100) 373 5.59 219 308 574 $8.4
Field plot 53X 90 HE 578 212 Ly 510 5.5
L&.D. 0.05 45 6 0.52 13 62 63 38
CY. % 6.6 6.5 4.8 31 6.2 54 34
I 1 # b4 in im¢ charmbers; COy treatments 1200 ppm C0 2, NPKS equivalent to 812 23:5 ka/ba in § fokine applications, field

phot &nd control yieid without chambers.

evaluate the effects of NPKS applicationat data is presented in Table 32. Most
different growth stages and with increasing treatments produced a slight but non-
applications up to a8 maximum of 80: significant increase (mean 5.2 percent) in
12:23:5kg/ha of NPKS, respectively. Yield yield which supports the results of the

Table 32.  YieM and yield components of Porrillo Sintético for 10 foliar spray appiication treatments’ of
NFPKS apphied at 5 different growth stages wt CIAT.

Total Nutrient

Application Stages? Yield Na. Mo, Bean

NPKS of (14%) Pods Beans/ Wi, in N %
kg/ha growth g/m {im? pod mg/bean Beans
Control - 32 (100) 29 571 228 4.24
80:12.0:33.0:50 1,2345 323 (ig4) 252 551 22 442
% 25 6610 1 138 (189) 25% 5.70 235 4.10
i5 2.5 6610 2 313 {100} 23] 572 236 4.4
16 2.5 6510 3 3 (107 257 5.59 239 4.08
te: 2.3 6.61.0 4 312 (106) 246 5.33 234 4.10
16 2.5 6610 5 320 (103 244 5.26 237 4.2%
32 5.6:13.220 I2 3128 (105} 255 $.49 233 411
48: 7.%19.8:3.0 1,23 339 (169 280 513 23 4,18
64:10.0:26.44.0 t.234 324 {104) 150 539 237 418
LS. 005 39 36 0.459 16 6.20
CV. % B2 9.5 7.5 4.8 3.3

Applied a3 uyrea, p i Ipiate and p WM polyphospiats  foutraled with paosplurc acid and apphied v aquesss solutien s
the rate of 10:L54) kgiha of NPRS per growts stage.
Growen stages. |77 days from Dowering: 2= day of fiowermg 3= -7 daya; &= + B4 days; $542§ days,

Bean Program
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previous experiment.  While further
research may be necessary, it appears that
when a bean crop is well provided with soil-
applied nutrients at planting theredoes not
appear to be any real response to the use of
foliar-applied soluble nutrients during the
growth cycle. On the other hand, where
definite soil deficiencies exist, foliar
applications could be of value when
applied at critical growth stages,

ADAPTATION COMPONENTS

Research continues on physiological
componenis of adaptation considered
important in determining the range of
adaptation of germplasm. Screening
methods are being developed to select
suitable parents with desirable
characteristics. The components under
evaluation include: photoperiod sensitivi-
ty, excess soil water tolerancs, water stress
resistance, temperature (aititude) adapta-
tion, planting density response and growth
habit stability, The latter is under study at
Cornell University in a collaborative
research project; work in thisarea at CIAT
will begin in 1978.

Table 33.

Screening for Photoperiod Response

Photoperiod screening of all promising
bnes has been completed by studying the
phenology of the material under the lights
{18 hr/day) compared to that of controls
grown at the normaldaylength{ 12hr 20
min). The field light system for screening
was altered prior to the last two screenings
to accommodate more materials. The new
system utilizes an overhead light bank (83x
300 w incandescent bulbs mounted 2.5 m
over an area 25 m x 25 m). The system
accommodates 500 different materals
grown in staked hill plots (1 mm x 50 em)in
two replications per treatment.

A comparison of the earlier linear light
system with the new overhead method for
10 test varieties is presented in Table 33
The close agreement between methods
suggested that the resuits for all four
screenings could be combined. A summary
of the combined data for 808 materials,
mostly P lines, is presented in Table 34
Forty-one percent of the lines tested were
photoperiod insensitive (< 4 days flower-
ing delay in 18 hr days). The data also

Comparison of two systems £o screen for photoperiod response at CIAT: comparison of data for

number of days of fowering delay in 13 and 12hr 20 min photoperiods for 16 control varleties.

Diays of Flowering Delay
Linear Light QOverhead Light
. . Souree Source

Promising Line

Tested/ Experiment Experiment Experiment Photoperiod!
Experiment T501A 75018 7687 Classiication
POG3 17 10 15§ N
PoO6 a 1 1.5 N
7008 15 13 15 N
Pgl2 -} r 9.5 1N
P02 i -2 o N
P36 23 2i 238 4N
PASY 7 1 0.5 IN
P586 14 g 13.3 h
P5is % 18 6.5 N
P40 16 16 17 N

4 IN =<4 days deliy, INZ A0 deys Selay; 3N 120 days delay; 4N20-30 days delay; SN = 30 daps delay. ™ wabvinoe o

sbnormsl flower abacissicn in long days.
B-3¢
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Table 34.  Summary of combined data for photoperiod response screenings by growth habit of germplasm
setections at CIAT, from 19758.77.
Growth Classification of Photoperiod Response

Habit H 2 3 4 5 Totl

<a 410 11-20 21-30 >
i 97 22 59 30 1% 228
{43F Y (26 ax {8 {1190)
i 163 4 67 17 7 M4
{35) {14) (2 { 6} (3 (1o6;
111 &i 2% 41 ki 44 286
23 (i {20y {18} {(1%) 160
v 5 ? iR 14 32 52
(18} {9 (22} (12) (3% {10y
Total 33 95 i85 98 @7 808
(41) (12 {23 1z (123 (1

' [3ays of flowening delay at 18kr days as compared 1o natwal daylength of i2he 20 min
4 [tz ia tabic gives sumber snd persest of genoivpes wihin growth habits

confirmed the tendency reported earlier for
a lower proportion of insensitive materials
n growth habits 1l and 1V, In partcular,
the very high propertion {39 percent) of
extreme sensitivity {230 days delay) in the
Type IV matenal 1s an interesting feature
of these data. Evaluation of possible
reasons for this tendency i3 somewhat
hampered since the exact origin of the
original germplasm matenial is often un-
known.

Fhe wmportance of photoperiod insen-
sitivity in beans with respect te wide
adaptation  has net yet been fully
evaluated, but when complete results of the
first IBY AN have been anaivzed a clearer
picture should emerge. One of the objec-
tives of Idectype B bresding (CIAT
Aniual Report 1976) at CIAT s 1o
increase the prefllowering period. While the
search  for lateness to flower in
photoperiod uisensitive and acceptable
agronomic 1ypes in the germplasm bank
has not proved very fruitful to date,

Baan Program

lateness for higher latitudes (i.e. = 13¥N or
S) could be improved by using parents with
intermediate levels of sensitivity. Provided
the relevant cropping system allows
production during long days (ie>>12
hours), an increase in the preflowering
pericd  should  result, relative to
photaperied insensitive material.

Screening for Tolerance to Excess Soil
Water

Bean production in some parts of the
world 1s limited by heavy rainfall leading to
water logging wn poorly drained soils. Two
axperiments evaluasted a possible screening
method for tolerance to excess soil water
under CEAT conditions. A saitable site was
feveled and banks constructed so that
water could be maintained in furrows at a
height of § to ¥ cm below the crest of two
row beds { ] m center 1o center). Water was
malntained at this height from 12 days
after emergence until physiological maturi-
ty. In the first experiment 28 P lines were
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Table 35.

Yield! data for first experimental screening st CIAT for excess soil waier folerance for selected

varieties.
Yildg/m
Growth Excess % Yield
P Line Name Habit Control Water Reduction
P566 Porrillo Sintético i (Bp 240 207 14
P757 Porriils 1. 118 228 175 3
P675 1C A-Bijao 1 () 260 190 27
P458 ICA Tui 11 (B} 243 178 2%
PSH S-182N It B} 241 14t 41
P302 Pl 308 804 H(B) 248 138 46
P643 Nep 2 H (W) 214 17 47
P7Es PL 284 703 1Y) 216 115 47
£I37 Jamapa {VEN) 11 (B} 268 142 47
P459 Jamapa (CRI) [ IN+:)] 271 141 43
P692 Biacol Calima (R 242 112 54
P637 Linea [7 1 (R} 252 109 57
ps12 §.166 AN 1 (B} T 118 &0
LS. (Var x Treat) .03 449
CV. % 16.2%
e Wt ¥ yetiow; = red
evaluated and 100 lines irhthe second. The Table 36.  Results’ of the second excess water

results  suggest that Jarge genetic
differences exist for resistance to excess
water in the material evaluated. Table 35
shows that the ‘Porrille’ types (P366, P757,
P&73) showed excellent tolerance while the
*Jamapa’ type material (P302, P737, P45%)
had a relatively uniform yield reduction of
4b to 48 percent. The largest vield reduc-
tion in the first experiment (60%) was for
the black-seeded P5[2. While black Type
Il varieties showed the highest tolerance
level, it is clear that the response i1s not
related to seed color per se. A summary of
the screening results for the second
experiment is presented in Table 36

Screening for Water Stress Resistance

in previous stress screenings, many
materials were poorly adapted to Peruvian
coastal plain conditions at La Molina. An

B-38

tolerance screening experiment
CIAT: data for the nuamber of varieties
within three tolerance classifications by
growth habst,

Percent Yield Reduction?

Growth
Habit Low Mauoderate High Total
<40 A608% D> 68%
1 ] i4 I 21
(29 (67} ] {100}
it 4 26 8 35
{ih (74) {14} (160}
HI 2 1% 8 27
(7 {71y (22) (100}
Total 12 55 i2 83
(140} {7L.0) (14.4) {1068}

100 varieties sereensd, 17 excluded due 1o the viras symptoms.
T Poment pisd redection Yield ControbYield Teestment/ Yield
Contre! {in peceentl; mean percent viekd sedustion §4 1 14
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experiment was conducted at CIAT to
evaluate 8 possible screening tethod using
infrared thermometry. A hand-held ther-
mometer, sensitive to ¢ 0.28C, with a
target zone of 20 to 30 cm diameter was
used to evaluate the canopy temperature
differential { AT) between irrigated plots
and those experiencing water stress during
a drying cycle following irrigation.
Stomatal closure during the onset of stress
normally results in  higher canopy
temperatures up to a limit determined by
the reradiation characteristics of the
leaves. Varieties experiencing progressive-
Iy higher A T values during a drying cycle
suffer higher levels of tissue water stress.
Measurements were initiated at ap-
proximately maximum lkaf area index {7
days after previous irrigation)at 1 H00-1230
daily in 44 varicties (growth habits 111 and
HiI). Results are available for five days of
measurements before the first rains of the
wet season in September 1977 forced early
termination of the study. Data in Figure 13
show A T values for two extreme

Canopy Temperature Difference in %C (4T3

i "T“
25
2.0 B —
i
1.5 / s.\\“‘““”"”"‘ﬁ- :
P69Z (1)
1.0 l ; i
0.5 ‘ L]
44 Cultvars

4.5

\3’/ Lpr2s iy

RN BT S T S TR T
September

Figure 13. Canopy tempersture differences (days}
for § days during a dryisg cyclefor 2 varieties showing
contrasting responses and the mean of 44 cultivars.

Bean Program

Table 37. Summary of canopy tempersture
screenings of 44 materisis sccording fo
the numbers of materials in each growth
habit  within  differential  canopy
femperature ranges,

Growth ¢

Habit Differential Canopy Temperature Totai

€020 020040 >0.40
i 3 4 7 id4
31 8 4 3 I
i 6 4 is

genotypes P692 and P729. Measurements
for P692 indicated that it suffered greater
stress which was also verified by wvisual
observation. P729, which.was previously
identified in Peru (CIAT Annual Report,
1975) as having possible stress resistance,
had a stressed canopy temperature slightly
below the control plot. Table 37 sum-
marizes the A T readings over five days
according to growth habit. There 15 a
definite tendency for higher “stress” in
Type 1 materials compared to the mdeter-
minate types which was also verified in
field observations.

The results are promising for guickly
and guantitatively evaluating water stress
resistance on large numbers of materials
without relying on the subjective method
of visual scoring or other morg time-
consuming methods. Dry season research
at CIAT is planned to correlate the results
of the method with vield reductions in
stress  treatments. The method could
provide a useful tool for screeming of
advanced material

Sereening for Temperature Adaptation

In uniform yield trials by the agronomy
group at various altitudes in Colombia and
Ecuador certain germplasm selections
showed good adaptation over a range of
altitudes, from 14-1,900 msl. On the other
hand, cther materials showed poor adapta-
tion at fower altitudes. Forty contrasting
genotypes {10 from each growth habit)

B-33
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were selected Tor physiological evaluation
at four zititude/ temperature regimes. Soil
fertilization and liming were applied to
reduce the influence of adverse soil
conditions. Disease control was also
effected to avoid interactions with respect
to differential disease resistance in the
material.

Experimental data are available for the
first three locations. Of the 40 varieties,
data for 8 were not included due to severe
virus symptoms at CIAT. In addition, the
trial at Popayin suffered water stress at
various growth stages due to lack of
irrigation facilities and overall yields were
low.

The data in Table 38 gives yield of
cultivars in Types I and IV where the
largest cultivar x temperature interactions
were measured. In Type I P637 showed
above average vields at each location while
Diacol Andino proved poorly adapted at

lower altitudes but very well adapted at the
highest altitude, almost equalling vield of
P637 at 1900 msl. This same pattern was
repeated for P539 in the Type 1V group
which showed excellent adaptation at all
altitudes, while P59 {Cargamanto)
produced virtually no yield at the lower
altitude locations. Although P590 plants
were vegetatively vigorous, they produced
oniy isolated pods with very few seeds The
cultivars P759 (1) and P2560 {IV) showed
some tendency to decrease relative yields
with increasing aititude but this could be
related to the dry conditions at Popaydnin
the latter part of 1976 rather than o
temperature conditions per se. The ex-
periments are being repeated this year and
the physiological factors associated with
these interactions are being evaluated.

The data in this and other trials
incinding the 1976 IBYAN show that
FPhaseolus germplasm has quite a wide

Table 38, Yield of selected varieties from temperature adaptation experiments st three altitudes in Colombia:
CIAT; Las Gosens, Cauca; Dagas, Valle.

Location Dagua CIAT Las Guacas
Altirude, m 825 180} 1850
Temperature mean #C 251 238 Y
Temperature max. #C 7 87 4.7
Temperature wrin. *C 20.6 w2 {35
Jdentification Bean Yield in g m® {149 moisture}
Growth Habit 1
P637 198( 1 20¥ 34 (113} H R
Diacel Andino {2 W6 7H 166 113
PT59 206 (124} 3116 114 HL I !
Mean of G.H. I{n=8} 165 (1D} 278 (100) 147 (1ot
Growth Habit IV
PiEg 402 (142) 382 (130) 197 {113}
P3G T2 0¢ T} 130 { B6)
P56 323 (114} 208 (102} 16l 1 92
Mean of G.H. IV (n=8) 282 (1D} 293 (100) 175 (1

| Peseent of the sean viekd within cach growth hebit.
B-40
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adaptation with respect to temperature
conditions within a range 18-26%C mean
growing season temperature.

Screening for Response to Planting
Densjty

Results reported in 1976 showed a
variety x density interaction in bush beans.
Recommendations for ideotype develop-
ment at CIAT include Ideotype C with

small farms in Latin America. One-
hundred promising materials were screen-
ed at two densities {8 plants/m? and 30
plants/m2} in early 1977 to evaluate
parents for this ideotypes. Results suggest
that there are differences in density
response  characteristics. The field
variability encountered was very high and
the experiment i being repeated. Results
of density trials at CIAT were heavily
influenced by lodging and to some extent,
by “Problem X" which appears to be
density dependent for its expression

expected adaptation to low density Symptom severity is highly variety-
production conditions typical of most dependent,
Microbiology

This vyear, vacrietal differences in
nitrogen fixation and cultural factors
affecting active nitrogen fixation were
emphasized, Computer programs for data
storage relating to the Rhizobium collec-
tion were also developed (see also
Microbiclogy section, Beef Program and
Biometrics Unit reports).

YARIETAL DIFFERENCES
NITROGEN FIXATION

During 1977, more than 700 P lines were
evatuated for symbiotic nitrogen fixation
with CIAT 1037 at Popayin, Although
cuitivars were generally poorly adapted to
the lower temperatures, determinate, early
flowering cultivars such as P635 con-
sistently fixed less nitrogen than indeter-
minate cultivars in Typestiland IV. While
this experiment is still being analyzed,
these varietal differences were confirmed in
other studies undertaken this year,

IN

in Popayan, Type | and H cultivars were
evaluated for nitrogen fixation potentialin
relation to Types III and IV, Eleven
cultivars of P. vulgaris analyzed included:
Type 1 — P243, P403, P536, P635, P63,
and P692; and Type 11 — P561, Seafarer
and Nep 2. P498(Type 1) and P390 ({ Type
1V} were the controls. As in previous
studies P590 proved stronger in N3

8oan Program

fixation than the other cultivars (Fig. 14)
with 4 peak N; fixation of 37.7 umoles
C:H. produced/plant/hour, six weeks

after planting. When corrected for diurnal
variation in N fixation and using the
hypothetical 3 1 ratio for C; Hp:Nz

conversion, this cultivar  fixed the
equivalent of 73.7 kg/ ha of nitrogen/cycle
{Table 39). This was considerably higher
than had been obtained with this cultivarin
previous studies. P498, a bush cultivar,
also achieved a relatively high fixation rate

Ny fixation (umel C 3 H, produced/plant/ hour)

[ Avcrag; of 6 cui%i;'ars {((.H, ii}
A Average of 3 culuvars (GH, 1)
Fagal i ] B ;

4 . B ) 12
Weeks afler Planting

Figure 14 Yarietal differences n nitrogen fixation
in reintion to growth habic,
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Table 39.  Parameters of nitrogen fixation i 11 coltivars of Phaseolus vudgoeris, 6 weeks after planting.
Nodule Dry Acetylene Theoretical |

Weight Redugw Nz Fix- Growth Daysto  DPaysto  Yield

identification mgiplant SNA!  tion? ation/ha Habit  Flowering Matunty kg ha
P243 24 m 8.9 122 { 45 HG 3200
P4ls 32 4 1.2 133 i a4 104 27200
P6Y2 35 318 12.8 27.6 l 47 104 1500
Pa3? 41 383 15.8 AR i 47 it4 2304
P40z 59 33 1 | ! 47 110 2300
P336 34 294 16.0 8.2 | A e 2300
P3&i 34 87 83 19.8 i 43 14 3080
Seafurer i3 339 176 e il 45 126 L.904
NEP-2 29 447 129 26.0 i 33 1is 2600
Pagg 5 431 3z 343 it 56 104 3600
P390 196 355 317 137 3% 86 13t kR

I pmal CaHg peodusead g nodule dry weight s hout
7 ol O g produced  plant; four

but no other Type [ or Il cullivar
approached this level. It is often inferred
that cultivars active in nitrogen fixation
will be poor yielders. Here, P498 had both
higher yield and more active nitrogen
fixation than other bush cultivars.

In this experiment, the soluble car-
bohydrate content of nodules and concen-
tration of scluble carbohydrates were
greater in P590 than in P498 (Fig. 15).
F urther studies with these two cultivars are
underway.

DENSITY EFFECTS ON NITROGEN
FIXATION

The effect of planting density on
nitrogen fixation in P498, P5%90 and P633
was studied using the Bleasdale parallel
row design. Between and within row
spacings were varied ona 1.1/ L.Oratioand
plant densities increased from 5.5 t¢ 120
plants/m?.

At 39 days after planting, the effect of
population density on nitrogen fixation
varied according to cultivar, Ona per plant

B-42

basis, N; fixation of P590 peaked at 8.5
plants/m? and rapidly declined at higher
densities (Fig. 16). P498 reached a maxi-
mum at 18.5 plants/m and slowly declined

Seluble Carbohydrate
Content of Nodales {mg/ plam}

H
0 P3G

i
AP |

16 @ Average for 6 cultivars, growtht habit | .
& Average for 3 cudtivars, growt: habil F

L4}t ] e

121 \

10} -

8 | | \

4 6 B v
Weeks After Planting

Figure 15. Differences in the soluble carbohydrate
content of nodules in 11 cudtivars of Phaseolus
vidgaris, in relation to growth habit.
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N3 Fixation {(zmol CyH4 produced plant-! hour-)
18 = )
ol |
1 k - [
14 { \@.\ apreys T
G P30

e 21 N D P498 ,

L |

8 B - T

& ] \é i \“m_ g
4 {] I\ —»-._""13"_ _—MWM-‘:;

T |
2 !
- 20 40 &0 30 100 120
plants/m?

Figure 16. Influence of plenting density on nitrogen fixation in 3 cultivears of Phaseolus vifgaris, 39 days after

planting.

at higher densities. However, N2 fixation
per unit land area showed that all three
vanieties had maximum fixation at the
highest density {(Fig. 17a). The reiative
insensitivity of nitrogen fixationin P498to
plant density parallels yield-density
responses in this cultivar (CIAT Annual
Report, 1976).

Although some variation in specific
nodule activity (SNA) was detected (Fig.
17b}, much of the difference in fixation was
attributable to change in nodule fresh
weight /plant (Fig. 18). Increasing density
also changed the pattern of nodulation in
ail three cultivars. At the higher piant
densities, nodules contained both an
increasing proportion of the total plant
carbohyvdrate (Fig. 19) and somewhat

Baan Program

elevated concentrations of soluble car-
bohydrate (Fig. 20).

Ny Fization/ha { mol CoHyg produced/ha/ hr}

—_—
A P63S T
& P390
© P498
60 S
NS —7_
o /) 7/
w_ L ’
s
10 ;
20 46 0 &0 100 120
Plants/m?

Figure 17a. Effect of planting density on nitrogen
fixstion in 3 cultivars of Phaseolis vilgaris,
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p: i1
16.0
ey
120 \\
e
50 \ | DectT
s e T
4.0 -
TTH B0 10010
Plants/ e

Figure 170, Effect of planting density on specific
poduls setlvity (v 3 cultivars of Phaseoius vulgaris.

EFFECTS OF BEAN/MAIZE
ASSOCIATION ON BEAN NITROGEN
FIXATION

The influence of a bean/maize associa-
Nodule Fresh Weight (mg pl-')

SNA (u mol CaHy4 produced/g fresh winodules/he} tion on bean nitrogen fixation was

cvaluated using bean cultivars P59 and
P526 and two maize populations — one s
vigorous type used on small farms and the
other similar to improved maize types.

Bean plant and pod weight/plant for
P590 in monoculture, or associrted with
the two maize populations is shown in
Figure 21. When P590 was grown with
Amarilio Tropical, plant growth and pod
development was  not  significantly
different from that obtained in
monoculture, even at 92 days after plan-
ting. However, plant and pod development
was reduced when P590 was associated
with the more vigorous landrace maize.
Plant development for the bean culivar
P526 wag inhibited by association with the
landrace maize (Fig. 22) as carly as 50 days
after planting. Although monoculture
maize plots were not planted for com-

1600 l
D P63l
1 & Pi5og
O P49k
1000
0 JL
M
" |
400 I —— —l
200 -
| |
-t} 40 80 80 100 120
Plants/m?
Figure 13. Influence of planting density on nodule fresh weight in 3 cultivars of Phasectus vulgaris 39 days
aftey planting.
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% Fotal Plant Carbohydrate in Nodules
3.3

|
n“"'_-“'

,,,,4
APals
® PS50
A P49R
|
20 40 LY] ] 06 1z
Plants/m?

Figure 19. Influence of planting density on the
percenisge of total plant carbohydrate recovered in
modlules of 3 cultivars of Phaseolus vulgaris.

parison, both maize populations tested
developed less vigorously in association
with the more aggressive P590 than with
P526.

Figure 23 shows seasonal profiles of N2
fixation for P390 and PS526, grown in
monoculture or associated with maize,
With P590, fixation reached a maximum
of 20.6 umoles/plant/hour, 68 days after
planting and declined rapidly thereafter.
No difference was detected betweet fixa-
tion levels and duration in monoculture or
associated with maize. Inthe symbiotically
weaker P526, maximum fixation in
monoculture occurred 50 days after plant-
ing. Fixation was reduced slightly by
association with either maize. By the 68
day harvest, fixation in all P526 treatments
had declined, and no further differences
were apparent. It appears therefore that
while competition for light and/or
nutrients limits plant development in
maize/climbing bean associations, this

Soluble Carbohydrate Concentration of Nodules (% fresh wt.}

2 k |

8 ' A P63S

o i -
1] /,/]*k .

i2 ;}\’J{ \ o §

10 l—j \

1 ~ i
E
20 40 7O 80 100 120
Plants/ny

Figure 20, Effect of planting densily an the ethsnol soluble carbohydrate content of nodules in 3 cultivars of

Phaseolus vulgaris.
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Fresh Weight g/plant
164

140| - W P390 piant wt., monoculture
® P90 plant we, with CTIMMYT maize
& P390 plant wi., with landrace maize
1200—=—~ 3 P580 pod wt., monoculiure

0O P50 pod wi, with CIMMYT maize
& P590 pod wi., with landrace maize

84

-y 40

Days after Planting

Figure 21. Bean plant weight and pod weight for the cultivar PS940 grown in monoculture or associsted witha
ixndrace or CIMMYT maize.

growth limitation does not normaliy ccour  fixation, Studies are in progress to¢valuate
doring the period of active nitrogen fixation in maize/bush bean associations.

Fresh Weight g/plamt

m P526 plant wi, monoculture i
WO~ & P526 plant wt., with CIMMYT maizc |

& P526 plant wt., with lsndrece mairs /'M
gir—— @ P26 pod wi., moncculiure i ¥

© P526 pod wt., with CIMMYT maize N
o & P526 pod wi., with landrace maize o by

TN

“ o e s

2 L/%’?
"4 ) 5 %gx}’/ 700

Days after Pianting

Figure 22. Besa plant weight and pod weight/ plant for the cultivar P56 grown in monoculinre or associated
with 8 landrace or CIMMYT maize.
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wmol CaH g Produced/plant/br

2y i T —!'—mm

PSH, monaculture

P590, with CIMMYT maize
P390, with landrace maize
P326, monoeuiiure

P526, with CIMMY'T maize
P526, with Jandrace maize

20}

e EL O

""\c/

1z A

/

N

'

| Ay

20 40

I

f2ays after Planting

Figure 23, Sessons] profiles in Nz fixation for P5%0 and P526 grown alone or sssociated with a landrace or

CIMMYT masize.

PHOSPFHORUS FERTILIZATION
AND NITROGEN FIXATION

The CIAT Annuai Report for 1976
showed tested black beans slightly more
tolerant to low soil phosphorus than
colored cultivars. This vear, cultivar-
phosphorus interactions and their in-
fluence on mitrogen fixation were studied.
A continuous phosphorus gradicnt was
csiablished in which fertilization with
triple superphosphate varied from 0-750
kg/ha in increments of 50 kg/ha. Thirty
cultivars of P. vuigaris were sown along the
P gradient and evaluated at flowering and
maturity for plant develgpment,
phosphorus uptake and nitrogen fixation,

As shown in Figure 24, nodule fresh
weight at flowering in each type increased
with increasing levels of phosphorus, Type
i and IV cultivars consistently produced
more nodule tissue/ plant.

Haan Program

Nodule Fresh Weight {mgm/pl)

Wi Type [V ]
Wi Type H A
150 —— Type 11 ;fl

wee— Type g
: /
T l r
300 ‘ <.
S Fee®™
— ~, -~ Bl -
A NN T
250kl S

H /, )’ e

L P
2 7/

150 % —]
100 % e
.'/
-
ol i
00700 300 400 S0 600 700

Triple Superphosphate Applied {kg/ha)

Figure 24. Response in podule fresh weight
development i¢ P fertilization as influenced by
grawih habit, {Data taken at flowering.)
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Nodule fresh weight increased from 23
to 257 mgm/plant and percent of nodule
phosphorus from 0.20 to §.27 percent with
increasing phosphorus but root fresh
weight increased from 941 to only 2211
mgm/plant and from 0, 1410 0. 16 percent P
content. Thus increasing P levelsincreased
the percent of P in the nodules and leaves
more than in the roots (Fig. 25 a, b).

N, fixation at flowering was also
markedly influenced by phosphorus sup-
ply, though not all cultivars reacted
equally. Figures 26 and 27 show nodule
fresh weight and fixation increases in four
cultivars of P. vulgaris relative to the mean
for all 30 cultivars. These differences were
not due to the production of more nodule
tissue per mgm of P in the nodules; to
differences in specific nodule activity; nor
to the plants’ ability to provide a greater
percentage of the available phosphorus to

Fresh Weight g/plant
10 7
z |
! i /‘/
P : //
A
Leaf /
e PR o
: ‘/' /
6 — i /
,f Stem
/' '
4 //
2HL / Root i
L b A
w"“"‘"‘""ﬂf :
f ' : Nodule
H R T
500 700

g 100 200 300400500
Triple Superphosphate Applied (kg/ha}

Figure 25a. Fresh weight incresses in individual
plant parts as a comsequence of increasing P
fertilization. { Average of 38 cultvars).
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Phosphorus (%)
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Figure 25b. Inerease in % phosphorus in plant parts
as a consequence of increasing P fertilization.
{Average of 30 culiivars.)

Noduie Fresh Weight (mgm) plant)

HELH) i
P 590 )
1000 -t
o .
. | AN
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500 !
/ v
400 S o
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Figure 26, Nodule fresh weight ineresses in
cultivars of Phaseolus valgaris as influenced by
incressing P fertilization. (Data taken at flowering.}
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Figure 17. N fixation in selected cultivars of Phaseolus vidgaris s influenced by Incressing P fertilization.
{Data taken at Nowering.)

the nodules. Although P8 and P498 grew than most cultivars, P390 was below
proportionately better at low phosphorus  average. Further studies are being done,
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Soils and Plant Nutrition

Research continued on major and minor
element nutrition of beans; germpiasm
accessions were screened for tolerance to
low soil phosphorus; plant phosphorus
requirements were estimated; methods of
application and sources of phosphorus
were tested. Nitrogen fertilization and the
management of alkaline soils were also
studied.

SCREENING FOR TOLERANCE T0O
LOW SOIL PHOSPHORUS

Germplasm selections continued to be
screened for tolerance to low phosphorus
levels in Popayan. Since previous work
indicated that the zero P level was too
severe a stress fo screen varieties for P
tolerance, germplasm was screened at 50
and 300 kg P»,0s/ha, band-applied as
triple superphosphate (TSP} under the
seed. Some 432 varicties were planted in
single rows with two replicates in cach of

two plantings. The same P levels were
reapplicd for the second planting.

Since the direct vield ratioatlow/high P
levels tended to select varieties with low
yields at the high P level due to poor
adaptation, & tolerance index was
calculated by multiplying yield ratio with
the relative yvield at the low P-level.

In the first screening, average vields were
85 and 189 g/m? at the 50 and 300 kg
P20+ /ha, respectively, giving an average
tolerance irdex of 15. Germination was
poor due to severe drought after seeding,
and plants suffered from water stress
throughout the growth cycle. However, 11
varieties yielded over 200 g/ m? atthelow P
level and 4 varieties yielded over 350 g/m?
at the high P level.

‘Table 40 shows the yields of the 10 most
P-tolerant varieties and their tolerance

Tabie 40.  Yield and tolerance index of the 10 most P-tolerant varieties selected in two field screenings in
Popayin,
9768 H77A
Yield in g/m? Yield in g/ m?
kg P2O5/ha kg P30/ ha
Tolerance Tolerance
Variety 54 300 ndex! Varicty 50 306 Index!
P178 259 o 104 P4 256 173 1%
P4p1 219 1)) a2 P43 229 183 %9
P743 193 163 88 P&7E 261 i4% %0
P14 253 62 83 G-04231 236 23 83
| i3 238 296 72 Po4y 291 351 83
Prio £.13 p. 1] 6% P439 231 28 80
P21 196 24 64 P18 199 187 73
P59 122 {94 61 P78 2i4 2% 7
PSgs 186 222 60 P79 161 13 68
P6Y9 206 y..§| 58 P25% 204 223 63
T taderanct index m (Yieid low ?}2 Yiekd low X g

Y iebd high P Highest yicld low P x 106
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index. P178 gave the highest yield at low P
gnd had the highest tolerance index, This
was foliowed by P401 and P743, Thus, it
can be seen that several varieties may yield
as well or better at a low P level than at a
high rate of application.

For the second set of varictics tested,
viclds were 121 and 181 g/m? at the 50 and
300 kg P20 s/ ha levels, respectively, giving
an average tolerance index of 28 percent
(Table 40). Die to betier climatic con-
ditions and residual effect of P applied in
the first screening, yiclds of the second set
were considerably higher. There were 29
varieties yielding over 350 g/ m? at the high
P level. The highest vielding varieties were:
P507, P167, P495, P639, and P468.

EXTERNAL P REQUIREMENT OF
BEANS

Conventional soil analysis provides a
relative measure of phosphorus availabili-
ty, but does not indicate the P fertilization
level required to obtain centain yield levels
since this depends on the crop's P require-
ment, i.c. the F concentration in soil
solution to obtain nearly maximum yield,
as well as the P fixing capacity of the soil.
The latter can be determined by snaking
soil for six days with 0.01 M CaCl; of
various P concentrations and analyzing the
supernatant solution for P. From this the
P-sorption isotherm can be <alculated,
indicating the amount of P to beapplied to
a certain soil to obtain a specific P
concentration in soil solution.

To determine the P requirement of
beans, the wvariety ICA-Huasano was
planted in Popayén in plots te which TSP
was applied and incorporated at eight
levels ranging from 0 to 2060 kg P2Os/ha
corresponding to a soil solution concentra-
tion range of 0.01 o 0.112 ppm P, The
plots were limed at 2 t/ha and received 100
kg N,5kgMg, and 1 kg B/ha, and two bean
crops were planted. The second crop
measured the residual effect of applied P.

Baan Program

Figure 28 shows the response to applied
P for both plantings. While plants suffered
from severe drooght during the first
planting, yields increased from 500 kg/ha
without P 10 3.7 t/ha st 2060 kg P20+« /ha.
Although no additiona! P was applied in
the second planting more favorable
climatic conditions produced higher yields
with a maximum of 1.7 t/ ha with the initial
application of 870 kg F20s/ba.

Figure 29 shows the relative yield of the
two bean plantings in relation 1o the P
concentration in soil solution, The external
P requirement of the crop was defined as
the P concentration at which 95 percent of
maximum yield was obtained. Thus, the
requirement for beans was calculated as
0.08 ppm for the first and 0.054 ppm for the
second planting, which is comparable to
the 0.06 ppm determined for com in
Hawaii. Although both crops have similar
P requirements for maximum yield, bean
yields (especially during the drought-
affected first seeding) were much more
affected by a lack of P than corn. This
indicated the high susceptibility of beans to
P deficiency.

A critial P content in the jeaves of 0,38
percent was determined, which agrees with

Bean Yicld in t/ha
4 L

%

;
b

2/
0 L

G92 320 460 878 1280
P Application in Kg P,Os/ha

Q First semding
® Sccond seeding

Figure 28. The initisl (first seeding) and residusl
effert {(second seedingy of yarious levels of applied P
on bean yields in Popayén.
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Figure 2%. The relative yield of corn and.two
seedings of beans as affecied by the P coneentration in
salution &s determined from sorption isotherms. Corn
data are from two voicanic ash soils in Hawail.

the 0.34 - 0.40 percent reported in 1976.
Similarly, the critical level of Bray [l
extractable soil P was found to be 14 ppm.

Soil analysis after each harvest showed
that high P application increased soil pH
from 4.7 to 4.9 and from 4.5 t0 4.8 in the
first and second planting, respectively.
However, in these iwo consecutive bean
plantings, pH declined 0.4 units and Al
inereased 4.4 me Al/ 100 gm. This decrease
in pH may be counteracted by application
of about 400 kg/ha of lime at each
pianting. High P applications (especially of
basic slag or rock phosphates) are also
effective.

APPLICATION METHOD

In scils with high P fixation, the
application method is as important as the
level of application — the optimum
method often varying with the P source,
The P concentration in soil solution
depends on the rate of P release of the

B.B2

source and the rate of P fixation by the spil:
slow release sources require good soil-
fertilizer contact to dissoive and should be
broadcast and incorporated, but banding
is recommended for water soluble P
sources to reduce fixation. The optimum
application methed for cach source may be
something beiween broadeast and band-
ing, depending on the release and fixation
rates.

To determine the optimum application
method, three P fertilizers — TSP, basic
siag, and Huila rock phosphate — were
applied in small triangles as shown below
Figure 30; the triangle base simulated
broadcast application; the tip, band
application; and the intermediate section,
strip application. Fertilizers were applied
at the rate of 75, 150, and 300 kg P20s /ha.

Figure 30 shows the response to the
different application methods for the three
levels and sources. Yiclds were significant-
Iy better when TSP was band-applied than
when broadcast or strip-applied, especially
at the higher rates. Seventyfive kg
P205 (ha band-applied was as effective as
300 kg /ha broadcast. Thus, minimum soil-
fertilizer contact increased efficiency by
reducing fixation of this highly soluble
source. Application method did not affect
efficiency of basic slag, but that of rock
phosphate was slightly higher when incor-
porated. Basic slag gave siightly higher

yields than TSP while both were
significantly  better than the rock
phosphate,

The second trial was reseeded in the
same rows as the first without disturbing or
reapplying the P treatments. Figure 31
shows the average response for the initial
and residual effect. In the second seeding,
application method had no effect on the
efficiency of any of the P sources. Thus,
banding TSP was beneficial for the first
planting, but was not subsequently effec-
tive for maintaining a high P concentra-
tion. In the residual plots, yields were
almost twice those of the first planting,
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Figure 36. The effect of fertilizer distribution,
applied at three levels und sources of phosphorus, on
bessn yield in Popayén.

indicating the importance of the residual
effect of these P fertilizers and improved
moisture supply. Basic slag was significani-
ly spperior to TSP which in turn was
superior to the rock phosphate. However,

Bean Frogram

o T

5 (Knitial} : i 4 ;
9 W‘ i
P 3 .
| 8 }
i
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0 | —
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Broadcast
Bean Yield int/ha

! (_Resid ual) '
1 : ‘
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H
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Figure 31, Bean yicld {average of three P-levels}
showing initial and residual effects of the distribution
of fertilizers applied as three sources of phosphorus.

the residual effect of 300 kg P20s/ha
applied as rock phosphate still produced
2.4 t/ha of beans, Plots without P in an
adjacent trial produced only 930 kg/ha.

PHOSFHORUS SOURCES AND
LEVELS

The 1976 Annual Report reported the
response of beans to various application
levels and sources of rock phosphate. This
year, the same trial was repeated in two
consecutive plantings to measure the
residual effect of the P sources. Of two
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Figure 32, Relative yields of beans in three plantings sfter lppiiﬁatit;ns of various levels and sources of

phosphorus, Papaydn,

original TSP treatments, one was used as
an optimum control in which the same
amount of P was reapplied at every
planting and the other measured residual
eifect,

Figure 32 shows the relative vields of
various sources during the three seedings.
In the first seeding last year responses
varied significantly according to the
citrate-solubility of the source, In subse-
quent plantings, less soluble sources such
as Pesca and Tennessee became relatively
more cffective, while the very soluble
sources such as TSP and Gafsa rock
became relatively less effective. Thus, the
large initial differences in effectivencss
between sources tended to disappear with
time. For aill sources, beans responded
positively to applications of 400 kg
P20s /ha, without reaching a yield
plateau. For the residual effect plots, the
response was nearly linear up to that level.
Therefore, relatively cheap rock
phosphates may effectively replace the
more expensive TSP in acid, high P lixing
soils.

A critical P content of (.33 percent was
obtained by relating bean yiclds to P

B-54

contents of upper leaves at flower initia-
tion, Similarly, the relation of yield and
Bray I extractable soil P indicated a critical
level of 9 ppm P, Bray 1. in both the second
and third plantings. The critical level
defined by the Cate-Nelsou method is 4.5
ppm P, Bray I (Fig. 33). The Bray H

Bean Yield in t/ha

nd
-
A3,

H
i
l
i

g
-

{Cate, Nelson)  {(95% max. vigld)
1
0 ! !
] 2 4 5 £ 19
Scil P, ppm (Bray )
Figure 33, The relation between besn yield and
soil phosphorus as determined at Popayéa by Bray L

Arrows indicate eritical levels according to the Cate,
Neison and the 95 percent maxisoum yield methods,
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extractant cannot be used for rock
phosphate treated soil as the acid dissolves
more P than is available to the plant.

METHOD AND LEVELS OF
NITROGEN APPLICATION

Nitrogen experiments in Ecuador {(An-
nual Report, 1975) showed a positive
response of beans up to 200 and 400 kg
N/ha and broadcast application was
superior to banding. However, in three
consecutive plantings in Popsyin no
significant N response was obtained except
for a slight negative response at the highest
N level.

After the first planting, N was reapplied

Bean Yield in t/ha
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‘L‘“\‘ ; :
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Figure 34. The response of beans to various tevels
of N applied as aren either broadesst or in bands, The
indicated N levels were reapplied before the second
seeding, nnd measured as vesidual effect in the third
seeding.
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Figure 35, Relation between bean yield and Mn
content of upper leaves at flower initiation.

to 1/2 of each plot to measure the recent as
well as the residual effect of N. Germina-
tion was poor at band-applied N levels of
160, 320, and 640 kg/ha due 1o fertilizer
burn caused by dry weather. This produced
a marked negative response to high levels
of banded N, while broadcast application
only shightly affected yield (Figure 34).

When the residual effect was measured
in the third seeding, germination was
normal but yields were depressed by high
levels of banded N, from 2.26 to 1.71 t/ha
at levels of 160 and 640 kg N/ha,
respectively. This was apparently due to N~
induced Mn toxicity at high levels of
banded urea. Reapplied banded N decreas-
ed the soil pH from 4.8 to 4. consequently
increasing exchangeable Al and available
Mn. Figure 35 shows that bean yields in the
third seeding decreased linearly from 2.4t0
1.7 t/ha as the Mn content in bean leaves
increased from 200 to 600 ppm. Although
toxicity symptoms were only observed at
more than 400 ppm Mn, vields were
affected when the Mn was above 200 ppm
in the leaves,
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MINOR ELEMENT FERTILIZATION

Beans grown on alkaline soils at CIAT
may suffer from boron and other minor
clement deficiencies. Foliar sprays of Zn,
Fe, Mn, and B were applied singly or in
combination as { percent Zn804, 2 percent
Fe-sequestrene-330, 2 percent MnSO 4 and
1 percent Solubor, respectively. The
varieties ICA Guali and Porrillo Sintético
were sprayed at the second trifoliate leaf
stage and one week before flowering.
Contral plots also included soil applied Zn,
Fe and Mne (10 kg/ha each)} dissolved in
water and band-applied below the seed.

Plants without feliar- or soil-applied Zn
were stunted, showing severe interveinal
yellowing of upper leaves, which later
spread  throughout the whole plant.
Porrillo Sintético recuperated markedly
after flowering but 1CA Guali remained
stunted with many necrotic lower leaves_ In
Porrillo  Sintético, foliar-applied Mn
prolonged indeterminate growth without
fiowering and pod-set. Foliar analysis
indicated that plants in all treatments were
B-deficient except for those with socil-
applied B. Foliar-applied Mn and Zn
induced a more severe B deficiency than
other treatments.

Figure 36 shows the yield response of
selected treatments. 1CA Guali responded
mainly to Zn alone or combined with B,
Porrillo Sintético responded to B alone or
combined with Zn, There was a marked
negative response to foliar-applied Mn,
especially in Porrillo Sintético. Thus, the
indiscriminate  application of various
minor elements to soils deficient in only
one or two elements, may actoally induce
more severe deficiencics,

As observed previously (CIAT, Annuat
Report 1975); black-seeded varieties like
Porrillo Sintético are more susceptible to B
deficiency ‘than the red-seeded ICA Guali,
while ICA Guali is more sasceptible to Zn
deficiency. The critical level of Zn deficien-
¢y in both varieties was found tobe 17 ppm
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Figure 36. The response of 2 bean variefies fo
foliar spplication of minor elements in CIAT.

Zn in upper ieaves at flower initiation. Soil
application of B and Zn was slightly more
effective than foliar application, but both
metheoxds can be used if the deficiency is not
severe encugh to limit initial growth.

MANAGEMENT OF ALKALINE
S01LS

At CIAT, bean yields may be affected by
a combination of high pH, high Na
saturation, salinity, poor drainage and
deficiency of one or more minor ¢lements,
To test the susceptibility of beans to
alkaline conditions, six varleties were
grown in plots, used previously for
cassava, which had been treated with
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Figure 37. The relative yield of besns and casseva as affected by sofl pH, percent sodinm saturation and

conductivity of ssturation extract.

gypsum, elemental sulphur, sulphuric acid,
rice siraw, Zn, Fe, and Cu,

Yields of P498 (Puebla 152} were
extremely low because of B deficiency.
Average yields of the remaining five
varieties responded to application of ! and
2t/ha of §, 5t/haof gypsum and to 10 kg
zn/ha. Figure 37 shows the relation
between the relative yield of P788 and pH,
percentage Na saturation, and electrical
conductivity compared with M Col 22, the
most tolerant of the three cassava varieties

previously studied in the plot. There was
little difference in response among three
hean varieties. Bean yields decreased
drastically as pH increased above 8.2,
when Na saturation increased above Sto 10
percent and the conductivity increased
agbove 4,75 to 1.0 mmhos/cm. Beans were
considerably more tolerant than M Col 22
but bean vields were drastically reduced at
levels far below the 15 percent Na satura-
tion and 2 mmhos/cm conductivity that
define “sodic™ and “saline™ soils, respec-
tively,

Agronomy

Agronomic research in monoculture and
in associated maize/bean systems con-
tinged at CIAT and Popayén.
Monoculture bush bean research concen-
trated on: (1) preliminary yield evaluation
of germplasm selections and advanced
breeding lines; (2) uniform yield trials in
Colombia; and (3} the International Bean
Yield and Adaptation Nursery {IBYAN).
Further agronomic studies continiued on

Boan Program

maize/bean associations and preliminary
yield evaluations of clitnbing bean (Type
IV) germplasm selections,

BEAN MONOCULTURE TESTING
Preliminary Yield Trisls

Two preliminary yield trials at CIAT
evaluated 117 non-black, bush bean {Type
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I, I, 111} selections {Table 41). Yield levels
for Type 1 varieties such as P776 and P788
were  outstanding. (P788 has the
characteristics of Swedish Brown which
has been widely utilized as & parent in the
United States,)

Another preliminary yield trial at CIAT
also evaluaied 25 advanced breeding lines
according to color (Table 42). Among the

non-black materials, five white and brown
fines showed excellent vield compared to
the highest yielding variety in the control
group- (P302). In almost all cases the
pedigrees inciuded the high-yielding black
Type II selection, P459 {(Jamapa).
However, in the black-sceded group yield
levels were similar to the’ best of the
controls suggesting that there were higher
yield gains in brown and white-seeded
material than in black-seeded lines.

Table 41, Vield of the best entries in two Preliminsry Yield Teiaks' at CIAT.

Growth Seed Yield
Identification Name Habit Color kgi/ha
Preliminary Trial Ne. 1
P76 Tortalas {i Beige 3213
P78s Pl 284-703 } Yeilow il68
F153 Pl 178718 i Brown {m§ 1155
PI3g PI 116694 1 White 2980
Conirols
P&92 Diacol Calima 1 Red (m) 731
P45% ICA Tui n Black 2348
P75 ICA Pijao 1l Black 2372
Mean of §1 materials 2376
18D, .05 494
CV. % 13
Pretiminary Triat No. 2
P684 PI 207262 1t Beige 18
Ph Aurora 1 White 2774
Psiz Pi 211412 i Beige 2720
Confrols
PE7S {CA-Pijao i1 Black 3052
P56 ] White 2873
P&92 Diacol Calima 1 Red (m) 2345
Wean of 35 materials 202
LS. 008 444
CV. % 13

i Teiat 1; 8] lioes in & 9x9 lattice, 3 reps, Triat 2238 var., i & 656 latioe. § reps..

s mkEhes
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Table 42.  Yield of the most promizsing advanced breeding materinks in the Preliminury Yield Trials at CIAT.

Growth  Seed Yield

[dentification Generation Pedigree Habit  Calor Kg/ha
Non-Black M sterials

FF 12-13-1 F$ 7459 x P567 1l White 34
FF 161 ES P459 x POGE i1 Brown {d}' 2847
FF 16-3 s P43% x P04 i1 Brown (d) 2845
FF 16-26-3 Fi P45Y x POO4 M1 Brows 22
FF 1744 F3 P566 x POO4 il Beige X139
Conirols?

P32 PI 309 504 i Black 2764
P4se Jamapa |4 Bigck 2739
P675 1ICA Pijao FL Black 2674
Mean of i1 controls 2513
Mean of 36 entries 2463
LSD. 440
CY. % 1.2
Bisck Materials

FF 691 Fs Ps66 x P459 i Black 2954
FF 48-1-1 F4 {P459 x POOR) (POOS x P568) [EH Black 2827
FF 4-13 F5 P459 x P56R i Black 2612
FF 261 ¥4 P49 x PODS 1 Black 2806
FF 24-9-1 F4 (P45% x P488) (P459 x P56E) i Black 293
Lontrols?

P675 ICA Pijao 1 Biack 29548
P73 Puebla 132 il Brown 2637
P4s8 Puehbla 152 1H Biack 2030
Mean of 11 controls 4
Mean of 36 entries 2540
L.8.12 005 457
CV. % 112
P36 Varicties in a § x & lattice with 3 raps., including |1 control vanesies 1or cach tal,

! ¥ield of three higheat yickding controls e cach irdal.
* dwdurk brows,

Uniform Yield Trials trials planted in the second semester of

1976 at CIAT and Popayén with black and
Results are available for uniform yield non-black varieties. Generally, the more
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recent selections were not superior to the
best control varieties (Table 43). Results

are also available for uniform yield trials at.

CIAT with black and non-black lines in
which both germplasm sclections and
advanced breeding lines were compared

with control varictics (Table 44). Two
black, advanced breeding lines (also
included in Table 42) were superior to the
best controls, Within the non-black group
some of the germplasm selections also
showed high yield levels. Uniform yield

Table 43.  Yield of the most promising blsck sod non-bisck materinls o the Uniform Yield Trials st CIAT
and Papaydn.
CIAT Popayas
Seed Yield {dente Seed Yieid

Identification Color Kg/ha fication Color Kgiha
Non-Black Materials!

G4R26 Cream (my 2700 Gl 224 Brown 1980
Pigg Yeliow 478 PoL? Brown 1874
G112 Rad 2469 GO0BasS Red 1563
G631 Cream (m} 2388

Controls

Payl Red {m} 2735 Psl4 Cream 2477
P138 White 2643 P459 Black 2422
Pag2 White 2418 PT56 White 2064
Mean of 16 materials 2378 1544
LS.D. 0.68 79 675
CV.% 835 257
Bluck Materials’

P014 Black 2451 PO Black 37
P422 Black 2269 P26 Black 28431
P9 Black 2247 P437 Black 2763
Controls

P45% Black 2238 P&15 Black 253
PE7S Black 2229 P459 Black 2600
P566 Black 013 P566 Black 1619
Mean of 25 materials 1988 220
L850 008 150 674
CV. & 127 18.6

t 6 vaseies, #2d lattice, 3 reps.
7 s rostied
b2 varitios, Sed lastice, J reps.
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Tahle 44, Yield of the most promising entries in twe Uniform Yield Trisk! at CIAT.
Growth Yield {denti- Growth  Yielkd Seed
Idemification Pedigres Hubit Kg/ha  fieation Habit Kg/ha Color
Black-seeded material Non-black-seeded material
FF 2-6-3 P49 x POO6 14 2617 P4t i 2831 Red imy¥
F453 il 2531 P38 H 2732 White
FF 69-1 Pi66 x Paso ] 2458 P i 2536 Beige
7533 41 2404 P60 1 2467  Brown (m)
PISG il 2403 FF 17-4-4 i1 2163 Beige
Controls

Pe75 1} 2162 F756 ¥4 2446  White
7459 1 1950 P673S i 2553 Black
498 i 1924 P92 i 1929 Red )
Mean of 36 entries 2006 2039
LS. 008 381 448
Y. % 1.3 13.7
Efficiency of

lattice design 12% 106%

T30 lines i each trial, 6x6 latiice, 3 replicatians.
b it riostled with secondary cabos
¥ Pedigres. P66 x PO04

trials at other locations will evaluate yield
stability of this material across en-
vironments and promising lines entered
into the IBYAN program for 1978,

International Bean Yield and Adap-
tation Nursery (IBRYAN)

Results for the 1976 IBYAN are
available for 41 locations which range in
latitude from 198 to 58N, Twenty varieties
including a range of seed colors were
selected for all locations.

Mean yield of the five best IBYAN
entries (in both tropical and temperate
zones) for the first 41 sites (Tabie 45} was

.Bean Progrem

35 percent higher than the mean of the five
local entries. This suggests that germplasm
material selected under tropical conditions
has a wide adaptation range. The four
highest yielding materials across locations
were the black-seeded Type II varieties:
P302 (P1309-804); P45% (Jamapa) P560
{51051, I-1138); and P675 (ICA-Pijao).
Some of which were also outstanding in
previous CIAT yield trials at altitudes up
to 2000 msl in Colombia and Ecuador and
in earlier rescarch by the Programa
Cooperativo Centroamericano de Me-
joramiento de Cultivos Alimenticios
{(PCCMCA) in Central America,

Mean yield for both IBYAN and local
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Table 45.  Mean yield of 20 common and 5 Joeal entries In the 1976 IBY AN at 31 frapical snd 16 tesnprerate

focations.
Yigid in kg/ha
Geoup Mean of
Group Zone Mean Mean of 5 Highest vielder?
IBYAN Tropicai 1392 1758{135) 193% [ 1K)
Tt
Frries Temperate 2078 2601(13%) 2768(116)
1IBYAN Tropical e 1363 1660100}
entries
Temperate o 1923 2393100}

b Maan of five highest yielders a1 cach location among IBY AN enries and mean of five local enicies at cach Jocation.
b Mesn of Righest Fieldiag varety at cach jocation withie eand zone.

entries in the temperate zone was higher between locations will be evaluated when
than that of the tropics where disease the full data set is available.

development was severe in some locations.

The factors associated with yield variation Data in Table 46 shows the frequency of

Tahle 46, Frequency of moderate (15001999 kg ha) fo excelient yields ( 2 3000 kg/ha) achleved by the
lings tested in the first Infernational Bean Yield and Adaptation Nuzsery (IBY AN}

Freguency of Yields

Lings Seed Color  Growth Habit 23000  2500-3000  2006-2499  I1500-1999  Touwad
Pssh Black H l i 7 19 28
P512 " 1] - 4 6 i35 23
P2 " H 3 2 9 4] 24
P43 ™ | H i 4 g it 24
P458 “ i H 4 g i1 24
P675 - 3 - 4 i ] 23
P360 ® i 3 2 9 g 2
Pan Hrown H { k] b 13 22
P24 Cream 34 2 3 9 21
P498 Black 1) { 5 3 7 21
Piw - 14 1 5 8 24
B8y * II - 6 5 20
Poa3 White It - 3 1 19 20
P755 Red 1 - 4 3 12 el
P756 White 11 1 P 6 16 19
P758 Brown 11 I 3 7 18
P637 Red I 1 2 M 16
P692 " I H 2 2 HH 3]
P59 " I - 2 4 s
P39l White 1 - 2 3 4
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Regression Coeflicient (g t}

12 i i {
” i P4Y8 P524 P30
! s
' Pead PS8 . X
L | = *P458 L.
P42 ps® |
i i 230 ‘ ]
b ; P459
i ’ pf 56 % * Mean Yield
L0556 1360 1460 1560 i 1700 R kgina
: L P (
p392 « f
* H
i
09 ;
: P759 P§75
»
[ Ps8T P75 P66 |
H P .- L] !
a8 i *P&o2 |

Figure 38. Plot of regression cmﬂkient(ﬁi Jvs maean yield across locations for 28 common IBYAN entries {3
highest vielding entries/location) in 32 sites in femperate zones,

yield over 1500 and more than 3000 kg/ha
at 41 locations. The wide adaptation of the
black-seeded, Type II entries is notable.
The poorer performance of lines such as
P755 {(Pompadour 2Z); P637 {Linga 17}
P692 (Diacol Calima); P739 (Redcloud)
and P392 (Sanilac) appears to be
associated with the determinate Typeland
possibly the comparative earliness of these
lines,

A regression analysis of mean cultivar
yield/location on site mean yield (in-
¢luding zero vields where these occurred)
for the first 39 locations (Fig. 38), shows
that five black Type 1l varieties (P302,
P459, P675, P360, and P566) had the
highest average yield (1.6 t/ha) but with
wide variation in b values, P566 was better
adapted to the lower yielding sites

=1.13). The lowest yielding group
(= 1.4 t/ha) of four non-black Type I
vatieties (P392, P637, P692, P755) all had

values less than 1.0, indicating low mean
performance across environments, A
central group of 11 Type L, I, and 111
materials with mean yields of 1.4-1.6 t/ha
showed wide vanation in 5 values.

Bean Program

Figure 1 also shows materials clearly
grouped according to subtype: the
“Jamapa” group (P439, P302) are in a
similar area of the graph, as well as the
“Porrillo” group (P66, P757) and the
Puebla 152 group (P498, P758).

Table 47 compares the yields of the
variety means by type in 10 temperate and
31 tropical locations. Northern hemisphere
breeders concentrate on Type | material
for dry bean production but Type Il
material outperformed Type | at temperate
locations. In addition, black-seeded selec-

Table 47, Average yield in kg/hs of the 26 1976
IBYAN varieties grouped according to
growth habit which were tested in 41
sites.
Growth Habit
Mo. of
Zone Experiments i i I
Tropwal 3 1741 18711 1492
Temperate 10 428 2673 276
infference ~727 802 -84
B-63




Tabile 48,  Average yield (kg/he} of the 28 1976 IBY AN varisties grouped sccarding to grain calor, tesied in
41 sites.
No. of Grain Color
Zone Experiments Black Red White Brown
Tropical 3 1877 1584 1411 Lo0%
Temperate 18] 2619 2137 2352 2500
Difference ~742 -553 941 -89

tions were the highest yielding at temperate
locations (Table 48). The tables also show
the superior performance of Type I
materials for 31 locations in the tropics.
For tropical locations, black-seeded
varieties were generally superior to non-
black materials.

The 1977 IBYAN was divided into
biack-seeded and non-black-seeded sets of
20 wvaricties since the collaborators ex-
pressed seed color preferences. At all
locations the best five local materials
selected by the collaborators were included
in a 5 x § lattice with three or four
replications. Some 34 countries
collaborated and 108 sets have been
forwarded.

BEAN/MAIZE
TESTING

ASSOCIATION

Diensity Response in Climbing Beans

Two trials at CIAT evaluated optimu
plant density for P589 in monoculture and
in association with four population den-
sities of maize over 2 range of conditions,
Figure 39 shows that the optimum bean
plant population was uniform at 120,000
plants/ha. However, as bean density
increased maize yields decreased.

"It was determined that economic op-
timum density is obtained when the value
of the marginal increase in yield equals the
price of the seed for planting an increased
density and a seed/bean price ratio of 2:1
was assumed.

8-84

From eight trials with P259, the average
optimum density for monoculture was

Bean Yields, kg/ha

Maize écasixy
E {10° plants/ ha}

~J

8

1508

R

Density of Beans {1{° plants/ha}

Figure 39, Yield of climbing beun, PSE9, avsffected
by maize (H-210} and bean density.
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100,000 plants/ha but there was a wide
range of optimum densitics for thig cultivar
depending on environmental conditions,
Low densities for climbing beans in
monoculture were recommended since
they can branch when light is not a limiting
factor. There is no evidence that the farmer
will achieve much yield response over
100,000 plants/ha of beans regagpdless of
environmental conditions.

Competition between Beans and Maize

It was found that for all four Phaseolus
bean types the bean yield was sharply
reduced by simultancous planting com-
pared with planting 10 days before maize
{Figure 40}, Howeyer, the effect of planting
Types 1 and 11 bush beans 10 days after
maize was not significant whereas the
yiglds of Types III and IV (semiclimbing
and climbing, respectively} were severely
reduced. Apparently,climbing types could
not cope with strong maize competition
from ICA H-207. Figure 41 shows the

Bean Yields, kg/ha
2500~

T 4 - -

10 5 ) 33 10
Beans Difference in Maize
First planiing dates First

Figurs 40. Effects of relalive planting dstes of
bean/maize sssociation on bean yields,

Boan Progrem

Maize Yield in kg/ha
7.()()(‘;; T

6,000 S—

5,000

4,000

___ #Typel

O Type 1i
& Fype 111
AType IV T
~H -3 i +5 *18
Beans Difference in Maize
Fist Planting Dates' first

Figure 41. Effreis of relative planting dates on
vields of musize (H-207) with 4 types of besns,

maize yields with four types of beans
demonstrating that the climbing beans
reduce maize vields more than the other
types, especially when the two crops are
planted  simulancously. At CIAT,
simultaneous planting produced oplimum
vield of both crops in association but
preliminary observations at Popayin
indicate that this is temperature dependent
and relative to the early crop vigor of the
two species,

The relative competitive ability of 20
different maize genctypes in association
with beans was also investigated. Figure 42
compares the yield of the 10 best yielding
maize varieties both in monoculture and
associated with Type I and IV beans.
Maize yields were more severely reduced
by Type IV than by the Type 11. However,
there was also evidence for differences in
competitive ability among the maize
genotypes. There was less reduction in the
vield of tall maize genotypes, especially
those with a tendency to lodge. Root
lodging of the maize was sharply reduced
in association with beans. In many trials
with tall maize genotypes this factor has

8-6%




ey

Maize Yield, (kg/ha)
Identifieation T
3 Monoculture Maize 1 Mezcla Tropical 6 ICA H-207
Associated with Type 11 2 1CA HS-209 7 OICA HA253
BB Associated with Type IV 3 Asntigua x Rep. Dom. & Blanco Sobtropical |
4 Amariilo Subtrepical 9 PD(MS-6} H.E-Iy
- _ 5 Tuxpefio Caribg 2 il ETO
7,000 s I B
6,000 ] TA— B
Y|
7|1
5,000 — /7# / ——] —— o
4,500 / BV &
% &
3,000 - . —
2,000 — —]
-
1 2 3 4 5 & k4 B il 10

Maize cultivar or hybrid

Figure 42, Yield comparison of 10 maize varieties in monoculture and sssocisted with two bean cuitivarsof

rontrasting growth habit,

resulted in insignificant vield differences
between associated and monocrop maize
yields.

The vield of Type II beans was depen-
dent on the yields of the maize genotypes
{r=-0.89***} whereas there was no
relationship - with the yield of climbing
beans. Low yielding maize genotypes gave
insufficient support to the climbing beans
to allow g high yield, whereas high yielding
maizes were more competitive.

Genotype x Sysfem Interactions

Since varieties which perform well in
monoculture may not be the best for
associated cropping, 20 bush bean varieties

B-66

were tested in monoculture and in associa-
tion with maize during three consecutive
seasons. Results for one season are shown
in Figure 43, Average monocrop yields
were reduced 58 percent in association with
maize. Significant varietal differences were
observed in each system and between the
two systems. In the three seasons, the
correlations between vields in the two
systems were: 0.51, 0.88 {both in 18 d.f.)
and 0.91 (7 d.f), while rank correlation
coefficients were 0.54, 0,58, and 0.93. Yield
reduction and varietal ranking both were
influenced by seasons.

Climbing beans were also tested for
threg seasons in monoculture and in
association with maize and the results of

1977 CIAT Annuat Report



Bean Seed Yield (kg/ha)

3 Monocrop Yield Correlations between Systems:

o- Associated Crop Yield rank order: v = 0.54*

% Percent yiekd reduction yield: r=051*
3000

5

1 m M M
2500 — 1 H1-m - -
2000
150G
1000 —

06—

P P vy ol o
chggaErE 2
B f Y [N O B

Figure 43.  Bush bean yields obtained from two cropping systems {Trial 7523).

Bean Yield in kg/ha

o0
)
(&Y
Phe

{3 Maonocrop vield Corralations between systems:
o ME Associated crop yiekd rank order. r «080%*
1 = %o Percent yield reduction yield :r=081%
30000 -4 H HH - .
P,
a0l 4 |- HH HHHH H]
1500 - HHHHHHHH
e aﬁ 3 g\a 3‘9‘ @ S
BB R S A HE O EE
1006 s 1 1 -
500 -

® o e e R
+HF288Za0dHE 3
B A S A e Do B T A Sl 8.

Bean Lines

=
*
=
Fom

Figure 44, Climbing besn yields ubtained from twp cropping systems (Trial 7685).

Bean Program
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one of these trials is shown in Figure 44,
Correlations between yields for the two
systems were: 0.41, 0.81 (both with 18 d.{.}
and 0.90 {7 d.f.) and rank correlations were
0.09, 0.80, and 0.88 for the three scasons,
respectively. Yields and varietal ranking
also varied among seasons. In each trial,
there were significant varnietal differences
among yields and percentages of yield
reduction.

The disadvantages of wusing an
associated cropping system to test breeding
materials include poor separation of
variety yields, limited seed production in
each cycleand complexity of the system for
observing individual lines, The improved
separation of yields in monoculture, shown
in Table 49, was due to greater absolute
differences between the means combined
with a reduced coefficient of variation for
error in monoguiture.

Table 49.  Climbing beun results from Trisl 7624,
Bean Seed Yicld
inkg/ba % Yield Yield Rank No.

Variety Mono Astoc. Assoc./ Mone Mono Assog,
PSot 2782d-g 971lab 33 13 i5
Pise 3453 1245a 36 H t
P6 3030a-¢ 1073ab 3 3 11
P449 3225%-¢ 931ab 9 4 i&
P589 2950c-f 1242a 42 1t 2
P483 277id-g 1048ab 38 4 12
P393 3tilad 9340 30 & 17
P70 3355a-¢ 1084ab 32 3 9
P53 2969b-f 1183ab 40 i 3
P260 27454-g 1689ab 40 13 8
P259 3400z 191iab 30 2 14
P26 I04iae 1i42ab 38 7 5
P304 3i87a-d 9260 29 5 19
Pass 2947¢c-f 1079ab 37 12 10
P16 2975h-f 1091ab 37 g 7
PTLS 21494 472 2 0 20
P507 2443g-i 93 33 i3 18
P525 2557f4 1098ab 43 17 4
P&I2 2607¢-h 10435ab 40 i 13
P26 2239hi 1143ab 51 19 4
Mean 2897 1038 36 - -
CV. (8 9.8 9.0 - . .

| Dats in each colomn followad by same letter do not differ significandly (393 abaence of jeters in 5 colwnn mdiatz 5o sigraficant

differences among reaiments,

8-68
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Climbing Besn: ¥ariety Trials

Some 300 Type 1V varieties selected for
yield potential and grain color were sown
with maize ICA H-207 in preliminary vield
trigls at C1AT. They were also planted at
Popaydn using old maize stems for
support. [n Table 50, the mean yields of the
best 20 varieties at CIAT are compared
with the best of eight standard control
varicties representing the best varieties
currently identified. A number of new

{colored-seeded) materials including black
showed good yield potential,

The yields of the best 20 varieties in
Popayan are presented in Table 51, Allbut
one of the wvarieties originated from
Mexico. P364 was the highest-yielding
conirol variety at both Popayén and at
CIAT, but none of the 20 high-vielding
varieties at either site yielded well in both
locations. Six of the varieties were
significantly higher yielding (P=1%) than

Tabie 50, Yields of the best 20 varieties of climbing beans associated with maize (.267) st CIAT.

Yiekd
Idemification CIAT No. Origin Color Kgiha
Pi 201-348 G344 Mexico Cream 18967
PIALB6E G227 Guatemala Yellow 1907
Boyacd 21 G450 Cototbia Creams 1790
F 114 G417 Turkey White 1740
P1310-767 G226 Guatemala Black 1737
Antioguia 130 4567 Colombia Cream 172
Chiapas 163 Gl4762 Mexico Cream {718
Pl 224-738 G983 Mexico Brows 1596
P 200-978 G1253 Guatemaia Brown 1692
Chiapas 163 (N) G4767 Mexice Biack 1674
PI 316-680 G1962 Gruatemala Black 1639
PE 311191 G216t Guatemala Biack 1639
Pl 282024 G1079 Chile Brown 1634
Pl 310767 G2026 Guoatemala Brown 1585
P1 204.721 G891l Tuckey White 1579
Pl 200-801 G135 Kenya Coffee 1578
PI 311504 G2258 Mexico Purpie 1571
Boyaed 21 G459 Colombia Blask 564
Pl 310-783 G033 Guatemala Black 1368
Pl 189-0112 G731 Guatemala Brown 1363
Best Conirol P364 1416
Mean of contrals (n=§) 1099
Cverall mean 1319
L5.D, at .01 level = 3492

B-89
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Table 51,

Yields of the best 20 varleties of cHirabing beans st Popayin.

Identification CIAT No, Origin Color izjdha
C v 1:3352 Moxio Yellow 4507
PAas JORE1 Mexio Brown 4443
Guiangjuate 23 (3445 Muesico Yellow £3153
Black hean (13208 Guasemala Black 4348
Ouanaguaie THG-A (3451 Mexico Purple 4318
1Pio313-724 GA8Y7 Mesico Yeilow 4363
Pushly 422 (33391 Menico Y ellow 43321!
PEAIN TN (2602 Mexicw Grey (m) 4076
PE 203 93 G875 Munici Yellow 4025
Pl 313 758 G260 Mexiw Yeliow 4024
il 313730 ;2601 Mexico Grey 3998
P 311408 32262 Mexico Cream 3994
P39 8l 2829 Menico Brown 3963
P97 G2 Mexico Cream In7
Pyo201-347 ¥R Meswe Cream 3944
1"} 3i3-776 G2a34 Mexigo Broewn o0
17§ 7097 Gikld Mexien ¥ eliow 3891
Crugrajuate 22(R3 {33445 Mexico Red Wrs
Pio313-514 (32497 Mexico Black 35849
1313755 361K Mexko Brown 3833
Hest control P64 White 3487
Sean of controls (ns 8] 22377
Uheradl mesn 2303
Lo 0 a0 devel TR

Pt mottled

the best control variety, and the yields in  sidering the relatively simple and inexpen-

Popayin were remarkably high con-

sive support system used.

Economics

The principal economic research objec-
tive 1s to estimite the profitability of new
technology and to identify the constraints
to us iatroduction in Colombia and other
countries. Results of experiments in
Honduras and Restrepo, Colombia are

B-70

included in this section. A se¢condary
objective is to collaborate with other
program scientists in the economic evalua-
tign of their data. The economig aspects of
some of the work with Agronomy are
presented.
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ON-FARM TECHNGLOGY TESTING
Honduras

For over a year CIAT has been
collaborating with a Honduran program,
Programa de Maiz y Frijol (PROMYF) to
increase the income of small and medium
farmers through productivity increases in
beans and corn. New bean varieties,
fertilizers, insecticides and herbicides were
tested on farmers’ fields in seven locations
during the “Postrera”, the second Hon-
duran planting season, which is
characterized by more irregular and
reduced rainfall than the first season. Most
of the beans are produced during the
Postrera following the corn of the first
seasan. In most years water stress can be
expected hence varieties must be developed
for these conditions.

Varietal Testing. In six of seven yield
trials different CIAT selections {(black-
seeded varicties) gave significantly higher
yields than the local reds. However, there is
a local market price discount for black
varieties due to consumer preferences for
reds, and export markets for blacks have
been unstable. When profitability of the
red and black-seeded varieties was com-
pared rather than yields, the red varieties
gave significantly higher returns in four of
seven trials. These results emphasize the
importance of considering consumer
preferences as well as yields, Farmer
profits and the feasibility of a new
technology fitting into a production system
are the appropriate measures of the success
of a new technology while comparative
yields are often poor indicators.

Fertilizers. Using incremental
budgeting, almost all fertilizer treatments
in all regions resulted in an income loss as
compared with zero fertilizer, Althoughan
earlier planting date might have reduced
the losses, these results indicate that
fertilizer is a risky input under irregular
rainfall conditions and without control of
other yield-reducing factors. Risk as well

Boan Program

as the expected returnfor all possibie agro-
¢limatic conditions must be considered
when evaluating introduction of new
technology.

Insecticides, Empoasca kraemeri and
Apion are considered to be two of the
principal constraints to increased bean
vields in Central America. However, in
these trials low incidence or poor applica-
tion made “preventive” insecticide
treatments consistently unprofitable at all
locations. The cost of insecticide could be
reduced by initiating control when pop-
ulations reach economically damaging
levels. The effectiveness of field identifica-
tion of pests before “curative” insecticide
spraying is being tested.

Herbicides. It was found that her-
bicides have several types of effects — on
yields, on labor costs of weed control, and
on the area cultivated when seasonal labor
availability for weeding 5 a critical
constraint. When the first two effects were
evaluated, one traditional herbicide con-
sistently tost money and reduced yields in
fifty percent of the trials. Another her-
bicide, methobromuron, was profitable in
six of the seven sites even when zero
opportunity cost for family labor was
assumed. During this scason the use of the
appropriate herbicide had an effect on
yield, perhaps resulting from the increased
water availability to the beans.

Simple economic analysis indicated the
importance of seed color in evaluating
varieties and the riskiness of high inputs for
the Postrera season given the high
probability of water stress. The develop-
ment of an improved early red variety to fit
better into the Postrera season is believed
to be the most important component of a
new technology package for the PROMYF
program.,

Restrepo, Colombia

Agronomic experiments to identify an
improved technology for small farmers
B-71
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trials. The technologies included improved
climbing selections, phosphorus, increased
organic fertilizer, and insect and disease
control (Table 52). Results showed that
new technology for chimbing beans reduc-
ed the cost of purchased inputs, Phehigher
population  density of Calima and
associated inputs increased the costs of the
new bush bean technology. Neverthoios,
new bean technologies increased {urmer
income by approximately 40 percent.

Labor availability vy. Herbicides., The
principal constraint on new technology
adoption in a coffee zone such as Restrepo
may be scasonal labor availability. Labor
requirements increased 26 to 36 percent
with the new technologies. Synthetic data
were derived for two lIabor saving
technologies with herbicides' (Table 52).
Herbicides slightly reduced net income as
the cost was greater than that of the
released labor; however, they would still be
utilized if seasonallabor availability werca
pressing constraint.

To evaluate the feasibility of infroducing
these four now bean techniologies into the
Restrepo farming system, profit-
maximizing plans for farms of different
sizes were computer programmed, con-
sidering available land, labor, capital, and
alternative activities in the region, Results
indicate that if the yields of Table 1 can be
obtained on farmers' fields, then the new
bean technology package will be profitable
over a wide range of farm sizes (Table 53).
Profit maximization estimates were made
on the effects of the new technology on
farm level profits and Iabor use for a
typical Restrepo farm (7.8 ha) before and
after the new technology introduction
(Table 54). Results show that the new

1 The farm level testing in Restrepo did not include
herbicides. It was assumed that herbicides would
have no effect on yields. Costs aind labor
requiremnent of the tzehnologies with herbicides
were oained from Colombian market dats and
other studies, respectively,

Bean Program

technology increases farm income, farm
employment and bean area. Farm level
profits should be further increased with
improved red climbing and bush type
germplasm  incorporating  resistance to
some diseases for which spraying is now
necessary.

Storage in Restrepo. Previous field
research in Huila and Narifio indicated
that small farmers sold 94 percent of their
beans soon after the harvest. Therefore,
beans had little effect on farm farly
nutrition and farmers suffered from the
post-harvest price coliapse. An analysis of
bean samples from I8 Restrepo farms
showed that all had serious problems with
storage insects, principally. Zabrotes sub-
Sasciarus. Eight farmers sold their beans
rather than keep them for home consump-
tion; none stored beans for more than two
or three months; and {our treated the beans
with aldrin or dried them in the sun.

The risk of storage and the necessity for
immediate post-harvest sale at lower prices
may be important factors in the lack of
farmer interest in increasing bean produc-
tivity. CIAT Bean Entomology has found
that vegetable oils effectively control Z
subfasciatus in stored beans (see En-
tomology) and is presently testing this
practice in farm level trials.

ECONOMICS OF THE BEAN/MAIZE
ASSOCIATION

Economic analysis of twenty agronomic
trials at CIAT provided information on
vields over seasons for monoculture
climbing beans, monoculture maize, and
bean/maize associations (simultaneous
planting). Sensitivity of net income to
change in production costs, vields of each
crop, and relative prices of beans and
maize were evaluated for a series of
conditions relevant to Latin America.
While there is a range in bean/ maize price
ratios in Latin America — 21 in Mexico
and up to 7:1 last year in Brazil — the ratio
in Colombia is relatively stable at 3.5 to
4:1. (See Francis and Sanders}.
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Table 83 Profit maximizing farm plans for three different fuvay sbzes ln the coffes zone of Restrepo,
Colompia.
Farm Siez
Aglivity Unit 23Hs 78 Ha 227 Ha
Activity Level
Colombian

Gross Margin! Pesos §02,042 27641 667 873
Old caffee area® Ha 1.5 1.5 1.3
New coffee area Ha 5 23 8.3
Cassava Ha - 8.2 4.1
Bean Technology BV (151, semesier) Ha .3 iy 1.
Labor selling : Jan.-Mar. Maa-days T - -
Labor seling © Apr.-June Man-days 23 B -
Labor hiring ; Jan.-Mar, Man-days - 230 236
Labor hiring : Apr.-June Man-days - 123 436
Family bor : Jan-Mar. Man-days 84 84 84
Family bor : Apr-Juns Man-days 84 84 a4
Bean Technology 11 (2nd. semester) Ha 5 39 -
Bean Technology [V (2nd. semester) Ha - - P8
Labor selling :  July-Sept. Man-days 8 - -
Labor selling : Oct.-Dec. Man-days 1t - -
Labor hiring : July-Sept. Man-days - 92 ny
Labor hiring © Oct-Dee. Man-days - B 449
Family labor 1 Jul-Sept. Man-days 5 1040 100
Family labor : Oct-Dec, Man-days 10 100 104

¥ This i a progeamming coocept sgual 10 grose tetact falvus variable cotte. When fixed costs are sraorizzed batwetts vosrs sad
doducted, ovt profit ia obtained.

"

-

The ol colfer plantation was considered to be fixed on sl farms doe (o the bigh i

g8t of replacing it

Table 54.  Profit maximizing farm plans for the typical Restrepo farm (7.8 Ha) before snd after the
introduction of new technology in bean production.
New Bean |vchnology
Activity Linit Belfore AT
Activity Level
Colombian

Gross Margin! Pesos 225,190 2740
Old coffee area Ha 1.3 1.5
New coffee arex Ha 23 2.3
Cazsave Ha i1 0.2
Best Farmer Bean Technology

{Ist. semester} Ha 28 -
New Bean Techaology IV

{1st, semester} Ha RN
Labor hinng : Jan.-Mar. Man-days H 281
Labor hiring : Apr.-June Man-days by 123
Family labor :  Jan.-Mar. Man-days ¥4 54
Farmlv labor © Apr.-fune Man-days &l 84

See fouinor | ol Tabie 53

g-24
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Fable 54 {continued)

New Bean Technology

Activity Unit Before After
Col ombian Activity Levsl

Gross Margin! Pesos 225,180 276,410
Best Farmer Bean Technology I

{2nd, semester) Ha kX H
New Bean Technology 11

{Znd. semester) Ha - 19
Labor hiring @ July-Sept Man-days 124 192
Labor hiring @ Oct.-Dec. Man-days 184 191
Family labor : Jluly-Sept Man-days 160 150
Family bor : Qot.-Dec. Marn-days 100 100
* e Tootnote 1 of Table 5.

Figure 45 shows that moenoculture maize the bean;/maize association more

is the least profitabie of the three alter-
natives. Monoceulture chimbing beans are
more profitable above a 41 price ratio, and

Net Income (Col§ 1000/ ha)
: I : :

-10; /
»

b Mascculture beas yieids 300D kgiba with produciion sostx of
Eatk31.000 ks,

i Bean yields of 1200 kg/ha and saaize viekls of 3000 kg/he with
prodection costs of Tol$2000 .

1 Monocultare raite vields of 5008 ki‘ha with costs of
Lol 19,000/

-
“
[P SO
Lt
o
Lo

Figure 45. Nei income from 3 cropping systenss st
several bean/maize price ratios.

Baan Program

profitable below this ratio. The equal
profitability of the two bean systems at the
4:1 ratio prevailing in Colombia is consis-
went with farm data collected in Huila
where both systems gave almost identical
returns, and the choice of the sysiem
appeared to be a function of farm size and
labor availability.

The advantage of monoculture climbing
beans depends critically upon the labor
and support costs. In & small farm system
with surplus family labor and local
materials avadable on the farm for ar-
tificial support, monoculture beans could
be profitable at substantially lower price
ratios, between 2 and 3| (Figure 46).

This analysis has only considered ex-
pected income. However, small farmers are
also concermed with income wvanation
{risk}. Using the “guaranteed income”
concept, risk is calculated as the munimum
income produced by each activity with a
given level of probability. Guarantced
income_can be calculated as X = X-tes,
where X 15 the minimum income goal, X s
mean income, [g1s the 1" level at “g”
probability and 3" is the standard devia-
tion. This minimum income assures the
farmer that i almost all cases his max-
imum loss or minimum gain under most
agroclimatic conditions will be above the
given X. In Figure 47, 11 is clear that beans
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Net Income (Col. 31000/ ha) Net Income {Col. 31000/ ha)
i
] k4
A
' l) 60 : Maoncculture /
L b 50 i ; S
Monoculture beans /
’ | / /A’ “F 4
o . / .
i //r #‘”’IJ‘
i "( 4 m‘ fd-f"
/: /;/ 4/4

Ry~ 78

N an
/4

£

1 £~ P 4 e 3
Price Ratio {bean, maize)
b Sukeym O labor =@ totai L 0821000

S Bgkes = ol 85000, kbor x 0. 10tal 28,000
T Segkesy Col 35000, inbor » (ol $5600, total F1.000
4 Tralibw Col. $15000, labor = 0, tatat 36,000

Treitics Col§153000, labor = Cot 5008 roa LYEtEH

Figure 46 Net income {rom three cropping
systems at severzl bean/ maize price ratios, with
variabie monoculiture bean costs,

alone are riskier than the bean/corn
association until the price ratiois over 5.5:1
{909 probability). Small farmers who
avoid high risks may prefer associated
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Price Ratio {bean/maize}

3 lmmgﬁi]forﬂmmnakvelubowwh%mw
will coowr with 90% prodability(X mX-t, 3 where [WPPRE. L]

Figure 47, Guaranteed net incomse from theee
cropping systems at sey eral bean/ maize price ratios.!

cropping even when the monoculture’
beans are more profitable. Most farmers,
who have the necessary labor to use these
associated cropping systems, must be
concerned with the risks of crop loss,
Therefore, they may be expected tochoose
associated cropping to reduce production
costs and to achieve greater income stabijli-

ty.
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Appendices

Appendix A. List of Promising Lines of Phaseolus referred to in the 1977 Bean
Program Annual Report,

Program CIAT
Promising Accession 1dentification
Ne. No. or Registration Source
POGA GG 215 Pl 310-378 USA
P05 1741 Pi X7-824 UsSA
POGE 2005 P A0-139 USA
POO3 056 Pl 310-814 USA
P09 2859 Pecho Amarllo GUA
POIL I 37139 Argentina 2 VEZ
PO12 5474 BRZ 1289 (69-6584-3} BRZ
P4 2146 Pl 316-9%1 USA
P06 3873 Trujillo 4 VEZ
Pol7 3719 Mexico 12-1 YEZ
POGO 143 Pi 1$4-745 (SEM) USA
POSY 032 Pl 169-844 USA
Pil4 04317 Pl 173.022 USA
PIIR 0556 P} 176694 (Qturak) UsA
P4l 0569 Pi 176713 USA
P33 0645 P1 179715 (Rong) USA
P58 0651 Pl 180-729 usa
Pi67 0685 P1 182007 USA
PI&8 (686 PI 182.611 USA
P169 0687 P1 182-026 (Windser long pod) Usa
P14 0716 Pl 186492 LSA
P78 0728 Pl 186-505 USA
P19 0684 Pi 181996 USA
P82 0756 Pl 193569 Usa
P39 0784 P1 194-578 UsA
Piod 797 Pl 195-39] USA
Pigo 1230 Pl 196-927 (F. Criollo} UsA
P03 0818 Pl 197-970 {Bavo Berendo} USA
P04 0819 P 197971 (Berendo) UsSA
Pzo% 1259 PI201-333 USA
P2 1264 PI 201-489 USA
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Program CIAT
Promising accession  [dentification
No, No. of registration Source
P26 1308 PLAT-198 (0.0 G844 USA
P23% 1423 Pl 226895 Usa
P243 1434 P 226938 (wachs bundert fur eine) Us4A
P246 1050 PI 269-534 Usa
1 1524 P1 282052 URA
p2sg 1093 Pl 282-063 USA
P60 10698 P1 282-074 {Ocanero) USA
P80 1682 Pl 306-159 UsA
P28y 1694 Pl 307-732 {5-137-N} UBA
P30z 1820 Pl 309-804 USA
P06 1833 Pl 309-853 USA
P38 1952 Pl 3i0-680 LISA
P26 2006 PI 310-740 USA
Pi3z 016 Pl 310-767 Usa
P34 2034 P{ 310-784 USA
P49 81 PL A1-930 LSA
P353 327 Pl 311992 USA
P3ss 2337 PI 312-004 USA
358 2382 PI 312064 USA
Pis4 2540 PI 313683 USA
P65 2545 Pl 313682 Usa
P3gs kp- Aguascalientes 70 MEX
P32 498 Sanilac USA
P393 31 Alpbama KI1-1013) YEZ
P} 3065 Blanco (GUAQ1Y7) GUA
P402 3807 Brasil 2 (Bico de Quro) VEZ
Pa 3607 CCGB.-44 (1-462) VEZ
P432 3724 Compussto negro (1-996) VEZ
P43z 3153 F, de parra {GUA-ISD) GUA
P47 3128 F. ngaro (GUADI2T) GUA
P438 ny F. negro (GUA0125) GUA
P439 3305 F. negro (GUA-0428) GUA
Pa4g 351 Guanajuato 116A MEX
P455 60 Haililio (GUA-0016) GUA
P438 14454 ICA Tui CLB
P459 3645 Jamapa (1-810) VEZ
451 3974 Jin 10B (C-90) CR1
P463 3459 Michoacan 70 MEX
P478 4177 12.B-P-3 {R-159) CRi
P4R3 3585 Oaxaca ¥ MEX
P4gs 4142 Porrillo 70 (N.579) CRI
P49s 3352 Puebls 1518 MEX
P498 3353 FPuebla 152 MEX
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Program CIAT
Promixing accession fdentification

Na, No. of Registration Source
P5OG 3360 Puebla 173 MEX
P50t 3361 Fucbla 199 MEX
P504 334 Puebla 304 MEX
P507 5693 Callfornia small white 643 USA
P50% 4487 San pedro pinula 72 GUA
PSsit 3627 S.182-N {1-714} VEZ
PEi2 4122 5-166-A-N (N-555) CRI
P524 4421 S-630-B (C-63) CRI
P525 w71 Trajitio 2 VEZ
P326 38712 Trujiile 3 VEZ
P53z 3526 Veracruz 55 MEZ
P536 3534 Yeracruz 157 MEZ
P53e 3776 Yenczuela 2 (51-1062) VEZ
P540 3784 Venezusta 29 (1-1071) VEZ
P45 3786 Vencrusla 36 {1-1073 VEZ
P360 B 51051 (3-1138) VEL
P56&1 4152 50609 (N.283) CRI
566 4495 Porrillo Sintético HON
P84t 5478 Tara PRI
P568 5479 PR-TO-ISRE7 (FR-5) PRI
P5&S 5481 Cacahuate 72 MEX
PSER 4455 HCA huasafio CLB
P5ES 2525 PI 313-604 USA
P390 5702 Cargamanto CLB
Py 1222 PI 186932 USA
P62 5657 2114-52 LsA
P623 4458 27R CRI
P63t 5696 Cornell 046 USA
P 5683 ICA dura CLB
P38 4452 ICA guali LB
P637 4523 Linea 17 CLB
P68 67 Michoacan 3} MEX
P64l 4459 NEP-2 CRI
Pé4s sy Diacol nima {1-204) VEZ
Pods 0881 PI 203-958 (N-203) USA
P64y 4312 Puehla 439 MEX
P&70 3059 Matemdo sesentano GUA
P72 4164 Gi-1-3-1 {N-315) CRI
PETS 4525 Linea 32 (ICA pijac) CLB
Pa7s 3058 De vara {GUA0L29) GUA
Po8i 5054 HI Mulatinke {BRZ-34%) BRZ
P682 5208 BRZ - 1087 (I-B2) BRZ
P684 1320 P1 207262 {tlalnepantla 64} USA
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Program CIAT
Promising accession  Identification
No. No. or registration Source
P685 5694 Comell 49-242 USA
P69l 4489 Cuilapa 72 GUA
Pé&92 4494 Diacol calima CLB
P693 5653 Ecuador 299 ELS
P696 4791 Honduras 46 NIC
P698 5476 Jules USA
P699 5652 Mexico 309 ELS
P704 4795 Porrillo 1 ELS
P06 5701 Rojo 70 ELS
P708 4473 Titan CHL
P709 4485 Turrialba 1 GUA
P712 4792 51052 NIC
P714 4505 Top crop USA
P718 4789 Cubagua VEZ
P719 5710 G.N.UL3I USA
P720 0832 P1 200-974 USA
P721 1401 Pl 224-743 USA
P729 1951 PI 310-668 USA
P737 4456 Jamapa crl
P739 4509 Masterpiece UTK
P743 4829 Parané (lote 3) BRZ
P746 4830 Rio tibagi (lote 10) BRZ
P755 44560 Pompadour 2 CRI
P756 4445 Ex-rico 23 CLB
P757 4461 Porrillo 1 CRI
P758 4446 Ex-puebia 152 (Brown seeded) MEX
P759 0076 Red kioud USA
P763 1329 Pucbia 38-1 MEX
P766 5719 Aurora USA
P775 4197 Black turtie soup B. CRI
P776 4472 Tortolas CHL
P778 4637 Cundinamarca 115C (arbolito) CLB
P779 4638 Cundinamarca 116 (arbolito) CLB
P730 2997 Rabia e] gato GUA
P782 6380 Kaboon NET
P788 1540 Pl 284-703 USA
P793 5712 Comp. chimaltenango 3 GUA
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Appendix B. List of CIAT accessions {not classified as Promising Lines) of Fraseolus
referred to in the 1977 Bean Program Annusl Report.

CIAT
accession Ldentification

No. or registration Souve

GOOT29 PI 186-506 USA
9731 Pl 185012 Tsib. Tsinzp'ul UsA
0738 P1 189-406 Piligue LSA
0805 PI 197034 USA
0838 P1 201-317 USA
0843 P 201348 usa
0844 Pl 201-348 UsA
0875 Pl 203930 USA
06891 PI 204-721 USA
{503 ] Pl 209479 USA
0983 PI 224-738 LsA
HE Pl 244-7]5 UsA
1069 Pi 281979 USA
16719 P1 282.024 Usa
108¢ PI 282028 USA
1157 PI 299.388 Phaseolus lunaius L5A
1212 Pl 196-299 USA
1224 Pl 196934 USA
1283 P1 200-578 usa
1257 P 201-300 UsSa
1365 PI 209-801 Kapumbu USA
1814 Pl 2(9-77 F. azufrado amarillo USA
2033 P1 310-783 USA
2161 PI 311191 USA
207 P 311861 UsA
2258 Pl 315504 USA
2262 PI 311908 UsSA
2270 P1 311417 USA
2497 Pl 313-5i4 Kegro LSA
2587 Pi 313724 UsA

GO2602* PI 313-730 USA
2618 PI 313755 LUSA
2620 PE3i3-758 USA
2634 PI 313776 Usa
1829 PI 319-631 Frijol apetito UsSA
1208 Frijol Negro (GUA-431) Guatemala
3391 Puebia 422 Mexico
3407 Puebla 441 Mexico
3aq5e {imanajuato 22 Mexico
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CIAT

Coession identification
No. oF registration Source
416 Stringless Green refugee (P-120) Costa Ricy
4233 Mexico 2IN (N-22) ' osta Rica
4503 Widusa Francis
4567 Antioguia 130 Colombi
4590)* RBoyace 21 Sangileno Colombia
4767* Chiapas 163 Mexico
4826 Pintado Brazil
5487 Great Northern UL 123 (V-1217) United Kingdom
5714 Scafarer USA
3732 Mexico 235 Salvador
s112 [Diacei Andino Colombia
5942 PR-70-15R-55 (PR}) Puerie Riso
8014 Guatemaia 388 (HON-04%1) Honduras
6374 Bountiful LSA
6391 Linea 20667 Colombia
6719 Jubila Holanda
6732 Stringless Green Pod USA
6734 Improved Tender Green 40031 USA
7121 CGloiane Precoce (HON-2633) Honduras
TMD-i Brasil*
Zamorano Hondurus*
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Appendix C. Description of growth habits of Phaseolus vulgaris L. used by the CIAT

Bean Program.

Following are the definitions of the
growth habits for Phaseolus vidgaris L., as
used by the CIAT Bean Program.

TYPE 1@ Determinate growth habit;
reproductive terminals on main stem; with
no further node production on the main
stem after Mlowering commences.

TYPE Il Indeterminate growth habit;
vegetative terminals on main stem with
node production on the main stem after
flowering commences;, erect branches
borne on the lower nodes of the main stem;
erect plant with relatively compact canopy,
guide development variable depending on
environmental conditions and genotype.

TYPE L Indeterminate growth habit;
vegetative terminals on the main stem with
node production on the main stem after
flowering; relatively heavily branched with
variable number of prostrate branches
borne on the lower nodes; prostrate plant
with spreading habit; guide development
extremely variable with some tendency to
climb in some materials under certain

conditions but generally showing only
weak climbing ability.

TYPE 1V: [ndeterminate growth habit;
vegetative terminals on the main stem;
heavy node production on the main stem
after flowering comunences, branches not
well developed compared to main stem
development; types which show moderate
o strong chmbing tendencies on supports.

Motes: The most important distinguishing
features of the four growth habits are as
follows: terminal raceme on man stem for
Type [, indeterminate with erect branches
for Type 1}; indeterminate with prostrate
habit and branches for Type IlI; and
mdeterminate with well developed clim-
bing ability in Type IV. Intermediate types
occur between Types I} and Il and
beiween H1 and IV, Growth habitisnota
stable characteristic of many genotypes
since drastic changes ingrowth habit oceur
from one location to another. Relative
guide development is not a good indication
of growth habit due 1o extreme instability
in this character.

Appendix D). Description of bean ideotypes according to their characteristics under

development in the CIAT Bean Program.

Following are summaties of the main
characteristics of four ideotypes which
have been defined as goals for selection in
the bresding program at CIAT.

IDEOTYPE A: Indeterminate growth
habit (Type I} with a short growing season
{less than 70 days to physiological maturi-

Bean Frogram

ty); evect plant type with erect branches;
limited node production on the main stem
after flowering; pods borne as high as
possible to avoid pod contact with the soil
lodging resistant. Defined for cropping
systems {monoculture, association or
relay} which require bush beans of early
maturity and where plant densities can be
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maintained at approximately 250 x I(®
planis/ ha.

IDEOQOTYPE B: Indeterminate growth
habit (Type IT) with a long growing season
of more than 90 days to physiological
maturity with a long preflowering peried
of mote than 50 days; erect main stem with
few branches borne erectly, moderate node
production on the main stem after flower-
ing but with limited guide development;
highly lodging resistant; pods borne out of
contact with the soil.

Defined for monogulture cropping
systems requiring a late high vielding
variety which can be mechanically
cultivated or associated and relay systems
where plant densities can be maintained at
approximatelly 250 x 10°/ha.

IDEOQTYPE (: Indeterminate growth
habit (Type I1I) with a range of maturity
types, prostrate plant type with well
developed branches which show ability to
compensate for low plant densities and
irregular  distribution; long flowering
period {compared to ideotypes A and B)
but with relatively even pod maturity;
some ability to climb weakly could be an
advantage.

Defined Tor cropping systems requiring
bush beans with stable wvields under
suboptimal  growing  conditions;
monoculture associated or relay systems
where plant densities are usually below 200
% 1037/ ha and where the level of agronomic
inputs in restricted.

IDEOTYPE D: Indeterminate growth
habit (Type 1V) with a range of maturity
types, climbing beans with vigorous
climbing ability on associated or relay
crops or in monoculture on artificial
support; hmited branch development and
with stable growth habit,

Deefined for cropping systems requiring
climbing ability to exploit the yield
advantage of climbers and where a relative-
Iy high level of manual labor input is
possible; cropping systems with maize in
direct association or in relay or in systems
where artificial support systems are possi-
bie under monoculture conditions.

NOTE: A Jeterminate (Type I} ideotype is
not included in these recommendations.
However for arcas whergextreme earliness
in required the only alternative may lie in
the use of determinate materials, Type 1
materials have shown poor adaptation and
strong instability of vield in many CIAT
experiments and the 1976 IBYAN.

Publications

Altieri, MLA., C.A, Francis, A, van Schoonhoven, and 1.I). Doll. 1977, A review of insect prevalence in maize
{Zea mays 1..) and bean ( Phaseolus vuigaris L.} polycultural systers. Field Crops Research, (o press).

Francis, A, M. Prager, D.R. Laing, and C.A. Flor. 1977, Genotype by environment interactions in bush bean
cultivars in monoculture and associated with maize. Crop Science. {in press).

Francis, €.A. and J.H. Sanders. 1977, Economic analysis of bean and maize systems: monoculiure versus
assopiated cropping. Field Crops Research. {in prows).
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Cassava Program

During 1977 the Cassava Program
continued its efforts to reach its objectives
of: (1) producing a low-input technology
for increased cassava production in areas
where it is presently grown; (2} developing
technology for cassava production of the
infertile acid soil areas of the fropics; and
(3) diffusing these technologies 1o national
and local agencies and assisting them
where possible.

A multidisciplinary team works as a
group to resolve problems associated with
meeting these objectives. Of primary
importance in the program strategy is to
have a plant that is per se efficient in
converting sclar energy to carbohydrates,
The characters of a plant to achieve this
were described last year on the basis of a
computer model. Experiments this year
have confirmed theimportance of long leaf
life and late branching. Furthermore,
efforts to seek variability in photosynthetic
rate, which may ultimately be used to
increase yield potential, showed that
variation in this character is considerable.

Different genotypes were grown at three
sites with average temperatures of 20¢, 24°
and 28°C. The same plant type vielded best
in all sites, however, for the coolest site,
which 18 at the lower limit of cassava's
range of adaption, a different, more
vigorous genotype was required.

Cassava is frequently found on the acid
infertile soils and tremendous potential
exists for increased production in these
zones. Cassava will give good yields at low
levels of lime (0.5 t/ha), however, new
trials this year have shown that there is
scope for selecting lines that do excep-
tionally well at this level or with even lower

Cassava Program

lime levels. Similarily lines were identified
with good potential yields at very low levels
of applied phosphorous.

Although the technology being
developed aims to use the lowest possible
fertilizer levels, fertilizers yield a high rate
of return on investment. The use of rock
phosphates show particular promise as a
source of cheap fertilizer. With moderate
fertilizer levels yields of 25-28 t/ha can be
obtained on acid infertile soils.

A major problem in these low-fertility
areas and the regions where cassava is
already widely grown is the control of
diseases and pests, Poor germination is
often due to a number of organisms that
attack the planting piece, especially if itis
not planted immediately after cutting. A
simple fungicidal and insecticidat dip that
costs only 3USS per hectare was found
extremely effective in eliminating this
problem.

The emphasis of disease and pest control
is, howsver, not chemical. The extremely
devastating disease cassava bacterial blight
can be controlled by planting resistant
varieties. Many of the new hybrids from
the program have been tested for resistance
and have shown acceptable levels even
when infected with the most virulent
strains.

The superelongation disease, first
reported in 1974, was identified in several
countries of Latin America where it causes
severe losses. Although it can be dis-
seminated by infected planting material,
the fungicidal dip described above
eliminates the diseases thus preventing
early infection. Unfortunately, different
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races of the causal organism, Sphaceioma
manihoticolg exist. A small number of
cultivars showed high tolerance to all
known races.

One of the most widespread problems in
cassava in the Cercospora discases. These
often cause yield losses of 20 to 30 percent
but resistant lines were found which were
not affected.

During the dry season severe attacks of
thrips and mites oceur and cause yield
losses of up to 50 percent. The cassava
germplasm at CIAT was screened for
resistance to thrips and more than half the
material showed high levels of tolerance. In
the case of mites, Figh levels of resistance
have not been encountered, nevertheless,
miassive screening showed that a number of
varieties are tolerant to both
Mononychellis and Tetranychus mites.

No varietal resistance to the hornworm
has been found, however, biological
control can be based on maintaining
Polistes populations in the field, with
strategic release of Trichogramma and
applications of the bacterial discase
Bacillus thuringiensis. These techniques
are being tested on & commercial scale;
early results suggest that the system is
effective.

The cassava fruitfly Anastrepha spp.
bores in the stem and allows the entry of
Erwinig caratovora var. cargrovora, which
causes rotting of the inferior stem parts.
Stakes taken from damaged plantations
and used for planting material give poor
stands and reduced yields. Merely by
proper selection of planting material,
yiekls can be increased by up to 20 percent.

Although the desirable characters of an
efficient plant type, lines tolerant to the
acid infertile soils and resistant to major
diseases and pests exist, they have vettobe
combined in a single line. The breeding
section tests more than 20000 hybrids,
from controlled crosses, each year in order
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to obtain new varieties with most of the
desirable characters. New hybrids have
good yield potential, 60 t/ha under the
fertile CIAT conditions, 401/ha in Caribia
with less fertile soils and a very pronounced
dry season and 30 t/ha in the acid infertile
soils of the Llanos Orientales. Disease and
pest problems are still serious but progress
was made this vear to combine resistance
with high yield potential.

Promising selections from the germ-
plasm bank and the new hybrids are
multiplied with the rapid propagation
technigue. This system was further refined
and simplified and is now used routinely.
The promising material after multiplica-
tion, promising materials are planted in
regional trials throughout Colombia. No
fertilizer or post-emergence applications of
insecticides or fungicides were used except
for an intermediate application of fertilizer
in the trials on the acid infertile soils.
Carefully selected plant material is treated
with fungicides and insecticides and
planted, good weed control is practices but
otherwise, no special care is given to the
triais.

The year 1977 provided the third vear of
results from these trials, In the first two
vears when only preliminary selections
were used, the advantage of selected lines
aver the best jocal lines was quite small.
However, with the final selections from the
germplasm a tremendous advantage was
evident from combining good cultuval
practices and sclected material,

Previously, all work at CIAT has been
0N cassava as a monoculiure crop. Much of
the world’s cassava is grown as a mixed
cuiture. Cassava was grown in association
with beans to test the potential of cassava
grain legume association. Very high Land
Eguivalent Ratios were obtained —
greater than 1.7 when cassava and beans
were planted at the same time, and at their
normal plant population. Yields of both
crops were high at 34 t/ha and 2.9t/ ha of
fresh cassava and dry beans, respectively.
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A major problem faced by all cassava
producers is the difficulty involved in
handling the crop due to its extreme
perishability after harvest. The perishabili-
ty is due t¢o physiological deierioration
which often occurs within 48 hours of
harvest and microbial deterioration which
occurs five to ten days after harvest. It was
found that the physiclogical deterioration
can be prevented by either pruning the tops
three weeks before harvest or by putting
roots in to polyethylene lines papar bags

directly after harvest. Microbial deteriora-
tion was prevented by treating the roots
with a broad spectrum fungicide.

The internationai cooperation activities
markedly increased in the Cassava
Program in January 1977 with the assign-
ment of two staff possitions — one based at
CIAT to coordinate Latin American
activities and the other, posted at SEAR-
CA, the Philippines, to coordinate out-
reach activities in Asia.

Physiology

Temperature Effects on Cassava
Growth

Preliminary results reported last year
(CIAT Annual Report, 1976) suggested
that different genotypes of cassava are
required below about 24°C. These results
have now been confirmed. The variety
Popayan was the highest yielding at 20°C
(Tabie 1) and by 16 months had produced

Table {.

39.7 t/ha. On the other hand, at 24° and
28°C Popayan was the lowest yielding
variety tested. M Col 22 was the lowest
yielding line at 200C at all harvests but
“showed good yield potential at 24° and
28C.

Temperature adaptation of a variety
appears to be directly related to its vigor.
Popayan is very vigorous while M Col 22

Fresh and dry root yield of four contrasting cassava genotypes at different times after planting af

aititudes with three different mesn temperatures,

Avg. mean temprraiure

i 8 o 280C
Harvest date (months} Harvest date {(months) Harvest date {monihs)
8 12 i6 8 12 16 g 12 i6
Fresh yield! (1/ha)
M Col 22 7 9.3 13.3 2.4 22.7 483 239 3%.4 iR
M Mex 59 9.2 28 328 253 k1.3 570 b 30.4 #3.3
MCol 113 142 24.2 8.6 16,4 261 513 26.2 3.9 5.0
Popayan 0.7 28.9 38.7 6.3 15.7 133 4.6 54 13.2
Dry yield (t/ha)
M ol 22 0.9 33 56 24 11.5 18.0 £8 14,2 8.4
M Mex 59 30 8.2 129 8.2 4.2 18.1 1.5 10.1 9.7
M Col 113 4.8 8.4 156 54 0.0 9.1 6.2 7.3 174
Popayan 31 10.7 182 LS 51 246 1.1 22 3.0
t For {resh and dry rout yishds tetrperaiire X wricty inteciction wer significant at P = 0.4¢
1 This yizdd war reduced due o radbesy in the cxperiment plot.
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has very low vigor. In general, vigor at Root dry weight increase (1/ha}

HPC was lower than at 247 and 28%C, as
measured by leaf area index (LA (Fig. 1},
and root bulking is maximized only over a
small range of LAI {Fig. 2). The vigorous
variety, Popayan, reaches its optimum
LAI at s lower temperature than M Col
I3 and M Mex 59 that in turn reach
optimum LAIF at lower temperatures than
M Col 22. It follows that more vigorous
varieties must be selected for maximum
yields at lower temperatures and less
vigorous varieties for higher temperatures.

Lesaf Life

Simulation results suggest that increased
Teaf life should be a useful character for
improving vield. The simulation model
used assumed that older leaves were
photosynthetically efficient. The older
leaves are always lower in the canopy and
receive less light than the upper ones.
Photosynthetic rate of leaves of different
ages was measured at 1500 4 Em~2sec™ and
500 u Em? sec! (about three-quariers and
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Figure . Mean Leaf Ares Indices (LAL) from 3-16

months after planting Tor four cassava varieties prown
in Jocations having three mean temperatures.
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Figure 2. Root dry weight increase ss related to
mean Leaf Arvea Index (LAY} of four cassava varieties
=t 8-16 months after plasting in Jocstions having three
mean temperatures.

one-quarter full sunlight, respectively). At
500 u Em2 sec™, the photosynthetic rate of
kaves up to 56 days after emergence was
very little less than that of younger leaves
{Fig. 3) suggesting that even these older
leaves can contribute actively to total plant
photosynthesis.

Photosynthetic rate (mg DM-?hour)
! T
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|
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Age of leaves (days)

Figure 3. Effect of leaf age on photosynthesis of
feaves of cussava variety M Col 71,
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Rather than depend entirely on simula-
tion data to assess the effect§ of leaf life on
yield, M Col 72 with a leaf life of 120 days
or more was planted at 20,000 plants/ha
and leaf life artificially reduced to 4% or 84
days or left at its natural level. The natural
leaf life was no greater than the 84-day
treatment for leaves tlagged up totwo
months after planting and therefore yields
were similar for the 84-day treatment and
control at the six month harvest but the
plots with the 49-day leaf life had markedly
reduced vields. By nine months after
planting, leaf life of the controls was
considerably greater than either treatment
and yield was also greater when leaf life
was longer (Fig. 4).

To obtain varnieties with a long Jeaf life, a

suitable screening technigue was needed,
Leaf life was measured on more than 200

Leaf ife (days}
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Figare 4, Leal life of cassava varisty M Col 72 with
two clipping treatments {A ), and eflect of leaf life on
fresh root yields nine months after planting (B),
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new hybrid lines by tagging newly formed
leaves at two, three and four monns atter
planting. Only a small variation was found
between varieties when leaves were tagged
at two months after planting. However,
when leaves were tagged at either three or
four months large differences were found,
ranging from 60 to 150 days. The high
correlation between the two observations
suggested that screening for different leaf
lives can be done by tagging leaves at three
to four maonths. In another trial where leaf
life was measured, little difference was
found in leaf lives of early-formed leaves
but later-formed leaves showed large
differences depending on the variety (Fig.
5). This confirmed that leaves formed in
the first two months after planting are not
suitable for screening for varietal
differences in leaf life,

Leaf bize

Leaf size in most varieties increases with
increase in canopy height and then declines
{Fig. 6). However, the leaf size of M Col72,
a non-branching variety, shows a much
smaller decline than other varieties which
have varying degrees of branching. When
branching was restricted in M Col 113, a
branching variety, the decline in leaf size
did not occur, at least up to seven months
after planting when the experiment ter-
mipated, while in natural branching plots
leaf size at seven months was less than half
that at four months (Fig. 7). This suggests
that maximum leaf size is not affected by
branching habit but that leaf size decline
after four months is greater when
branching occurs.

Last year (CIAT Annual Report, 1978)a
computer simulation mode! was used to
predict yields of cassava lines with different
branching habits on the assumption that
leaf size declines with time in all types. This
would indicate that predicied vields of
single stem types would be slightly lower
than can be expected when leaf sizedecline
does not ocour,
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Figure 5. Leaf life of six cassava varietios at different times after plenting.
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Figure 7. Interactions of branching patiern snd leaf
size of cassava variety M Col 113,

Root Sink Capsacity

In previous reports, experiments to
reduce root numbers by clipping suggested
that the remaining roots have the capacity
to accept more carbohydrate than is
available (CIAT Annual Report, 1976}
However, when root number was decreas-
ed there was always a slight decrease in
total root yield, suggesting a sink limita-
tion on roat expansion.

During the early growth phase of
cassava top growth is very vigorous and
roots do not normaily swell rapidly. It is
a0t certain whether the roots do not
expand due to inability to accept car-
bohydrates or to lack of available car-
bohydrate. Similarly, vigorous top growth
at this period may be due to lack of
alternative sinks (i¢. roots).

When top growth was reduced by apex
removal total crop growth rate {as a
function of LAI) was not affected (Fig. 8),
demonstrating that top sink did not limit
total photosynthesis and crop growth rate.
Additionaily, while LAI (and hence crop
growth rate) was reduced, root growth rate
was increased (Table 2). The roots clearly
can accept more carbohydrate than 1s
normally available in the early growth
phase. These results also indicate that top
growth has preference over root growth
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and that roots accept carbohydrate i
excess of the needs of the tops.

The data demonstrate that top growth is
a strong attractant of carbohydrates and in
previous reports (CIAT Annual Report,
1976) it was suggested that in certain cases
limitation of top growth could be used to
increase vield. In fact, yield was increased
25 percent by restricting top growth. The
vigorous variety M Col 113 was planted
and different branching patterns were
produced by clipping (Table 3). The most
effective treatment increased yield 70
percent showing that the branching habit is
extremely important for yield. There was
also a close relationship between the actual
yield obtained in the field and simulated
yields (Fig. 9} suggesting that the simula-
tion model described last year (CIAT
Annual Report, 1976) can be used to
predict high-yielding types.

Photosynthetic Rate -

The simulation meodel was used to
predict the effects of increased crop growth
rate on yield. The model suggested that
very small increases in crop growth rate
should lead to large increasesin vield(e.g. a

Crop growth rate (cm™? week 1)
&M E‘vfex it

o
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col_.OCMC 40 R apex
i e Intact
prdl
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i
0.5 1.0 1.3

Mean Leaf Area Index

Figure &, Crop growth rate as a fupction of Leaf
Aves Index of three cassavs varieties,
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Table 2. Effects of apex clipping on crop growth rate and root growth rate of three varieties of cassava.
Crop growth rate Root growth rate Rootgrowth oo,
{gip-? wk1) (gm~? wk-1) crop geowth
MTal 72
Control &7 ig 28
Apex-clipped b 23 42
CMC 40
Control 77 18 23
Apex<lipped &4 21 33
M Mex 11
Control 48 7 i3
Apex-clipped 38 i 23
Mesn
Coantrol 64 14 22
Apex-clipped 52 18 34

10 percent increase in crop growth rate at
all LAI's should result in a vield increase of
slightly more than 20 percent). Several
varieties were screened for photosynthetic
rate of individual leaves and large, consis~
tent  differences were found between
varieties {Table 4). (1t remains to be seen
whether these differences can be related to
differences in crop growth rate in the field.
Large differences in ¢rop growth rate
between three varieties were encountered
and these differences maintained over a

range of LAI's (Fig. 8). The cause of these
differences has not been determined but
the data suggest that yield may be
increased via increased crop growth rate.

Harvest Index

Inthe C1AT Annual Report, 1974, it was
suggested that the harvest index is a useful
selection tool for cassava breeders. It has
also been frequently noted that harvest
indices in cassava are very high which is

Table 4. Fresh and dry root yields of cussava variety M Col 113 with different branch coatrols,
Hranch time Na. of branches Diry root yield Fresh root vield

iweeks after planting) al each branch poinm {t/ha} i1, ha}
12,19, 27, 40 3-5 LR 17.6 (1000
14, 20, 28 38 3 7.3 22340607
i3, 020, 24, 33 2 iB3 9.6 {168
No branching i 8.4 E RN
pl 1.3 g5 35.4(144)
21,33 3.4 2.8 Heo (1743
26, 32, 39 -4 3.3 FHE 157

! Figures in parcntheses are percentdgns of couirel,
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Actual vield
(t/ha}
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Simulated yield {t/ha}
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Figure 9. Relation between aciual yield snd
shnulated yield of cassevs variety M Col 113 with
trranch control {yield in ferms of root dry matier).

one of the reasons for its high yield
potential.

The measured harvest index of cassavs
does not usually inciude fallen leaves.
Nevertheless, when fallen leaves areinciud-
ed, real, high harvest indices of over 50
percent are still obtained. The relationship
between real and measured harvest indices
is consistent and therefore, measured
harvest index is still a valid selection index
aithough it has a systematic bias (Fig. 10).

INTERCROPPING
Relative Planting Dates

As cassava is slow to establish and form
a canopy, it may be possible to intercrop
cassava with a short-season crop such as
heans, It was thought that one of the most
important fagtors in determining the
success of intercropping would be the

Table 4. Photosynthetic rate of individual casskvk leaves of 15 varieties at 100 uE m~7sec™? of light
intensity. {Mean of nine replicates).
DM Percensage of
Rate (mg dem~2 he-'} Standard Deviation TRAK LU

MCol T2 332 28 161
M Col 22 32 33 96
M Col 1292 3is 29 a5

* 3.5 2.8 a3
CMC 40 ite 33 93
M Col 113 ny 27 93
M Col 846 kiR 25 93
M Mex 17 30.8 A2 92
M Col 12 .7 kN az

" 294 iz &8
M Col 867 305 2.6 92
CMC 84 29.7 21 B9
M Col 638 9.8 9 89
M Mex {i 83 25 g6
M Col {8 8.4 2.3 85

" 268 2.3 80
Popayan 271 21 &1

* 267 3.2 B0
M Mex 58 268 i4 80
© Only six seplicatey compared 1o cine in the experiment.
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Figure 10. Relation between messured and real
harvest index of cassava.

relative planting dates of the two crope so
that neither suffers from excessive com-
petition.

When cassava and Phaseolus beans were
intercropped at CIAT, cassava root yield
was little affected by the planting date of
the beans (Fig. Il} compared with
monoculture cassava harvested at 340
days., When intercropped ¢assava was
harvested earlier at 260 days, the effects
were more pronunced with cassava yields
being markedly reduced when the beans
were planted four weeks before the
cassava,

Bean yields were not rzduced by inter-
cropping with cassava when the beans were
planted from four 1o six weeks before the
cassava, However, bean viekls showed a
marked decline when beans werg planted
from three weeks before to six weeks after
the cassava (Fig. 11).

When beans were planted six weeks
before the cassava, total land use time for
the two crops was 382 days. However,
when they were planted at the same time or
later, total land use time was 340 days when

¢4

Bean planting interval {weeks}

Figure 11. Root dry matter yield of exssava ut 340
and 260 days and yield of beans at maturity when
besans were planted with different planting dates.

the cassava was harvested 340 days after
planting. The Land Equivalent Ratio
{LER) of the varicus planting dates was
calculated as the ratio of the land area
needed in intercropping/ monoculture for
both crops. {The ian‘d equivalent ratio was
corrected so that all comparisons were
made on equivalent total land use time.)
The most efficient biological land use
measured by the LER was 1.7 when crops
were planted at the same time, or beans one
week earlier (Fig. 12). This very high LER
suggests that there is great potential for
intercropping with cassava, Yields in-
dicated that one hectare of land can

LER L

FIE t - -- T - i

L6 N /‘/ N ¢ g ‘ j

; ] Y :

14— ; s i ko

1.2 é ] R , .E_ - é—ﬁ
L N S T | }

W 3 37 8 17737

Weeks before Weeks after

Bean planting date relative {0 cassava

Figure 12 Land Equivalent Ratie {LER} of a
eassava/bean association at different relative plant-
ing dates {cassava M Mex 11
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optimally produce 34 t/ha of fresh cassava Two varteties of cassava, M Mex 1L a
and 2.9 t/ha of beans in lessthan one year. non-leafy, late-branching type, and M Col
113, early-branching, leafy type, were
planted at different population densities
with P 302, a bush bean with few branches,
and Puebla, a prostrate, heavy-branching
bean type. There was no obvious interac-
tion of increasing densities of bean pop-
Plant Popuiations ulations x cassava populations on yield of
beans or cassava.

Intercropping did not affect root dry
matter percentage but the starch content
on a dry matter basis was markedly
reduced when beans were planted before
CAssaAva.

When two different crops are planted
together they compete for light, nutrients Since cassave was planted two weeks
and water. As the density of each crop before the beans, vields of intercropped
increases, competition increases. As the beans were low duc to the bean planting
cassava density is increased in date. Yield of Puebla in monoculture
monoculture root yield either reaches a2 tended to increase slightly as density
plateau or a marked optimum, depending  increased but no effect was observed in
upon the variety. As bean populations intercropping. However, the vield of the
increase yields also increase and thenreach  intercropped bush bean P302 increased
a piateau. However, optimum piant with population density (Fig. 13). Bean
populations for vield in intercropping may  vield was more severely reduced over all
be different from those in monoculture.  population densities when intercropped

Bean vield
{g/:?)
280 ] E i |
0 P02 beans Puchia beans
260 — P
!
250 L Muonoculture
Monoculiture
180 [ LS 005 =i | ~~1LSD 0.0
iati w association
(70 assoistion : g BOPRIOR L associated with |
i ‘ i M Col [13
160 Associated 1‘ y cassava
with M Col 113 ; T
150 R Dt L - T :
140 LSDY0.05 A ! Associated with |
Bean densityL 4" | | ispogs | o Mecl
130 Associated L d. . cassava
g with M Mex 11 | Beandensity] O
120 — cassavg _‘:é_w, B
T ! P
100 cY. 1% T ;
19 -t X 44 3 -t 30 40

Bean population {plants/m?)

Figure 13. Dry bean vield of two varieties s affected by plant density of beans alone and In association with
fwo oassava varietios,
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Cassava yield (t/ha)
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Figure 14. Cassava yiekds as affected by intererop-
ping with two bean varieties at varying densities.

% maximum yield of cassava

with M Mex {1 than with M Col 113. (M
Mex 11 has more early vigor than M Col
113 and emerged above the bean canopy
two weeks carlier.) However, bean density
above 10 plants/m? did not affect cassava
yields {Fig. 14).

When cassava density was increased
bean vield was markedly reduced {Fig. 15},
However, vield of M Mex 11 increased
with plant population in both monoculture
and intercropping. Yield of M Col 11310
mongculture reached a maximum at about
5000 plants; ha and then declined. When M
Col 113 was planted at more than 6900
plants/ha and intercropped with P302, the
cassava yield was superior to the
monoculture level at any density. This
suggests that intercropping beans with
cassava in certain cases may increase the
yield of M Col 113 above the monoculture
leve! although yield never reached that of

1 3 M Mex 11

6{} ‘ ..._;w.w,. RN W — PR S—
A Monoculture

MColia © 1 ]

oo,
|
i

3o # Cassava + P302° b

40 o (;assa?a;[’yehla .
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Cassava density £x 107 plants "ha)

Figure 18, Cassava vields and bean yields as percentage of maximum yield as affected by cassava plant
densities in association with beans and in monoenlture.
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M Mex 11 in monoculture. While the yield
increase of M Col 113.may appear
anomalous, early competition may have
lowered early growth vigor reducing the
later LAI to near optimum; consequently,
yield improved in a process similar to that
which occurs when apices are removed,

These data suggest that it may be
difficult to breed for high yield n inter-
cropping systems without depressing the
vield of the associated crop. Nevertheless,
when the best monoculture yields of 39.4
t.ha by M Mex 11 and 2.6 t; haby Puebla
were used as a reference, LER’s of greater
than 1 were consistently obtained in this
trial {Fig. 16). Ascassavadensity increased
when M Col 113 was planted with Puebla,
{and Eguivalent Ratios declined but
remiined fairly constant in other com-
binations. Yields in this experiment were
lower thin those of the planting date trial;
this may have beendue to Problem X in the
beans. The highest yields of cassava (M
Mex 11) were obtained at the highest plant
population (18,500 plants/ ha) whereas the
highest LER's were obtained at much
lower plant populations of cassava. This
suggests that optimum cassava pop-

LER
LT ’ 1 I
| ' i
M Mex 1 PBQJ ]
O M Mex |1 Puebla

BN Col 113 P 302
UM Col H) Puebla

160}

140 |

S .

o | \\/
[
I
f
E

0.7

|
69 B9 93
Cassava density
Figure 16 Lend Equivalent Ratio (LER) of
different cassay s/ bean associalions compared to best
monoculture yield of cassava and beans.

4
55 862 1L 140 183

ulations may be different for intercropping
cassava and beans, however, bean pop-
siations commonly employed can be used.

Pathology

Special emphasis was placed on research
to determine losses due to Cercospora leaf
diseases and the use of cassava bacterial
blight (CBB) infected planiing matenal.
The efficacy of greenhouse and field
screening evaluations for resistance to
CBB were also determined and studies
were done on the variability of the causal
agents of CBB and superelongation.

Varieties, from the CIAT germplasm
bank, and promising hybrids were
gvaluated for resistance 1o CBB,
superelongation, Cercospora leaf diseases
and Phoma leaf spot.  Preliminary
etiological studies were alsounderiaken on
an unreported bacterial species that in-

Cassavs Program

duced stem galls on several cassava clones.
The effect of protectant fungicides on
storage and germination of cuttings was
also determined under field conditions 1o
zvaluate losses caused by the lack of
sanitary precautions for planting material.

BACTERIAL DISEASES
Cassava Bacterial Blight (CBB)

Studies on pathogenic variability of the
causal agent continued this year with 29
cassava varieties with different degrees of
resistance and using two strains represen-
tative of each of the virulence groups |, 2,
3, and 4 reported last vear (CIAT Annual
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Report, 1976). Ten 45-day-old
plants/variety/strain were clip-ingculated.
Results confirmed differences in virulence
among the strains of this pathogen, but the
strains did not interact differently with the
cassava genotypes tested. Consequently,
the existence of distinct races of the CBB
pathogen has not been determined; the
most virulent strains must be used for
SCreening purposes.

Field vs. greenhouse screening methods.
The efficacy of greenhouse screening for
resistance to CBB (CIAT Annual Reports,
1975 and 1976) was determined by com-
parison with field evaluations in areas with
high rainfal] {2200 mm/ vear) for prolong-
ed periods (nine months). Some [09
varietics were evaluated in the greenhouse
and in Carimagua, using a highly virulent
Carimagua strain. Twelve plants/variety
were planted in Carimagua, at the begin-
ning of the rainy season and six months
after planting, naturally infected plants
were evaluated.

Results showed a statistically significant
.correlation between greenhouse and field
evaluations for identification of resistant
varicties (Fig. 17). Even though some
varieties showed moderate resistance in the
greenhouse ¢valuation and susceptibility in
the field, 11 was concluded that the
greenhouse technique is useful as a rapid
method of screening {for CBB resistance,
but jater testing for resistance under field
conditions is required

When the same varietics were evaluated
in the Cauca Valley (400 mm of rainfall
scattered over six months), the most
susceptible varieties in both the greenhouse
and the Carimagua trials were only
moderately infected cight months after
planting. Therefore, it appears that field
evaluation for CBB resistance reguires: (1)
initial inoculations; (2) several months of
host exposure to the pathogen during rainy
periods; (3) heavy rainfall (minimum of
{20 mm/month) for at least four months;
and, {4} evaluation at the end of rainy

c-13
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Figure i7. Relationship between greenhouse and
field gvaluations (at Carimagua} for resistance e
casss e bacterial Blight (UBBy of 109 cassava
varieties. (Resistant = 2.8; Suseeptible == 501

{Figures within the mairix are the nomber of varieties
far each pair of ratings.)

pericds to avoid confusion with symptoms
mducsd by other factors (imsects, drought,
ete.) and plant recovery due to the effect of
dry periods on disease development.

Field losses due to cutting infection,
[nsease lossess caused by CBB in plan-
tations infected at monthly intervals were
determined  last year (CIAT Annual
Report, {976 under Cauca Valley con-
ditions, using the moderately resistant
variety Llanera and the susceptible M Col
113 and M Mex 23. This year, three
replicated plots of these varieties {36
plants/plot) were planied with cuttings
taken from 10-month-old plants that had
been infected at monthly intervals. No
artificial inocolation was done and the
rainfall was scattered, totaling only 688
millimeters,

When yields of plants from cattings
infected at nine months were compared
with vields of controis (Fig. 18), yield
reductions were 27, 29 and 31 percent,
respectively, for Llanera, M Col113and M
Mex 23 Cuttings taken from plants
infected at two months yielded 38, 34, and
46 percent less than the disease-free
conirols. This suggests that CBB can
sericusly reduce vyield when planting
materiais taken from infected plantations
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Fresh root yields (1/ha}
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Figure 18, Yiekt Jusser af cassavd when cuttings
were ken from plants infected with cassava bacterial
biight {TBB) at monib intervals,

of susceptible or even moderately resistant
varieties,

As rainfall was low and scattered during
the experiment, yield losses can be prin-
cipally attributed to the effect of primary
CBB infections, reflected in reduced
establishment and death of young plants
during the first two months. In areas with
periods of higher rainfall, disease losses
could be considerably higher due to
secondary infections.

Evaluation for resistance. To identify
new sources of resistance to CBB 328
varietics were evaluated under greenhouse
conditions; two were resistant, 90 tolerant,
and 236 susceptible. Another 585 varieties
were evaluated under field conditions at
Carimagua; § were resistant, 31 moderate-
ly resistant and 549 susceptible. Ad-
ditionally, 668 high-vielding hybrids
developed by the Varietal Improvement
section were evaluated under greenhouse
conditions (Table 5).

Cassava Program

Bacterial Stem Gali

A previously unreported bacterial dis-
case of cassava has been found affecting
three-vear-old cassava plants. Infected
plants are stunted and have large galls on
the nodes of the most lignified part of the
stern (Fig. 19). The galls are characterized
by the presence of several germinal buds.

Isolation of the pathogen was made by
grinding surface-sterilized tissues taken
from galls, suspending them in sterile
distilled water and streaking on Schroth’s
and Clark’s media in petri dishes. Well-
developed, white, mucoid bacterial
colonies developed after two days incuba-
tion at 28°C. Pathogenic tests by direct
stem inoculation with a needle prick were
done on one-month-old plants of different
varietics. Thirty days after inoculation
symptoms appeared as nosmal tissue
proliferation arcund the inoculation site;
fifteen days later, galls were clearly formed;
two months afterward, plants were weak
and stunted; and three months after the
incculation over 90 percent of the plants
showed dicback. However, the new shoots
which developed below the galls were
appargntly healthy.

Galls were induced by this bacterial
species on 30-day-old tomato plants by
diréct stem inoculation during a 20-day
period. Also, galls were produced on
voung freshly sliced carrots on the secon-
dary phivem two weeks after inoculation
with cotien saturated witha heavy suspen-
sion of bactenial isolates.

Pathogenicity results and preliminary
physiological and biochemical tests
suggest that this pathogen belongs to the
genus Agrobacterium.

Diseased cuttings produced 13 percemt
diseased plants in sterile soil under
greenhouse conditions, but when ap-
parently healthy cuttings were taken from
diseased plants, no diseased plants were
produced. Apparently, this bacterial
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Tabie 3. Greeshouse evaluation of sesistance 1o cassava bacterizl blight (CBB) of Fy crosses from cultivars
with different degrees of resistance.
Reaction of hybrids' (%)
Reaction Mo, of
Cross combination of parents R MERE 5 hybrids
MCol22x M Mex 59 Sx8 1.4 42.6 6.0 68
M Col 22 x M Ven M8 5x8 - #1.2 18.2 il
MCol22x M Ven 307 Sx? - L0 KIHR 0
M Col 22 x M Col 847 SxR 6.8 421 kIR 12
M Col 113 xM Col 22 5x8 - 413 56.2 16
MCol 113 x M Mex 55 §x8 - 86.7 333 18
M Col 113 x Lisnera S x MK - 83 917 12
M Col 113 x M Col 638 5xR 8.5 2.2 59.2 27
M Cal 113 x M Col 647 SxR 11 42.9 0.0 16
M Col 755 x M Ven 143 &§x8 - 278 722 1%
M Col 755 2 M Col 655A §x8 i3.2 53 §l6 38
M Col 755 x M Col 650 Sx8§ 20.0 o 50.0 10
M Col 755 x M Col 1684 SxMR 2.3 19.0 L5 2}
M Col 7533 x M Col 647 SxR 6.9 41.4 517 29
Llanera x M Col 6% MR xS - 125 §7.5 16
Llanera x M Col 1684 MR x MR 4.7 6.7 86.6 15
Llanera £ M Col 647 MR xR 7.3 35 68.6 51
M Col 647 x M Ven 143 RxS§ 10.0 30.0 50.0 10
M Col 882 x 7 varieties 5x? 17.6 20.5 559 34
[ ; M= moderstely resistant; S = susceptibl
% ible: 5, Moderaiety resistane: 1, Resistast: §.

pathogen can be disseminated by planting
infected cuttings, but healthy planting
material can be obtained from diseased
plantations if stem pieces are carefully
selecied and sterilized knives are used.

FUNGAL DISEASES
Superelongation Disease

Pathogenic  variability. Studies con-
tinued on the variability of Sphaceloma
manthoticols, the causal agent of
superelongation disease (CIAT Annual
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Report, 1976). Fourteen varieties, selected
for their reaction to this pathogen in field
and greenhouse inoctlations, were ar-
tificially inocuiated with 15 x I
spores/ml with seven strains, from
different geographical areas, under con-
trolled environmenta! conditions.

Groups of strains of S manihoticola
interacted  differently with cassava
genotypes (Table 6). Of the cassava
varieties, four differential groups were
identified that showed resistance to three
physiological races among the seven
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straing of S monihoticola tested. These
physiological races have the following
pathogenic characteristes: Race | produces
a susceptible reaction on  differential
groups of varieties 1 and If and a resistant
or tolerant reaction on differentials Il and
IV, Race 2 produces a susceptible reaction
on differentials 1 and 11} and a resistant or
tolerant reaction on differentials 11 and 1V,
Race 3 produces only a susceptible
reaction on differential group L.

The existence of physiological races of §.
manihoticola was confirmed during fieid
evaluations. Some 297 cassava varieties
were planted at Quilichao and Carimagua,
where Races 1 and 3, respectively, were
detected. Some of the resistant varieties at
Quilichao were susceptible at Canmagua
and vice versa {Table 7). Consequently,
disease reaction was interacting differently
sp. on & 15-year-old cassava plant growing in the with genotypes at both Egcationsr Seven of
fieid. Galls are on the stem portion nesrest the  these varieties showed feld resistance at
ground. both Quilichao and Carimagua. Further-

Table 6  Reactions of 14 cassava varieties to seven strains of Sphacelorn manihoricele from different
geographical areas.

Swrain group, number? and varietal reaction’

Group | Group 2 Groyp 3

Differential
group Yariety

-
P
(]
S
wh
[l
-t

1 M Col 126
M Coi 115
M Col 113
M Cot 61
M Col 22
M ol 23
Mol 18
M Col 133
H M Cot 39
M Col 907
i} M Col 148
M Col 848
¥ M Col 33
M Col 96

e M e RN L BN W

wOwE T e 5 U MILA N A AW AN
-t WA LD WL W WA WS AR
e R AR R R LR LR R
mmAW BB RN WA
mm e RAnBmm ey
= R R R B TR LR R

E o Aven of seam wollestion. | fsmundt (Coll Z=Pance tCol ), Fohantandes (Lol ) dufdalise (L aly 3adid ol s E
Bl oary Bieay Taarimagas (Unl}

¢ fagense ranog B remsians pramune reacvon), T=telerant et und petmle camhossh S iapizthh (oivagaton, e,
metrole 3nd stom cankers),
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Table 7. Reactions of 297 cassava variefies éo
Sphaceloma manihoticolo in the field ot
Carimegos and Quilichso,
Reaction
Resistant,
Moderately
Location Suseeptible Resistant
Canmagua 284 13
Quilichao 276 27
Quilichao/Carimagua pat il H

! Vanpetics susceptible in sither one or both sites,
' Varieties osistant a1 both sites.

more, they have shown the same discase
reaction in the Quilichao area over a three-
year period of continuous planting.

X, manihoticola also attaeks the follow-
ing perennial and annual aiternate host
species:  Manihot  spp.,  Euphorbia
puicherrima, E. heterophyila, and Euphor-
bia sp.

Pathogen survival. When samples were
stored at 230C (+ 8C) and 70 percent
relative humidity, the fungus was isolated
from diseased stems, petioles and leaf
tissues for up to six months. This indicates
that the pathogen c¢an survive long dry
seasons.

Pathogen eradication from cuttings, As
reported, the pathogen was eradicated
from cuttings dip-treated for three minutes
in capiafol at 8000 ppm a.i. (CIAT Annual
Report, 1976) which was confirmed this
year. Also, copper hydroxide and captan
teduced infection, but eradication was not
compiete (Tabie 8). Consequently, cuttings
should be treated with captafol when
material is taken from areas where
superclongation is present.

Evaluation for resistance. Evaluation of
selected varieties and promising, high~
vielding hybrids was done at Carimagua
and Guihichao. Of 1027 and 297 varieties
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and hybrids evaluated at Carimagua ano
Quilichao, respectively, 5.1 and {65
percent showed resistance. The varieties,
M Col 19 and 258 werg resistant to
superclongation at both locations. Both
varieties were alse highly resistant 1o CBB
in both greenhouse and field evaluations at
Carimagua. M Ven 39 was resistant 1o
superclongation and CBB in  the
greenhouse at CIAT and at Carimagua. It
was not evaluated for resistance 1o
superelongation at Quilichao,

Some 16.5 percent of 175 high-yielding
hybrids were resistant to superelongation
at Quilichao. The same material will be
evaluated at Carimagua.

Phoma Leaf Spot

Of 260 varieties evaluated for Phoma
leaf spot under field conditions at Pop-
ayan, only 2 percent showed any resistance
to the pathogen. An evaluation of 343
hydrids from crosses between susceptible
parents showed no resistance; 3.2 percent
tolerance; and $6.8 percent susceptibility,
This confirmed last year's results that the
frequency of resistance 1o this disease is
low {CIAT Annuval Report, 1976) and that
resistance can only be achieved with
controlled hybridization using resistant
SOUTCES,

Resistant varieties—CMC 92, Popayan,
M Col 712, M Col 303 and Dovio—were

Table 8. Control of Sphaceloma manihoticola on
cassave cuitings by dipping for three
minutes in fungicides.

~ No.of  Percentage
No. of healthy  discased of
Treatment! plants  plants  imfection
Controd 30 93 %
capiafol 44 e 4
capper hydroxide 23 26
captan 38 4 ]

Al spistions with chemicals contamed 30809 ppm a1
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planted continuously for the past four
yearsin areas where this disease is endemic
and epidemic (on susceptible varieties).
These varieties have shown stable reactions
which may indicate that resistance to this
disecase is stable. Similar results were
obtained following artificial inoculations

under contreolled environmental con-
ditions.

Cercospora Leal Spots

Studies were done on the

epidemiologieal aspects of brown leaf spot
fCercospora henningsii) and of leaf blight
{C. vicosae ) and the vield losses they cause.
Five varieties and four hybrids were
planted in a split plot design at Caicedonia
(to study brown leaf spot) and Quilcaceé (to
study leal blight). One-talf the plots at
sach location were sprayed weekly with
benomyl (150 ppm a.i./i00 liters) for
disease control, The development of each
disease and its effect on leaf fall and yield
losses were compared for the sprayed and
unsprayved plots. Disease development was
assessed at three-week intervals, based on
percentage of diseased leal area and
number of lesions/leaf.

Brown leafl spot. Discase development
with time is shown for three susceptible
varieties in F igure 20. Results indicate that
the lag in the inoculum build-up phase of
this disease occurred during the first 183
days of planting, followed by an exponen-
tinl phase (epidemic stage) of approximate-
Iy 20-60 days which varies according to
variety. The long time pericd required for
the exponential phase indicates that it
might be possible to prevent or reduce the
exponential phase by programming plan-
ting with the rainy seasons. In areas with
only one annual rainy season, planting at
thz end of the rainy secason can reduce the
mnoculum potential during the dry season,
avoiding or reducing epidemics during the
rainy season. Io areas with bi-modal
rainfall patterns, it might be better to plant
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a1 Cot 948 \
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Figure 20, Percentage of diseased leaf srem in
cassava plofs infecied with brown jeaf spot.

at the beginning of the heaviest rainy
period 50 that inoculum build-up would be
reduced by the next dry period; if the
second rainy period were mild the chances
of an epidemic would thus be reduced.

Leaf fall was assessed as the inverse of
leaf retention percentage. Differences were
highly significant (P = 0.01) between
sprayved and unsprayed plots. Similarly,
the variety/disease interaction in percen-
tage of defoliation was highly significant (P
=0.013 (Fig. 21},

The disease reduced fresh root vield
significantly in susceptible varieties but not
in resistant varieties (Table 9). Root starch
content was also reduced 7.3 percent inthe
susceptible variety M Mex 55. These
results indicate that fresh root yieid and
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Defoliation (%)
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Brown Ieaf spot, unsprayed
) |

Chiroza

o}
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hEg
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Days after planting

Figure 21. Relative defoliation of resistant and
susceptible cassava varieties infected with brown feaf

173

starch content are reduced on susceptible
genotypes attacked by brown leat spot.

Cercospora Leaf Blight. The develop-
ment of this disease with time is shown in
Figure 22. Apparently, the lag phase for
this disease is shorter than that of brown
leaf spot. This may indicate {as shown by
yield assessments in Tables 9 and 10} that
yield reductions caused by leaf blight could
be higher than those for brown leaf spot;
cansequently, control by varictal
resistance is more important for this
disease. However, since the lag phase is
long, programmed planting according to
rainy/dry seasons should reduce
epidemics,

Diisease attack caused severe defoliation,
as shown in Figure 23. M Col 803 showed
refatively low leaf infection (Fig. 22}, and
hence, considerable defoliation (Fig. 23),
possibly indicating this variety is highly
sensitive to fungal infection (i.e. sensitivity
1o fungal toxin production). Similar data
were obtained with other varieties, Yield
was significantly reduced by the disease
{Table 10) and reot starch content was also

spot. reduced (Table 11},
Table 9 Fresh root yield of cassavs genotypes infected with brown leafl spot { Cercospora henningsii).
Yield (t/ha)
Percentage

INCTEAse
Genotype Reaction! Sprayed? Unsprayed Increase in vield
¥ arieties
M Mex 35 & 2796 2379 417 14.9%
M Cail 946 8 2.7 26.65 3.05 1027
Chiraza R 2%.12 2557 ), A4 - 1.5}
W Mex 59 R 72 3285 0.23 - 070
Hybrids
CMC-323-334 S 3189 26.73 516 16,18
CMEC-323-497 b 2321 i7.83 538 23R
CM-323-{78 K 22.33 20.76 1.63 1.36
CM-323-492 R 15.58 15.70 .12 - Q.7

- S osusooplibizl R= ressiant T s tolevast

T Sprays wett appled weekly, benomy? 28 558 ppm a1 100 liters wae the fungicide

C-20
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Diseased leal area (%)

i8 18 | 1
Uns;;:nyad selectmus Unspesyed hybrids N
i6 i
i5 i * CMC-323-180
&l M Col 946 o CMC-323-334
o1 M Mex 55 14 A
A Chiroza / /
1 *| M Col 503 12
I o N/
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p
0 1 G
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Days after planting Days afier plamting

Figure 22, Percentage of diseased leaf ares in umsprayed csssava sedectionz and hybrids infecied with

Cercosporg leat blight,

Table 10. Fresh root yield of cassa¥s genotypes infected with leaf blight {Cercospora vicosae).

Yieid {1/ ha}
Pereentage

Genatype Reactiont Sprayed! Unsprayed Increase increase
Varieties

M Mex 55 S5 23.36 19.74 362 1550

M Ceol 946 8 16.24 14.21 203 2.3

M Col 833 8 20.83 14.86 597 I8.66
M Mex 59 R 4.50 2428 062 2.55
Chiroza T 1513 14.80 6,33 218
Hybrids

CMC 323-180 5 35.40 24.65 758 336
CMC-323-334 b 34.40 25.43 8.95 26.0%
CM(C-323-483 R 2.3 FARE 0.16 0.59
CMC-323-497 14 28.20 28.90 0.7 -2.48

§ w susceptible, T = 1olerant, R = rasistant
* o Bprays were mpphicd weokly: benomyh 51 138 poe a0 100 litess was il fungicide
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Figure 213. Relative defoliation in resistant and susceptible cassava varieties and hybrids infected with

Cercospora leaf blight.

Relative importance of Cercospora
diseases, Given the Josses induced by these
two Cercosporg diseases and their oc-
currence in Most cassava-growing sreas,

Table 1f  Percentage root siarch contemt in
cassave varieties infected with leaf
blight {Cercosporas vicosae)
{sprayed /unsprayed plots),

Raot starch
contenl deorease

Yariety Reaction? (&g}

M Mex 53 b i

M Col 803 5 8.2

M Mex 59 R 1.7

Chiroza T 1.G

& = suscephible. T tolerain, R = resistgn

c.22

they are both economically important,
Leaf blight may cause greater yieid losses
than brown leafl spot, but losses induced by
both  in areas where they occur
simultaneaously may be higher than in
areas where only one disease is present.
Control methods that combine varietal
resistance, with planting dates and spacing
must be developed.

OTHER DISEASES OF CASSAYA
Frog Skin Disease

Investigations on transmission have
shown that 1n addition to dissemination in
cuttings {CIAT Annual Report, 1976), the
disease is also transmitted by grafting
(100%:} and by using infested knives (about
5%;. Furthermore, 90 percent of shoots
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taken from infected cuttings and rooted in
sterile water produced diseased plants.
New assessments of disease losses in the
field were done in cooperation with the
Secretaria de Agricultura of the Depar~
tamento of Cauca. These experiments
showed that when diseased cuttings were
used, complete loss of commercial root
production was completely lost. But when
healthy planting material of the same
variety was used, vield was 22 t/ha.

Anthracnose

This year, it was found that this disease
develops only in a high humidity environ-
ment. Following artificial spray inocula-
tion, discase damage was severe {dieback
on more than 509 of the plants) only on
one-month-old seedlings when  high
humidity conditions were maintained for
more (han 24 hours. If the relative
humidity dropped below 90 percent, plants
tended to recover, producing new shoots.
It appears that this disease is important
only when cassava is planted during a
heavy rainy period and when plants are
attacked during the first two months.
Nevertheless, discase damage to the stem
can reduce the quality of the planting
material. Germination of cuttings with
heavy anthracnose damage (cankers) was
reduced by about 15 percent, and about 20
percent of the germinated plants were
weaker and smaller than controls.

TREATMENT AND STORAGE
OF PLANTING MATERIAL

The effects of fungicidal treatment of
cuttings on the variety M Mex 355 are
shown in Table 12 Untreated control
cuttings were attacked by insects and stem
pathogens and were deliberately non-
selected, to simulate what farmers normal-
ly do in the field. From .the results, it is
evident that unselected cuttings germinate
poorly and plants have low yields. When
these cuttings were treated with fungicide
solutions, germination increased and plant
yields were high. Results showed that

Casgava Program

[2 Yield of M Mex 35, 12 months affer
planting wuselectad cuttings dip-treated

Tahie

for three minutes with different
fungicide solutions.
{ermination Yield
Chemical %} (kg/plant)
captafol ™ 4.1
carbendizim + captan 5 i3
carbendizim + captafol
+ PONB 74 31
casbendizim 74 27
carbendizim + PCNB 4 23
carbendizim + maneb 66 33
maneh 62 19
Contrel 44 1.7

: A sigmificant Adferance {P = (01 sxaaed berwesn chemical
treatments and the control.

captafol, which also controls superelonga-
tion in cuttings is a promising fungicide for
cassava cutting treatments.

To study the effect of fungicide
treatments on storage of cuttings, long {70
cm) and short {20 cm) stem cuttings of M
Col 946 {a good germinating variety) and
M Col 803 (& poor germinating variety)
were dip-treated for three minutes with
BCM and captan {2000 ppm a.i. each) or
chlorothalonil and maneb (4000 ppm a.i.
each). Cutiings were stored in the shade in
the field and weckly germination was
tested by planting the cuttings at 50
plants/variety/treatment in a split plot
design. Results (Figs. 24 and 25) indicated
that: (1) there are varietal differences in
germination over length of storage; (2)
treatment of cuttings with fungicides
prevents germination Josses due to storage
{BCM +captan appeared to be much beiter
than other combinations); {3) germination
losses are largely caused by pathogens and
insects during storage {(slight dehydration
of cuttings does not seem to effect
germination during the first month of
storage); (4) short cuttings (20 cm) of a
good germinating variety can be stored for
a month withowt affecting germination if
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Figure 24. Effect on germinstion of cuttings after time of storage and trestment with fwo combinations of
fungicides, field experiment.

they are treated with appropriate fungicide  pieces; and, (6} all planting material should
solutions: (§) for wvarieties with poor bhe treated with appropriate {ungicide
germinating ability, planting material solutions before storage. A second treat-
should be stored in long {70 cm) stem ment before planting is recommended to
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Figure 25, Effect on germination of cuttings after time of storage snd treatment with iwoe combinations of
fungicides, field experiment.

protect cuttings of fong stem pieces from  during shipping and preparation of cut~
microbial invasions through wounds made  tings.
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Entomology

The main objective of the cassava pest
management program is to suppress insect
pests and maintain populations below their
economic damage threshold avoiding the
use of pesticides and other costly inputs
when possible, Cassava entomology efforts
emphasize the determination of yield
losses, biology and ecology of pests, the use
of insect-free planting material, and the
development of control methods wusing
host plant resistance, biological control,
cultural  practices and economic and
discriminate use of pesticides,

CASSAVA HORNWORM
Economic Damage

The cassava hornworm (Erinnyis eilo}
has been described as a voracious feeder,
defoliating extensive cassava hectarage
and feeding on stern tissue and lateral buds.
Yield losses have been estimated at 20-53
percent in damage simulation experiments
(CIAT Annual Report, 1976). On a
severely attacked commercial cassava farm
where Chireza, a vigorous, high-vielding
variety was grown, four plots of 25
completely defoliated plants were maked
near four piots of 25 undamaged plants,
The plants were three months old when
attacked and the crop was harvested at 12
months. Damaged plants had less foliage
and were shofter than pon-damaged
plants, Average vield of undamaged plants
was 4.58 kg/plant while defoliated plants
vielded 3.75 kg/plant. This 18 percent yield
loss equalled 6 t/ha on this farm.

Biologieal Control

Egg parasitism. Horpworm populations
are cyclic and sharply increased oviposi-
tion during certain pericds ¢an disrupt
natural predator equilibriuvm in many
cassava plantations. However, natural egg
parasitism by Trichogramma has been
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observed in many cassava fields and timing
the liberation of Trichogramma parasites
to coincide with increased oviposifion
could reduce subsequent hornworm pop-
ulations {CIAT Annual Report, 1976),

This year two studies evaluated the
effectiveness of liberating Trichogramma
on the parasitism of hornwortn ¢ggs.
During a period of high hornworm
oviposition at CIAT, about 100,600
Trichogramma were released in a one-
hectare field. A nearby ficld where no
parasites were released was used as a
control,

Natural egg parasitism before
Trichogramma release in this experiment
was 52,6 percent and 48.3 pereent in the
control and the treated field, respectively.
Fifty pilants/plot were sampled. Four days
after parasite liberation percentage
parasitism in the treated field increased by
24.% percent but only 2.7 percent in the
non-treated field-— a difference of 22
percent increase in parasitism between the
treatment and control.

In the second experiment, a field of
cassava was spraved with dichlorves (a
non-residugl insecticide) to reduce natural
hornwormn egg parasitism. The field was
then divided-— the control portion having
a 45 percent initial egg parasitism and the
portion for Trichogramma release having
30.8 percent. Trichogrammua were released
at a rate of 100,000/ ha and 150 plants/plot
were sampled. After four days, the
difference in percentage parasitism in-
crease between the treatment and control
was 23 percent {Table 13)-— 2 rate similar
to that recorded in the previous trial. One
day later, parasitism of the control field
increased to 74 percent and that of the
release  field  reached 93 percent,
demonstrating the effectiveness of release.
These results indicate that Trichogramma
release during periods of high hornworm

14977 CIAT Annual Report



Table 13 Perventage of cassuva horaworm (Erinnyis elio j eggs prrasitized by Tric hogramni 8p. in relesse
v, Controt Tetds.
Release Field Control
% of % % of % €, increase of

Days after  horsworm eggs  increase in  hornworm #ggs  increase in liberated, non-
iiberation parasitized? parasitism parasitized parasitism liberated

i 308 45

pA 54,2 234 &1 113 14

3 80 49.2 718 288 64

4 76 45.2 67 22 22

S 927 61.9 74.3 29.3 328

b Trichograrma relcasead 100,000/ ha.

2 Sampie of 150 plants/ plot.
oviposition  will significantly increase
natural egg parasitism.

Larval parasitism. Aparieles con-
gregotuy and A. americanus areimportant
larval parasites of the cassava homworm in
Colombia, These braconid wasps oviposit
in hornworm larvac and the parasite larvac
develop there. Mature larvae migrate from
the host and pupate on the outer skin,
forming a white cotton-like cocoon around
the carcass of the hornworm larva.

Larval parasitism by  Apanteles
probably occurs during the first three
hornworm instars. Observations indicate
that during the later instary Apanieles
usually emerge and pupate on the zxternal
surface of the hornworm larvae a few hours
after emergence. The pupsal cocoon encom-
passing the hornworm carcass averages 3.8
centimeters wide by 4.1 centimeters long
Each cocoon contains an average of 257
Apanteles pupae, about 80 percent of
which emerge after 6-7 days.

Apanteles aduilts were liberated into
hornworm-infested fields during 1977 to
evaluated larval parasitism. In the first trial
11 cocoons were released in aif isolated
field and 408 cocoons collected after three
wecks. At that time, 382 unparasitized
hornworm larvae and 633 hornworm

Cassava Program

pupae were coliected in the same field from
which it was calculated that Apanteles
produced about a2 2% percent parasitism
rate of hornworm larvae. A drawback to
the use of Apanteles as a hornworm larval
parasite is the high percentage of hyper-
parasitism  observed. Seven different
hyperparasites were coliected from
Apanteles at CIAT and a study of 1i2
Apanteles cocoons collected on three
occasions showed an average of 56 percent
hyperparasitism.

Bacillus Thuringiensis

Applications of B thuringiensis, a
commercial bacterial disease of hornworm
larvae, were made when there were high
populations of different larval instars. 8
thuringiensis was effective against the first
four instars (the fifth was not tested) but
most effective against the first. In the
weated fields four days after application
first instar larval populations decreased 88
percent and second instar larvae, 46
percent. After six days third instar pop-
ulations decreased 84 percemt and after
three days, a 70 percent decrease was
observed for fourth instars. It should he
noted that the untrested first instar
hornworm population of the control was
reduced- 45 percent, probably due to
natural parasitism in the field prior to the
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beginning of the experiment; the third
instar hornworm population of the control
was also reduced 53 percent due to
extremely heavy rains.

HOST PLANT RESISTANCE
Mites

S¢reening in  greenhouse and
screenhouse. Screening of cassava varieties
for resistance to Mononychellus and
Tetranychus mites continued under con-
trolled conditions in the screenhouse and
greenhouse. Promising varieties selected
during previous screenings (CIAT Annual
Report, 1975, 1976) were re-evaluated in
replicated trials to identify the most
promising varieties, and 70§ additional
varieties were cvaluated using the
resistance scale (01  resistant; 2-3
intermediate resistance; 4-5 susceptible).
Fifty-cight varieties were selected as
promising for resistance to M. tanajoa and
31 as most resistant to T. wrticae. Twenty
varieties had resistance to both M. tanajoa
and 7. urticae, indicating & degree of cross
resistance not previously suspected.

Field screening for M. tanajos
resistance. Almost 2200 cassgva varicties
were evaluated for M. ranajoa resistance
during a natural outbreak at CIAT, One
hundred and fifty-two wvarieties (6.9%)
were scored resistant and 4835 (38.59%)
varicties showed intermediate resistance,
Undoubtedly, a more severe mite attack
would have resulted in fewer resistant
varieties and some varieties selected as
resistant may have been escapes. However,
these results  indicate  considerable
resistance to M. rengjva under CIAT
conditions which, because of the short dry
seasons (2-3 months), do not allow large
mite populations to build up.

Whiteflies

One hundred sixty-nine lines of cassava
germplasm were evaluated for resistance to
the whitefly (dleurotrachelus sp.) When
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the plants were 2, 4 and 6-months-ole,
three separate ratings were made: one
based on the level of whiteily infestaticn;
one based on the number of whitefly pupae
per leaf; and the third, on the degree of
plant damage.

All 169 varieties were heavily infestedby
whitefly adults and pupae. However, the
damage symptoms rating indicates that
physical damage may be only modeate
although the plant may be heavily infested.
While yields of these varieties may not be
directly affected by heavy whitetly in-
festations, these varieties may be suscepti-
ble to viruses transmitted by the whitefly.

Thrips

The CIAT cassava germplasm bank
{2,247 accessions) was evaluated for
resistance to the thrips, Frankliniella
willigmsi, during natural infestation in a
three-month dry season. Results(Table 14)
showed abundant sourcés of resistance to
thrips in the cassava accessions. More than
58 percent were hi;siy resistant (0-1 on a
damage rating scale of 0-5) and only 20
percent were susceptible (3-5 on the
damage rating scale), While more severs

Table 14, Evaluation of 2,247 varieties of cassava
for resistance to the thrips Frankliniella

witfiamsi with natursl infestations in the

yield.

Damage - Mo, of Percentage
scale " varieties within grades
o 6356 2.2
i 656 29.2
2 369 16.4
2.5 124 55
3 129 55
35 102 4.5
4 176 7.8
4.5 k) t.5
5 1 0.64
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attacks of thrips could-alter these ratings,
these results indicate that resistance to
thrips is the rule rather than theexception
in cassava germplasm.

Scales

The adverse effect of scales on the
germination of cassava cuttings dunngdry
seasons has been previously reported
{{"1AT Annual Report, 1974). A study was
designed to evaluate damage of the white
scale (Aonidomytilus albus) to cassava
cuttings of M Col 22 (a highly susceptible
variety) treated with methamidophos and
stored for one month before planting.
Pdamage grades were also correlated to
germination of the cuttings after planting
in a randomized block of four plots with 23
cuttings per plot {Table 15). Germination
was considerably reduced when scale-
infected cuttings were stored for one
month and insecticide treatment did not
Increase germination.

Treatment of planting material. Gbser-
vations of cuttings of CMC 40 and M Col
113 (selected for tolerance and susceptibili-

Table 15. The effect of the white scule
(Aonidomytifus  aibus)y on  the
germination of cassava cottings (var. M
Col 22) treated with methumidophos
and stored for ope month prier to
planting

% germination

Pamage Stored Unsiored
rating
scaie!  Treated Untreated Treated Uatreated

G &4 72 93 95

i 33 A0 88 91

y: 17 i6 40 B3

3 12 3 6 23

4 tH 4 4 G

b Bamage salng sale 5 so osales; I fow sonles afobied badw
2= about 505 of buds covered with soalos, 3+ soalns covering buds
seed paert of intermoden, €« souies compictely covering cuitings.
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ty, respectively, to scales) infested with
only one or two scales around the bud
showed that a severe scale attack can be
produced when cuttings are planted
vertically in the field under ideal en-
vironmental conditions {(when the dry
scason begins shortly after planting).
However, it was found that the
insecticides—malathion, 4 percent at 1
g/liter: triazophos, 1 cc/liter;
methamidophos, 1 co/liter; and Triona +
maiathion, 2 ce + Ig/liter— all prevented a
rapid increase of scale populations after
planting. The treatments were more
effective for CMC 40 than for M Col 113,
indicating a varietal response to scale
attack.

Yield losses. A field of M Col 22 was
evaluated atharvest forscale damage using
a damage rating scale oft 0 plants with
considerable foliage and none or few scales
onstems; | reduction infoliage and scales
covering less than 50 percent of stem
surface; and 2 severe defoliation, dead
terminal buds and scales completely
covering the stem surface. One hundred
plants of each damage grade were
harvested their weight recorded, and
individval damage grades correlated with
yield losses, Results showed a yield loss of 4
percent for those plants in damage grade |
and a loss of 19 percent for damage grade 2;
The latter damage represents a loss of 3
t/ha,

Biology of Acnidomitylus albus. The
biclogy of the white scale, Aonidemityius
albus Cockerell, was studied in the
laboratory (temp. 260-28°C, RH 75-85%)
on excised cassava stems (M Col 22and M
Col 113). Male scales passed through two
nymphal instars averaging 10 and 6.5 days,
respectively, and a prepupal and pupal
stage totaling 4.5 days. Adults lived 1-3
days and the male life cycle was about 23
days. In a sample of 30 females, three
nymphal instars were observed averaging
13, 5 and 9 days, respectively, The third
nymphal instar s the aduit stage. Eggs are
oviposited under the scale and nymphs
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emerge during & seven-day period. Peak
emergence ooccurred from day 3-5and each
fernale produced an average of 43 nymphs.
Nymphs, or*erawlers” are mobile for up to
three days, at which time they become
stationary and feeding initiates. Males
have wings and can fly while the female is
wingless and stationary. Differentiation
between the male and female occurs during
the second instar. Copulation occurs when
the female reaches the third instar.

Fruit Flies

Cassava fruit flies (Anastrepha pickeli
and A. manihoti} damage planting
material by tunneling in stems of growing
plants and providing an entrance for the
bacierial pathogen Erwinia caratovora
var, caratovora which causes severe rotting
of stem tissue,

The effects of fruit fly damage and
subsequent attack by £ cgrafovora. on
cassava (Var. Chiroza) in farmers’ fields in
Caicedonia, Colombia, were evaluated
according to five damage grades which
were correlated to yield losses (Table 16).
Yield losses of the damaged cuttings
ranged from 4.2 percent for grade 1 {least
damage) to 33.1 percent for grade 3. Yield
losses for grade 4 were less than in grade 3

Tabie

for every trial, This may have been due to
the possibility that while the grade 4
cuttings were more damaged, they may
have come from a better part of the plant.
In addition, this yield loss pattern observed
on the three farms was not repeated in the
trial at CIAT where a different variety,
CMC 40, was used. Only three damage
grades were used in the CIAT trial since
damage was less severe. Results showed
that cuttings with damage grade 3 yielded
slightly higher than undamaged cuttings,
possibly because they may have been taken
from a better part of the plant as well,

Meriybugs

Qutbreaks of the mealybug, Phenacoc-
cus gossypii, caused severe defoliation and
dessication of cassava stem tissue on the
CIAT farm again this year but malathion
effectively reduced populations.

The biclogy of the female mealybug was
studied with 24 females placed on excised
cassava stems (M Col 113) in the
labaratory (temp, 26%280C, RH 75-850).
There were three nymphal instars with
averages of 8.6, 5.7, and 6.3 days, respec-
tively. Adult females survived up to 21
days. Oviposition was initiated between
the fifth and seventh day and continued for

16,  Effect of damage caused by the fruit fly Anasrrepha manifiori and the bacterial pathogen Lrsvinia

caratovera on germingtion of cassava cuttings,

Yield {1/ hap
Famms Yield
Damage Germination _ Yield at CIAT
scale! (%) 1 2 3 X reduction {t/ha)®
] 96.3 389 410 417 40.2 239
i 85.7 329 3.1 44,5 383 4.2 219
2 817 26.3 392 34 34.6 138 221
3 82.7 199 26.5 34,2 2639 XN 6.2
4 74.8 9.3 38 na 29 183

U Diamage seale & browi discolorating m the pith area; 2= disesloration and some rotting «1 eth ends of cullings, I = severe

rottieg ol pith; 4 » severe rottiag of 1a¢ connel and the pE ares
* o Varety planted was Chiroza
Yariety planted was ONC 40
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five days. An average of 328 eggs per
female were oviposited with the most eggs
praduced the first day and steadily decreas-
ing thereafter. All egps remain in an egg
pouch on the posterior of the female’s body
until the nymphs hatch.

While nymphs in ail instars are mobile
they may feed in one area for several days.
They prefer to feed on the undersides of
leaves or on tender stems. The female is
wingless, whereas males have wings and
fly.

Several predators and parasites of
mealybugs and scales were collected at
CIAT (Table 17); not all the parasites have
been completely identified,

Termites

Termites (Coptotermes' spp:) attack
cassava mainly in the tropical lowlands.
They feed on propagation material, grow-
ing plants and roots. Principal damage
appears to be loss of cuttings; during
prolonged dry periods plant establishment
can also be severely affected.

Since cassava propagation material is
commonly stored for several months
during dry periods before planting begins
at the onset of the rainy season, a
preliminary study was done to determine
the effect of termites on stored planting
material. One-hundred untreated cassava
stems and 100 stems treated with a spray
mixture of 10 percent aldrin and 10 percent
parathion were stored for 80 days in the
field. Insecticide applications were made
every 20 days. All the untreated stems had
termite damage while treated stems show-
ed a 24 percent loss of planting material.

Two experiments were conducted to
further study prevention of termite attack
on stored propragation material and
prevention of termite damage to cuttings
after planting, In the first experiment,
bundles of 15 cassava stems each were
treated with an insecticide and stored in the
field for 80 days. The most cffective
treatments (Table 18} were aldrin applied
as & dust at 1 g/stem, (0% loss) Clorvel
applied as a spray at I cc/liter of water (0%
loss) and sevin in & dust application at |
g/stem (6.6% loss) Meanwhile, 46 percent
of the untreated stems were destroyed by
lermites,

Table 17, Natural preditors of donidemysifus albus Cockerelt and Fhenacocous gossypil Tewnsend and
Lockerell in cassava, at CIAT duardng 1977,

Order Family Genug Species Predation

Coleoptera Coccineilidae Cleotera onerata Mealybug eggs and nymphs
Cleotera sp. Mealybug eggs and nymphs
Scymnus spp. Mealybug cggs apd nymiphs
Coceidophilus sp. White scale all

nymphal stage
Meuropters Chrysopidae Chrpsopa arinles Mealvbug eggs and nymphs
Hemerobiidag Sympherobicus s, Mealybug eggs and nymphs
Dipteria Syrphidae Ocyptantus sienogaster Mealybug rymphs
complex
Lepidopters Cosmopterigidaz  Pyroderces sp. Mealybug and white scule

eggs and nymphs

Cassava Pragram
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Tahle 18 Effects of applying several pesticides on
the prevention of termite damuge on
cassave propegating material stared 80
days in the field.
Treaiment Application! Loss (%)
Aldrn dusy g
Clorvel Spray b
Sevin dust 6.7
Chlordane Spray 5.3
Fenthion spray 333
Control 45.7
Monoctotophos spray 66.67
Addrin (1097) +
parathion (10%)  spray 733
Thiram spray 86.7
Thiram dip 86.7

Spray 250 dip applications apphed &t § g fijer water and dust
spplications at { gistent

In the second experiment cuitings were
individually treated with an insecticide and

planted in a randomized block with four
plots of 25 cuttings/ plot and evaluated 80
days after treatment. The most successful
treatments were aldrin applied as a dust
{3% loss) and a cutting dip with 10 percent
aldrin and 10 percent parathion (6% loss).
Termites destroyed 15 percent of the
antreated cuttings,

INTERCROPPING POPULATIONS

A preliminary experiment was done on
the protection potential of intercropping
cassava/beans. The following mseat
populations— the hornworm (Erinnyis
eflo}, the cassava lace bug (Vatige
manthoti), whiteflies (Aleurotrochelus ep.)
and the shootfly (Silba pendula)}—were
monitored weekly for 2.5 months in
monoculture cassava and intercropped
cassava/beans, In addition, a comparison
was made between insecticide and non-
insecticide ireatments in the intercropping
system.

Table 19, lnsect population in cassavs monociltare v, issmm;s;;igg {cassava/beans) with and without
insecticide. .
sy % population
| 2 T
Monoculiure Intercroppipg reduction in
intercropping/
With Without With Without monocuiture
Insect insecticide’  insecticide  inseclicide! . insecticide without insecticide
Lace bug
3 leaves: 45 56 2.7 kY% 331
plasit
Whitelly:
3 legves: 7.2 6.5 33 4.5 0.0
plant
Shoot fiy;
plot 21 20 1.5 2.2
Hornworms”
plot (.5 4.8 0.5 0.8 NG
Horsworm
eggs/ parasitized; 56.7 314 512 455
plot

{assava vancty M Mex | &
Bean vaney Pornilo Sintetice with M Mex B cassaz.
Endosulfan
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Hornworm larval populations were
lower in the intercropped cassava than in
monoculture cassava but lowest when
insecticides were applied to cassava
monoculture or intercropping (Table 19).
However, egg parasitism was lowest in the
intercropped, non-sprayed plants and
highest in the cassava monoculiure,

Lacebug and whitefly populations were
also lower in the intercropping system than
in cassava monoculture with or without
pesticide application. However, the lowest
insect populations were obtained when an
insecticide was applied to the intercrop-
ping system.

Varietal Improvement

This year hybridization, evaluation and
selection were intensified at CIAT and in
outlying trials in Colombia, Data were also
obtained on the first groups of hybrids
from crosses among selected parental

genotypes.

Two replicated vyield trials were
harvested at CIAT, Caribia and
Carimagua. Each plot of all trials had 30
plants per genotype and each trial had two
replications. Plant spacing was 1 x [ meter
at CIAT, I x 1.5 meters at Caribia, and 0.8
x | meter at Carimagua. After 12 months
the central nine plants of sach plot were
harvested for data, leaving two border
FOWS.

REPLICATED YIELD TRIALS
First Season Trial at CIAT

Total rainfall for the year was 635
millimeters and the experiment was not
irrigated. No fertilizers, fungicides or
insecticides were applied. Two-hundred
hybrids and 25 germplasm selections and
control cultivars were planted in July 1976
for evaluation. Results are in Table 20.

Yields were generally low (average of all
genotypes was 26.2 t/ha, fresh weight).
Nevertheless, many materials vielded more
than 40 t/ha and some more than 50 t/ha
fresh weight — outyielding the local
cultivar by nearly 100 percent. The average
fresh weight yield of the top ten cultivars,

Cassava Program

48 t/ha/year, or 16 t/ha/year dry weight
with less than 700 millimeters of rainfall is
acceptable.

Second Season Trial at CIAT

This trial was planted in December 1976,
During the trial total rainfall was 705
millimeters and was well distributed. The
experiment was not irrigated and no
fertilizer, fungicides or insecticides were
applied. Results are in Table 21.

Yields were generally high {average of all
genotypes was 35 t/ha, fresh weight). The
average root dry matter yield of the top ten
genotypes was 21 t/hajyear or 57
t/ha/year fresh weight. Twenty-one hybnd
selections vielded more than 50 t/ha fresh
weight, outyielding the local cultivar more
than 100 percent.

First Season Trial at Carthia

This trial was planied in June 1974,
Total rainfall was 100 millimeters and the
dry season (with less than 50 millimeters of
rain) lasted four months. The experiment
was not irrigated and no fertilizer,
fungicides or insecticides were applied.
Eighty-one hybrids and nine germplasm
selections and contrel cultivars  were
evaluated. Results are in Table 22, The
average fresh weight yield of the top ten
hyhrid selections (39 1, ha fresh weight) was
double the vield of the local cultivar,
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Tabie 20.  Selected results of the first sesson replicated yield trial at CIAT (harvested 15 Aprid  977).

Root fresh weight Root dey Root dry weight Harvest

yield {¢/ ha/vear) matter content yield €1, ha/yexsr) index
Hyhbrid selections
UM 309-211 508 353 17.9 .57
CM 308-197 50.3 350 17.6 Hb
ChM 32330 45,3 L34 16.6 54
CM 31716 481 .320 15.4 49
CM 813 48.1 288 138 73
CM 321-170 478 330 I8 B4
M 96-23 478 280 134 61
CM 339-281 469 306 14.4 68
CM 325-15 46.1 44 159 58
M 32369 46.1 291 134 61
CM 15212 450 327 4.7 &2
CM LBi-i4 44.4 288 128 75
CM 307-13% 440 L343 15.4 43
oM 152-36 419 AN 137 .58
CM 308.1 433 376 16.3 60
CM 309-32 433 296 128 69
CM 26 42.8 332 4.2 £5
CM 309-11 432 342 14.4 57
M 157-7 417 296 123 61
CM 307-133 411 .297 £2.2 .52
M 30984 4j.1 375 154 47
Germplasm selection
M Col 1084 419 Azl 134 S
M Ven 218 417 328 i3.7 62
M Mex 17 19.0 334 13.0 52
M Mex 39 37.6 290 109 .48
MPTR 2% .7 303 {G.6 5
M Pan 7O 36 e} ¥ 1.5 54
M Col 1468 338 307 9.3 At
M Col 1292 286 344 9.8 41
M Ven 270 267 348 8.3 53
M (ol 655A 6.1 355 2.3 38
Control cultivars
M Col 113 ¢{Local) sy 37 9.4 44
i.lanera 247 321 7.9 50
M Col 22 19.7 ) 7.1 51
Average of all genatypes 26.2 324 8.5 A6
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Table 21 Selevied results of the second season replicated yield triaf at CIAT (harvested 20 October 1977).

Root fresh weight Koot dry Root dry weight Harvest

yieid (t/hasyear) maiter content yield {t; ha; year} index
Hybrid selection
CM 323275 63.1 363 230 60
CM 321-188 5.6 88 233 &9
CM 327514 572 L3146 19.8 A
TM 326-407 56.7 376 215 47
M 305122 561 Al s 62
CM 327-135 58.3 A2 222 62
CM 305118 55.0 372 20.5 it
CM 344-27 54.7 353 9.3 65
CM 340-138 54.2 3729 17.8 48
CM 344-17 54.2 328 I7.8 59
CM 345-30 533 328 17.5 &0
CM 323-H2 522 327 17.1 35
SM1-150 517 323 W7 ih3
CM 305-32 514 iy 9.3 A0
CM 334-71 514 333 ¥iz .55
CM 3188 511 e 5.6 56
CM 3412 508 354 1.5 37
CM 305-120 50.8 332 16.9 58
M 34568 50.6 324 16.4 64
M 327-383 50.3 346 i7.4 £9
Germplasm selection
M Pan 70 4.7 367 7.4 54
M PTR 28 4.4 378 6.8 53
M Mex 17 43.7 L3867 16,0 g3y
M Ven 270 428 376 i6.1 S
M Ven 218 411 A7 5.2 59
M Coi 1468 333 RiL 19.6 Al
M Ecu 47 A5 35 10.6 .54
M Col 638 0.6 336 19.3 47
M Coi 1347 28.3 245 6.9 40
M Col 655A 27.2 Yl ! 33
M Col 1684 250 307 1.7 66
M Mex 59 223 338 ERJ 32
Control
Lianera R.5 323 92 3%
Mol 22 6.1 370 98 B
M Col 113 {L.ocal) 2.2 .286 84 .30
Average of sl genotypes b 350 124 54
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Table 22.  Selecied results of the first season replicated yield trial at Caribia (harvested 29 April 1977. 11
maonths after plantingi.

Root fresh weight Root dry Root dry weight Harvest
yield {1/ hajyear) matter content vield (t; ha/vear} index

Hybrid selection

CM 308-163 44.3 288 128 g3
M 320-2 420 oy 13.7 51
CM 309-50 41.7 328 13.7 .50
CM 309-32 380 282 16.7 63
CM 32178 380 250 110 R
M 32378 7.8 323 122 62
M 32341 6 324 12.2 635
CM 322-20 16,7 328 121 56
€M 321-85 36.1 ¥ 1.5 %
CM 369128 34.8 318 1t R4
M 308-197 34.5 332 1.4 66
M 392274 35 oz 10.4 64
ICA, 72-8-07 317 323 10.9 58
ICA, 72-3-58 320 280 9.3 ¥
CM 3875 3i.3 307 9.6 48
CM 309-61 31 328 161 63
TM 321-%% 08 323 16.0 53
CM 3089-183 s 336 10.2 &3
86 9273 »n9 287 8.6 47
M 309-110 9.3 279 8.2 55
Germplasm selection

M Mex 59 410 An 118 44
M Col 638 306 Y3 9.8 57
M Col 1634 25.2 304 7.7 61
M Col 1468 (CMC 40 2L 240 55 66
Control cultivars

M Cof 22 336 a1 115 Kt
Lianera 20.7 288 80 47
Manteca (Local) 8.1 219 30 48
Moeontero {Local) 12,6 342 4.3 37

Second Season Trial in Caribia selections and two control cultivars were

evaluated. Results are in Table 23,
This trial was planied in October 1976
and was irrigated twice during the dry Omne of the hybrid selections yielded
season; no fertilizer, fungicides or insec- npearly 50 t/ha fresh weight, and the
ticides were applied. Twenty-five hybrid  average yield of the top ten hybrid
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Table 23

Selected resulis of the second season replicated yield trinl ot Caribia {harvested 6 September 1977).

Root fresh weight Root dry Root dry weight Harves

yield {1/ha; year} malter content yicid {t/ha, vear} index
Hybrid selection
CH 309-156 49.8 293 4.7 56
UM 323463 41.6 308 1.7 7
CM 1784 387 308 FL.9 B4
CM 309-163 74 290 .8 58
™M 326-151 35.6 294 0.5 S6
CM 3i0-140 352 273 9.6 54
€M 38%-713 350 281 10.2 58
CM 314-2 348 e 10.5 60
CM 309206 335 294 98 52
CM 309-146 328 297 g A6
CM 315101 321 ,25% 2.6 51
CM 305303 34 V283 89 35
CM 1464 38 302 94 A
CM 309239 298 308 9.2 46
M 305-46 249 307 IR 45
M 30517 247 295 7.3 &2
CM 309-227 M5 277 6.8 K
CM 314-26 2435 24 3.2 &
CM 320-2 FER( 309 7. 54
CM 309-93 223 293 .3 42
Control cultivay
M Col 22 35.0 3io Ly 68
Mantecs {ELocal) 219 313 6.4 A7
Average of all genctypes 298 299 8.9 53

seiections (38 t/ ha fresh weight) was nearly
twice the vield of the local cultivar.

First Season Trial at Carimagua

The trial was planted in June 1976, The
equivalent of 100 kg/ha of nitrogen, 200
kg/ha P, 0., 200 kg/ha K20, 500 kg/ha
dolomitic limestone and 52 kg/ha of
magnesium were applied. Fungicides were
applied four times but failed to conirol
superelongation. Cassava bacterial blight
{CBB), the most devastating cassava
disease in the arca, was effectively con-

Cassava Program

trolled using disease-free planting material
in an isolated field. Thirty-six hybrid
selections and 14 germplasm selections and
control cultivars were evaluated. Resuits
are in Table 24,

Yields were generally low {average of all
genotypes, 17 1/ha fresh weight) compared
with those at the other two locations.
However, the average of the top ten
genotypes (291/ ha fresh weight) was nearly
50 percent higher than the yield of the local
cultivar and is accepiable for the poor soil
conditions at Carimagua.
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Table 24, Selected resulty of the first season replicated yield trial in Tsritagua (harvested May 1977),
Roat fresh weight Root dry Root dry weight Hurvest
yield (t/ha/year) matter content vield (i/ha/vear) idex

Hybrid selection

CM 323-52 330 303 04 68

£M 92-73 330 321 [0.6 71

CM 308-197 kX 324 29 T4

CM 323.i42 6.0 287 15 £2

CM 3id-2 157 A28 R4 o4

CM 313499 243 321 78 55

CM 36511 4.0 288 69 6%

M 323-4) 24.0 275 8.6 58

M 309-2 233 3z 1.5 60

CM 32188 215 328 7.4 &2

Germplasm selection

M Col 1684 323 32 10.4 74

M Mex 16 Hny A8 9.5 69

M Pan 114 n9 317 2.5 b4

M Ven 218 7.8 317 g8 62

M Mex 58 287 A23 8.3 A3

M Col 438 353 .34 2 R

Mven 77 250 323 8.1 6

M Ecu 47 18.4 281 5.2 54

M Cal 1282 14 A3 57 A48

M Mex 52 6.3 2490 4.7 44

Control

Liarera {Local) i3 X 6.9 £3

M Col 22 19.4 230y 6.0 b

M Col 113 16.4 260 2.7 47

Average of all genotypes 19,1 313 59 58

Second Season Trial at Carimagus the genotypes which showed some

This trial was planted in November
1976; 25 hybrid selections and six germ-
plasm selections and control cultivars were
evalnated. Results are in Table 25,

The experiment was heavily attacked by
superefongation discase and the
hornworm, accounting for the low vield
{average of all genotypes was 18 t/ha fresh
weight}. This is supported by the fact that
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resistance to superelongation disease —
such as CM 323-52, SM 9273 and CM
308197, in the first season frial, and 5M
92-73, CM 321-15 and CM 181-13, in the
second trial — produced the highest yields,
Even under ihese conditions, the top
hybrid selection out-yielded the local
cultivar by more than 50 percent and the
average yield of the top ten genotypes (30
tiha fresh weight} was 35 percent higher
than the yield of the local cultivar,
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Table 25.  Selected results of the second replicated yield trind at Carimagus (hsrvested 19 September 19773

Root fresh weight oot dry Root dry weight Harvest

vield {t/ha/year) matter conient yield {t/ ha/year) index
Hybrid selection
5M 9273 24.7 Ryt 1.8 e
OM 321-15 4.3 iR 7.8 76
CM IBI-13 218 A28 .7 68
€M 309-58 L5 342 7.4 .68
CM 305-1 L5 283 6.1 75
CM 308-37 212 323 6.8 7
CM 30941 20.5 33 6.8 3l
CM 1804 20.% A28 6.7 13
CM 186.2 20.1 6 4.4 76
CM 315-H) .1 303 6.1 71
CM 309-19% 19.% 314 6.2 .68
CM 305-165 i8.4 346 6.4 K5
€M 913 18.1 an 59 76
CM 305-15 174 340 59 83
CM 32387 7.4 335 58 B3
CM 91-1 16.7 A32 5.5 .75
CM 308-26 163 300 4.9 T8
CM 30d-160 16.0 4t 55 36
CM 369-189 16.0 W335 5.4 63
CM 32810 1690 i 52 7.2
Control cultivar
M Col 1684 215 L3 63 37
M Col 1468 18.0 192 53 32
Llanera {(Local) 160 330 53 .54
M Mex 59 5.6 291 4.3 54
M VYen 2 13,2 .34 4.1 73
Average of all genolypes 186 32 bR 4 0
PROMISING LINES hybrids out-vielded local cultivars by 50-

200 percent depending upon the soil and
it has been shown that in the absence of climate. The high yields of CM 308-197 in
CBB and superelongation disease, the top all three locations suggest that one
ten CIAT hybrid selections vielded at least genotype can cover a broad range of
20 1; ha dry weight on fertile soils with less  environments with temperature means
than 1000 millimeters of rainfall, and above 24°C (see Physiology section).
without fertilizer, fungicides, insecticides
or irrigation, and 10 1/ha on extremely Over the past thres years, the initial
poor soils of the tropical savanna. These  harvest index average (0.42) of the original
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e

germplasm population has been increased
to 0.55 in the iatest populations. Table 26
shows the 14 breeding characteristics used
for comparing promising hybrid selections
with the best germplasm selections. These
promising lines are the result of
hybridizations in late 1973 and early 1974,
and increasing numbers of new hybrids

Figure 26. An exceflent selection of roots from one of the promising CIAT-developed kybrid Hines,

have been added each year. The outstand-
ing hybrid materials were sent to the
Agronomy section for rapid multiplication
and further evaluation in regional trials.
However, the emphasis in varietal im-
provement has now shifted to incor-
porating disease and insect resistance into
high-vielding lines.

Agronomy

In 1977, the Agronomy section CoIni-
pleted three years of regional trials with
selected varieties and work has begun with
testing the first generation of CIAT-
produced hybrids regionally. Also, with
the addition of two new agronomists tothe
team, research on cultural practices receiv-
ed major attention, Rapid propagation
and testing of new promising lines from the
Varietal Improvement section were also
emphasized.

Cassnva Program

REGIONAL TRIALS IN COLOMBIA

Again this year in regional trials CIAT
selections out-vielded local varieties in all
locations except Popayan (Table 27).
Table 28 shows the ecological and edaphic
conditions for testing sites within and
outside of Colombia.

The highest yield thus far in the regional
trials of 1977 was produced by M Pan 70

c-41
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g Table 28. Main edaphic and climniviogical churacteristics of the sites usedt in nstional and internstional yield trials with promising cassays materisis during
F 1976-77 eycle.
5
3 Mean Organic P
o Altitude temperature Rainfall Soil Matter  Bray 1} K (meq
g Srtes Latitude Longitude  (mash (C)  (mm/veatP Texture pH (%) {ppm) 100 gr)
Enmore {Guyana} X
Anira Peat No. 20 N S20300W 0 278 2928 Silty clay LAVA)Y 520 3T.5M) GITM)
Inky Clay No, 100 GPASN S2RW @ 2.0 2928 Clay A AVAY 1.0 1L.2E} 3.3(M)
Xulha (Quintane-Roa,
{Mexico) 124N 880I8'W ¢ 26.0 1.608 Ciay loarn 7.8{AL) 5XH) 5.4(L) 218 H)
Medialuna
{Magdalena, Col.} 10°33N TIW 16 12 1.326 Sandy TO(ALY 0.&(L) 7.3(L) 0.06(L.)
Pichilingue
{Quevedo-Ecuador) 1°06'8 T2FW 100 250 1.483 Siit oam 4.5(N) 49(HY 45.4H) LEH)
Tarimagua
{Mata, Col) 4N TIHW 200 26.2 1.586 Clay joam AAVA) 3.6M)  LBL) 0.25(M)
Nataima
{Tolima, Col.} FHN 8w 430 7.8 1.249 Sandy S.8(A) LM}  SLO(H) G35 H)
Florencia
{Caquetd, Col.} 13PN TRI4W 450 25.0 338 Silty 4T VA) M) 8L} 0.38(H)
Rionegre
{8. del Sur, Col.) PISN TR FW 430 26,6 1.134 Clay loam 5.00A) 2XM)  H0.4Ly 0.15M)
Ei Tambo
(Cauca, Cob) ) PN Ter54"W 906 26.0 1.797 Clay loam 4%YA) 3, HH} 1.8(1) 4.16(M)
CIAT
{¥aile del Cauca, Col.) c RPN W 1006 218 684 Clay THALY 4.1(H) BLSH) 0.69{H}
Caicedonia
(Valle del Cauca, Col.) PN 7550w 116 22 1.684 Silt loam S06(A) M) 13.8L) (. 18(M)
Pereira
{Risaralday PLEN T541W 1486 19.0 S Silty clay 5. XA) THH)Y 2686M) &MY
Popayan
{Cauca, Col.¥ PITN TRV 1760 18.0 1035 Clay loam 5.5A) T.4(H) 241 G041

(:} ¥ Pereira, Popsyin sud Guyson daia texpond 1o 1975-76 cycie.
b ¢ Comresponds to sctasl rainfall during growing oyeke.
W} Fertility cader 09 Newtrul, (AL) Alkadine; (A} Acid; (Y A) Very acit 6.3 Low, {M) Medium; (H) High




{54 t/ha fresh weight) in Caicedonia, a
major cassava-producing area of Celom-
bia. A good local variety, Chiroza, yielded
41 t/ha in the trial there. Farmers of the
region had not believed that there were
better varieties than Chiroza. However,
after results of the regional trial were
presented this vear, farmers took home
planting material of the highest yielding
varigties.

The lowest yield (1 t/ha) was produced
by M Yen 119 at Popayan where the lacal
variety yielded 14 t/ha. M Ven 119 suffered
a serious attack of Phoma leaf spot while
the local variety showed good resistance.
This indicates that good selections for high
altitude, cool locations are still lacking.

An examination of the performance of
the three highest vielding varieties at each
site over three years shows that not only
was the mean yield of these varieties always
superior to the best local variety, but yields
were also more than three times the
Colombian national average (estimated to
be ¥ t/ha) (Table 29). Mean yield of

selected varieties in the third testing cycle
was higher because better selections were
included while the vield of local varieties
was stable.

While the mean yield of the local
varieties remained at 19.6 t/ha over the
three-year period, this was more than
double the national average. This indicates
that with simple and inexpensive uniform
technology used in these trials, Colombian
cassava farmers can double their produc-
tion with local varieties. However, the
overall mean of the best three selections
(28.8 t/ha) was 47 percent higher than the
mean of the best local varieties, thus
validating the CIAT selection procedures.

In 1977, the first generation of CIAT
hybrids was planted in nine sites in
Colombia. The varieties M Mex 59, CMC
40 (M Col 1468}, CMC 84 (M Col 1513)
and M Col 22 have shown high vield and
stability across sites over the past three
years and will serve as controls.

Cooperation also continued with the

Table 29.  Mean fresh root yield of the three best promising varieties of cessava in nine locstions of Colombia,
compared with the best local variety st esch location during three years.
Fresh root yield (t/ha)
Crop cycie

1974-75 197576 1976-77 Mesn yicld/site
Sites Promising Logal Promising Lecal Promising Local Promising  Local
Rienegro 29.7 5.7 219 i1.7 452 6.1 322 145
Media Lung 26.7 7.7 17.6 4.8 17.1 5.7 20.4 @1
Carnmagia 6.2 kX 258 229 238 17.3 2% 14.6
CIAT 446 263 e 224 438 22.5 Bo 238
Caicedonia 323 323 paX] 15.8 512 41.2 g 247
Popayin 10.8 14.5 13.3 143 i ! 12.0 idd
Pereira 19.8 189 4.5 458 ! : 321 3.3
El Tambo — _— 22.4 223 284 6.2 254 242
Nataima 411 Jas B4 6.3 336 8.0 343 19.3
Mean yield/cycle 6.5 20.1 253 19,4 M3 19.5 R 9.6

Popaysn and Pereirs sites not yet haevesied (3 October 1977

G-44
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Instituto  Colombiano  Agropecuario
(ICA), the Federacién Nacional de
Cafeteros {FEDECAFE) and the various
departmental Secretaries of Agriculture,
This year, the HCA experimental station in
Palmira sold 60,000 cuttings of promising
varieties tested by ICA and CIAT to local
farmers.

REGIONAL TRIALS OUTSIDE
COLOMEIA

Regional trials were planted in Argen-
tina, Costa Rica, Ecuador, Mexico and
Venezuela. Similar trials were harvested in
Ecuador, Guyana and Mexico; results of
these trials are in Table 30,

In Ecuador, the best ClAT-sclected
variety, M Mex 39, out-yielded the best
local variety, Yema de Huevo, by 6.7 t/ha
fresh weight. Since the local vanety i
already the result of considerable selection
by the Instituto de Investigaciones
Agropecuarias (INIAP), these results
indicate that ClAT-selected varieties, even
before hybrids are released, can be of
considerable use in that country.

CULTURAL PRACTICES

This vear, research on cultural practices
in cassava became a major part of the
program with emphasis on: (1) identifying
and  resolving cassava  production

Table 33, Fresh root yield of promising cassava varieties in Guyana, Ecusdor and Mexico.
Locations
Enmore, Pichlingue, Kulha,
Guyana Ecuador Merigo
Anira Peat 20 Inkv clay 180
Days to harvest
361 361 4 g
Fresh root yields (1, ha)
Varioties Origin
Tacana Brazil .0 243
Iracems Brazil e 233
M Mex 23 CIAT 232 16.8
Piracununga Brazil 18.3 w7
CMC40 (M Col 1468} CIAT 17.8 18t 2446 1.2
M Mex-59 CIAT 173 H 83 130
Llaners OMCH CIAT 16.9 i8.3 173 0.9
M Col-673 CIAT 4.2 12.3 1.3 43
Del Pais Pro, Rico HERH 113
Badwoman Guyana ilé 0.6
Twelve month luayana 16 55
M Maex $5 CIAT 8.2 12.0
Cassava Program C-45




Table 30, iContinued}

Varieties Origin Fresh root yields {t;/ha)

Four month Guyana 8,7 50

Chinese stick Guyana 6.4 4.3

M Col-22 CIAT 83 9.9 18.% 14.6
Uncle Mack Guyana 5.3 8.0

Brancha Butterstick Guyana 4.6 6.4

Bitterstick Cruyana 4.4

R. Singh Guyana 38 5.6

L.HZ Guyana 29 i3

CMC-844 (M Col 1511 CIAT 236 9.3
Yema de Hueve Ecuador 216

Negrita Ecoador 2L

Quintal Ecuador 19.5

CMC-75 (M Col 1505 94 6.7

M Ecy 159 CIAT 17.2 1.7
M Mex 52 CIAT 15.7

M Cot 113 CIAT 15.6 1.&
M Ven 156 CIAT fL 2.0
M Ven 114 CIAT 10.8 8]
M Ven 218 CIAT 1.2
SMI 150 CIAT 8.6
M Col 677 CIAT 4,1
CMC-59 (M Col 1488} CIAT 57
CMC-57 (M Col 1486) CIAT 4

problems; (2} integrating the best cultural
practices into a cassava production
techaology package; and, (3) developing
simple, effective experimental designs to
validate technology and adapt it to local
conditions.

Long-term Fertility Trials

Although cassava is generally con-
sidered a soil-exhausting crop, there is little
data on the effect on vield of interactions
among fertilization, plant phenotypes and
plant densities across a broad spectrum of
soil fertilities.

C-46

Three phenotypes of cassava were each |
planted at populations of 5-, 1, 15~ and
20,000 plants/ ha without fertilizer or with
50-100-160 kg/ ha of split-applied N-P-K at
CIAT (high fertility soil} Caribia {medium
fertility) and Carimagna (low fertility).
Prebminary, first-year results have been
obtained from CIAT and Caribia.

Under CIAT conditions, fertilization
did not afiect root yield within varieties
{Table 31} and no interaction was found
for fertilization x plant density on total
root vield. However, over all treatments,
CMC 40 and M Col 22 produoced

1877 CIAT Annual Report



Table 3i. Effects of fertilizaiion on fresh root yields of three cassava cuitivars, means of four planting densities,

CIAT, 1977,
Fresh weight yighds (t/ha)

Fertilizer {kg/ bz}

N-P, 0K, 0 CMC 40 M Col 22 M Mex 52
CIAY

Nane 50.5! 1N 8.2

S50 13-1060 492 338 20.4¢
Caribia

Noae AR 349 {847

160-0-150 + 20 kg Zn KL D B¥ s

v F.oiewt {P= .05} mot ngndwant within vancies.
T LA1 {50 1.4 within varietics.

significantly higher root yields with higher
plant densities in contrast to M Mex 52
{Fig. 27}. Commercial root produgction was
only significantly affected (P={(.05) by
plant density with the coltivar CMC 40.

In Caribia, fresh root yield was
significantly higher (P=0.05) only for
CMC 40 planted at 10,800 plants/ ba,
although M Col 22 tended to increase its
vield when planted at 15,000 plants/ha
{Fig. 27). In Caribia, as in CIAT, the
mteraction of fertilization x planting
density was not significant.

The lack of response to first-year
fertilization may be explained by the high-
and medium-fertility conditions at the two
loeations, {pre- and post-harvest soil
analyses at CIAT and Caribia {Tabie 32)
did not show significant improvement of
fertilities.} However, second cycle crops
are already showingfertibizer effects on top
growth of the more vigorous cultivars.

Spatial Arrangements

Good cultural practices require ridging
in certain types of soils to improve surface
drainage and to avoid root rotting
However, it was not known if plant spatial
arrangements in ridges would affect vields.
Three different phenotypes of cassava —

Cassava Program

CMC 40, M Col 22 and M Mex 52 —were
pianted at CIAT at 10,000 plants/ ha in five
different patterns{Fig. 28). Results showed
that spatial arrangements did not
significantly effect total and commercial
root vields within varieties (Fig. 29). As
expected, wyields differed significantly
among varieties.

Muodification of Rapid Propagation

This vear, it was proven that shoots for
rapid propagation do not need to be piaced
in individual rooting flasks, as has been the
custom. Forty young shoots ¢an be rooted
in a 500-cc beaker containing 200-cc of
tool, previcusly boiled water, This new
technigue saves both time and effort,

Bud Quatity and Planting Position

Planting position and bud guality of
cassavi cuttings were studied for their
effects on the percentage and rate of
germination, shoot  production, callus
formation and root initiation using the
rapid propagation method.

Twe hundred cuttiogs with two normal
buds and 200 with one bruised and one
normal bud were cut from mature {12-
month-oldy stems of CMC 40 vanety (M
Col 1468) and planted in a rapid propaga-

C-47
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Figure 27. Efferts of plant density on root yields of
cassave caltivars grown at CYAT Ay aud Caribia (B),
1977.

tion chamber in replicated blocks of50
cuttings each. The cuttings were planted in
four treatments: (1) 100 normal, two-node

c-48

cuttings planted horizontally in  the
chamber; {2) 100 normal, two-node cut-
tings planted with one bud facing upward,
(3) 100 two-node cuttings with one normal
bud and one bruised bud, both oriented
horizontally; and (4) 100 two-node cuttings
with one bruised and one normal bud
planted with the normal bud facing up-
ward.

Germination of the curtings in each
treatment was recorded for 21 days after
planting. The S-centimeter shoots were
excised and transferred to 300-cc beakers
holding 200-cc of cool, boiled water to
examine callus formation and root initia-
fion.

Results {Table 33) showed the rate of
germination increased rapidly beginning
on the sixth day, reaching 3 maximun: on
day 12, after which germination continued
to increase slowly until day 21, Treatment |
had the greatest final germination.

The number of shoots produced monih-
ly from the cuttings over a five-month
pertod is shown in Table 34, Although
differences among treatments were signifi-
cant during the first three months, this was
not so in the last two months. Treatment |
produced the most shoots. However, in
cach treatment, the number of shoots
protduced was highest in the second month
and then decreased slowly.

Callus formation was constant for all
treatments. Eight days after shoots were
placed in the flasks, calluses formed. Two
days after callus formation, rooting began
and at 18 days more than 93 percent of
shoots in all treatments had rooted.

Interactions were evident between quali-
ty and planting position of cuttings and
these factors affected germination and
shoot production. The horizontal planting
position favored only the normal two-bud
cuttings but had no effect on the produc-
tion capacity of cuttings with only one
normal and one bruised bud {Table 343, A

1877 CIAT Annual Repert



Tabie 32.  Soil anafyses of CIAT and Caribia plots before planting and after the first harvest of cassava.
Soil status
Organic P K
matter {%) Bray H. {ppm) {mey, 00 g}
CIAT
Initital status 38 k1 0.55
After harvest, no fertilizer 4. 46 0.49
After harvest, with fertilizer® 4.2 51 .54
Caribia
Enitital staws 1.9 81 0.13
After Barvest, tio fervilizer 23 23 .12
After karvest, with fertilizes 24 36 .13

bS0-100-109 kg ha NP0 K (0
T J0DmESD-20 kg b NPy ©4-K,0-20

comparisan of Tables 33 and 34 shows that
as the number of germinated buds in-
creased, shoots produced increased, in-
dicating that shoot production was closely
correlated with the number of germinated
buds.

Selection of Two-node Cultings

The same two varieties of the previcus
experiment were used toevaluate the effect
of selecting two-noede cuttings from the
apical, middle or basal part of the stem on

the percemtage and rate of germination,
shoot production, callus formation and
root initiation. Six-hundred cuitings cach
were taken from 12-month-old plants of
the twe varieties and planted for rapid
propagation in a completely randomized
block design,

The two-node cuttings taken from the
basal, middle and apical parts of stems of
CMC 40 and M Col 22 constituted
Treatments |, 2, 3, 4, 5 and 6, respectively,
Two to three weeks after planting, ger-

/’ ey ,,”'/ - o M,@” :’/( /’f // /f/ //
- k./'.,/'/.// W N / T T p
T ;/ )/}}/ S ya y A };// /; /:f /}/; ‘,‘/‘/ ;/;:f“ ,,’v"'/
- . o p - 1A > p
g }/} e ,/ f’)} A /!/1 /v)/ // )’i’; /f/"

® - .

s e w9 :. L ., : : ¢ o’o.o‘
PN I IR ST B B BLACAEA
se 00 % °, "%, ‘. - S S B
I— . ! .,v,w....__W-_. . ? * | & & l

Ixiih 2x (A 2B x T 2x0.5¢1) 142} x La3{2}

Planting distangss

and grrangements

Figurs 28. Spuatial arrangement of casssva planied at 10,600 plamis/ ha, at CIAT, 1977, First figures are
distances (mieters} between ridges, second figures are distances within ridges. Figures in purentheses are number

af plarts per sile,
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Fresh root yields (t/ha)
w —_

- Fresh root yiekd
56
{ Commergial root yield
40 —M—I» LS.D. 5%
36
X} .
) &
& - =2 PN
10 = > o N e z
— — Ty ey o o
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M Mex 52

M Cal 22

TMC &

Figure 29. Effects of planting patterns on total and commercial root yields of three cnssava varieties st a
standurd density of 10,000 plants/ha, st CIAT, 1977. First figures in colamns are distances {meters} between
tidges, second figures are distances within ridges. Figures in pareatheses are numper of plants per site,

mination of cuttings was recorded (Table

The shoot production capacity/ node

331, After shoots were excised from the of the two-node cuttings is shown in Table

cuttings, ¢allus formation and root initia-

tion were examined.

36, Cuttings taken from the middle of the

stem of CMC 40 produced the highest

Table 33 Cuamulative percentage germination st times up to 21 days after planting of two-node cassava
cuftings planted in two positions and with different bud quslities.
Days after planting
Treaument! ] 9 12 5 13 21
1 9b? 52 78a 80a 84a §7a
2 Zia 482 57b &0b 64b 2h
3 b 32 45h 47 $ic S8
4 i2b 34b 4uh 54b Sdbe 5%
TN (B 21 3 9 & 5 4

Treatenenita: §= cillings plasted Rerzontally in propaganion chamber; 2% cullings plasd wah one bud fuding upwiig:

3 =cuthogs plamed with vae drased and one porred? bed, Both norzontal 4% cuimgs piaated wih ony brussed and ome
sormtal huil, ske laster funog wpwarnd,
T values fuliowrd by differers letters are gty drlerent (P=s 3535y Dunoan » mulUple range test.

C-80
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Table 34, Number of shoots produced each month over five months on 108 two-node cassave cuttings
pianted in two positions and having different bud guality.

Months after planting

Total
Treatment! 1 2 3 4 5 shoots
I 1ita? {44a 1135a 100a £2a 553a
2 8356 1196 190ab R7a 844 476%
k| 66 107 41b 82a 6a 416c
4 Tobc 4113 90h Tha 632 42l
CV. {%) 7 3 5 9 g 2
! For description of kreatments, see & 1, Table 33,

2 Values foliownd by different kstery are sgaiicantly differeea (P=

germination while euttings from the apical
section of the stem of M Col 22 produced
the lowest percentages. Overall germina-
tion of cuttings {rom the three different
stern parts of CMC 40 was above 9
percent bat it was less than 80 percent {or
M Col 22.

In both varieties, cuttings from the
middle part of the stem produced the
highest germination percentage, Germing-
tion rate for all treatments increased
rapidly from the sixth day, peaking at 12

$.051 by Dencan’s multiple range L

days and then_continuing to increase
slowly, The number of shoots produced
was highest during the second month and
then decreased slowly over the rest of the
period for all treatments (Table 37)
Treatment 2 gave the highest shoot
production and Treatment 6, the lowest,
Treatment ! produced the highest average
of - shoots/node and Treatment 6, the
lowest. Eight days after planting, callus
formation oceurred and rooting began two
days later. At 18 days, root initiation was
90 percent in all treatments. At earlier

Table 33,  Gennination percentage at different times during 21 days after planting of two-node cuttings tuken
from different stem parts of two cassava varieties.

Days afier planting

Treatment! & 9 2 ] 1t 2
1 1642 65abe T8a B4a! Bia Fab
2 i4a B2a 88a Gia 9du O6a
3 i8a 7iab %63 #9a 9a Gab
4 3a 4o 62b 47b 6k T
5 25 $0bed 65b i b T
] 2a 33 57h 65b &6h 68¢

CV. (%) 65 10 5 2 3 4

b Trestments {234,586 ate cuttings from bassi, migdls and apica)
¢ Value followed by diffcrent letters are significantly differem 7%

Cassava Program

parts of sioms of CMC 40 and M Col 22, nopruinaiy.
&01) by Duncan’s suinpie sange tosl
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Table 36.  Shoot capacity production after six months per node of two-node cuttings taken from different
stem parts of two cassava varieties.
No. of buds Total shoots Shoots per
Treatment! germinated produced nody
1 1%0ak? 1453a a
2 192a 1481a Tab
3 132ab 1209 6c
4 i43 1318be The
5 15dbe 81%cd 3d
& 13% &56d 4d
C.V. (%} 4 5 3

' For deseription of treatments, sec foottoie ¥, Tabiz 38,

# Walues followed by different letters are significantty different (P » G013 by Duncas’™s multiple mage tesi.

stages, percentage of root initiation was
higher in CMC 40 than in M Col 22.

Results indicate that CMC 40 is more
vigorous than M Col 22 for germination
and shoot production. Thiscould bedue to
the larger size of the cuttings — a varietal
charaeteristic. Therefore, it is suggested
that two-node cuttings from different
varieties will give different germination

and shoot preoduction percentages. W hen
cuttings are taken from different parts of
the stems of the same variety, germination
percentage is fairly constant. Cuttings
from the basal part of the stems produced
the most shoots/ node (Table 36}, Perhaps
these cutlings are more vigorous.
Nevertheless, when planting material is
scarce, basal, middle or apical cuttings can
all be used effectively (however, apical
cuttings must be woody).

Table 37.  Number of shoots produced monthly for six months after planting by 108 two-node cuttings from
different stem parts of two cassayva varisties.
Months after planting
Towl
Treatment! i 2 . 3 4 5 6 shooix
i 241ab? 4292 35 196a 147ab 125a 1453a
2 2958 418 bkt #ia 166a 17z 148la
k. 220ab 56 247ab 15da 129abe e 1209b
4 P34b 2256 Z13ab i6da 132abc | Z35Y 1018be
b 1486 173k {486 132a 110be 105 §17ed
[ H7b 1i6b £21] 331 85 95 £36d
C.V. (%) 13 d 2 15 g 16 3

L Feor description of treatmests, see footmote 1, Tabie 38,

* Values foliowed by different ketiers are significantly differest {Pw 001} by Puacan’s meltiple range test.
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Soils and Plant Nutrition

Since cassava is generally tolerant of soil
acidity it is frequently grown on acid and
rather nfertile soils. However, within the
species different degrees of tolerance exist
and varieties can be selected requiring
minimum Hoing and fertilizer to produce
zood yields on poor soils. In 1977, a start
was made to screen the germplasm collec-
tion for tolerance to soil acidity and low
lavels of phosphorus and potassium— the
three most limiting factors on yield in the
Tow fertility Cxisols and Ultisols of tropical
Latin America and Africa. Work also
continued on the nutritional requirements
of the crop and the most econonmucal
application methods.

SCREENING FOR ALUMINUM
TOLERANCE IN NUTRIENT SOLU-
TIONS

This year, a greenhouse technique was
developed to screen for aluminum
tolerance using cassava shoots, rooted by
the rapid propagation method. Shoots
were placed in nutrient solutions con-
taining 3 and 30 ppm aluminum. In a

preliminary trial, growth was better at 3
than at zero pp, aluminum, and therefore,
this level was used as the optimum. Dry
matter production of each variety was
determined after three weeks in both
solutions, and dry weight at 30 ppm over
that at 3 ppm aluminum was used to
indicate aluminum tolerance,

FIELD SCREENING
FOR SOIL ACIDITY TOLERANCE

Fifty varieties from the germplasm
bank, including some promising hybrids
were planted in single rows with three
replicates in Carimagua at four levels of
Lme: 0,0.5,2 and & t/ha MgO was incor-
porated with the lime at a
calciumimagnesium equivalent ratio of
5:1. These lime applications increased the
pH from 4.3 to 5.3 and decreased ex-
changeable aluminum  from 2.0-0.3
meg/ 100 myg, essentially eliminating
aluminum at the highest liming rate. Piots
were fertilized as indicated in Table 38; in
addition, zine, copper, boron,
molybdenum and manganese were applied

Tabie 38.  Fertilizer levels used in cassava experisents at Carlroagus,
Experiment Lime N 2,0, KO 8 Zn
{kg/ha)

Lime screening 1976A variable 100 106G 200 I5

Lime screcaing 1976B variable 100 100 200 0

P screening 1976A 500 106 variable 200 stake streatment
F screening 19768 1000 314 variable 200 i0

K screening 1976A 500 6 158 variable it stake treatment
K fertitization 500 100 it variable 0 stake treatrnent
Reck phosphate

trial 19768 500 100 variable 200 19

N x K interaction 500 variable 100 variablg 19

Zn fertilization 5000 HLY G XK variable
Manure fertitization 500 variable vanable variable
Cassava Program C-53




to prevent  lime-induced micronutrient
deficiencies. Plants were harvested at 14.5
months.

Although plants were completely
defoliated at eight months by a severe
horiworm attack, vields were quite high
Several varieties were eliminated because
of extreme superelongation disease.
Without lime, plants were short (56 vs. 90
centimeters with 6 t litme/ha) and had
yellow bottom leaves due to calciam and
magnesium deficiencies.

Figure 30 shows the average response of
the 42 cassava varieties compared with
those of other crops screened for acid-soil
tolerance in Carimagua. On the average,
cassava and cowpea arg much more acid
soil tolerant than rice {dwarf varieties),
corn, sorghurs or beans. Overall cassava
yields without lime were about 40 percent
of those with lime, However, specific rice

Relative yield {%}
100

80

& Cassava {42}
v & Maize {20)— e

® Ricc (96)

a Cowpes (20)
e Beans {49} T w
A Sorghum (388)

Lime applied (1/ha)

Figure 3. Relntivesverage yield of cassave snd five
other ¢rops ns affected by spplications of various
levels of Eme, at Carimaegua. Figures in parentheses
sre aumbers of varieties tested.

C.54

Cassava vields {kg/m?}
&

N

1 oty
)
%
W% MCol 1604~
I ® M Col 660
i |2 Lbnea
; O Avg. of 42 varietics
0 !
0 0.5 2 6

Litae applied {1/ha)
Figure 31. Single-row yields of three high-vielding

cassava varieties selecled from 47 varieties tested, as
sffected by Hme applied at Carimagua.

varieties and cassava varieties may be
tolerant of extremely acid soil as shown by
the response of M Col 1604 in Figure 31.
Without lime, this variety yvielded 83
percent of maximum vield obtained with 2
1 hme/ha. The control vanety, Llancra,
used in nearly all the ferulity irials, was
among the most acid soil tolerant, produc-
ing 55 percent of maximum yield without
fime. Table 39 shows the vields and the
tolerance index of the ten most tolerant
varieties per trial, where the square of the
yiekl at zero lime divided by thatat 6 t/ha
lime was used as the tolerance index.

Another group of 183 varieties were
screened in early 1977 at lime levels of 0.5,
1, 2, and & t/ha. Although top growih was
extremely vigorous, root yields were
relatively low, The majority of vareties
were  affected to  some  degree by
superelongation disease and a few by
bacteriosis and by scales. Average vields
were 13.9, 16,4, 16.0,and 17.1t/hafor lime
levels of 0.5, 1, 2, and 6 t/ha, respectively.
Thus, with only 0.5 t lime/ha applied,
cassava produced 8l percent of its max-
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Table 39,

Root yields and tolerance to soil acidify of several cussnva varieties (in singie rows),

Yield 0.5 & lime, 2xd

* Tokeancs M S 6 1 e B

imum vyield. Table 39 shows the vield of
those ten varieties with the highest
tolerance index. Llanera had the highest
index, aithough vields at 2 and 6 tlime/ ha
were unusually low, possibly due to

induced zinc deficiency.
Cassava Program

Tolerance
Variety Rom yield {arbitrary units) index
Lime applied ( t_/ ha}

1976A 0 6.5 2 &

M Col 660 9.3 w2 54.7 50.9 %9
M Mex 39 240 359 358 48.2 119
CM 334-25 42 2.1 236 2L 10.7
SM 1-133 189 6.7 kI W) 313 10.7
Lianera 17.8 4.6 23 259 10.6
M Ven 168 19.4 3.7 352 425 38
M Pan 14 19.9 313 3L.5 51.6 7.7
M Col 22 13.9 18.0 307 234 7.2
CM 308-23 19.0 I3 8.6 50.49 7.1
M Ven 270 1586 23.7 19 413 59
19768 0.5 i 2 6

Llanera 219 3.2 12.% 54 M.
M Col 82 26.2 0.0 1% 9.6 71.5
M Col 1879 325 16,2 16.7 17.3 61.8
M Ven 33 383 3.2 304 Pk 52.6
M Cal 565 6.7 33.3 14.6 158 45.1
M Ven 186 29.2 11 313 250 M1
M Ven 183 358 .2 88 9.2 27
M Col 1421 2.3 K} ) 4.6 2.6 126
M Col 988 317 M2 28.3 2.5 30.9
‘M Cal 1468 8.3 19.6 5.9 550 26.7
I Toleranes ERM:EJL:W%S

FIELD SCREENING FOR LOW
PHOSPHORUS TOLERANCE

One hundred varieties were planted in
single rows with two replicates with levels
of 0 and 150 kg P, O; /ha, band-applied as
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triple superhosphate {TSP) at planting.
Plots were limed and fertilized as indicated
in Table 38,

At 2.5 wmonths, plants without
phosphorus were short (47 ws. 68 cen-
timeiers with phosphorus) and lacked
vigor, Many varieties showed vellowing or
purpimg of lower leaves which also were

Tabie 40.  Root yields and tolerance to low sail
phosphorus of several cassava varieties
(in single raws)
Root yield TFaolgrance
Variety (arbitrary units} index
Pnzi_) 5 applied (kg/ha)

i%76A 9 150

M Col 1684 8.6 i0.7 6.9
M Col 860 136 30.1 51
M Pan il4 144 37.3 55
OM 2134 s2 172 49
CM 30925 8.4 54 446
M Col 1686 9.0 19.3 4.2
M Ven 168 1.5 329 49
M Mex 539 1.3 R0 40
CM 32364 82 i7.9 37
M Col 22 T2 14.0 3.1
19768 0 150

M Mex 55 230 216 2.4
M Pan 102 121 LAY 16.4
M Ven 240 21 1.5 139
M Col 1508 Pt 1.1 119
M Col 1524 i34 150 j2.0
M Ve 217 18.7 323 1.8
M Ven 156 4.6 1% 0.3
M Ven IR7 %] 4.0 2.7
M Col 1512 82 12 9.3
M Mex 23 123 i6.8 80

Folerunce mdex = — LKl 4 P

C-66

Yicld (130 kg B0, bxf

flaceid, Phosphorus contents of purple and
yellow leaves were (.09 and 0.11 percent,
respectively, while the same varieties with
applied phosphorus had 0.21 percent in
their bottom leaves.

Table 40 shows the response of the most
tolerant varieties and Figure 32 (part A)
shows the response of some selecied
varieties. On the average, the absence of
phosphorus reduced yields from 1.7 to 0.5
kg m? or 29 percent of maximum in the
first wrial. M Col 1684 was the most
phosphorus tolerant, but its vield was
unusually fow.Llanera had a low tolerance
index of only 1.28.

In the second trial, another 163 varisties
were screened for phosphorus tolerance in
a different plot. Due to disease problems,

Cassava yields (kg; m?)

4
/ _F”_'_,..-m-n""'""
R /e "%Ceiéég
8/ A5°
AP
X

P - R —
/ / /. M Cof 247
// & /@' . _,_.....,,_,----n--“'""""';:"',1

Lianera_.

L o8 A
- e
! = RN e =
”"""./:g Col 1684 vat
o I |
G 58 0 200
P,0, {kg/ha} K ;0 (kg/ha)

Figure 32 Single row yields of several cassava
virieties and the average yields of 85 varieties 55
affected by two levels of phosphorus and potassium,
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yields of the plot with 150 kg P, O, /ha
were slightly lower, while some residual
phosphorus in the soil raised the yields of
the zero-phosphorus plot slightly higher
than those of the first screening, resulting
in a higher tolerance index as indicated in
Table 40. M Mex 59 had the highest
tolerance index.

Due toe non-unidformaty of scil and
climatic condifions, tolerance indices of
varieties in  different field screenings
cannot be compared; screening in nutrient
solution produces more uniform con-
ditions. Moreover, differential suscep-
tibility to diseases is seldom a complicating
factor in nputrient solution screenings.
Hence, in the future, nutrient sclution
screening will be emphasized.

FIELD SCREENING FOR
LOW POTASSIUM TOLERANCE

The same 100 varicties used for the first
phosphorus screening were also screened

Tabie 41,  Root yields and tolersnce to low soil
potassiom of several cassavs varieties (In
single rows).

Root yield Tolerance

Variety {arbitrary units} index

KO applicd

1976A i p. 1 1}

CM 308-23 9.1 13.6 6.8
M Col 660 27.1 2.7 24,7
M Col 247 20.7 18.5 23.2
M Ven 83 25.2 8.1 226
M Mex 23 115 6.4 0.7
€M 30019 13.0 i0.0 16.9
M Ven 168 21L& 1.7 158
M Ven 1823 1.5 220 13.9
M Col 783 g 8.6 3.8
Llanera K& 158 117
, , (Yiekd 8 K¥

Toltranct index Yiesd (200 kg X ,0/%8)

Caszavs Program

for low potassium tolerance by planting
with two potassium levels— 0 and 200 kg
K :0/ha, applied as KCI, split applied at
planting and at 60 days. The plots were
limed and fertilized as indicated in Table
38.

Without applisd potassium plant
growth was only slightly reduced from 66
10 60 centimeters at 2.5 months. Potassium
content  of  upper leaves decreased
significantly from 1.70 to 0.98 percent,
while contents of nitrogen, phosphorus
and magnesium increased inthe absence of
potassium, The calcium content was not
affected. Figure 32 (part B) and Tabie 41
give the response to potassium of the most
tolerant varieties tested. On the average,
lack of applied potassium reduced yields
from 1.4% to 1.0 kg/m?, that i, to 70
percent of maximum vield.

LEVEL AND TIME
OF POTASSIUM APPLICATION

Under high rainfall conditions applied
potassium can be lost partly through
leaching. Therefore, split applications of
potassium are generally recommended. To
study this effect, the variety Llanera was
planted, and levels of 0, 50, 100, 150, and
200 kg K :0/br were applied as KClin a
single or split application at various times
after planting. The fertilization regimes are
indicated in Table 38.

Application increased potassium con-
tents of upper leaves at three months from
1.83 to 2.21 percent while caleium and
magnesium contents were low but not
significantly  affected by potassium
apphication. However, at nine months,
plants in high-potassium freatments show-
ed vyellowing of lower leaves with
magnesium contents of only 0.06 percent
compared with 0.13 percent in plots
without potassium. This suggests that high
potassium applications induced
magnesium deficiency, but calcium status
of the plant was not affected. Figure 33
shows the vield response. Though vields
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Cassava yield tt/ha)

15 ‘
[ k.
| !
days after planting
E ¢ 0 %0
{%}
5 4= 100 )
' as| 56 5D 0
| o= 50 i 5
!
H
ol
N 50 0TI 200

K., O applied (kg/ha)

Figure 33. Response of the cassava variety Llaners
10 several levels of potassium applied af various times
after planting at Carimagus,

were low, there was a significant response
to potassium apphication, but no signifi-
cant difference between levels of applica-
tion; a single apphcation at planting was
superior to any split application or single
application at 30 days. Thus, under the
climatic and soil conditions of Carimagua
a split application of polassium does not
seem necessary. The application of 20 kg
Mg/ha did not prevent magnesium
deficiency induced by high potassium
treatments,

RESIDUAL EFFECTS
OF ROCK PHOSPHATES

The 1976 CIAT Annual Report showed
the response of cassava to applications of
various rock phosphates in Carimagua.
This vear, the trial was reseeded to measure
the residusl effect of the phosphate
applications. One of the two sets of plots
on which TSP had been applied was used
to measure residual effect, while in the
other set the same amount of TSP was
reapplied as an optimum  control
Nitrogen, potassium and zinc were uni-

C.58

formly reapplied to all plots. Plants were
harvested at 11 months.

Yields of all plots were considerably
lower in the second planting than in the
first. the highest yield was 219 t/ha
obtained with 400 kg P, O,/ ha of reapplied
TSP, Figure 34 shows the relative yields of
both plantings. Application of basic slag
produced the highest vields in the first
pianting, and had a better residual effect
than any other source in the second
pianting. Of the rock phosphates, the
residual effect of Gafsa rock was better
thian that of TSP and North Carolina rock.
In the first planting, cassava only respond-
ed to 100 kg P, O./ha, but in the second
planting there was a significant response to
400 kg P20Os /ha, both Tor the residual and
reapplied phosphates, indicating that 100
P05/ ha was not sufficient for maximum
yields.

POTASSIUM X NITROGEN
INTERACTIONS

Results of a potassium x phosphorus
systematic design trial with Lianera were
reported in the 1976 CIAT Annuai Report.
A similar trial for potassium x nitrogen
was planted in Carimagua using 14 levels
of potassium combined with 14 levels of
nitrogen, band-applied at seeding as K . S0,
and urea, respectively. Yields of Llanera
varied between 17 ¢/ha at low nitrogen and
potassium rates to 30 t/ha with the
application of 130 kg N/ha and 160
K :0/ha No nitrogen response was observ-
ed in the absence of potassium nor a
potassium response in the absence of
nitrogen. Both elements were equally
important in increasing vield but neither
produced the large response obtained with
phasphorus in the potassium X phosphiorus
trial,

Using values of $1, 500/t of cassava and
$17.50/kg N, §$I18,50/kg K,(, and
$23.20/ kg P.O (all in Colombian pesos},
the value of the increased vield due to
fertihzation exceeded the cost of the
fertilizers and transport.
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1976
Relative cassava yield (%)

1977

160 1~ 1
£
&} H
;
|
< Huila RP :
40 W Pcsca RP P
3 N. Carclina RP |
& Basic slag ‘
& TSP, residual !
3 & TS8P, annual application’
20p—t —
o i ; :
9 30 100 400 a 50 o 00

Py Oy (hg/ b}

P20 (kg/ha)

Figure 34. Initial (1976} and residual { 1977} sffects of various levels snd sources of phosphorus on the relative

yield of cassava variety Llanera in Carimagua.

Figure 35 shows the effect of nitrogen,
phosphorus and potassium fertilization on
the harvest index, Both nitrogen and
potassium  applications  decreased  the
harvest index, indicating that the fertilizer
stimulated top growth more than root
growth. With phosphorus fertilization the
harvest index increased up to 50 kilograms
of applied P,0Og/ha and then decreased.
This initial increase in harvest index as
phosphorus levels increased was also
found in other phosphorus trials (CIAT
Annual Report 1976} and indicates that
phosphorus at low to intermediate levels is
most efficient for root formation,

ZINC FERTILIZATION

Singe zine deficiency is very common in

Cassava Program

cassava on both acid and alkaline soils, a
trial on sources, levels, and methods of
applicaticn of zinc was conducted in
Carimagua on acid soils and in CIAT on
alkaline soils. Fertilization regimes at
Carimagua are shown in Table 38; at
CIAT, plants were only fertilized with zinc.
The test varieties in Carimagua were M
Mex 23 and M Mex 59, and in CIAT,
Llanera, Plants were harvested at 12
months in Carimagua and at 15 months in
CIAT.

Table 42 shows the responses to zigce
application, Both varieties in Carimagua
produced jow yields due to a severe
hornworm attack and infection with CBB,
However, they responded significantly to
so1l apphication of 5 kg Zn/ha, but gaveno
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Harvest Index

0.76 [ [
N (X all K-levels)
0.72
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0.64 1
4 X 4 & B0 100 130 40
ﬂ{kg;‘hﬂ)
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Figure 35, Effects of various levels of nitroges,
phosphorns and potsssium on the barvest index of

04@891&(‘!

K (kg/ha}

160 200 246

cassava variety Lisners st Carimagua,

additional response to higher levels; there
was no significant difference between
band-applied ZnS0, or broadeast ZnQ.
Foliar appheation or stake treatments were
less effective than soil apphlication. When
yield wag correlated to zinc contents of
apper leaves at three months, a critical
level for zine deficiency of 37 ppm was
determined for M Mex 59 and 51 ppm for
M Mex 23.

In CIAT, Llanera responded very well
initially to stake treatments of 2 and 4
percent Zn30,. However, most plants
recuperated from zine deficiency, while
some suffered from soil salinity. Yields
varied greatly because of soil varability
(pH 6.7-8.0). Best yields were obtained
with 13-minute stake dips in a suspension
of 4 percent ZnO or a solution of 4 percent
ZnS04 prior to planting. High vields were
correlated with high zinc content (nuore
thun 43 ppm) of upper leaves but no critical
level could be determined,

Thus in acid soils, soil application of
Za) or ZnSO, s effective, while under

Table 42, Zinc content of upper leaves at three months and rool yield a5 affected by various zine treatments
applied to two varieties of cassava in Carimagus snd one variety in CIAT, Palmira.

Ca{imagﬁa CIAT
Yield (i/ha) Zn in leaves {ppm} Yield Znin
{t; ha} feaves
TFreatment MMex 59 MMex2d MMex3 MMex23 Liapers {ppm}
Conmrol 83 17 25 21 34.7 3R.2
5kg Znjba, ZnS0, 127 8.4 35 34 332 372
10 kg Zn/ha, ZnS0y {32 78 41 37 31.9 415
W kg Zniba, LnSOy i4.1 74 &0 52 40.0 4z.2
§ kg Zn/ha, Zn0 5.1 &6 45 iz 39.1 42.2
10 kg Zn/ha, Zn0 12.5 L2 50 34 278 35.0
20 kg Zn/ba, Zn0 130 HLT 50 45 HE 35,5
10 ZnSCe, foliar .9 4.2 e — 35.4 44.7
20 L0803y, foliar .z 6.2 — e 123 410
495 8804, Toliar 13.2 14 — — 7.4 450
1% 2250y, stake 65 35 34 36 356 328
265 780y, stake 16.7 5.5 26 27 42 3.5
4% ZnS0a,, stake 138 33 32 235 434 38.0
195 £n0), stake 9.4 4.8 3 26 %9 7
295 203, stake 8.6 5.5 28 26 298 M2
407 2o}, stake 11t 56 26 25 §2.1 37

C-60
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alkaline conditions stake treatments are
recommended since soil-applied zinge is
rapidly precipitated at a high pH.

FERTILIZATION WITH COW
MANURE

Areas with acid infertile soils, presently
used for beef production, are also areas of
potential cassava production. The use of
locally available cow manure to fertilize
cassava is an obvious alternative to the use
of mmported chemical fertilizers. The
effectiveness of wvarious levels of cow
manure was tested against manure com-
hined with phosphorus or potassium
applications, and against compiete
chemical fertilizers (10-20-20} applied in
squivalent amounts of phosphorus as in
the manure, Llanera was the cassava
variety used. The manure was incor-
porated while chemical fertilizers were
band-applied alongside the stakes.

Figure 36 shows that the application of
20 and 30 t¢/ha of manure doubled the
yields, but that the addition of 80 kg
P, 0Oy ha or 150 kg K,O/ha sigaificantly
increased yields over those with manure
alone. The application of equivalent
phosphorus amounts of 10-20-20 fertilizers
was generally supérior to the use of manure
alone, but not significantly different from
the manure combined with phosphorus or
potassium,

Using current prices {Colombian pesos)
of 1,500/t for cassava and 88,400/ tior 10-

Cassava vield {1/ha)
1

& Manure
< Manure + 150 kg K0
® Manurs + 80 kg P05
A 16-20-20
12— 3

3

]

8 /

Ay
10-20-20 (kg ba)
H 3
oY “0 800 1209
0 0 1 20 306

Cow manure (t/ha}

Figure 36, Response of cassave variety Lisnera-fo
various levels of cow manure, apphed-either alone or
combined with phosphoras or potassium, campared
to squivaient smounts of applied 10-20-20 chemienl
fertilizers.

20-20 fertilizer (including transport), the
use of manure on the average gave a higher
net return only if the value of the manure,
including cost of collection and applica-
tion, were less than $200/ton. Generally,
vield increases obtained by applying
phosphrorus or potassium to the manure
did not compensate for the additional cost
of these fertilizers.

Cassava Storage

Cassava roots deteriorate rapidly after
harvest. Deterioration is either
physiological or microbial, but the former
generally occurs within 48 hours of
harvesting. Physiological deterioration is
characterized by a dry brown to dark
necrosis, normally appearing as rings
around the periphery of the cortex. This
deterioration often appears on susceptible

Cassava Program

varigtics within 48 hours o1 harvesting.
Microbial deterioration commonly begins
as vascular streaking, followed by soft rot,
fermentation, and maceration of the root
tissues. This type of deterioration, which
does not occur in any special order, is
normally noticeable five to eight days after
harvesting (Fig. 37).
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Figure 37, Twe forms of detertorstion of cassava rocts. {Left} Physiologic: dry brown-dark necrosis in the
form of rings arcund the periphery of the cortex, (Right) Microbial: soft rotting, with fermentation and

maceration of the roos tissues,

PRUNING

An experiment was done to evaluate the
effect of pruning on cassava deterioration,
Eight cassava varieties were selected with
varying resistances to both physiological
and microbial deterioration {(see Cassava
Storage, CIAT Annual Repont, 1976),

Root deterioration (95)

Plants of each variety were pruned io
remove all green material (leaving only 2
25-centimeter stem) and left in the ground
for varying intervals before harvest. The
results showed that the percentage of both
physiclogical and microbial deterioration
decreased with time from pruning to
harvest for up to 14-21 days (Fig. 38}

104

O Detached roots, M Col 22

N
3&\
N

W Attached roots, M Col 22

% SN
o N Xy

v Detached roots. M Col 1802
¥ Attached roots, M Up! 1802

/

Time of pruning (days) before storage

Figure 38. Effeci of stem on cassava root deferioration after 20 days of storage.
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Root deterioration (%)

i

r ™ ™ - i ] Pruned 0 days
77721 Pruned 14 days
B W runcd 21 days
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s —_
4G 7
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20}t '%mw Z
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| e
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MCol 1807 M Col22 CMC 29 Regional CMC 92 M Caldd M Col 1802 M Mex ¥

Yarieticy

Figure 39, Root deterioration of cight cassava verieties pruned §, 14and 21 dxys before hurvesting and stored

for 20 days.

Roots left attached to the stem always
deteriorated more slowly than those which
had been detached. As indicated last year,
susceptibility to deterioration is a varietal
characteristc, for example, M Col 1807 and
M Col 22 were more susceptible than M
Col 1802 and M Mex 39 (Fig. 39).
However, after 21 days, when these
varieties were pruned, the first two

Detericration (%)

varieties had deteriorated less than the
latter two. Hence, varietal reaction to
pruning varies and resistance without
ireatment is not related to resistance with
treatment.

Normally, damaged roots deteriorate
more rapidly than undamaged ones.
However, after pruning, roots cut to

® Control

100 - T~ Pruned at 3 weeks

9 = Pruned al 4 weeks

4 Pruned at 3-4 weeks ~ maned (4 x 18 ppm ail

80 +sodium Bypothlonite{2.5 x 1¥ ppm a.l)
H ‘
a} £]

/

p /
d

30 /

L

w—

19 /

N4

e
2
Vel

1

I5 20

Time of storage (davs)
Figure 40, Effect of plant pruning and chemical treatment on root deterioration of cassava variety M Col 113,

Cassava Program
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Deterioration (%)
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Figure 41. Effect on delerioration of storing rost of cessava variety M Col 113 in bags.

simulate damage deteriorated at the same
rale as tregted, undamaged roots even
when held at low humidity to prevent
curing.

‘When roots with stems were stored after
pruning, the physiological deterioration

Dretgeioration (%}

& Lontrol 3 [
4 Polysthylene-lined bags

i

—

Lo Paolyetbyiens-lined bags + sodium hypochiorite (2.5 2 109 ppé& al.)

which normally occurs during the first two
days was prevented. However, after ten
days microbial rotting occurred but this
was prevented by dipping roots in maneb
and sodium hypochlorite (4 x 10¥ and 2.5x
10¢ ppm a.i., respectively) (Fig. 40),

[,

|

0T L piyerhylene-lined bags + maneh (4 x 100 ppm £.1) )/4

) / l / 3
40 / /;V/
20

e,

3

»

0 5 10

15 2

Storage time (days}

Figure 42, Effects of polyethylene-lined paper bags and chemicsl tregiments on deterioration of stored

CassEvE roots.
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Dicterioration (%
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Figure 43. Prevention of cassava root microbial deferioration with maneh treatments.

STORAGE IN BAGS

Storage in burlap and paper bags
increased the number of undeteriorated
roots when compared with controls {Fig.
41}, but treatments still gave a high
percentage of both microbial and
physiological deterioration. There was,
however, a tendency for microbial
deterioration to begin after about five

International

International cooperation activieties
were markedly increased in the Cassava
Program in January 1977 with the assign-
ment of two staff positions— one based at
CIAT, to coordinate Latin American
activities and the other, posted at SEAR~
CA, Philippines, to coordinate outreach
activities in Asia. Both positions are
funded by the International Development
Research Centre (iDRC}, of Canada.

However, outreach and international
cooperation activities were 1nitiated as

Cassava Program

days, similar to results for the pruning
treatments. This was partially prevented by
treating the roots with sodium
hypochlorite (2.5 x 10 ppm a.l) and
completely prevented by a treatment of 4x
10* ppm a.i, of maneb (Fig. 42}. Further
trials showed that at this concentration of
maneb, some microbial rot occurred but
that at concentrations of & x 10* ppm a.i.,
excellent control was obtained {Fig. 43).

Cooperation

early as 1972 when several Latin American
countries were visited. CIAT, being an
apolitical organization, can only influence
what happens by demonstrating the
usefulness of what it has to offer. The
network of technical visits, training, and
interpersonal and friendly com-
munications, are the basis of this program.
Throughout these years, these approaches
have served as a means to: (g) help other
countries to organize, with different
degrees of success, their research on
cassava;, {b) to adapt, adopt and apply
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some of the minimal input technology
developed at CIAT; (¢} to field test C1AT-
developed and other cultivars and hybrids;
and (d} to cooperate in establishing an
international network for exchange of
information and germplasm, the latter
through uniform regional trials using
selected cassava cultivars. Two cassava
scientists, upon special request, have
worked with several sponsoring countries
providing special assistance on specific
problems,

The international cooperation
philosophy is to Inform of what CIAT can
offer, Wair until the national agency
decides on what action it wishes to take,
and then Assist the national agency in
solving their problems. {The demand from
the collaborating countries is mainly
centered on germplasm  exchange,
technology, training, and assistance in
program development):

Training plays a major role asa first step
in international cooperation and it has
changed from a rather opportunistic
position of accepting random traineestoa
very selective attitude that concentrates
efforts in given countries at a given time,
consequently providing training to several
scientists in order to form teams for
research in production in those countries,

The Cassava Prograin, as a result of its
research and outreach activities, has
decided that it is not only technology that
needs to be transferred, but rather the
ability to define the optimum technology
that can be adapted to specific conditions
by national agencies.

Experience has shown the effectiveness
of the regional trials methodology as
published in *The International Exchange
amnd Testing of Cassava Germplasm”, the
resuit of a workshop in which country
representatives  presented their needs.
Work i now concentrated on designing a
series of standardized simple experiments
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to vahdate the technology generated at
CIAT.

The development of international
cooperation activities in Asia, being newer
in its outreach than in Latin America, has
as its major present responsibilities the
multiplication and exchange of germ-
plasm, including the establishmem of
regional trials; selection of candidates for
traiming, and coordination of their work
after training; and definition of the sratus
que of cassava production in Asia.

At this early stage, only {ive countriesin
Asia are involved in the Asian Outreach
Program— India, Indonesia, Malaysia,
the Philippines and Thailand. In the
immediate future, other Asian countries,
notably Sri Lanka, Burma and Vietnam,
will be informed of the CIAT program and
what it has to offer, Visits and program
discussions had already been done with
cassava scientists in the first five countries,
and correspondence for possible cassava
linkages with agricultural agencies for the
other Asian countries hag been initiated. In
the field of manpower development for the
countries, the response from developing
national cassava programs Lo send par-
ticipants 1o the January %76 Intensive
Cassava Course at CIAT has been en-
couraging, It is expecied that some 25
Asians from India, Indonesia, Malaysia,
the Philippines and Thailand will be
selected for this course,

In the future then, the regional trials
network will serve as an effective means of
informing mnational. agencies about their
potential production capacity and the
scope of the regional trialy will be ex-~
panded so as to validate the low-cost
cultural practices technology implemen-
ting the international eollaboration ac-
tivities in those countries wanting to
commit their interest to increased cassava
production. However, understanding that
CIAT's clients are the national institutions
and, that consequently, it doesnot have the
responsibility nor the right to transfer
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technology directly to farmers, it cannot
commit itsel{ 1o cause any increase in yields
in any segion or country, unless the
commiltment originates in the national
institutions.

Achievements and projections in inter-
national cooperation activities can be
summarized as follows:

Since the first visit to Brazil in 1972, and
by special request of national research
institutions and organizations of several
couniries, [24 scientists have been
trained in cassava research and production
at CIAT. Of these, 37 have come from
Brazil, 12 from Mexico, 20 from Colom-
bia, and 35 from other Latin American and
Western countries; four have come from
Malaysia, 11 from Thailand and five from
Africa. Many of the professionals were
trained in two intensive courses and two
more intensive courses are programmed
{or 1978, one for participants from Asia,
the other for Latin Americans. Twenty
other agronomists have participated in
longer training periods {3 to 12 months),
and 14 have completed postgraduate
research projects on cassava at CIAT.

As a result of this diversified training,
some countries have taken longer steps in
defining their cassava programs.

In Brazil, the National Cassava Center
has been organized and CIAT, by special
request of the Empresa Brasilerira do
Pesquisa Agropecuaria (EMBRAPA},
assisted in the planning and organization,
CIAT's cassava agronomist has also spent
over a month in the Brazilian Cassava
Center, assisting in organizing a national
network of regional 1rials, and in 1978, the
cassava entomologist will help them in
organizing the program in Brazil

Consultations and visits to the Instituto
Nacional de Investigacidn Agropecuaria
{INIA) of Mexico, by the pathologist,
agronomist and coordinator of CIAT
cassava program, resulted in the writing of

Cassava Program

a National Cassava Program for Mexico,
which has been approved. A national
center has been: established.

Training in pathology by a Costa Rican
agronomist at CIAT and visits of the CIAT
cassava pathologist to that country,
resulted in the eradication of bacteriosis
from the experimental fields in Santa Clara
and a program to eradicate cassava
bacteria blight from major cassava grow-
ing areas in the country. Additional visits
of the international cooperation specialist
and other personal communications
resulted in the establishment of an inter-
nationai regional trial with CIATs best
selections and later, in a formal agreement
between the Ministry of Agriculture of
Costa Rica and CIAT s Cassava Program,
assistange in developing cassava research
and production.

In the Dominican Republic, former
trainees from CIAT will be assisted in
organizing their casshva program and in
establishing an imlernational regional trial.

Ecuador, through its Instituto Nacional
de lnvestigaciones Agropecuarias (IN-
IAP), asked for specific assistance to define
the starus quo of cassava production in
that country, with special emphasis on
economic aspects. CIAT assisted, with the
funding of IDRC, in the design and data
processing of an agro-economic survey
that showed yields were only of the order of
10 £/ ha. This was low compared with what
should be expected, Henge, an inter-
national regional trial was established ina
major cassava growing area and has shown
that yields of more than 20t/ ha, are easily
obtainable.

in Colombia, the Federacién Nacional
de Cafeteros has adopted CIATs
technology for a specific program in the
Caicedonia area, and, at least for those
farmers who keep production records,
showed increased yields from 25t045t/ha
over & fivg-year period. This is a clear
example of how a national institution has
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assimilated CIATs technology and
transferred it to farmers. In both the Cauca
Valley and the Atlantic Coast regions, ICA
is multiplying new lines selected in the
1ICA/CIAT regional trials for later dis-
tribution to farmers,

In other countries complete success has
not been achieved. IDRC has provided
special funds for Peru, but the objectives
proposed have not yet been accomplished.
Others have been informed, and have not
responded yet, while others have called for
assistance.

The nstwork of regional trials has
produced vield data from 48 different sites,
within and outside Colombia, Of these, in
47 cases, CIAT's selected cultivars have
produced highest yields indicating an
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adaptability to a wide range of ecological
conditions, It has also proved that the local
varieties can yield 50 to 100 percent more,
even with minimal inputs, if CIATs
technology is adopted.

The collaborating countries in this
regional trial network have been Guvana
and Ecuador (two cycles), Mexico (three
trials), Venezuela {two trials), and Costa
Rica, Argentina, and the US.A. {one
trial). Selected varieties, hybrids and seeds
from controlled crossings have beensent to
more than 30 countries, and the first results
and commenis are being received.

The success achieved so far has proven
the validity of the technology generated,
and the many problems faced indicate that
research has to continue.
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Rice is basic in the nutrition of the Latin
American people, particularly in the
lowland tropics where per capita consump-
tion 18 above 30 kilograms.

While production has been increasing in
some countries, in the majority, yields and
productivity are still low and insufficient o
meet the demand. Insufficiency i primari-
Iy due to the lack of appropriate varieties
with tolerance to adverse climatic and soil
conditions and with tolerance or resistance
to pests and diseases. Moreover, the lack of

Rice Unit

propefly trained technicians prevents the
transference of farming technology to
farmers in those regions where suitable
variclies are available and where con-
ditions are favorable for increased produc-
tion,

In 1977, CIAT's Rice Unit continued to
develop its projects in international
cooperation, varietal improvement and
training, to help fulfill the primary objec-
tive of contributing to increasing national
yields per surface unit in Latin America.

International Cooperation

Results-were compiled this year for the
First International Rice Yield Nursery for
Latin America (VIRAL.76). Additionally,
the following International Rice Research
Institute (IRRI) nurseries received in mid-
1976 were evaluated at CIAT. two yield
nurseries of early- and medium-maturing
varieties; two for evaluation in upland
conditions; one for sheath blight; one of
floating varieties; and another for soil
salinity and alkalinity problems. These
nurseries were planted at CIAT between
July and November 1976 and the material
evaluated, the seed multiplied and the most
promising varieties or lines for Latin
America selected. Particular emphasis was
placed on plant type, grain quality,
resistance to Sogatodes and good yiekd.

Rice Unit

FIRST INTERNATIONAL RICE
YIELD NURSERY FOR LATIN
AMERICA (VIRAL-76)

In 1976, the First International Rice
Yield Nursery for Latin America{VIRAL-
76} was formed with 24 varietizs from
Colombia, Costa Rica, the Dominican
Republic, Ecuador, Guatemala, Mexico,
Peru, the Philippines, Sri-Lanka and
Surinam. Twenty-cight sets were dis-
tributed to 17 couniries. Yields obtained in
several countries are shown in Table |,
Some varieties in this nursery outvielded
the local varieties, e.g., Juma 57 and 58
from the Dominican Republic, yielded
more than the Peruvian local variety,
INTL. Similarly, IR2863-38-1-2 from the
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TTable V. 'Vield of the varieties from ihe Internationai Rice Yield Nudwery (VIRAT, 7€) in severn) countriesin Laiin Americs.

Countries and vield (t/ha)!
Couta
Colombia  Ricw?! PBcuador Cuvana Méxioo? Peru  Venezuels*

Yariety Country of origin (2 3) 4
CICA 4 Colombia 33 4.5 6.1 29 64 L7 8.1 54
CICA 6 Colombia 3% 3.3 5.5 27 67 2.3 7.2 4.8
CICA 7 Colombis 3.1 4.5 5.6 3.0 51 26 7.5 4.3
CiCa g Colombia 46 5.3 6.8 2.8 55 26 8.8 5.0
PY18-25-14-2-3-18 Colombin 4.9 i3 6.2 28 %7 313 8.1 13
P918-25-15-2-3-2-18 Colombia 4.6 i4 6.1 29 95 36 1.7 6.4
CR 1113 Costa Rica 4.3 4.0 57 11 66 2.2 8.7 6.1
Juma 57 Dom. Republic 38 45} 69 18 - 25 9.4 56
Juma 58 Daom. Republic L5 - 6.1 - - 38 9.4 7.2
13 Ecuador 4.5 1.6 63 21 43 2§ 1.2 5.2
Tikal Guatemals 4% 4% 17 5 41 28 2.4 52
N (IR [055) Guyana 19 - - 4.3 86 - 7.0 -
T1916(GR 22-10-6-10} Guyana 37 - - 4.6 66 - 6.2 -
Macuspana A 75 Menice N 2.5 kW 29 45 29 57 39
Bamoa A 75 Mexico - 4.1 54 38 72 28 8.2 5.3
Inti Peru 3.0 il 59 35 1.2 2% 2.4 6.1
IR 2058.78-1-3-2-3 IRRI is - - - g4 - - -
TR2823-399.5-6 IRRI 4.1 - - B - - - -
IR2863-38-1-2 IRRE 4.3 - - - 108 - -
IR 1529-430-3 iRR] 44 - - - - - - -
Bg 50-2 Sri Lanka 4.4 26 5.1 4.6 Lo 20 8.0 6.0
Ciwimi SML Surinam 4.3 3.3 5.2 31 1.9 2z 6.9 34
Camponi SML Surinam 4.6 56 4.1 37 - 28 6.8 5.1
Ceysvoni SML Surinam 4.3 38 4.2 3.5 -~ 23 6.3 4.2

Under srigated cordd:ions, excapi in Coata Rica and i two ssies 10 Mexico,

¢ Under apland conditions with good ruinfsll cistribution.
3 tiadsr unland casdibiorse aberdde AF Buwrs sxtes with densiabie nrabiermsis



IRRI and the two lings from the
cooperative  Instituto  Colombiane
Agropecuario {ICA}CIAT project from
Colombia (P%18-25-1-4-2-3-1B and P918-
25-15-2-3-2-1B) yielded 2 to 3 t/ha more
than Bamoa A7S5 and 4 t/ha more than
Macuspana A75 in Mexico.

NURSERIES FROM IRRI

In 1977 IRR] nurseries received in mid-
1976 were evaivated at CIAT. The Inter-
national Rice Yield Nursery for Latin
America for Early-maturing Yariolies
(VIRAL-P} contained 10 varieties with
good grain quality and vield potential;
vields fluctuaied between 6.5and 8.6t/ ha,
Under CIAT conditions (1000 meters asl
and 24°C) maturity varied between 12] and
129 days. At lower altitudes, time to
maturity would be reduced by 1010 15 days
{Table 2). In the nursery of medium-
maturing varieties (VIRAL-T) 14 lines or
varieties were included with yields that
fluctuated between 6,5 and 9.9 t/ha; time
to maturity was 130 to 143 davs (Table 3).
The nursery for decp-water varictics
{(VIRAL-PF), initially had 50 lines of which
10 were seiected by the C1AT Rice Unit {or
plant type, gram quality and folerance {o
deep waters (80 cm) and were distributed to
the countries which solicited this matenial,
This nursery was also planted at CIAT in
early 1977 to multiply seed and determine
potential yields of the entries under normal
irrigation conditions, Table 4 shows the
principal characteristics and vyields of
entries in VIRAL-F. In the International
Sheath  Blight Tolerance Nursery
{VIAVAL), some lines were discarded due
to upacceptable grain type, late maturity or
susceptibility to lodging. From this, asmall
nursery more appropriate for Latin
America was distributed. However, no
material was climinated from an Inter-
national Observational Nursery for Salini-
ty {VIOSAL) since only a few lines were
included for specific countries,

The upland nurseries. composed of 200
fines or varieties, were planted at ClAT

Rice Unit

N

under upland conditions, (A drought
lasted from December 1976 through
February 1977). Several lines showed
drought tolerance in the vegetative and
reproductive  stages. However, a low
tolerance to iron deficiency was found in
the majority of the lines, which interfered
with the reliability of vield data. Fourteen
varieties tolerant to drought and iron
deficiency were selected —seven with
medium size grains, three with short
grains, and four with long grains. With this
material, the International Rice Upland
Yield Worsery (VIRAL-S) was formed and
distributed,

Tabie 5 shows the nurseries and the
number of sets dispatched to Latin
Amerncan countries in 1977,

SECOND CONFERENCE ON INTER-
MNATIONAL RICE TESTING
PROGRAM FOR LATIN AMERICA
(iRTP)

This year, the second conference on the
International Rice Testing Program for
Latin America was conducted at CIAT on
November 4-5. Leaders and other
professionals of national rice programs
attended the conference whose purpose
was 10 strengthen international coopera-
tion within the [RTP; correct procedural
problems; define the need for more
nurseries; interchange wdeas on current rice
problems, and develop a schedule of
activities to more rapidly disseminate the
IR TP results to the farmers. Tabile 6 shows
the number of participating delegates from
edch country represented.

When delegates were asked if they
preferred to receive the nurseries directly
from IRRI or after evaluation and further
selection by CIAT, all the delegates except
those from Mexico and Costa Rica
requested the nurseries from CIAT. Mexi-
co requested nurseries from both IRR | and
CIAT and Costa Rica requested the
abservation nursenes directly from IR RI,
and the yield nurseries from CIAT. The
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Tabie 2. Principsl characteristics of the germpissm i the 1977 international Yield Nursery for Exrlyandturing Varieties {for Latin America (VERAL-P)
o !
FS observed at CIAT,

Agronomy Diseases? Insects? Quality
Country Height  Maturation Bacterial Sheath Grain  Gelatinization  Yield

Identification of origin {cm) (days) Blast Blight Blight Sogatodes Length?  Temperaturet  (t/ha)
BR5 14611

IR0/ IR 51 1431 B'desh 107 129 1 3 1 4 5 I 8.0
IETZH8 (R PI19-34-2-1 -3

Ti41/IR661-1-175-3 India 86 123 g 5 3 4 3 1L 8.1
IET326H{RP633-95-8-1 .

IRE/PF1-43/IR22 India 91 123 8 3 2 7 3 I 835
IEFI2HRP6-316-31-4)

TEM6/IRS India §5 122 8 5 2 7 3 1 1.2
B541B-Pn-38-5-31

Pelita I-1/TP1108-2 Indonesia 163 128 ? 2 2 3 3 i LS
IR2070-414-3- K IR 40}

IR20%2/0 mivara/ /CPY4-13 IRRI 96 125 4 4 2 6 -1 I 7.3
IR2071-625-1-25IR 3%

IR1561-228/ /IR 400 [/ JCR94-13 IRRY &0 124 2 6 3 3 3 i 17
1IR2307-84-2.1-2

CR94-13/IR1361-228 IRR] 39 127 4 4 2 3 3 I 6.3
IR 1561-228-3-Mcheck)

IR8/Tadukan; / TKM&*2/TN1 IRRI 33 121 H 5 2 8 3 L 8.6
CICA 7 Colombia 99 12% 3 3 z 4 3 L 8.6

Averagt of TWO SCMCETers

Interagtional resistance scale of 1% 129 cresistany 3.0-3.%% moderidly rosiziang; 4859 ¢ 23 pilide pr 41598 = susceptibie.
Scaie for length of grain: 3 =long grain (6.61-7.50mm}; $= mediom fength grain (5.51-6.60mm}

Gelatinizetion temperature xaler {w informediate; Lwlow,

P

udel Ny LD LL6L



Agronomy IHseases? Insects? Quality

E)
8 , -
§ Country Height  Maturation Bacterial quu?s Grain  Gelatimzation  Yield
2 Ildentification of origin {em) fdays) Blast  Blight Blight Sogatodes Length® Temperature*  (t/ha)
BR51-46-5
{R20/1R5-114-3-} B'desh 122 134 8 4 k] 4 5 I 7.8
BR51-74-5
IRIG/IRS-114-3-1 B'desh 120 133 8 4 3 4 5 IL 6.8
BR 4 (BR53!-2{-6)
1R20/1R5-114-31 B'desh 124 137 8 3 3 3 3 I 1.5
IETT78 R P34-39-1) India 95 132 9 & 4 4 3 L 7.2
B34 1b-Kn-58-5.3
Pelita 1/ 17IR332E576-4 Indon, 110 130 8 4 3 4 3 I 7.4
B342b-Pn-9-3-2
Pulita 1/1/IRSI2ESTH4 indon. 117 134 g 3 2 & 3 i 9.9
IR2070-423-2-3- IR 38)
[R20*2/ 0.0} /CRI4-13 IRRL 9 134 4 5 3 3 3 L. 1.3
IR 2471-386-3-6-X1R42)
IR 1561228/ IR 24%6/0.n/ JCR94-|3 RR} 103 143 ] 3 3 8 5 i 7.9
R2323-399.5-6
CRO4-13/IR 1529680/ ) /IR 24%3 0.0/ /IR 14-16 IRR] 103 §37 2 4 4 4 3 IL 1
1R 2863-38-1-2
IR 1529-680-3/CR9$-13/ / IR480-5-9-3 IRRI 1 136 4 4 3 3 3 L 6.5
Bg 374-1 {75-311)
Bg 56-1/1R20 Sri-Lanka 103 132 8 3 2 k] 3 f 22
Bg 375-1 (75404} Sri-Lauka 98 132 8 3 2 3 3 I 9.1
TR 2588-19+ 19.].2-2
IR 1544238/ 1R 1529-680-3 IRRI 92 139 4 2 2 3 3 L 8.5
Taichung Senwu 195
Bin-tang-Chien/ IR 661 Taiwan 89 132 6 4 3 3 3 1. 8.1
o CICA 9 Colombia 110 133 4 3 3 3 3 L 80
B

Anerage of (w0 semiesers

Insernationa!l resistance seaks of 1% -2 9wrenstang 3039« moderstzly tesisiant, 4.0-5.9= moderasely sasceptible or intermediatg .59 5 susceptible
Scale for lengh of gramn: Jalong grain (6,617 50mmy; §mmedium iongth grai 15.51-6.60mm)

Gelatinizetion weroperature wale: 1 2intermediaie; L alow,
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Table 4. Results of promising rice Hines with the characteristics of floating rice under normal irrigated
corditions at C1AT.

Country Days to Height Lodging  Yield
ldentification of Qrigin Flowering {cm} b (t/ha}
BKN 69858-147-2

IR 262/Pin Gaew 56 Thailand 168 112 ] 6.7
BEN 6986-8i

IR 262/ Pin Gaew 56 Thailand 156 130 83 4.4
BEN 698628

IR 282/ Pin Gaew 56 Fhatland 146 B 0 6.5
BKN 6987-105-4

IR 262/Khao Nahng Nuey (] Thailand i28 109 g 89
BKN 699%3.63

iR 262/TPG 161 Thailand 129 172 100 54
C 4-83 Philippines Hy 113 Y 6.9
RDI Thailand 123 113 o 6.4
BKN 6987-118-3-p

IR 262/Khao Nahng Nuey 1 Thailand 123 167 0 82
BKN 8981-133-2-P

IR 262/Khao Nahng Nuey 1] Thailamd 12 1 g 58
BKN 6987-213-2-F

IR262/ Khao Nahng Nuey 11 Thailund 125 167 0 8.7

Tabie 5. Number of nurseries from the Enternational Rice Testing Program for Lutin America distributed in

1977,
Na. of nurseries!
Country VIRAL-P  VIRAL-T VIRAL-S VIRAL-F VIAVAL VIOSAL Total
Argentina i i 1 3
Bolivia l 1 b 4
Brazil 5 b 3 1 2 16
Colombia i | i 3
Costa Rica H i 1 3
Ecuador 2 2 1 1 H 1 8
El Salvador t H H 3
Guatemala 1 i 2 4
Guyana i ! i i i | &
Honduras p] 2 2 6
Jamaica i 1
Mexico 4 4 2 10
Nicaragua 2 P 4
Panama 2 2 2 6
Parsguay 1 1

continwed on pagh <7
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Tabie 3. (continued}

No. of nurseries

Country VIRAL-P VIRAL-T VIRAL-S VIRAL-F VIAVAL VIOSAL Total
Peru 2 2 1 5
Dom. Republic 1 i 1 { i 1 f
Surinam i i i 3
Venezuels 2 2 4
Fotal 8 28 n § 9 4 YH

P VIRAL Iaternational Rice Yield Nugsery for Labio Americs
- Bardy matusing varisies
«1  Medium motusing varicties
-8 Uplasd rice varietics
F Floating vansiizs

YIAVAL
VIOSAL

Table 6. Number of delegates who purticipated in
the second conference on the Inter-
nationsl Rice Testing Program for Latin
Americz for 1977

No, of
Countries Pelegates
Argentina H
Belize i
Bolivia 2
Brazil 3
Colombia 6
Costa Rica 2
Bom. Repubiic i
Ecuador 2
El Salvador i
Guatemala 1
Guyana i
Hondoras 2
Mexico 3
Panama k+
Paraguay i
Surinam 2
Venczuela 2
Urugnay H
Philippines (1RRI) k]
TFotal B

Rice Umit

Interagtional Sheath Blight Toloranes Nussery Jor Latin Americs,
Intersrtionat Rive Sslinity Observational Nursery for Latsn America,

delegates from Brazil and Urnguay stated
that they would request directly from JRRI
the following specific nurseries: for
resistance to low temperatures, drought,
and aluminum toxicity.

The following aurseries were of interest
to the delegates of several countries: yield
nurseries of early- and medium-maturing
varieties for upland and irrigated con-
ditions; observational nurseries of early-
and medium-maturing varieties for upland
and irrigated conditions; rice blast and
sheath blight nurseries; and nurseries for
salinity, low temperatures and deep water.
There was also & consensus of a need for
future nurseries on brown leaf spot
{Helminthosporium oryzoe) and leaf scald
{Rhynchosporium  oryzae) and  soil
problems such as aluminum texicity and
alkalinity. Table 7 shows the iypes of
nurseries established for 1978 and the
number of sets requested.

DISTRIBUTION OF YARIETIES AND
PROMISING LINES

The CIAT Rige Unit collaborated with
institutions of several countries by sending
seed of varieties and promising lines. Table
8 shows the quantity of seed from varieties
and promising lines dispatched in 1977,

0-7
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Table 7. International Rice Testing Program for Latin America planned for 1978.

- E
B S 3 = & 3
.2, % = 532 : 5 3 g g d¢ 53
IRTP ?ﬁﬁs% §E 239 3 5 8 & &8 g%’ﬁ'gi‘% S
Nurseriss Type! < dadas8 O U Owa@ G o oom 2 Z & & £ & w5 » =
VIRAL-F i 116 2 R T R 1 2 ¥+ 2 1 ¢ ot 1t 2 32
Yield VIRAL-T
Temparano I 4 3 H LIS T B i 2 P2 1 ¥ 2 4
YIRAL-S | I S R i N B i 2 & H 2 H 4 2 28
VIOAL
Cibservational Riege 1 2 3 i H 2 i H { 2 IS
VIOCAL
Secano 2 25 i 1 12 & 2 H 25
Priseases VIPAL 2106 1 2 H N A | H 2 & 1 i i 2 ¥ b 33
VIAVAL i 2 HE H i { H i
Environmental VIOSAL i [ i 1 1 1 ?
and Soil Low Tempera-
Problems tures Nursery 2 ] 1 1 5
VIRAL-F 1 2 1 1 1 &
TOTAL 3 8 63 10 g 7 7 4 5 9 12 N & N 3 W 513 14 186

VIRALP [nternational Rice Yiekd Nursery for Latin America - Early-maturing varleties,
VIRAL-T . Iwgrnational Rice Yigld Wursery for Latin America - Medivmematuring varieties,
YIRAL-S Internationsl Rice Yiekt Upland Nurmery for Latin America

VIGAL  International Rice Observational Nussery for LA,

VIPAL  Beternationsl Rige Blagt Nursery Tor Latin Ametica

VIAVAL Interoational Shesth Biight Tolerance Nursery for Latn America

VIDSAL  fraernationa! Rice Splinizy Olservations] Nursery for Latn Amesics

niermiional Kice Observational Nurkery for Low Temperatures in Latin Amenca

YIRAL-F  Insernmsionst Ywld Nursery for Floaling Vanecties for Latin Amenea.



Varieties and lines distributed (kg)

b
8 b
§‘ ) w =~ = f’,g - g
S 08 A § = 8 sy ga £y 23 2§ £ < %
Country o ¥ 3 o € 2 533 3% - g - § A g S ¢
Argentina 0.2 3.2 6.2 02
Australia 0.1 8.1 0.1
Germ. Fed. Rep. Lo 16 1.0 1.0 18 10
Brazil 30 18 510 310 0.5 184 18 Lo 1.0 1.0 0 10 45 0=
Bolivia 150.0 X00.0 000 2000
Belgiurn 1.0
Costa Rica 50.0
Colombia 20 0.0
Ecoadoer 10.6
France 0.2 0.2
Philippines 3.4 3.4 0.4 0.4 .4
Guvana 6 1.0 §0.0
Kenya 0.1 0.1 0.1
Liberia 402 0.02 002 0.02 .02
Mexico i.D 1.0 1.0
Nicaragua 0.0
Panama 5G.0
Pern 50 70 510 20 574
¥engzucla 50.0 8GO
Uruguay 1.0
g Total 4.20 532 211,52 414.02 1.5 20 L0 18 0342 LU 63852 1 05 0%

=




Breeding

This year ICA and CIAT continued
breeding rice varieties with high yields for
production stability, reduced dependency
on agricultural inputs and to overcome
major production constraints such as rice
blast (Pyricularia oryzae), hoja blanca
virus, the leaf-hopper (Sogetodes
oryzicoda) and minor constraints such as
sheath blight {Corticum sasakii) and salini-

ty.
EARLINESS

The fermers in the important Colombian
rice zones of Tolima and onthe North
Coast prefer rice varieties which are early-
maturing (100-110 days). Four early-
maturing varieties—IR36, 74-5461 (blast
resistant Bg 34-8), CICA 7 and IR22—
were combined in 13 different simple
crosses for early maturity with blast
resistance from Tetep, Colombia 1 and
C46-15. The simple crosses were subse-
quently top crossed and intercrossed to
produce eight triple and five double
crosses. The Fo population of these crosses
will be evaluated for carliness at the ICA
MNataima and Turipana stations, in Tolima
and the North Coast rice growing zones,
respectively.

DISEASE AND PEST RESISTANCE
Resistance o Rice Blast

Selection for resistance to rice blast, P.
oryzae, is one of the basic objectives of the
bresding program. The achievement of
stable resistance to rice blast is being
pursued through multiple resistance and
multiine approaches,

Mudtiple Resistance. Some 36,000 F2
progeny were selected from multiple
crosses with 10 improved parent lines
carrying resistance factors from Tetep,
Colombia |, Dissi Hatiff, €46-15 and
Carreon. The F; progeny combining

D-10

resistance factors from three or four
sources were cvaluated in single row
progeny trials. Some 11,000 selections
combining resistance to blast, the plant
hopper (Sogaiodes), acceptable grain
quality and good plant type were derived
from the promising F3 progenies. All
1,000 selections were planted as Fy
progenies at Villavicencio and exposed to
natural neck blast infection. Of 3,400 Fa
progenies that matured during the vear,
330 promising lines were selected and
planted at the ICA-Palmira station
unteplicated plots for yield evaluation;
1,000 selections were advanced to Fs
progenies,

Multiline Yarieties, The third and final
backeross for a five component multiline
with five sources of resistance (Tetep,
Colombia I, Carreon, Dissi Hatiff, and
C46-15) and two recurrent parents (4414,
and CICA 9} was completed and their
respective B, F3 populations were planted.

With the third backcross, the recurrent
parent phenotype was fully recaptured as
evidenced by the uniformity of the lines.
The B3F,; populations were intercrossed to
combine resistance factors from three
different sources{Tetep withtwo others) as
shown in Table 9 to develop a multiple
resistant multiline,

Tabie .8, Crossing combinations with different

resistance sources for rice blast.

1. Tetep x (Carreon x Colomba 1)
2. Tetep x (Carreon x Dissi Hatiffy
3. Tetep 5 iCarreon x Ca6-15)

4. Tetep x (Colombia' x Digsi Hatiff)
3. Tetep x {Colombia! x C46-15)

6. Tetep x (Dissi Hatilf x C46-15}

1927 CIAY Annual Report



Table 10,  Sources of resistance io blast from
geographicaily diverse origins.
Regurrent  Sourges of Country of
Parents Resistance Qrigin
4440 Totep Yietnam
4414 Tapoo<ho-z China
4468 Ca902/b;3;3 Chad
CICA 4 P.L 184675.2 ran
CICA G Colombia 1 Colombia
Linea § S.M.L. 5647 Surinam
Bg 90-2 Ramind Str 3 Thailand

In addition, an expanded multiline
projsct was initiated with seven different
recurrent parents and seven different
sources of resistance from geographically
diverse origing {(Table 10} The first
backcross to each of the recurrent parents
was completed this year.

Five new, widely adapted, high-yielding
vatieties with good combining ability and
resistance to several production con-
straints were incorporated as parents into
the breeding program. Table 11 lists the
parents and their desirable characteristics.
The five parents were crossed in 152 triple
cross combinations to combine factors for
blast resistance from two different sources.

Tolerance to Sheath Blight

Presently, only tolerance has been found
to sheath blight {1 sasakii). Of the three
tolerant varicties selected — Bahagia,
Tapoo<ho-z and K8 — Bahagia and
Tapoo<cho-z have been widely used 1n
multiple crosses as tolerant sources to
sheath blight. Crosses were made between
the three toleranl varietics Bahagia x
Tapoo-cho-z; Bahagia x K8; and K8 x
Tapoo-cho-z such that each combination
would have tolerance factors from the two
parents. Each single cross was top-crossed
1o CICA 4, CICA 7, CICA 9 and 4440, The
F 1 progenies will be observed under field
conditions and evaluated. CICA 4, CICA
7, CICA 9 and 4440 were also crossed and
backcrossed to each of the three donors for
upgrading the recurrent parents with
tolerance to sheath blight. Rapid seedling
screening techniques for tolerant materials
have not yet been deveioped.

Raesistance to Bacterial Leaf Blight

Eleven varieties resistant to bacterial leaf
blight in Asia were inoculated wusing
isolates of Xanthomonas oryvrae obtained
in Latin America. From varietal reactions
presented in Table 12, it appears that the
isplates from Latin America behave
similarly to those obtained in Asia.

Table 1. Desirable traits of fve parents incorporated into the CIAT/ICA breeding program in 1977,
Reaction!
Plant Bacterial Sheath Phosphate Low

Parent Type Biighe Blight Salinity Deficiesey  Temperature

Remajda Tali HR s S S T

Bahagia Intermediate T T & g 8
JPelita 1 Intermediate MR s HR T g

Bg 66-1 Diwarf HR s 5 8 5

Bg 94.2 Dwarf R po3 5 5 H

Resistance seale: HR# highdy resistant; MR = indarstoly resistant, T toieranc S s suseeptible,

Rice Unit
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Table 12.  Reaction of several varieties to bacterial
leaf blight ( Xanthomonas oryzae).
Reaction!

Variety Colombia Asia

Remajda HR HR

Pelita 1/1 R R

Tadudakan R R

Bg 90-2 R R

Bg 66-1 R R

Bg 97-2 MR R/MR

Bg 97-3 R R

K 8 (mutant) MR MR

IR 22 R R

IR 2035-290 MR R/ MR

IR 8 SS S8

Bluebonnet 50 SS S8
Resistance  scale:.  HR=Highly resistant; R= Resistant;

MR = Moderately resistant; 85 = Highly susceptible.

Some 832 advanced lines selected at the
ICA-Palmira station from F2 and F4
populations (brought from Sri-Lanka)
were tested under greenhouse conditions
for resistance to bacterial leaf blight. Fifty-
nine percent were resistant; 20 percent
tolerant; and 21 percent, susceptible.

Identification of Genes for Resistance to
Plant Hopper

There is a possibility of a physiological
specialization of Sogatodes and therefore,
the identification of resistant genes should
be undertaken, Ten different resistant
varieties are currently being researched to
identify their corresponding genes.

EVALUATION OF PROMISING
MATERIALS

Advanced Lines and Segregating
Populations from Sri-Lanka

A total of 934 advanced lines (in the F 5
D-12

and Fe generations) derived from 22
different crosses brought from Sri-Lanka
were evaluated and 44 were selected as
promising. These were tested for yield
potential in two experiments both using
CICA 9 as the control. Table 13 shows the
results of the best eight lines in each trial.

Bulk F 4 populations from eight multiple
crosses brought from Sri-Lanka (Table 14)
were evaluated. From this material, 768
individual selections were made and
evaluated in progeny row trials in the Fs
generation, Of these, 90 promising lines
were selected for high yield potential,
acceptable grain quality, plant type and
resistance to hoja blanca and bacterial leaf
blight and plant hopper,

Four F2 populations from Sri-Lanka
were observed and of this material 166 F 3
selections were evaluated in progeny row
trials. Some 30 promising lines were
obtained.

Evaluation of Introductions

Some 461 advanced lines from IRRI and
Indonesia were evaluated and three lines
were found to have a resistance factor for
rice blast derived from the wild rice, Oryza
nivara. These lines will be used as parents
in the breeding program.

Purification and Multiplication
of Line 4440

Line 4440 originated from a cross
between CICA 4 and F ) (IR665-23-3-1 x
Tetep) and was selected as a pure line, with
the geneology P918-25-1-4-2-3-1B. Along
with CICA 7 and CICA 9, it was included
in the 1976 regional trials, and the First
International Yield Nursery for Latin
America.

Segregation for grain type, plant height
and maturity was observed in a seed
multiplication lot with 4440 at CIAT.
From this lot, 1600 plants were selected for
purification, which were evaluated for
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Table £3. Performance of the 16 advanced Hnes from 12 erosses brought from Sei-Lanka.

¥ teid % of
Liney Crosses 11 fha Control
Trisl I
e Bg 9022 [IR 1541 x ob674) £5 123
156 B 90-2 % [IR 1341 x ob67d] 7. 1i5
1279 Bp 90-2x IR 341 x ob 6786 77 113
1313 Pefita | 1 [IR (702 x [R :529] 7.6 HIT
1394 Pelita | ¥ x [IR 1702 x IR 1524] 7.5 tg
[18% Bg 902 x  {IR 1541 x 0b®7§ 7. 110
1345 Pelita | 1 x R 1702 x IR 1529] T 109
1332 Pelita b 1x (IR 1702 x IR 1529] 1.3 1o
Trial 2
Bg 9.2 IR 262 x Remajda 8.3 129
1724 Pelita b | x  [ob67h x T.K.M-4] 9.3 L28
1584 IR 22 x Bg 90-2 8.5 17
1843 [IRExTK.M-6] x [IR665xBe90-7] 18 108
1§53 IR 22 x Bg 90-2 17 107
1893 IR 22 x Bg 90-2 1.7 107
(495 Bg 66-1 x 1R 20 H ig7
1854 [IRE x T.K.M-6] x [Beso-1 x 1R23] 7.7 107

grain quality and maturity. Tenimproved
planis were selected to continue evaluation

Tabie 14, Eight multiple ervsses brought from Sri-
Lanka.
IR 2042-181 x IR 262 5 Pelita 1 ]

1R 2015-290 %
1R Z035-29) X
18 20435-290 X

[B2 90-2 x Petita 1 1}
fiR 262 x Pelita t ]
[IR 1529 % Pelita 1 1

Pubita 1.1 x {IR 26 x ob&74]

73797 x [Bkn 6809 x IR 1529)

73669 % [Bkn 5809 x 1R {52]

IR 262 X [Bkn 6509 x IR 1529]
Rice Unit

and seed multiplication in individually
seeded 200 m? plots with three replications,
transplanting one seedling,site at a dis-
tance of 50 x 50 centimeters. Tables 15 and
16 present the pnncipal agronomic
characteristics and grain quality of these [0
selections, From these observations, it was
decided to continue multiplication of basic
seed from selections | and 19, transplanted
in 4.5 hectares. In carly 1978, one of these
will be named as a variety in Colombia by
the ICA Rice Program. Additionally, one
kijogram of seed; selection was delivered to
the heads of national rice programs who
attended the second conference of the
Internation Rice Testing Program for
Latin America.

D13
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Tabie 15.  Principal agrenomic characteristics of 10 selections from Line 4440 at CIAT

Reaction?
Days to Days to Height Yiekd
Selection Flowering Maturity {om} Sogatodes Blast {1j ha}
I 166 143 26 2 1 7.8
2 166 44 96 2 i T4
3 i 146 b 3 i 1.7
4 1z 147 26 2 t 7.4
5 (14 143 o 3 1 7.8
& 167 145 98 3 1 146
7 106 3 96 2 1 71
S 1068 145 98 2 1 18
§ 10 142 a7 2 I 7.1
10 108 146 98 2 1 18

' Average of three replications.
1 According s the internetional

plible of intermediate, 6.0-3.0

ibje,
P

MECHANICAL DAMAGE IN RICE

PADDIES

A duck, Porphyla martinice, has caused
lodging and impeded the flowering of rice

scale of 149 1 9sreadent; 2.9-39= modeeaiely resistant; 40597 moderately

plants  where these birds make their
nests. In late 1976, when the rice planting
area at CIAT was reduced, the population
of P. martinica concentrated in a one
hectare plot planted with 4440, where it

Table 16.  Grain quslity of 10 selections of Line 4448 at CIAT.

% Total Yield Grain Length Gelatinization
Selection No. of White Rice! % Head Rice? (meen} While Center?  Temperaturet
{ 718 bR 5.9 2.6 LL
2 71.3 588 6.9 0.7 1
3 70.8 58.3 6.9 0.8 L
4 e 58.0 69 0.7 i
5 714 59.4 6.8 0.7 1
[ 0.5 529 7.1 0.7 1
7 9.3 51.5 7.0 0.7 1
8 68.7 450 1.3 0.7 {
9 8.3 46.2 7.1 5.5 I
10 6%.1 48.3 7.2 e i

Bieed on 13 kg of paddy rice.
Wholr white rse and 374 of whoie grain.

[}
F4
¢ Appearance of the white rive based on & male of 8% Gz sbsenics of the white eanter, 5 = white center which fifis the whale gran.
4 Laintormedinte; Lo low; the rice i dry and novesticky after conking.

D-14
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caused severe damage from eating the 30-
day-old seedlings down to the ground (F ig.
1). The damage affected 10 to 15 percent of
the area. This observation confirms the
fact that birds can, for lack of feedstuffs,
significantly limit production. This is the
first time this type of damage was noted in
the rice paddies and its magnitude is of
economic importance.

Figure 1. Severe damage caused by Porphyla
martinica after feeding on foliage of 30-day-old rice at
CIAT.

Training

RICE PRODUCTION COURSES

Fifteen Latin American rice
professionals from Bolivid, Braazil,
Ecuador, Guatemala, Guyana, Honduras,
Mexico, Nicaragua, and Panama were
trained in rice production and breeding in
faur to six-month courses. The trainees
received practical orientation in: soil
preparation; planting; cultural practices;
harvesting and processing; and planning
and economic evaluation (Fig. 2). This was
reinforced with classroom instruction and
periodic conferences on economic and
administrative aspects of production.

An important phase of training was the
planning and execution by the trainees, of
experiments to study the principal
agronomic problems of the crop which are
present in their own countries. The trainees
planned eight experiments in which the
following were evaluated: planting density
and nitrogenous fertilization on direct-
seeded and transplanted rice; the
appearance of volunteer rice and its

Rice Unit

control; the effect of the rice leaf miner,
Hydrellia spp. on the production of
transplanted rice and on direct-seeded rice;
and finally, the chemical control of weeds
in direct-seeded and transplanted rice.

Experiments comparing yields of semi-
commercial planting systems in one-
hectare plots were also planned and
conducted by the trainees. While there
were no significant yield differences, the
experiment is being continued with
another group of trainees to evaluate
production costs of these two planting
systems,

Training was complemented by observa-
tion trips to rice zones in the Cauca Valley,
Tolima and Huila, in Colombia, and the
Guayas River Basin in Ecuador. Trainees
then compared different cultural techni-
ques in distinct ecological media and
evaluated and integrated their own
knowledge and experiences with other
technicians.

D-15
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Figure 2. As part of their field experience, trainees study the condition of transplanting beds at CIAT.

Special training was provided for INTENSIVE COURSES
professionals interested in plant breeding.
Training included the basics of selection of
genetic material, the establishment and In late 1977, a short course for 20
evaluation of regional trials, and planning agronomists working in technical
and evaluation of International Rice Yield assistance programs with ICA, Federacion
Nurseries for Latin America (Fig. 3). de Arroceros de Colombia

Figure 3 Ecuadorian and Mexican trainees assist in the assembly and packaging of International Rice Yield
Trial Nurseries for distribution to Latin American countries.
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(FEDEARROZ) and CARE provided
instruction on new technology on rice

production such as leveling of land
underwater and transplanting,

Rice Technology Adoption

This year, a special studies project was
continued on the socioeconomic effects of
improved rice varieties and their associated
technology on farmers in villages and
farms of the North Coast of Colombia, an
important rice cultivation region. The
economics of upland, rainfed and irrigated
rice production were analyzed to establish
CIAT/IRRI research priorities for small
rice producers in Latin America; and, to
detail the socioeconomic adaptations of a
rice farming society in transition (CIAT,
Annual Report, 1976).

Two neighboring rice-growing com-
munities were studied. In the control only
traditional rice varieties and technologies
were used for subsistence cuitivation, Both
upland and rainfed rice cultivation in the
traditional community are non-irrigated.
In the upland cuitivation system, rice is
direct-seeded in higher areas with relatively
poor soil. No dikes are constructed to
retain rainwater. In rainfed cultivation,
rice is generally transplanted in good soils

in shallow naturally flooded fields which
are sometimes bounded by dikes to retain
water. Most farmers in the traditional
community use both rice cultivation
methods, and average rice plots were 0.8
and 0.9 hectares per farmer for the two
cultivation methods, respectively. Most
farmers use both systems; then the average
rice area per farmer is 1.26 hectares,

In the modern farming community, the
majority of the farmers use the improved
variety, CICA 4, on irrigated land with
fertilizers, insecticides, fungicides, and
chemical weed control, These inputs were
supplied by credits from the Caja Agraria.
{However, some farmers did not manage
their credit well, became indebted, and lost
their credit rating.)

Rice yields differed substantially
between modern and traditional farmers
(see Table 17). Modern farmers had higher
net incomes due to higher yields of the
improved variety, CICA 4, which also has

Table 17.  Estimated yield and breakdown of profi ability of rice production in three different rice growing
systems in two communities.
Modern Traditional
Mechanized Manual Manual
Irrigated Upland Transplanted
Yield (kg/ha)t 3,510 972 984
Value of production {Col.$/ha) 12,285 3,402 3,444
Total costs (Col.$/ha) 12,078 6,486 4,322
Net profit (Col$/hap 207 -3,084 -878
Net profit? -1,501 315

1. Yield estimates based on questioning 00% of farmers in modern community, 255 of traditional community.

2 Family labor included as a cose.
3 Family labor not included as a cost.

Rice Unit
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Table 15, Yield and breakdown of profit of
mechanized rice production by =
cooperative, per member, as compared
with averages of co-villagers for 1976,

Village
Cooperative  Average

Yield {kg/ha} 5,140 3510

Value of vield (Col.$/ha} 18,258 12,285

Total costs (Col.§/ha} 15819 12,078

Net profit (Col.+/ ha} 2,439 b1

a shorter growing period permitting two
harvests per year. {One farmer produced
eight tons of rice on a one hectare plot.)

It should be noted that af the time of the
surveys, rice prices were low, wet season
rains were late and precipitation low,
adversely affecting transplants. As aresult,
real profits were npegative for the
traditional farmer and only slightly greater
than zerao for the modern farmers.
However, farmers in a cooperative in the

modern community achicve higher yields
and incomes than the average (see Table
18).

Table 19 shows estimated production
costs for the two communities. Of the
variabie costs, labor in the traditional
system was very high as compared with
mechanized production -~ 74 and 87
percent for upland and rainfed rice,
respectively, as compared with 17 percent
for the modern farmer. It should be noted
that subsistence farmers use family labor
on their farms but do not consider it a cost.
However, when family labor is deducted
from total production costs, only rainfed
rice farmers made a profit in 1976,

Since upland farmers rentland on which
other ¢crops can be grown such as beans,
maize, and cassava, the rental fees of the
upland farmers are higher. At the same
time, rainfed rice farmers do not compete
for land with other crops and therefore
have lower production costs and produce
higher yields. New technology for these
farmers would have a bigger pay-off.

Table 19.  Estimated costs of rice production/ha in three different rice growing systems, North Coast region,
Colombis, 1974, (in Cel. $).
Madern Traditional
Mechanized, irfigated Upland Rainfed

{n=73 {n=23) {(n=43)
Land rent 1,585 i.943 1,839
Land preparation 1,800 - -
Water 526 - -
Seed 1,242 478 255
Inputs 1,212 176 23
Input application 156 g 5
Harvesting 1,800 - -
Technical assistance and interesis 991 £Q 43
‘Transport 300 53 28
Manual labor 1,856 3,744 2887
Total 12,078 6,486 4,322
D-18 1877 CIAT Annus! Report



It is evident that the modern rice-
farming community is changing from a
commodity-based economy into a casH
based one. This has adversely affected
landless, sharecropping farmers in this
community for whom rice is a staple whose
availability is limited in a commodity-
oriented economy of scarcity.
Sharecroppers, who are 50 percent of the
subsistence farmers in this community
generally require one-fifth of the ¢rop to
pay harvest labor, and one-third for the
landowner. This indicates that subsistence
farmers cannot contribute significantly to
the external market or retain much of their
crop for family consumption. Until recent-
ly, they supplemented rice for family
consumption by working as laborers for
moxdern rice farmers who paid them in rice
shares.

When the combine harvestor was first
introduced by modern familiss poor
families in the community were allowed to
recover shattered grains left by the
machine, partially offsetting the reduction
in rice availability. However, modern
farmers now argue that 3-15 percent of the
grains remain in the rice stalks and leaves
cut by the machine and this rice can be
consumed by the owner's family.

The reduced rice circulation in the local
economy forces the subsistence farmers to
buy more rice during the greater part of the
year (Fig. 4). However, these cash
payments buy less rice than the quantity
normally paid to laborers since purchased
rice passes through middlemen who raise
the price.

The fact that the modern community is
making an economic transition from a
subsistence commodity to a cash based
economy is also reflected in changing
social customs, Formerly, farmers in both
communities gave of rice to families and
friends. Currently, 85 percent of the
traditional farmers surveyed made gifts of
rice, while only 65 percent of the modern
farmers still continued this practice. These
Rice Unit
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Figure 4. Comparison of percentage of
commercial farmers in the modern commusity snd

subsistence farmers in the traditions! community who
buy rice for family consumption during the year,

quantities constitute 3.4 and 0.9 percent of
the farmers production, respectively. The
poorest farmers, the sharecroppers, may
have distributed similar quantities of rice
as the modern farmers, however, they had
the lowest yields and net incomes therefore
distributing 2 higher proportion of their
rice than the landowning farmers. While
the guantities were small and probably
more significant as tokens of social
commitment than of economic impor-
tance, when these gifts were given prior to
harvest, they may have been important for
non-landowning farmers.

This change to a cash-based economy is
also polarizing the modern farmers from
the traditional ones and the farm laborers.
This is expressed in such visible items as
television sets, radios, bicycies, improved
housing quality and by less tangible factors
as different work habits and different
cosmopolitan levels.

These economic pressures are also
creating a migration of less favored
persons from the modern community.
Preliminary analysis indicates that there
are three contributing factors: (1)
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mechanization of harvesting reduced the
job availability for landless farmers; (2)
rice distribution was reduced for landless
farmers who work for wage labor on
modern farms; aand, (3) landowning
farmers lost their credit ratings through
mismanagement.

However, it appears that due to im-
proved aconomic welfare, greater rice
yields in the modern community is produe-
ing social changes. The average family size
increased slightly as did the size of the
extended household. Owver the last ten
years, the birth rate rose 23 compared with
the control group, while age and sex ratios
between the modern and traditional
families did not differ. Desired family size
of the modern farmers was also bigger.
Although changes in family size were not
statistically significant, these changes were
directly attributed to higher yields produc-
ing higher net incomes and improved
family nutrition.

Increased rice production with im-
proved varieties and associated
technologies have also produced a reversal
of the economic decision-making role in
the modern farmer’s family. In the
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traditional comumunity, the worman is the
principal decision-maker as she is responsi-
ble for the family garden which is an
important subsistence base. However, as
the economic situation becomes more
fucrative due to improved rice yields, the
father who is responsible for rice cultiva~
tion assumes a more important decision-
making role.

When traditional and modemn farmers
were asked their opinion of their future
vocational expectations of their children,
30 percent of the traditional farmers
wanted their children to be farmers while
only B percent in the modern community
wanted their children te continue that
profession. In view of the higher
profitability of farming for the modern
farmers, this surprisingly low desire for
their children to be farmers was interpreted
as a change in perception of farming from a
way of life to 2 means of investment. This
was accompanied by the expressed desire
to move to the cities. Apparently, im-
proved yiekls and net profitability of
improved rice cultivation is viewed as a
stepping stene for social mobility,
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In 1977 the CIAT Swine Unit conducted
the second Postgraduate Course in Swine
Production. Sixty percent of the course
was practical work assigned on swine
farms in the Cauca Valley of Colombia.
Twenty-five professionals from 10 Latin
American countries attended the course.

The Swine Unit, through its
collaborative programs with national
institutions in Bolivia, Colombia, Costa
Rica, Ecuador and Peru, continued to
adapt swine production technology at the
regional level. Nutritional studies on the
use of locally available feedstuffs for swine
feeding programs were also conducted as
part of the cooperative projects.

Thirty-five former CIAT trainees from
12 Latin American countries participated
in a workshop at CIAT to analyze the
problems and future of swine production
in the region, especially in those countries
where the Center cooperates in projects.

Swine Unit

Workshop participants also discussed the
organization of an international network
for swine production.

At CIAT, experiments were done using
high levels of rice polishings in dietsfor the
gestation and lactation periods. Results
showed that rice polishings are feasible as
the main energy ingredient in all periods of
the swine life cycle. Research on
methionine supplementation in diets based
on cassava meal suggested that the addi-
tion of this amino acid is not essential,

The pilot plant for producing microbial
protein from cassava at CIAT continued
functioning with the 200-liter fermentor.
Studies indicated that the pH of the
fermentation medium is an important
factor for satisfactory results. The
microbial biomass being produced had a
fairly stable crude protein content (33-
35%) in the final sun-dried product.

International Cooperation

TRAINING

Postgraduate Course in Swine
Production

Twenty-five professionals from in-
stitutions which carry out swine produc-
tion, training and research activities in 10

Swine Unit

Latin American countries were selected to
participate in an intensive (six weeks)
course taught by specialists from state and
private Colombian institutions and staff of
the Swine Unit at CIAT.

Approximately 40 percent of the time
was devoted to theory and the remainder to
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Figure 1. Trainees in the Postgraduate Course in Swine Production conducted practical activities on
commercial farms in the Cauca Valley of Colombia.

practical work at the CIAT Swine Unit and
at commercial farms in the Cauca Valley.
The trainees worked on eight pig farms to
evaluate the principal production
problems and introduce some technical
changes. They also visited state and private
institutions involved with several aspects
of swine production, such as manufac-
turing of composite rations or veterinary
products, pig marketing and pork process-
ing facilities. Trainees also toured a group
of pig farms in part of the western tegion of
Colombia to analyze the swine production
potential of the region.

Other Training

Individualized training was also provid-
ed in the Swine Unit. Two trainees each
from Bolivia and Peru who participated in
the formal course received an additional
month of training at CIAT in order to help
plan future activities between their in-
stitutions and those formally collaborating
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with CIAT in these countries. One Colom-
bian trainee spent a month at CIAT
studying the genetic parameters of the
Swine Unit’s breeding herd, in collabora-
tion with the CIAT Biometrics Unit. Two
professionals from Thailand received
special six-month training in utilizing
cassava for swine feeding programs.

ASSISTANCE TO NATIONAL
PROGRAMS

Bolivia

The Swine Unit of the Universidad
Gabriel Rene Moreno/Heifer/CIAT
Cooperative Project now has a breeding
herd of 150 sows (Duroc, Hampshire and
Yorkshire breeds). Selected animals of
these improved breeds are being used for
foundation herds of regional swine promo-
tion programs. As part of the strategy of
the cooperative project at the Swine Unit at
Santa Cruz, training courses for small-
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scale farmers were taught using part of the
educational material produced at CIAT.
The physical facilities are also used for a
posigraduate internship through an
arrangement with the Veterinary and
Animal Science Faculty of the Universidad
Gabriel Rene Moreno. This internship will
provide recent graduates with practical
experience for their thesis projects.

CIATs Swine Unit provided technical
assistance in evaluating available local
products useful as feed sources for pigs.
The eifect of increasing levels of a veast
(Saccharomyces  cerevisige)  protein
(levabol) locally produced from sugar cane
molasses was studied as a protein source in
diets for growing pigs. Chemical analyses
of the final dried product showed a crude
protein content of 35-45 percent. Initial
results of the feeding trial (Table 1) showed
that when yeast protein is used at levels of
7.5, 15 and 20 percent in maize- and
sorghum-based diets, it could partially or
completely replace conventional protein
sources {soybean or cottonseed meal).
Growth performance, expressed as weight
gain and feed conversion efficiency, was
similar for all three levels of yeast protein
used. The preliminary results are being
confirmed in further experiments during

Table 1. Grewing performance of pigs! receiving
varfous levels of levabol as a protein
KOTCE.
Parameters Values
Protein sources Diet 1 Diet 2 Diet 3
Soybean meal (%) g 3 -
Cottonseed meai (%) 7.5 - -
Levabol (%) 7.3 18 20
Performance Tactors
Daily gain {kg) 07 080 079
Daily feed )
consumption {kgj 2463 .06 2.60
Consumption/ gain 342 327 3%

Bighteen pigs with imtital weight of 18 kilograms and fisel werght of
64 Xilograma.
T Yexwt Sacchusomiees cerrssne,

Swine Unit

the pgrowing-finishing periods and

throughout the reproductive periods.

During 1977 the Swine Promotion
Program in Chuquisaca completed con-
struction of three swine units, each with a
foundation herd of i20 Duroc and
Hampshire sows and six boars, The
Program has also provided credit for
medium- and small-scale swine producers
for maize cultivation and to buy breeding
stock as part of the agreement between the
Bolivian government and the Inter-
American Development Bank (BID) to
develop 150 swine farms in the region.
CIAT provided technical assistance and
training for three professionsis who are to
conduct the Program,

Colombia

Ten small-scale pig farmers at La
Victona (Cauca Valley) were selected fora
group financing project through the Caja
de Credito Agrario. Each farmer bought a
group of IS weaned pigs which was
managed throughout the growing-
finishing period. CIAT, collaborating with
the Institute Colombiano Agropecuario
(ICA), provided the technical assistance
for training the farmers, planned and
evaluated their projecis and conducted
field days.

The growing-finishing diets utibized
local feedstuffs such as sorghum, sugar
cane molasses, soybean meal and cot-
tonseed meal. Due to the easy availability
and low cost of molasses in this sugar cane
growing area, high levels (30% molasses
diluted with water) were fed ad lbitum
separately from a controlled supply of a
diet based on sorghum (75%), cottonseed
mical {18%} and soybean meal (795). Each
pig consurned approximately 30 percent of
its total feed intake (110 of 320 kilograms)
ag sugar cane molasses, producing
economical daily gains above 500 grams
{Table 2).
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Tabie 2. Average results of individual swine
performances in a family swine nit.!

Parameter Values/pig
Ininal weight (kg} 326
Final weghs (kg) 83 38
No. of davs 108
Feed comsumplion

Molasses (kg) [l

Congentrate (kgF PE]
Costs {Col. pesosy IRSG00
Sales vaiue (Col, pesos} 4300.00

+ o Lach facmer receised a group of 13 pigs during zach oycie

¢ Concentrate pontained sorghum £ 15520, cotronseesd mest | 1853 and
soybean meat (755)

b ncludes cosis for feed, [abor, giestrivin . witer, drags, iniesest and
Geprecation

Costa Rica

Although construction for the Swine
Unit of the Universidad de Costa
Riea;CIAT project has not been intshed,
the University rented a swine farm to bouse
the imported Yorkshire breeding stock and
1o initiate training and extension activities.

A swine development project for the
banana producing area of Guapiles was
initiated by an agreement of the Ministerio
de Agricultura y Ganaderia with the
Asociacion Nacional de Bananerosand the
Banco Central de Costa Rica. CIATs
Swine U nit provides technical assistance to
this project through the Ministry's swine
specialists previously trained at CIAT.

Ecuador

Contacts were re-established between
the CIAT Swine Unit and the Swine
Program of the Instituto de In-
vestigaciones Agropecuarias (INIAP) in
Ecuador.

Green waste hananas were used as raw
material to prepare a banana meal com-
mercially marketed in Ecuador as a
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substitute for conventional energy sources
in swine feeding programs. The nutritive
quality of the banana meal has been
evaluated through the different periods of
the swine life cycle.

Experimental results suggested that up
to 42 percent of banana meal can be
included in the diets of growing-finishing
pigs and lactating sows, for gestating sows
up 1o 64 percent can be included. At these
dietary levels, banana meal would sub-
stitute approximately 30 percent of the
cereal grains in swine feeding programs.

Technical assistance has been provided
by the CIAT Swine Unit to the INIAP
Swine Program through reguiar visits and
planning of future activities. Emphasis on
Iocal training and applied research has
been given to encourage the development
of swine production in the coastal western
region of Ecuador where crops such as
banana, rice and sugar cane predominate
and wastes or by-products from these
crops would be available for swine feed.
Validation of technologv on the practical
level is bheing started at the banana
producing area of the Provincia E} Oro.

Peru

The Swine Unit of the Instituto
Veterinario de lnvestigaciones Tropicales
y de la Altura (IVITA} at the principal
Tropical Experiment Station in Pucalipa
obtained preliminary data on the technical
and economical feasibility of swine
production in the jungle region of Peru.
(Observations were made on the adaptation
of an improved breed (Y orkshire) brought
from the coast to the Peruvian tropics,
Performance during three consecutive
reproductive cycles {Table 3} indicated that
under adequate nutritional and manage-
ment practices satisfactory resulis were
obtained with a Yorkshire herd of 20 sows
in the tropical environment of Pucallpa.
Housing facilities were constructed using
local materials and pigs are managed in
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Table 3. Performance of Yorkshire sows
introduced in the Peruvian tropics.)

Parameter Vatue®

Farrowing dats

No. of pigs/litter 14

Weight per pig {kg} 1.2
Weaning data {56 days)

Mo, of pigs/iitter 9.8

Weight per pig tkgh 163

Morahity during lactation {5¢) 17.0

Expervnents were done at ihe Tropweal Expenment Swagion of the
Irstitute Vetenmano de Imesnigatents Tropiciios 3 €t Alturs
vIEAa) Pusailpa

< Average raluss for  merd ol Jsows durinyg thres lacianion penigd«

partial confinement. These practical con-
ditions could be easily adapted by local
farmers interested in developing swine
production in this region.

Complementary nutritional studies were
done on lozally available feed products
such as fresh cassava roots and rice
polishings for growing-finishing pigs. The
CIAT Swine Unit and IVITA also provid~
ed technical assistance to the integrated
program of the Sociedad Agricola de
Interes Social (SAIS) Tupac Amaru 1 for
the development of swine production in its
colonization project at Pucalipa. In addi-
tion, I¥ITA’s Swine Program sells
breeding stock to farmers interested in
improving their stock and provides tech-
nical assistance in collaboration with the
Ministerio de Alimentacion. Currently, the
IVITA-CIAT Swine Project is visiting a
group of small-scale pig farmers in
Masisea, on the banks of the Ucayali
River, three hours by boat from Pucalipa.

Other Countries

In addition to the above collaborative
projects, the CIAT Swine Unit has main-
tained contact with other Latin American
institutions where swine production could
be developed in the future. Most of the

Swine Unit

support has been through (training
professionals who weuld form core groups
of swine specialists for national programs.

During 1977, the Swine Unit did a
survey for the swine promotion project of
the Ministerio de Agricultura vy
Ganaderia/United States Agency for
International Development (A1D) Mission
in Paraguay. The project is based on
utilizing crops — notably cassava, maize
and soybeans — produced on small farmes
in swine feeding programs, which could
help stabilize prices of these products at the
small-farm level, Former CIAT trainees
working at the Ministerico de Agricultura y
Ganaderia have conducted practical
demonstrations for the farmers on
different aspects of swine production,
especially management, feeding and
animal health,

WORKSHOFP ON SWINE
PRODUCTION IN LATIN AMERICA

Thirty-five former trainees of the CIAT
Swine Unit now working with national
institutions gathered at CIAT for a
Waorkshop on Swine Production, in
October. The countries represented and
participants from each were: Bolivia (6);
Brazil (t}; Colombia {6); Costa Rica (1}
Ecuador (5); Guatemala (1); Honduras (2)
Mexico {3); Nicaragua (3); Panama (2);
Paraguay (4} and Peru (1},

Obgectives of the workshop were: {1} to
review the situation of national and
regional programs for developmeni of
swine production, with special emphasis
on collaborative projects established by the
CIAT Swine Unit; (2) to sharpen the focus
on the factors limiting expansion of swine
production and plan strategies for their
solution; and, (3) to establish an inter-
national cooperative swine production
network.

The following were identified as some of
the common features of swine production
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in Latin America, notably in the countries
where CIAT has established collaborative
proiects.

* Swine production is traditiopally
operated as a secondary livestock enter-
prise lacking government support, and it is
not considered as part of integrated
agricultural development projects,

s The extensive, small type of produic-
tion using native pigs is widespread
although improved breeds are being
accepted rapidly.

¢ Swineproductivity is low under most
conditions and practically no extension
service is available to small- and medium-
scale farmers. The number of professionals
and technicians trained in swine produc-
tion is very limited.

¢ The most important constraints for
swine production development arc limited
availability of conventional feedstuffs,
deficient health programs, inadeguate
marketing systems, limited pork process-
ing facilities and restricted financial sup-
port.

The conclusions and recommendations
of the workshop were summarized in the
following proposals,

s To undertake technical, economic
and marketing feasibility studies for the
integration of agricultural development
and swine production as & special compo-
nent. These studies should lead to es-
tablishing regional programs within a
given country.

» To support swine development
programs for small- and medium-scale
farmers, but with anenireprencurial focus,
Associative or cooperative projects for
small farmers dedicated to swine produc-
tion are advisable,

* To intensify and increase extension
services for transferring swine iechnology,
notably at the small producer level
Integration of research or experimental
work with extension services is required.

# To search for the means of im-
proving the technological level of swine
development and to reduce production
costs, especially through the displacement
of conventional feedstuffs and the max-
imum use of agro-indusirial by-products
and nonconventional feedstuffs.

¢ To integrate Latin American swine
producing regions and to form a network
to avoid duplication of efforts and to
permit the more efficient transfer of
technology to these areas.

Research

ENERGY FEEDSTUFFS

The feasibility of replacing cereal grains
with agro-indusirial by-products such as
rice polishings or sugar cane molasses has
been studied for diets of growing-finishing
pigs (CIAT Annual Report, 1975 and
1976). However, because liftle information
is avaiiable on the use of these by-products
during the reproductive period of the swine
life cycle, experiments were undertaken to
study this possibility.

Rice Polishings
Partial or total substitution of cereal
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grains (maize and sorghum} by rice
polishings was tested in diets for the
gestation and lactation periods of the sow
as wgll as for baby pig feeding. Levels of
85.3 and 60 percent of rice polishings were
used for total and partial substitution,
respectively, the control diet was based 6n
common maize {78%). Experimental diets
were balanced with soybean meal to
provide !6 percent crude protein, The
gestation and lactation diets for each
experimental group were the same, vatying
only in quantity and form of supply during
the two periods. During gestation, each
sow was individually fed 2 kg/day of the
diet; during lactation, diets were supplied
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Table 4. Evaluation of rice palishings in swinie diets during the gestation and factation periods.
Diet
Ricy polishings
Maize + Rice polishings (859} + malse ¢

Parameters sovhean meal +3ovbean meal soybean meal
No. of sows 5 7 5
Farrowing data

No. of pigs; hitter B4 Q.3 HiR1]

Weight per pig {kg} LIl 1.26 1.24
Wesning data (36 days}

No. of pigs: hter 7.2 17 2.4

Weight per pig {kg} 1527 j4.85 15.29

Litter weight {kg) 1HL20 113.25 136,45

ad Hbinem in an automatic feeder, The
diets for suckling pigs contained 18 percent
protein and were supplied ad hibirum from
the tenth day after birth through weaning
(56 days). Pigs in litters from sows fed diets
with 85.3 or 60 percent rice polishings
received the same starter diet based on 50
percent rice polishings, whereas the litters
from sows on the control diet were fed a
diet based on 60 percent maize. In all cases,
soybean meal was used as the protein

ingredient,

The results in Table 4 indicate that total
or partial substitution of cereal grains by
rice polishings produced similar litier
performance as the control diet at farrow-
ing and weaning. The intake of experimen-
tal diets and of the basic ingredients js
presented in Table 5. Total diet consump-
tion was similar for all experimenial
groups. Therefore, total substitution of

Table 5. Consumption of diets based on rice polishings duripg the gestation and lactation periods of swine.
Diet and consumptionikg)
Rice poilshings
Maize + Rice polishings [(859)) {6fit,) + mauize +
Parameters soybean meal + soyhean meal soybean meal
Diet consumed/sow (kg)
Gestation €115 davs) 230.0 23040 2300
Lactation {36 days) 2963 2796 5.4
Diet consumed/litter (kg)
Starter diet {or pigs 475 509 634
Total basic ingredients
consumed {kg)
Maize 434.4 ¥ 2RS4
Rice polishings - 460.2 347.2
Soybean neal W22 618 794

Each sow received two kitograms of diet dady, sod fod mdisxduslly

Bwina Unit




A

cereal grains by rice polishings is feasible
without adversely affecting reproductive
performance,

Cassava Products

Because of cassava’s potential as an
animal feed more detailed experimental
information was obtained during 1977,
Previous  experimental evidence from
using cassava meal or flour in feeding
programs throughout the life cycle of the
pig indicated that slightly inferior
reproductive performance was obtained
with the cassava meal-based diets as
compared to the control diet (CIAT
Annual Report, 1974). It was suggested
that the lack of supplementary methionine
could be responsible. Methionine
supplemented in swine diets based on
vassava has been recommended, not only
to improve protein quality of the diets
(particularly when plant protein sources
are used), but also to provide a labile
source of sulfur for detoxifying cyanide in
the cassava,

The effect of DL-methionine
supplementation (0.2%) to dictary com-
binations of cassava meal combined with
various protein sources was studied in an
experiment with growing pigs. Levels of
62-68 percent cassava meal were combined
with either soybean meal, cottonseed meal
or with a mixture of cottonseed and fish
meals. Experimental diets supplied 16 and
{3 percent crude protein for the growing
and finishing periods, respectively. A
control diet based on common maize and
soybean meal and supplemented with DL-
methionine (0.2} was used.

Table 6 presents the experimental
results, Body weight gains of pigs fed the
cassava meal/soybean meal diets were
similar to gains from the control diet; the
combination of cassava meal with cot-
tonseed meal produced the lowest body
gains. Methionine supplementation did
not inprove the results with either soybean
or cottonseed meal. The protein combina-
tion of cottonseed meal with fish meal
improved the pigs’ performance. The
results  suggest that supplementary

Table & Eifect of supplementing methionine in swine diets based on casseva flour and combined with
different protein sources and fed during growing and finishing periods {18-95 kilograms).
Avg. daily
No. of Days on Consump-  Final
Diets pigs trial Gain tian weight! Feed, Gain
{kg}
Maize + soybean meal
+ methioning 190 112 JHO 217 96.1 ENL
Cassava flour +
Sovbean meal g 2 i 241 85.5 147
Soybean meal +
meethionine (0.3%) 0 1i2 I 1] 2.49 956 3.5
Cottonseed meal E 133 58 2.43 5.0 398
Cottonsced meaj +
methionine {0.205) 9 133 .58 2.21 427 3.94
Cottonseed meal +
fish flour 9 {19 .66 126 95.5 144

| Average inifial spdivedusl wesght in each group was 116 xilageams,
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methionine is not essential in diets based
on cassava meal and plant protein sources
(soybean or cottonseed meal) for growing-
{inishing pigs. Further studies are required
to determine the relationships between the
quality of the supplementary protein and
the addition of specific amino acids.

Experimental results (CIAT Annual
Report, 1974} have indicated that feeding
programs based on cassava meal produced
a reproductive performance inferior to the
control feeding program based on com-
mon maize. It was suggested that the lack
of supplementary methionine could be at
least partially responsible for these results.
An experiment was underiaken to study
the effect of methionine supplementation
{0.39%) to cassava meal/soybean meal diets
during the gestation and lactation periods.
Reproductive performance did not im-
prove by adding methionine and was
similar to that of the control diet(Table 7).

Experimental evidence obtained from
different periods of the life cycle of the pig
suggests that methionine supplementation
does not seem to be indispensable for swine

Table 7
ang tactation periods,

feeding programs based on high levels of
cassava meal. Because of the limited
quantity of protein supplied by cassava,
nearly all the dietary protein is supphied,
and the quality of the protein determined,
by the protein ingredient(s).

PRODUCTION OF
PROTEIN

MICROBIAL

Additional experimental information
for producing microbial protein was
obtained with the 200-liter fermentor
installed at CIAT. Most of the studies have
continued with the asporogenous mutant
Aspergiilus fumigatus 1-21A. However,
another mutant of the I-21 parent culture,
designated ON-5, that is unable to grow at
temperatures below 40°PC, was isolated at
the University of CGuelph (Canada}. The
use of these mutants, along with the safety
precautions normally taken, might well be
considered as a sufficient safeguard during
practical operation.

One problem encountered in producing
microbial protein was the large quantity of
soluble carbohydrates left at the end of the

Eifect of supplementing methionine in swine diets based on cassava fiour and fed during gestation

Conirsl _ K ssava flour + soybean meal
Maize + Without With methionine
Parameter Soybean meal methicnine (.35
Number of sows 14 10 19
Farrowing data
Mo. of pigs/litter 85 9.1 9.4
Pig weight (kg) .09 1.06 147
Weaning dsts (36 days)
M. of pigs/litter 71 £2 50
Pig weight (kg) 16.74 6,15 16,54
Total tuter weight {kg} 117.82 128,50 PRI

Swina Unit
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fermentation. This resulted in limited
fungal growth and lower concentrations of
protein than expected. Average data for
the changes in carbohydrate concentration
and product yield throughout 20-hour
fermentation periods using either fresh
rasped cassava roots {10 {fermentations) or
cassava meal (7 fermentations) as the
substrates are shown in Figure 2. At the
end of the fermentation period a large
proportion of the original carbohydrates
remained; the final concentrations of total
carbohydrates were, on the average, 41.4
and 48.2 percent of the initial values for
cassava mash- and cassava meal-based
media, respectively, Data from laboratory
scale fermentations at Guelph indicated
nearly complete use of total carbohydrates
by A. fumigarus I-21A when finely ground
cassava was used. Figure 3 shows the
crude protein vield for both substrates

Carbohydrate Produgt dry weight

(gfliter) (g hten)

g2 T - Vﬂ/ﬁﬂ

%5 ! - w"‘( i
LBy '

Wb e i2

10— ; o

{}f.mmz.. ,j J | S N T
2 4 6 ¥ i iz 14 16 18 H

Fermentation timie {howrs)

Figure 2. Changes in dry produgi vield{ o , A )and
carbohydrate concentrations {(e4) dering the fermen-
tation of fresh cassava mxsh {A ) and cassava meal (B)
based-media by A. fumigarns AL
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Figure 1. Changes in protein concentration during
the fermentation of fresh cassava!{ *} and cassuve meal
{63 by A, fumigarus 1-21A,

throughout the fermentation period. No
major differences were observed during the
first half of the fermentation period; duning
the second half, however, the values
obtained with the cassava meal medium
were lower than those observed with the
fresh cassava mash, The differences found
during the fermentation period are
reflected in the protein content of the final
biomass (Table 8). The results with the
fresh cassava mash were slightly better
than those previously published (CIAT
Annual Report, 1976), The dry biomass
yiekl as a percentage of the dry matter
before fermentation {(fermentation ef-
ficieney) was 49.7 percent in the wet mash
and 44 percent in the meal treatment. The
fermentation  efficiency varied con-
siderably between batches as can be seen by
the magnitude of the standard deviations.

Since the protein yields reported at the
pilot plant level were not as high as
expected from previous experimental work
at the laboratory scale, #study wasdone'to
determine the factors respousible. First,
the mineral nutrients required by the
fungus and added to the medium were
individually varied in several fermentation
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Table 8 Fungal {Aspergithus fumigatus I-21A) protein production in s 280 lter fermentor using fresh rocts
or eassava meal as sobstrates (4% concentration of carbohydrates),
Parameter Values
Fresh Cassava Roots!
Amount of cassava mash {kg} 2551+ 081
Amount of sun-dried biomass obtained (kg) 443+ 0.82
Product vield {g/liter} 2265 * 108
Yield: weight of dried biomass in relation 10
Fresh cassava (%) 1738 + 242
Cassava, dry matier basis (%) 49.67 + 657
Crude protein content in doed biomass (%) 2%.60 + (41
Cassava Mesl
Amount of cassava meal (kg) 1898 r .62
Amount of sun-dried biomass obtained {kg) 431> 1.16
Produst yield {g/liter) 2165+ 558
Yield: weight of dried biomass in refation to
Amount of cassavs meal (%) 39.65 + 10.56
Cassava meal, dry matter basiz (¥5) #4090+ 1172
Crude protein coment in dried biomass 26770+ 091

' Mean of tes Irmentations ¢ standard devigtion,
Mesn of seves fermemations @ vandard devigeio,

runs. Increased concentrations of the
nitrogen source (urea) and minecral salts
required did not improve yields. The
mineral elements contribuied by the
cassava roots were determined analytical-
ly. The average cassava variety was found
to supply adequate amounts of all mineral
elements required except sulfur and possi-
ble zinc; the addition of zine, however, was
not found necessary.

A temperature of 45%-47°C snd a pH of
3.5 are selective conditions for growth of
A. fumigarug in the medium, Variations in
these conditions were also  studied
throughout the fermentation period. The
temperature remained constant during the
process. Figure 4 shows the changesin pH
when fresh cassava mash was suspended in
tap water and a sulfuric acid solution was
added throughout the fermeniation period
to maintain a pH of 3.5. This was
compated with variations found when no
acid solution was added to a similar

Swine Unit

medium and with those cbtained for a
medium using delonized water instead of
tap water. With tap water the pH increased
rapidly to fairly high levels, even though
sulfuric acid was added every three hours.
This might be due 1o the quality of the tap
water which contains high concentrations
of carbonates and bicarbonates,

The pH remained quite stable when
deignized water was used and very little
additional acid was required. Therefore,
the guality of water used to suspend the
substrate and the other ingredients may
have some effect on the growth of the
microorganism. The values for crude
protein and true protein in the sun-dried
biomass samples from I-21A and ON-5
respectively, are shown in Table 9. Prox-
imate analyses of dry biomass samples of
A, fumiganes 1-21A and ON-5 grown in
different media varied slightly in crude
protein. Ether extract, crude fiber and ash
contents were rather similiar for all the
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Table 9. Crude and true protein contents obtained from growth of Aspergifilis furmigaius mutants 1-21A
and ON-5 on cassava-based culiure media.
No, of Crude True "

Medium fermentations  Prowin (%) Protein {9 CFox 100
Mutant I-21A
Fresh cassava, tap water

without pH controi 6 36.9 4.2 78

controlled pH 4 330 248 75
Fresh cassava, deionized water

without pH control 3 311 248 B
Cassava meal, tap water

without pH control 6 7.2 1901 70
Mudant ON-§
Fresh cassava, iap water

withouot pH control 3 276 0.7 15
Cassava meal, tap water

without pH control i5 28.8 0.8 72

E-12
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Table 10.  Comparisan of the protein goality of casein, soyhean meal and unsupplemented and methionine-
supplemented fungul blomass grows on & cassava medium and fed to rats..

Adjusted
Protein
Total feed Total weight Etfieiency
Parameter? intake (g} gain {g) Feed, gain Ratio®
Control; casein 302.6a 78.2ab 39¢ 2.5
Sovbean meal 308.8a 68 2¢ 4.5¢ 2.2h
Biomass produced on:
Fresh cassava
Without methionine 93,6k 24.2d 8.5a (2
+ . 3% methionine 296.0a 14.8be 4.4¢ 2.5a
L assava meal
Without methienine 198,85 227 458 1.5¢
+ (.39 methionine 323.7a 85.0a i8¢ 2354

Aversge resuits from 16 male rats per group; 2B-day cxpenmenial peiod: g winal w1487 21 g

2 Values followed by a common letier are not significantly dfferent (F 0051 secording 10 Dsncan’s stulsple range e

3 Values adhssted {0 the standard valec of 2.5 for casein.

fermentations and averaged 4.3, 19.2 and
4.4 percent, respectively.

Feeding Trials

Results of feeding trials with growing
rats to ascertain the protein quality of dried
fungal biomass from fermentations with
cither {resh roots or cassava meal sub-
strates are shown in Table 10. The effect of
methionine supplementation was studied
in particular, Total weight gains over a 28-
day period were very low for rats fed the
unsupplemented biomass-based  diets.
Methionine supplementation significantly
improved the guality of the fungal protein
and produced weight gains similar to those
obtained with casein and significantly
better than those for the soybean meal-
based diet (supplemented with 0.3 percent
methionine), Rats fed the dry biomass-

based diets, without methionine
supplementation, consumed less feed than
those fed methionine-supplemented diets.
Rats fed the methionine-supplemented,
fungal protein-based diet had protein
efficiency rations (PER) similar to those of
the control group receiving casein,

The resuits obtained from the produc-
tion of this microbial protein are very
encouraging and the process is on the way
to being standardized with the 200-lier
fermentator. A few fermentations per-
fermentor. A few fermentations performed
late in 1977 showed a significant improve-
ment in the final erude protein content of
the dried biomass with values ranging from
31 to 35 percent. The objective now is to
begin operating the 3000-liter fermentorio
produce enough material for nutritional
and practical evaluations with swine.

PUBLICATIONS

Buitrego, J. 1977, Sistemas de produccién de cerdas lactantes ¥ lechones. CIAT Bulletin, Serie ES-26, 52p.

Swine Unit
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Genetic Resources Unit

Improved germplasm is the basic
commodity of the international
agricuitural research centers upon which
more productive farming systems will be
established. The Genetic Resources Unit
has the responsibility of assembling,
maintaining, evaluating and distributing
germplasm  to support CIAT's crop

development programs 1n  Fhaseolus
beans, cassava and forage legumes and
grasses. The Center’s germplasm collection
now has over 13,500 accessions of beans,
2400 of cassava and 3400 of forages

(notably  Stylosanthes,  Centrosema,
Desmodium, Macroptilium and
Andropogon).

PHYSICAL FACILITIES

During 1977 adaptation of existing
physical facilities to house the Unit was
given priority and the areas mentioned

Table i. Storage capability of Genetie Resources Usit.

below were virtually completed. The three
cold stofage rooms described in Table 1 are
the core of the Genetic Resources Unit.
Other facilities include four laboratories —
for seed cleaning, for classifving and

Total
Type of No. of capacity
Room {Dimensions/volume Temperature szeds bags; size [ton)
Short-term
5 5.6 x 9.2 m/ 180w 0 General 64,000, 200-g! LB ISy
Long-term
BA 2.8 x 56 m/40m? « 155 Beans 16,000/ 200-¢ 3.24.5)
6B 24 % 480 m/33m? »C Forages,
Cassava
{Beans) 25000/50-¢ 23315
Fotal long-term Tim? 41,000 57(8.0)
i Actuatly lesysince larger bags st storst dunng the shorierm.
3 Valuesin pareniheses are capacities i 3 S-mstorage racks are used mstead of present 2.5-m racks.
F.%
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testing seed for germination and viability,
for drying and packaging seed, and, for
merisfem (issue culturing. Work areas are
also available for field-related operations
such as seed threshing, sorting and
weighing, Another room is assigned to the
Linit's germplasm record-keeping system.
in late 1978, a computer terminal will be
installed and linked to the new CIAT IBM
System 34 computer to provide on-line
inventory  of  materials,  information
retrieval and statistical analyses. The Unit
alse has office space for principal and
support staff, and a small herbarium with
botanical specimens of forage legumes and
EFusses,

SEED STORAGE

Biochemical studies this vear indicated
that seed dehumidification prior to long-
term storage is easily and relatively quickly
accomplished by drying at room
temperature over silica gel. By this simple
technique an initial moisture content of
23.5 percent for Phaseolus seed (a typical
value for freshly harvested seed) was
reduced to 8.0 percent infour days. Drving
to that mosture content did not affect later
germination, When red beans {variety
Constanza) were reduced to 2.7 percent
moisture after eight weeks of drying,
germimation was 100 percent in standard
tests.  However, tme for complete
germination was delayed, compared to
that for freshly harvested seed, The ten
days of germination time recommended by
the International Seed Testing Association
was needed to insure accurate results.

A seed packaging method for storage
and distribution was developed. Dried
seeds are sealed in lammated packs {of
plastic/ aluminum foil/paper) to provide a
very durable package impervious to
mosture and oxygen. The containers are
easily opened to obtain samples and

F-2

resealed with a simple, kitchen-type heat
sealer. Packages can be sub-divided as
needed, for example, 30-gram portions
may he opened and used, leaving the
remainder of the seed sample untouched.

Two 100-gram stocks of Phaseolus
beans (approximately 400- 1000 seeds), 53~
gram, o smaller, stocks of smaller seeded
orage grasses and legumes, and probably
much smaller stocks of cassava seed wilibe
maintained. Under the excellent storage
conditions available in the Unil, it is
expected that cnly about 5 percent {1000~
{500 lines) of the total germplasm
collection will need to be grown cut in any
year.

ACTIVITIES WITH
PHASEOLUS GERMPLASM

In mid-1977 the Genetic Resources Unit
assumed the work wih the Phaseofus
germplasm  c¢ollection  which was
previously done in the Bean Program,

Seed Classification and Increase

During the vear CLAT recived 1500 new
accessions  of  Phaseolus  germiplasm
bringing the total accessions of this genus
to 13,500, Major groups of accessions
came from France (National lnstitute for
Agronomic Research at Versailies), the
Netherlands (Institute for Hortcultural
Plant Breeding at Wageningen), Peru
(Agricultural Experiment Station at La
Moiina) and the United Kingdom
{University of Cambridge). To date, 12,729
accessions have been identiflied and their
seed  increased for more compleie
evaluation and distribution. Phaseolis
vulgariy accessions total 12000; £ lunatus,
290, P coceinteus, 350; and, £ acutifolium,
50. In addition. 50 samples of non-
cultivated Phasealus species have bggn
wdentified.
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Evaluation of Phaseolus vulgaris

Last wear CIAT's Bean Program
produced a catalog describing 52 plant
morphological features for 781 promising
accessions of P vudgaris. This year another
4000 accessions were evaluated for 32
morpho-agronomic characters, including
most of the 20 descriptors recommended
by the Phaseclus Germplasm Advisory
Committee. In addition to those 4000
materials, another 4500 have been partially
evaluated, seed of 2500 accessions were
mcreased during the year and (000
accessions were identified.

Distribution of Phaseclus Germplasm

The Genetic Resources Unit isa clearing
house for the distribution of germplasm to
national programs in Latin America and to
other institutions, with the collaboration
of the respective CIAT commodity
programs. Since most materials requested
are CIATs own breeding stocks,
germplasm requests are passed through
program plant breeders.

This year, 2000 samples were distributed
to national programs, especially in Brazil,
E! Salvador and Guatemala, and to
instituttons in France, New Zealand and
Taiwan, In addition, the Unit provided
3500 germplasm samples, mostly P
vulgaris, to the Bean Program. In 1978,
similar services will be provided for forage
germplasm, and later, for cassava
germplasm.

OTHER ACTIVITIES

During the vear the Genetic Resources
Unit began work on the following
continuing research and development
activities.

Genstic Resources Unit

Data Management Systems

Just as important as the germplasm itseif
is the information which describes it. Most
seed requests are based on definite seed,
plant and location characters. For
example, bean seed may be requested
having black color, adaptation to 1200-m
altitude and 1000-mm rainfall regimes, and
resistance  to  certain  diseases, The
germplasm data bank descriptors can
identify the desfred accessions, after which
staff will mail a mini-catalogue with the
sced that lists all  descriptors or
information available for that seed.

Previously, the computer information
retrieval system has been used for only a
small portion of the bean germplaun
holdings. In 1977, two computer files were-
established to expand stoarge, up-dating
and retrieval of germiplasm information.
The first file is a seed inventory with
information on seed storage dates and seed
fot origin for every accession now
maintained. The second file is a Crop
Specific Record with information from
field evaluations for 32 descriptors.
Expansion and up-dating of these {iles will
continue in cooperation with the CIAT
Biometrics Unit.

Cluster Apalysis  for
Characterization

Germplasm

Preliminary investigations were begun
on a cluster analysis of field daia from P.
vigdgaris. Each variable was weighted as a
heritability estimate, Fieid evaluations
were done with materials of growth habits,
f, Il and 1Il planted at wide and narrow
spacings at CIAT-Palmira and Popayan,
Principal component factoring was used to
reduce the variables in the cluster analysis.
Complete results are not yet analyzed. A
study of the imerrelationships of 25
guanditative characters from the catalog of
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781 promising entries indicated that four
principal components or factors accounted
for 75 percent of the totlal variability,

Meristem Tissue Culture

As an alternative to the expensive and
labor-intensive  field maintenance of
cassava germplasm, meristem tisssue
culture offers several advantages. First,
germplasm can be maintained as small
plantlets in test tubes, isolated from
discases and pests. Also, virus infection in
germmplasm  can  be  eliminated, and
promising genetic materials can be
increased rapidly. In work done inCanada
by CIAT cooperators, 90 percent of the
meristem tips from cassava produced
complete plants and 60 percent of the
mature plants were free of mosaie virus
symptoms. All plants regenerated from
symptom-free cassava werg healthy. In
1978, emphasis will be directed to
developing a procedure for distributing
cassava germplasm based on: (1) meristem
tissue culture; {2) testing the material for
presence of virus; and, (3} shipping virus-
free cultures without the usual problems of
plant quarantine. While initially applied to
cassava, the technique will later be adapted
for  vegetatively propagated forage
legumes,

Chemotaxonomy Based on  Tissue
Isozymes

Doring 1978, preliminary work with

cassava and beans will begin in
biochemical taxonomy, alse known as
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chemotaxonomy. This relatively new field
is of particular intevest 1o germplasm work
because plant enzymes (and certain
products of their activity) are direct
expressions of gene action. Thus, analysis
of such factors as isomeric forms of leaf
enzymes gives a pattern of the genetic
constitution of the seed from which a plant
was grown. Several biochemical
characteristics of the seed and the plant
itself will be measured, to better assgss
genetic diversity in the germplasm, and, in
particular, to identify duplicate materials.

International Cooperation

In addition to the activities menboned,
the Genetic Resources Unit is working with
other international germplasm units, The
International Board for Plant Genetic
Resources (IBPGR)Y  assisted  in
establishing the CIAT Unit and continues
1o serveinan advisory role. Links are being
established with germplasm banks at the
International  Institute for Tropical
Agriculiure {IITA}, the International Rice
Research Institute (IRRDY and the
International Potato Center (CIP), and
with national and regional programs
including the National Center for Gengtic
Resources (CENARGEN)]), in Brazil, and
the Tropical Agricultural Center for
Research and Training (CATIE), in Costa
Rica. The integration of CIAT's Genetic
Resources Umit into an international
network assures availability of germplasm
for crop improvement programs
throughout the world.
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Special Studies Unit

The primary ohjective of the Special
Studies Unitis to evaluate food production
practices that may be useful for the large
number of traditional farmers in CIAT's
mandated region. Practices under evalua-
tion are of the type which do not receive
attention from the commodity programs of
the Center.

During the year, evaluations were made
using legume cover crops in planting
associations  with  beans, maize and
cassava. Zero-tillage technology was tested
in plantings of beans and maize. Finaily,
several groups of germplasm furnished by
other uiternational agricultural research
centers were evaluated for growth response
under CIAT environmental conditions.

PERENNIAL COVER CROYS
Perennial Peanut/ Maize Associations

Perennial peanut (Arachis
glabrata}jmaize  {variety H-207)
associations established in late 1976 were
harvested in January 1977, The herbicides
glyphosate, dalapon and atrazine were
applied a1 the rates shown in Table 1, and
in two patterns — 5@-centimeter strips and
as complete coverage. Immediately follow-
ing application, the maize was planted. The
obiect was to partially erradicate or set
back the Arachis and weeds, reducing their
competition with maize. Comparative
treatments inclided hand weeding a 50-
ceniimeter strip of Arachis and the
vegetation-free control.

Applications of 1.5 kg al/ha of
glyphosate and 2 kg. a.l./ba of atrazine to
the whole plot and hand-weeding of the
whole plot provided the best growth and
vields of maize. All other treatments

Special Studies Unit

apparently allowed excessive competition
from the peanuts (Table L) About X0
percent less lodging occurred when maize
was associated with Arachis compared
with the clean-weeded plots. Although the
Arachis;weed-free treatment averaged 443
kg/ha more maize than associations with
the peanuts, under presumably quite
favorable soil fertility conditions, recycled
plant nutrients trom the Arachis averaged
21.8-3.1-14.4 kg/ha of N-P-K, respective-
ly. It should be possible to harvest the
legume foliage {and its nutrients) at least
twice during the active growing period of
the maize.

A similar experiment was carried out in
the same plots after the previous experi-
ment to determine the effects of fertilizers
and competition by the perennial peanut
on maize growth and vields. Hall the
treatments included a complete fertilizer
{15-15-15) at 200 kg/ ha at the time of maize
planting and 200 kg/ha of urea side-
dressed when the maize was about 60
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Table §. Yields and lodging of maize H-267 in association with perennial peanuts (Arachis glabraig) and
the nutrient content of Arachis Tollowing differant herbicide treatments!.
Kutrients in Arachis : :

Herbicide treatiments {kg/ha) k?:ids;z:g 1;4::35

Herhicide Kgai/ha {Coverage N B (%3 (kg/ha)
Glyphosate Lg S0-cen strip 46 26 161 40 g2y
” 1.0 Complete 2.5 34 185 68 4647
" 1.5 50-cm strip 239 30 164 45 4482
- 1.5 Complete 21 34 152 I8 £877
Atrazine L5 50-cm strip 201 Ay 1z2s 49 3713
* 1.5 Complets 26 31 iR3 Eh) 3873
v 20 30-cm strip 210 34 189 57 140
” 2.0 Complete 210 24 180 36 Se00)
Palapon 84 50-cm stnp 2.3 24 18O 42 4067
" LR 1] Complete 222 44 LD 57 02
Hand hoeing - S0wcim strip HU T N B A 46 Sii2
Clean weeding - Complete - - - 68 4914
Means HE L1 114 492 4308

Maize sianisd 16 Sept. 1976 and harvesied 34 Jan 1997 we CIAT-Paimas

centimeters high. Herbicides used were 2
kg a.i./ha atrazine and 1.5 kg a.i/ba
glyphosate, the two treatments most
effective in the first experiment, Herbicides
were again applied in 50-centimeter strips
and over the whaole plot.

Fertilizer application produced
significantly higher yields than non-
fertilized treatments with or without the
cover crop. [tappeared that previous crops
of maize may have depleted the native soil
fertility since overall yields werelowand a
small but non-gignificant yield response
(414 kg maize/ha) to the Arachis cover
crop was observed in the unfertilized
treattnent, However, Arachis depressed
maize vields (by 727 kg/ ha) when fertilizers
were applied. Lodging was erratic and
quite high {(mean of 62.3%) from heavy
winds and rain during the trial. Analysis of
recycled nutrients in the Arachis was very
similar to results from the first trial — 21.0-
2.4-17.7 kg/ha of N-P-K.

F-6

Perennial Peanut/Cassava
Associations

An experiment was planted to study the
cotmpetitive effect of perennial peanuts on
cassava. The treatments were 1. 5kga.i/ha
of glyphosate applied in one-meter bands
in the peanuts after which cassava was
planted. Comparisons included hand-
weeding one-meter strips or one-meter
diameter circles around the cassava plants
(10,000 plants/ha density} and the
Arachisjweed-free control. Although the
cassava will not be harvested until 1978,
the best growth has occurred in the
Arachizjweed-free treatment, suggesting
excessive competition from the perenmial
peanut,

Leucaena/Bean Associations

The forage Ilegume Leucaena
leucocephala, & shrubby tree native to
tropical America, shows considerable
patential as a nutrient recycling plant when
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Tablke 2, Yields and lodging of msize H-207 in association with perennial pesnut { Arachis glabrata) wil the
aulrient content of Arachis following different herbicide treatments.
Mutrients recycled . .
Herbicide treatment p (kg/ba) L"‘fgg“h‘zg h:ﬁ?

Chemical Rz al/he Coverage  ization? N P K (%)  tkg/ha)
Atrazine 20 Complete None 2.2 22 16.7 528 2417

" 20 Complete Complete .4 25 167 616 397G
Gilyphosate L5 Complete None 4.3 2.1 73 532 3015

* L5 Complete Complete 2L3 2.6 167 68.8 3147
Atrazine 20 Strip None 0.0 23 165 649.9 2332

* 20 Strip Complete 21.0 24 17.8 3 3514
Giyphosate L5 Strip None 18.6 24 19.8 815 2763

- 1.5 Strip Complete  19.9 24 18.9 731 3361
Hand hoeing - Strip None 0.6 2.6 1.9 737 1796

- - Strin Complete 212 2.5 i85 726 376
Clean-weeding - Complete None - - - 49.5 2544

" - Complete  Complete - - - 381 4159
Meam 21.0 24 177 23 3015

Maire planted 30 april 1977 aad harvestied 36 Sep. 1977 ac Q1A T-Palmwa.

z

associated with annual food crops. Ex-
periments were done last vear to test this
possibility (CIAT Annual Report, 1976);
these were followed by a Leucgena;clim-
bing hean association f{rial this vear.
Thirteen herbicides or combinations were
applied as sprays to the lower trunks of
Leucaena in attempts to kill the stand or
temporarily set it back to minimize
competition to the chimbing beans. Basal
spray applications of the herbicides were
compared with mechanical ringing at a
height of 50 centimeters, which would
permit {ewcaena to regrow {rom below the
rings. Climbing beans were planted about
twe weeks after treatments.

A 2,413 ester and picloram at 4 percent
were much more effective than other
treatments in killing the [Lewcaena, but
their residual effects were longslasting,
compietely inhibiting bean germination
even after repeated replantings.
Applications of 2 percent 2,4,5-T effective-
1y killed the Leucagena but did not inhibit
bean germination. In the bark-ringing

Special Studies Unit

Fertilized with 200 kg ha of 15-1515 at plantmg and X0 kg hu of wea when mawe s 00 contmetens high

treatment, regrowth of Leucaena did not
appear to affect the early development of
beans {not yet harvested).

Following bean harvest the dead trunks
of Leuraena could be removed for fuel or
construction, allowing new growth to
develop. Aithough the more toxic her-
bicides prevented bean germination in
most treatments, application by brush
instead of spray should reduce soil con-
tamination. Therefore, it might be possible
to utilize Leucaena as an in situ green
manure plant for maize, a support for
climbing beans and as a source of protein
for animal feed, since the leaves contained
27.4 percent protein.

ZERG-TILLAGE CROPPING

Zero-  or  reduced-tillage  cropping
systems often reduce the energy required to
prepare the land, avoid soii compaction
and reduce soil moisture and erosion
losses. For the small farmer, & no-till
approach represents a savings in hand
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labor normally required at planting time,
which could allow him 1o plant larger areas
and/ ot do a more timely job of weeding his
crops once planted. Several non-selective,
non-residual herbicides are available for
this purpose and two were evaluated
during 2 three-season trial at CIAT,

Glyphosate (0.75 and I kg/ha} and
paraquat {0.5 kg/ha) were compared with
hand clearing {with 8 machete} to prepare
the land for planting. Hall of each plot
received a pre-emergence herbicide treat-
ment after planting. Five cropping systems
-~ continuous monoculture  maize,
monoculture beans, rotations of maizeand
beans and a maize/bean association —
were evaluated, Crop yields and weed
control evaluations were recorded each
Seasoi.

Maize

Yields in the first season (Table 3) were
the same whether or not a pre-emergence
herbicide was applied, but yields greatly
increased the following season when
herbicides were applied or hand-weeding
was done. This was not the case when
maize was grown with beans, indicating
that the beans could effectively replace the
weeds in the association. The continuous
production of maize did not reduce yields
nor were there beneficial vield effects from
rotating beans with maize.

Beans

Yields declined when beans were grown
consecutively on the same land, and
including maize in the rotation actually
increased bean vields in the third season
{Table 4). As with maize, the use of the pre-
emergence herbicide did not increase yields
the {irst season, but it did in the following
seasons. This suggests that weeds became
more serious with time and that more
intensive weed control measures may be
required after the first season of a zero-
tillage system. Morgover, there was a
tendency for the predominant weed species

F-8

to increase as the trial progressed {Table 5).
Yiekls of the climbing beans grown in
association with maize were generally low
and there were no yield differences between
those treated with a pre-emergence her-
bicide and the non-treated plots.

Weed control observations showed that
the order of effectiveness was glyphosate
(2) glvphosate (1} paragoat  hand-
weeding., In general, weed control was
better with a pre-emergence treatment, but
the differences were not as great as those
normally observed when traditional tillage
methods are practiced. This probably
refiects the fact that no new weed seeds are
being brought tw the surface and that the
seedbed surface is not suitable for the
seeds’ germination. Pre-emergence
treatments wereless effective when applied
after removing existing vegetation with a
machete than when glyphosate or paraquat
was applied priot to treatment.

Purple nutsedge (Cyperus rotundus}
infestation was not reduced by any of the
treatments and increased markedly in the
plots cleared with the machete. More
intensive use of glyphosate {1.e. immediate-
ly after harvest or two applications prior to
planting) would be required to help control
this species.

GERMPLASM EVALUATION

In Janvary 1977, ICRISAT, ICTA and
the AVRIDC were invited to send their
most promising new germplasm of various
tropical food crops to be tried under CIAT
conditions, Observation and yield trials of
sorghum, pearl millet, soybeans, cowpeas,
mung beans, pigeon peas and some
miscellaneous tropical pulses were grown
{Tabile 6}.

Cowpeas, Mung beans, Scybeans

Several promising new materials were
identified among these legumes. The six
best copwpea lines from IITA averaged 3
t/ha of dry sceds at CIAT. Some of these,
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o Table 3. Maize yields during zero-tillage cultivation with various weed control treatments and in different Isequences and associations with beans, during
3 three successive seasons (1976-77) at CIAT-Palmira.

: ' ,

@ Maize yiclds (t/ha} in various cropping systems

& :

2 Maize Bush "Bush Bush Bush Bush Maize with

g monoculture beans/Maize/bcans  Maize/beans/ Maize beans/beans/Maize Climbing beans
-

Herbicide Season: 1 1I HI Means 1 1I ‘HI Means 1 11 I Means 1 i1 Hl Means 1 11 III Means

With pre-emergence

Glyphosate
(0.75 kg) 36 Al 44 37 - +3 - - 3.0 - 46 38 - - 52 - 39 20 46 35
Glyphosate
(1 kg) 45 35 51 43 - 42 - - 4.4 - 45 44 . 5.8 - 29 25 42 32
Paraquat
(0.5 kg} 63 50 47 53 - 36 - - 4.5 - 46 45 - - 49 - 2.7 1.5 35 2.6
Machete 60 47 315 47 - 16 - - 6.1 - 24 42 - - 23 - 32 21 26 26
Means 51 41 44 - - 39 - - 4.5 - 4.0 - - - 4.5 - 32 20 37 30

Without pre-emergence

Glyphosate

{0.75 kg) 53 28 38 40 - 28 - - 5.0 - 47 438 - - 5.3 - 29 26 41 32
Glyphosate .

{1 kg) 44 34 42 40 - 34 - - 5.8 - 33 45 - - 5.5 - 21 29 45 32
Paraquat

(0.5 kg) 5.8 36 22 19 - 2.7 - - 5.3 - 42 47 - - 5.5 - 23 13 34 23
Machete 58 20 28 35 - 0.4 - - 5.5 - 20 37 - - 2.1 - 44 32 27 34

‘,': Means 53 29 32 - - 2.3 - - 54 - 3.5 - - - 4.6 - 29 25 37 30
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Table 4. Bean yields during zero-tillage cultivation with various weed control treatment and in different, sequences and associations with maize, during three

M
s succesive seasons (1976-77), at CIAT Palmira.
(=1
Bean yields (t/ha) in various cropping systems
Bush beans Bush Bush Bush Bush Bush Climbing beans
monoculture beans/Maize/beans Maize/beans/ Maize beans/beans/ Maize with Maize
Herbicide Season: 1 1 1 Means | 11 II Means 1 iI Il Means 1 11 III Means 1 11 I Means
With pre-emergence
Glyphosate
(0.75 kg) 15 10 05 10 13 - 1.1 1.2 - 1.3 - - 14 Ll - 1.2 04 03 04 04
Glyphosate
(1 kg) 16 13 07 12 16 - 66 L1 - 1.4 - - 1.4 11 - 1.2 07 02 06 @S5
Paraquat
(0.5 kg) L5 14 07 12 16 - 09 1.2 1.4 - - 1.5 1.1 - 1.3 04 03 03 03
Machete 1.4 1.1 0.7 1.1 1.4 - 1.1 1.7 - 1.5 - - 1.2 1.0 - i.t 0.4 0.4 0.3 04
Means 15 12 06 - 1.5 - 0.9 - - 1.4 - - 14 11 - - 05 03 04 -
Without pre-emergence
—
.,"3 Glyphosate
;:; (0.75 kg) 1.3 09 03 08 14 - 06 10 - 1.2 - - 1.2 08 - 1.0 05 04 03 04
EGlyphosate
» (1kg) .5 12, 04 10 13 - 6.2 07 - 1.3 - - 1.6 09 - .2 09 03 05 06
3
£ Paraquat
; {05 kg) i4 0.5 04 0.8 1.2 - 0.5 0.8 - 1.0 - - 1.4 0.6 - 1.0 0.6 0.2 0.4 04
o
3 Machete - 0.9 - - 1.6 02 - 09 04 02 03 03
)

Means 14 07 03 - 13 - 04 - - 10 - - 14 06 - - 06 03 04 -



Table 5. Predominant weeds in maize and beans 30 days after planting in exch season at CIAT-Paimirs,

1976-77.
fst season 2nd season Ird scason
Porilaca oleraced Euphorbia spp Euphorbia spp.
Lepochiva filiformis Sida spp. Higitarin sanguinally
pomoesa spp. Leptocioa filiformis feptochion filiformis
FPoriulaca oleraces Partwluca oleracea
Amaramthus dubius Ipumoca spp.

Cenchrus ecltinas

ke 1V0-200-0)  (VITA-1} and TVX Somewhat lower vields were ohtained
11930590 combined high vield withlarge from mung beans and soybeans{both from
seed size (15,1~ 18.1 g/ 100 seeds), but TVX  AVRI), and, although mung beans have
66 -2H and TVX 1836 - 9E had better been handed over 1o the Instituto Colom-
guality, cream- or hghtcolored seeds. biano Agropecuario (ECA), the three best

Table 6. Grain yields and other agronomic charaoteristics of some promising lines of theee grain legume
and peart millet tinted at CIAT in 1977,

100-Seed Yield

Crop Pedigree Duration*  Seed color wi. {g) it/ ha}
Cowpea TVu-354- 1B BE-116 Ashy gray 16,28 3.4
TVa-201-D 90-126 Dark red 8.1 34
TVX-30-1G 88-110 Dark erearny 12.3 29
TVX-66-2H §8-110 Dark creamy 111 27
TYX-119308D 83-117 Bright red 15.1 3.2
TYX-18369E 88-118 White 115 27
Mung bean 1380 Mg50-HIA 78-99 Bright green 6.7 2.3
2184 PHLV-18 &)-99 Bright geeen 6.6 2.2
1414 CES-14 78-99 Bright green 7.2 22
2010 M-314 80-99 Dl green T4 13
Soybean 30096-1-9 94 Yeltow 57 28
30292-8-6 97 Yeliow 33 23
30035-2-13 a4 Yeliow 31 2.3
Peari millet Syn 7602 86 Ashy gray - 1.2
Syn 7681 &8 Ashy gray - 1.2
e 3 34 Pearly gray - i.2
HCH 05 B3 Peariy gray - 1
Svn 7603 13 Pearly gray - o9

U Plays o fust and st harvest
2 Pwvact strain - 85 cm tall,

Special »Studiel Unit F-11




lines are being observed and increased at
CIAT.

Sorghum and Millet

About 50 lines of sorghums and 20
millets from ICRISAT were evaluated
during 1977, General growth of the millets
was satisfactory but yields were somewhat
disappointing under CIAT-Palmira con-
ditions, This is at least partly attributable

to bird damage in the small, isolated
planting; but better conditions may occur
in Colombia’s North Coast region. In the
case of sorghum, seeds and stands were not
sufficient to obtain yicld estimates.
However, preliminary observations were
made on general performance, disease
incidence and seed qualities. Ten of the
best sorghums combining good seed
quality, standability and yield potential
were harvested to obtain sufficient seeds
for replicated yield testing in 1978.
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Hemo- Ectoparasite Unit

The Hemo- and Ectoparasite Unit of
CIAT is a special project in collaboration
with the Institute of Tropical and
Veterinary Medicine of Texas A&M
University (USA). The overall objective of
the unit is to assist in increasing cattle
preduction in the American lowland
tropics  through the development of
strategies for controlling hemoparasitic
diseases,

Special attention 1s given to the diseases
anaplasmosis  {(cansed by  Anaplasma

marginale) and babesiosis (caused by
Babesia argenting and B, bigeminaj}and to
the tick vectors of these and other diseases.
Specific activities are directed Lo develop-
mg (1) diagnesue methodologies. {2}
efficient and economic control measures
for the diseases and their vectors; and. (3)
means for transfernag these technologies
to veterinarans through traming and
autreach programs,

HEMOPARASITIC DISEASES

Diagnostic Methodolopies

Mouodification of the IFA test to detect
anaplasmosis. The indirect fluorescent
antibody test (IFA). developed previously
by the Uinit to detect B argenting and 8.
higemina (CIAT Annual Report, 1973),
was adapted and tested this year for
detecting A. marginale anttbodies in the
Mood. Results of the comparisons between
the modified IF A test and the complement
fixation {CF} and card tests {CT) are in
Table 1. The IFA test was significantly
more sensitive (for detecting positive
reacterstthan either the CF or CT methods
but was significantly less specific {for
detecting negative reactors} than the other
WO Ity

A hinear regression analysis performed
ontheaverage IFA and CF titersdone over

Hema- Ecloparasite Unit

a 20-week period with ) artificially
infected calves inoculated with A,
marginate showed significant regression
coetficients for both tests. The regression
CF titers dropped below the sensitivity
threshold at 14 weeks after moculation,
while the regression line for the IFA titers
was still gbove the sensilivity threshold 20
weeks post-inoculation, the last period
tested {Fig. 1). The CT also detected
antibodies until the end of the ohservation
period.

Miecrotechnique for Complement
Fixation Test

A technique using microquantities of
serym  reagents  and antigens  was
developed and tested successfully, It
provides a sensitive, reliable test while
greatly reducing the amount of materials
utilized, compared with the tube method.
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Table 1. Comparstive sensitivities and specificiites of the Indivect Fluorescent Antihody (IF &),

Complement Fixation (CF) and Card Test (CTY in 130 serum samples zach.

Diagnosis Percentage of

Test
reactions Positives Negatives Total Sensitivity Specificity
1FA, 80 5 o7 9
Positives BO 5 5
Negatives 2 43 45
Total &2 43 130
CT 84! 9g
Positives 69 1 0
Negatives i3 47 60
Tota! 8 48 130
CF 9 oo
Pogitives &% i 65
Negatives 17 48 65
Total 82 48 130

U Rignificant difference betweer tepts (P 0.05).

Log of the reciprocal

O Avr. IFA tiers
& Ave, CF titers

o O b .4088

Lower hmit of
IFA sensitivy (1.400

L Lower limit of
CF sensitivity (1.5} @

p

Wenks

Figure 3. Linear regression analysis of mean sertm
titers of ledirect Fluorescent Antibody (EFA} and
Complement Fixstion {CF} fests in 19 calves
artificially infected with Anaplasma marginale.

F-14

The total volume of reagents used per test
is reduced 20-old (from 0.5cc 10 0.025cc of
each). Besides the savings in materials, the
time required to process large numbers of
sera is reduced by about one-third.

Serological Testing of Serum Samples

During the year more than 20,000 tests
each were completed using the CF and
fiuorescent antibody tests. Samples were
obtained from experimental work of the
Upit and from other sources throughout
Latin America who requested technical
agsistance in diagnosing hemoparasitic
diseases.

EPIZOOTIOLOGY

Studies continued in order to unders-
tand more about the epidemiology of
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bovine anaplasmosis and babesiosis under
endemic situations such as is present in the
Cauca River Valley of Colombia.

For this purpose the prevalence of
anaplasmosis and babesiosis was in-
vestigated in [2 representative herds of the
area. Farms selected for analysis were (a)
dairy herds, {b) mixed herds {dairy and
beef}, and (¢) beefl herds.

Prevalences differed according to herd
type. The prevalences by respective herd
types for each of the hemoparasites
investigated (A. marginale, B, bigemina
and 8. argentina); are shown in Table 2.
Significant differences were found between
herd types for each hemoparasite. These
data indicated that within a hemoparasitic
gendemic area, the wvariations of the
prevalences are more probably related to
management factors than to environmen-
1al factors. The largest contributing factor
to the low prevalence rates found in some
of the farms was excessive tick control.
Within an endemic area excessive tick
control could contribute to creating an
unstable epidemiological situation.

One of the 12 farms was selected to
determine the incidence of anaplasmosis
and babesiosis. Farm owners usually treat
all animals that come down with or are
suspected of having a hemoparasitic
infection when they notice the first symp-
toms of the disease. Most of the animals
recover with the exact cause of infection
never kKnown.

This study was initiated in A pril, 1976 on
a dairy farm (Farm 1), where immuniza-
tion trials against anaplasmosis and
babesiosis are in progress. Vacutainers
with and without anticoagulants were
provided with a questionnaire. The farm
owner and his manager were asked to
always take blood samples before treating
any animals suspected to have diseases.
The blood samples were kept under
vefrigeration until picked up. At the
laboratory, PCV and thick and thin blood
smears stained by Giemsa were made from
the samples with anticoagulant. The sera
were kept frozen at-20°C for CF and IF A
analysis.

Table 2. Frevalence of anaplasmosis and babesiosis on cattie farms in the Cauca Villey of Colombia.
Age of animaly
Tatul
Herd & Months 612 Months  1-2 Years 2 Yeurs tarm
Species 1ype (%} (%) (%) £%) £
A. marginate Drairy 1.3 232 433 61.0 450
Mixed LAY 75.8 92t 8.4 AR
Heef 450 79.0 100.0 965 8.1
8. bigemina Dairy 7.3 % 478 636 41k
Mixed 111 363 76.3 %14 [
Beef 0 895 96.2 K¥.4 874
B argenring Dairy 78 12.1 210 35 Jo.u
Mixed 4.4 50.0 934 %37 6s3
Beef 251 63,2 6.2 44,2 44.4
Hamo- /Ectoparasite Unit F-15




During the period from April 1976 to
November 1977, 45 blood samples were
obtained. Forty samples (89%) were
confirmed as hemoparasiticinfections with
27 cases (67%) diagnosed as snaplasmosis
and 13 (33%) diagnosed as babesiosis. Of
13 clinical cases of babesiosis, 10 were
diagnosed as B argenting and 3 as B
bigemina. The incidence by management
%rmlp within the herd is presented in Table

SYSTEMS FOR CONTROLLING
HEMOPARASITIC DISEASES

Cauca Valley Project

This immunization program against
anaplasmosis and babesiosis used the
minimum infective doses procedure. The
work continued on eight representative
commercial dairy and beef herdslocated in
different areay of the Cauca Valiey.

Ag of November 1977, 20 trials involving
more than 400 animals had been initiated,
and one-half were finished during the year,
Partial results of the program are sum-
marized in Table 4.

The incidence of natural clinical infec~
tion of anaplasmosis and babesiosis varies
between farms according to the individual
epidemiological situation. Farm I had the
highest incidence {100%} of both diseases
in control animals, Farm 11 had variable
incidences of anaplasmosis (43 1o 80%) and
bahesiosis {0 to 30%) in control animals,
while in other farms, forexample Farm IV,
incidences of anaplasmosis and babesiosis
in control animals were very low because
most of the animals have not yet been
naturally exposed to the diseases. Thistype
of herd has an epidemiological situation
known as “endemic unstable”, that is,
although the farm is in an area suitable for
vector development {ticks} the animals do
not have the chance of getting the infection
due to excessive vector control.

The total incidences of anaplasmosis
and babesiosis in the eight herds under
study presented significant differences
between vaccinated and nonvaccinated
animals. Incidences of anaplasmosis and
babesiosis was 2 percent in vaccinated.
animals and 61 and 26 percent respectively
in non-vaccinated animals.

Table 3. Incidence of confirmed clinical cases of anapinsmosis and babesiosis by msnagement groups on
Farn 1 (April 1976-Nov, 1977).
Ansplasmosis Babesiosis
Avg. No, No. of Incidence No. of Incidence
Management group of animals Cases (%) Cases (%)
Unweaned calves ¢ 3 33 g
Weaned calves i4 19 71 H 7.1
Open heifers 40 3 1.5 7 7.5
Pregnant heifers A 8 0 4 16
Dry cows n ¢ 0 -
Cows in production 902 2 22 ] 1.1
Bulls 3 i i 0
Total 230 27 L7 13 57
F-18 1977 CIAT Annual Raport



Table 4. Field evaluntion of Immunization sgainst snaplasmosis and babesiosis using the minkmum

infective dose procedure.

Incidence based on confirmed natural olinical infection

No.of Ne. of Anrplasmosis Babesiosis
No, of vaccinated contrel
trial  amimals animals  Vacdnsted Controls ¥accinated Controls
B 3 9 0/8 8% 8/8 1005 0/8 0%  BfB 1006
2 i2 1 06/ 12 8%  ¥7 106 412 33 N1 100%
i 2 12 11z 8% 9/} 82% 6/12 H) 3/6 509
2 12 12 /12 o 277 30% 6/12 0% H 15%
3 10 0 012 0% 4/% 459, /9 0% 02 0%
4 10 19 0/1¢ 0% 2/6 i 07 0% a1 0%
5 16 10 0/ig 0% 0/3 0% 0/10 o W3 0%
1 1 7 17 4% 87 w0 07 0% 07 0%
2 12 12 6/12 0%  8/12 29 02 % 212 16%
3 19 10 1o W% 8/10 BO% o/10 0% 310 0%
4 o 14 . - 5/14 43 - - 214 1565
1 7 7 b7 8% 0/l 0% 0/7 0% 3 100%
2 g B 0/8 0%  0j6 0% 0/8 0% 12 50%
3 8 8 0/8 0% 0/0 0% /8. 6% 00 %
L 3 il g/ 11 0% B/l 73% HER D 0% 38 385
2 15 15 0/15 0% 35 60% Gf 15 0% 0/12 0%
1 3 B 0/8 0% 6/1 ¥z 0/8 15T T 0%
I 12 0 0/12 0% - - B/12 0% - -
20 203 198 44197 29¢ BB 61% 4/196 2% 3318 264
+ Compietsd teisd,

t Significwst difforence (P 8.81) 32 compared with sootrol group.

Summaries of results of Trials 1 and 2
from Farm I, where the immunization
program was completed, are presented in
Tables 5 and 6, All control animals inboth
groups required specific treatment against
anaplasmosis and babesiosis to prevent
death. Two vaccinated animals of Trial 1
were treated against anaplasmosis because
they did not become infected from vaccina-
tion,

Hemo- /Ectoparasite Unit

Results of weight gain differences
between vaccinated and non-vaccinated
animals in the two trials in Farm I were
very significant. In trial | the difference
between the two groups at the end of the
challenge period was 28 kgs/animal In
trial 2 the difference was 32 kgs/animal.
Both differences were in favor of vac-
cinated animals. It is very important to
note that if control animals had not been
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Table 5. Response to yaccination and natursl field chaiienge io vaccinated and control animals,
Farm 1, Trial 1.
Response o vaccination Response to challenge
Parameters Vaccinated Control Significance Vaccinated Congzol  Significance
Dluration of period {weeks) 12 18
Number of animals 11 9 — 8 & e
No. of animals clinically
affected with babesiosis/
Total animals exposed 111 /0 - /8 g/8 —
No. of animals clinically
affected with anaplasmosis/
Total animal exposed o6 010 — Zi8 8/8 —
No. of freatments given
against bahesiosis/
Total animals exposed /11 B8l o 0/8 £/8 -
No. of weatmenis given
against anapiasmosis/
Total animals exposed 0/6 40 — 48 /8 e
Average lowest PCV (%) 3 30 | 1A 24 15 P oogl
Average highest
temperature {*C} 40,5 40.9 NS 40.2 41.2 P 003
Average weight st end of
the period (kgs.} 95 213 N§ 230 220 NS
Total weight gain (kgs)/
apimal at end of the
period 16,7 .1} NS 54 1.2 P 005

treated, deaths due to anaplasmosis and
babesiosis would probably have been very
significant,

Mono- and bivalent vaccine systenis
against bovine babesiosis

Forty highly susceptible yearing cattle
were used in this project. Three groups of
10 each were immunized against
anaplasmosis and then mmunized with
either B. argentina or B. bigemina or both

F-18

together using the minimum infective dose
procedure. After immunization, the
animals were subjected to field challenge
with B. microplus ticks on a farm in the
Cauca Valley. After four weeks of field
exposure best protection under endemic
conditions for anaplasmosis and
babesiosis was obtained using the bivalent
vaccine {with both Babesiz spp.). However,
some cross-protection using the
monovalent vaccines was observed,
Further research is planned to establish
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Table 6. Response to vaccination and natural field challenge in vaccinated snd control animails.
Farm I, Trial 2.
Response 1o vaccination Response to chalienge
Parameters Vaccinated Control Significance  Vaccinated  Conitol  Signifizance
Uuration of perieds {weeks) 10 2
Sumber of amimals 12 7 (2 N
No, ot ammals clineally
aftected with babestosis;
Fotal ammabs exposed G 12 0.0 e 342 i
N, of amimals clinically
aftected with anaplasmosis,
foml amimals exposed &1z 4.9 e g,i2 TE
N ol {reatments given
agalnst babesioss
{otal ammals exposed 12 i2 8.6 g, 12 i
Moo ol treatments given
against anaplasmoss:
‘total animals exposedt; 12 912 0.0 03z BFT
Average lowest POY {%) dus
to Bahesia infection AR 3354 Poapt 210 HERL Fo00:
Average lowest POV (%) dug
to Anaplasma infection 24.6 334 N R 265 H RN SR H
Average weight at end of
the period fkgs). 184 [48 83 NS 222 89 P 903
Toral weight gam (kge)/
amimal at end of the
period i6.3 16.6 NS x 6 Poan
practical level of cross protection using a grass  species, (Cynodon  dactylon,
monovalent  vaccise  against  bovine Brachiaria  decumbens, Melinis
babesiosis. minutifiora, Pennisetum clandestinum,
Hyparrhenia rufa and Andropogon
gayanus)were established in separate plots,
ACAROLOGY The grasses were then syringe-infested with

Research continued with grasses an-
tagnostic to tieks and with the dynamics of
chminating or maintaining field tick
populations at low levels, To determine
larvaltick compatibility with six promising

Hemo- /Ectopsrasite Unit

40,000 7-14 day-old Boophilus microplus
larvae per plot. Daily measurements were
taken at 0830, 1330 and (630 of
temperature, relative  humidity, wind
velocity and cloud cover. On days 14, 21,
29, 34, 39, 44 and 49, after infection, a
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flannel cloth was dragged across the plots
to sample tick populations and activity,

On day 14 post-infection, A. gayarnus
and A minutiflora had the lowest mean
number of ticks, demonstrating high initial
anti-tick properties, M. mirmatiflora also
showed the highest tick deterrent proper-
ties, in which tick collection was severely
reduced with no reinfestation. &
dectarbens and H. rufa showed high imtial
infestations at day 14 but later reduction
and then reinfestation with ticks overtime.
A. gayanus, however, showed low initial
infestation and maintained consistently
low tick populations over time.

It appears that M. minutiflora severely
reduced tick  populations so  that,
theoretically, ¢cattle would not beconstant-
ly remfected by ticks and would become
extremely susceptible to tick-vectored
diseases in case of accidental reinfestation.
Drue to the strong tick deterrent properties
of this grass it would be suitable for a
marginal tick zone where aceidental tick
infestation would be less likely to occur,

A. gayanus appears to have a low initial
infestation and maintains a low tick

F-20

population over time. This grass is promis-
ing for endemic tick zones where low,
economically tolerable tick populations
must be maintained to insure field
challenge.

8 decumbens and H. rufa have very
high initial infestations and appear to
maintain unacceptably high tick pop-
wlations over long penods of time
Therefore, if cattle were placed on these
pastures, 1t is possible that the tick
populations would be too high ~A
clanddestinum and C. dactylon may have
some anti-tick properties. Their initial
infestation was higher than M. minutiflora
but lower than 8 decumbens or H. rufa. In
addition, ticks were picked up ondays 34-
44 on both grasses after being absent fora
number of days. This may indicate an
abiiity to maintain a lengthy, low field tick
population,

Alhough the build-up of the tiek
population would eventually require
spraying or dipping of cattle it is estimated
that this could be done two to four times
per vear compared to the 12-21 day interval
now needed.
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The Biometrics Unit provides assistance
in the planning, design, analysis and
interpretation of experiments done by the
research programs and units of CIAT,
During the year the Unit has played an
increasing role in designing and main-
taining information retrieval systems for
different scientific and service units of the
Center. In addition, it also participated in

Biometrics Unit

cooperative research projects with other
programs and provided training in
statistics and data processing, both
through conferences and individual in-
struction. Training was conducted both for
CIAT scientific staff and for trainees from
institutions within CIAT's region of
responsibility.

Cooperation with Research Programs

BEAN PROGRAM

International Bean Yield and Adapta-
tion Nursery (IBY AN}

During 1977, 33 experiments were
processed for this nursery. Because of the
nursery’s continuous nature, a processing
and analysis methodology was developed,
giving special emphasis to preliminary
screening of the incoming data. In spite of
the instructions for collecting information,
different patterns were detected, e.g., plot
areas different than planned, different unit
systems, etc. After processing, each experi-
ment had available: a general information
table, a table of descriptive statistics of the
most iumportant variables, a table of
averages of the five highest vyielding
promising cultivars provided by CIAT and

Biometrics

the best five local varieties, and a table of
rainfall data and maximum and minimum
temperatures for three growth intervals:
planting- flowering, flowering-harvesting
and the total period of planting-harvesting.

One main problem in the comparative
analysis of wvarieties common to the
experiments of the nursery in 1976 was the
difference in plant density at harvest.
Although a density of 150 plants;/6m?
usable plot area was recommended, several
trials were reported with actual densities
very different from that one. First, it must
be decided if it is necessary to correct the
measured yield for density at harvest.
Statisticians differ on this point. Some
think that this correction must be made
since certain seeds do not germinate or
some plants die; this variation in the
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number of plants harvested contributes to
the “experimental” ercor which affects the
yield estimates of the different varietics. On
the contrary, other statisticians believe no
correction should be made since variations
in plant densities may represent real
varietal effects. This reasoning is legitimate
if an increase in the precision of com-
parisons, was desired, but not if the
purpose is to correct the observed yields so
that yield comparisons be made at the
planned Jevel of plant density.

Due to this divergence of opinions,
statistics are presented for both the
observed yield and the corrected yield
using a model of analysis of covariance,
where the final degree of adjustment is
determined by the level of significance of
the quadratic and linear models. Another
adjustment alternative — not reported in
the tables, but potentially useful — was
used in the first trials reported. This
adjustment method is based on estimating
a correction factor (Fy ) asa function of the
guotient K = (number of plants
observed/plot) = (number of plants
planned/plot} which would allow to
express the corrected yield as the product
of the observed yield and the correction
factor.

Finally, a preliminary analysis was made
on the adaptability of the 20 common
varieties, using the information of 23
localities with complete yield data. This
analysis used the technique proposed by
Eberhart and Russell.! The analysis and
interpretation of the interaction variety x
locality using pattern analysis techniques is
being considered for the future?

I Eberhart, $.A. and Russell W.A. Stability
parameters for Comparing Varieties. Crop
Science Vol. 4, pp 4, pp 36-10. x566.

?  Rith, D.E., Shorter, R. Eisemann, R.L. and De
Lacy, 1H, Two-way patiern analysis results for
yield to evaluate cultivar adaptation and en-
vironmentsl  differences.  Department  of
Agriculture, University of Queensiand, Brisbane,
Anstralis, 1977,
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Bean Breeding Information System
(SIFFRI}

SIFFRI continued {o provide support to
various disciplines in the Bean Program, in
two main areas: (a) information recovery,
and, (b) statistical analysis of information.

In the present stage of SIFFRIs
development, cooperation between the
group developing the system and bean
researchers has strengthened. Thus, SIF-
FRI has made important contributions to:

@)

{b} producing reports with informa-
tion pertinent to each cross; to
accompany seed sent to national
bean breeding and evaluation
programs;

planning of crosses;

{c) supporiing the Genetic Resources
Unit through the basic recording of
the Bean Germplasm Bank, which

reached B261 accessions this year.

producing field books for the Bean
Program disciplines, and,

(d)

timely and efficient processing of
information requests from
national bean programs in
different countries,

(e)

Of the basic requirements initially
proposed for SIFFRI {CIAT Annual
Report, 1975 and 1976 Biometrics Sec-
tions}, the majority have been met and the
system is now in its optimization stage.
SIFFRI is now able to:

{a) recover data on all crosses and
selections from a parent;

determine parents, crosses and
selections corresponding o one or
more selection criteria;

(b)

{¢c} reconstruct the pedigree of a cross
or selection;

{d) provide periodic reports on miss-
ing data;

1977 CIAT Annua! Report



(e} perform statistical analyses of infor-
mation produced by the system: and,

(f) integrate all the system’s informa-
tion,

With relation to (f) above and through
the cooperative work of the different
disciplines, the need to broaden the
system’s data base has become evident.
SIFFRI now has information on ex-
perimental vields for 40 trials done in
various localitites. Furthermore, it contains
evaluations of diseases affecting the
promusing varieties, throughout localities
and semesters,

In 1978 it is expected that information
will be included on the existence and
viability of seed in storage at CIAT, which
will allow a stock control.

The principal support (70%} to the
handling and statistical analysis of the
SIFFRI1 information is the (Statistical
Analysis System (SAS), version 76.5; the
remainder is through programs developed
in the Biometrics Unit,

Presently SIFFRI's data base contains
the germplasm bank files, the crosses file,
the promising accessions file containing all
their characteristics, the file of disease
reactions of the promising varieties in
various localities and semesters, and other
files created to meet specific needs of those
using the system. The selections file will be
added to the system when information on
advanced selections is completed.

The handling of information on first
generation crosses was completed satisfac-
torily with field cards identified with labels
produced by the system

In the future, efforts will be directad
toward further integrating the SIFFRI
group with investigators of the various

disciplines, to acquire a dynamic
knowiedge of the needs of bean
rescarchers.

Biometrics

Evaluation of Hexagonal Ring Design

[uring 1977 an experiment was carried
out with 47 pure lines of Phaseolus vulgaris
to compare the Randomized Complete
Block Design {RCBD) with the Hexagonal
Ring Design (HRDY at two distances
between plants — 1.15 and 0.70 meters.
The correlation coefficients of yields in the
RCBD and the vields observed inthe HRD
were 0.36% (for 1. 15 meters) and 0.48% (for
0.70 meter). In hopes of eliminating the
effects of soil heterogeneity, the observed
yields are expressed as a percentage of the
surrounding plant hexagon or as a percen-
1age of the control triangle. In the same
way, it is possible to adjust the observed
vields using as the covariable, the yield of
the surrounding hexagon or the yield of the
control triangle. Table | shows the yield
correlation coefficients in RCBD and the
vields for each one of the adjustments just
mentioned.

* Fasoulas, A. 1973, A new approach to breeding
superior  yiglding  varieties.  Thessaloniki
Aristotelian Univ. Dept. Gen. Pl Breeding. Publ
3. 42 pp.

Table 1. Correlation coefficients between
average yields of 47 bean varicties in
Randomized Complete Block Design
{RUBD) and sdjusted and non-adjusted
yields in a Hexagen Rinsg Design
(HRI).

{¥istance between planis

Type af L1s 0.7

atustment in HRD meter meter

None 0.36% .48

Percentage of the

contrsl mangle 0.36% g.4ap-
Percentage of the
surrousding hexagon 3.4 G.47%%
Covarianes in the
santrel triangke Q.37 G.4%ne
Cavarmnee in the
surrpunding hexagon 4,37 (. 480+
* U0 P p0S
A P .01
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Caorrelation coefficients did not increase
greatly when the varieties were grouped
according to their growth habit. Further-
more, the weighted correlation coefficients
between HRD replications were 0.31%*
(1.15 meter) and 0.46** {0.70 meter), while
the average correlation coefficient between
replicated pairs of the RCBD was 0.86**,
Therefore, results suggest that for the yield
selection of early generations of P
vulgaris, under our conditions, the HRD is
not an ¢fficient alernative to using a
RCBD, with a similar number of plants.

However, results of a preliminary study
on the increase in the precision of yield
comparisons of bean and cassava varieties,
adjusting the response in one plot by the
response in neighboring plotst, suggesteda
marked superiority of this procedure over
an analysis such as would be obtained from
the RCBD, but the comparisons with the
lattice analysis were not conclusive’,

Efficiency and Precision of Lattice
Designs Under Different Number
of Repetitions and Plot Size

in Rean Yield Trials

This year a study comparing the efficien-
¢y and precision of the lattice design (5 x 5)
with the RCBD was completed. Data for
the study came from the resuits of IBYAN
trials. Used as an efficiency measure was
the relative efficiency concept (RE) of a
design; as a precision method, the coef-
ficient of variation (C.V.); and as a
measure of sensitivity, the least significant
difference (L.S.D.which is expected to be
detected at a given significance level.

*+  Pearcs, 5.0 and Moore, 8., "Reduction of
Experimental Error in Percnnial Crops, Using
Adiustment by Neighbouring Plots™, Experimen-
tsl Agriculture, Vol. 12, pp 267-272, 1976,

* Mendoza, G. "Dos Aplicaciones Practicas del
Modeln Estadistico Lineal”, CIAT, Seminarios
Internos, Serie SE-03-77,
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Table 2 shows some of the results of this
study. From data in this table it is possible
to find which combinations of plot size and
number of repetitions are appropriate for
pre-fixed levels of C.V. and L.S.D. Forthe
IBYAN program it was estimated that the
LS.D. is 400 kg/ha, the C. V. is 15 percemt
and an experimental area per trial of less
than 1800m?2. The combinations of plot size
and number of replications that satisfy
these needs are shown in Table 3,

Border Effects in Bean Yield Trials

The competition effect between ex-
perimental plots known as border effect is
an important factor. This effect shows up
in a change in the growth and yield pattern
of plants close to the perimeter of the plot
compared to those located in the central
part. To eliminate this effect, it is common
fo leave a non-experimental margin of a
pre-letermined magnitude.

For some time, the Biometrics Unit, in
cooperation with the Bean Program, has
comducted studies on border effect in yield
trial plots, Results from these trials are
briefly described below.

Growth Habits IT and HI. This irial was
conducted in 1976 in CIAT. It included
25 black varieties of growth habits 11 and
If1 in a balanced lattice design (5x5) with
plots 12 m? in total area, and having six
four-meter rows. Harvesting was by rows,
leaving 0.5-meter borders et the heads to
provide a cultivated area per plot of nine
m?, Results obtained suggested that, for
bean varieties of similar growth habit,
there is a highly significant effect of head
borders over the yield of the experimental
plot. While the average yields of plots with
four and six rows without harvesting head
borders were 25158 and 2524.1 kg/ha,
respectively, yields in plots with harvested
borders were 2.890.2 and 2867.3 kg/ha.
However, while there was a head border
effect, it was consistent throughout the 25
varigties tested.
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Tabie 2. Values of Coefficient of Variation (C.V.) Least Significant Difference (L .5.D.), snd Relative
Efficiency (R.E.) for u lattice {5 x 5) design with Bve different replications snd four plot sizes.
No. of Ne. of rows/plot
replications {area/piot} CV. %) L.S.D. (kg/ha} R.E. (%)

2 { {L.5m2) 24,33 {6047 122.3

2 (3.0m%) 11.26 390,9 1057

4 (6.0m?) 8.10 436.2 125.9

6 £9.0m?) 7.7 368 200.3

General average 12.72 604.7 1388

1 1 {1.5m%) 25.69 §16.9 113.4

2 (3.0m?) .76 4769 Hio

4 (6.0m%) 9.31 8LE 1.5

é {9.0m) BT 3274 {23.4

Genersl average 1371 3067 H3S5

4 1 (1.5m%) 2376 654.5 i85.0

2 3.0m?) 1133 3977 109.4

4 {6.0 m¥} 9.58 1391 1127

& (9.9 m?) 8.35 2210 1256

General average 13.24 420.8 1i4.4

$ i (£.3m?) 22.99 5729 194.3

2 (3.0m7%} 10.76 kCIX) 1345

4 (6.0m3) 6.43 302.1 112.0

6 {9.0m%) 8.59 2714 115.1

General average 1294 70 1144

& i {1.5m%) 329 5251 104.5

2 {1.6m?) 11.42 s 1165.2

4 {6.0m?) 9.59 276.9 1155

& {9.0 m% 4.5 245.6 £19.0

General average 1322 3438 112.3

On the other hand, this trial showed that
there were neither lateral border effects nor
interaction between the head border effects
and the lateral effects.

The head border effect is explained
because the plants at the heads have to
compete less for light and nutrients
because they are adjacent to unplanted
spaces. On the other hand, the non-
significance of the Iateral border effect is

Biometrics

partially explained by the relative genetic
uniformity of the varieties used. This was
evident in the field during the first stages of
development of the experiment.

Varieties with Different Growth Habits,
This trial began in September 1977. The
ohjective is to prove the same hypothesis as
for the trial mentioned above, but using
varieties of different growth habits: I, 11
and 1Y, The corresponding varicties used

G-B
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Table 3. Combinations of replications snd plot sives that satisfy the needs of the International Bean Yield
and Adaptation Nursery (IBYAN),
tseful Row Row Total plot Total trial
Mo, of piot area No. of width fength area area
weplications {m?} TowE {5 {m’} (|}
5 27 2 69 36 i6 1760
4 30 2 Le g 840 1400
3 60 4 20 in 120 1350
2 8.0 & ia i 160 H

were Calima (P892), Porrillo Sintético
{P566) and Puebla 152 (P758) having red, -
black and seeds, respectively,

Climbing Bean (Habit I1V}/Maize
Associstion Trial, This trial was recently
planted and from its results, it is hoped to
derive, if necessary, adjustment procedures
for data obtained in previous experiments
where border effects were not considered.

Soil Heterogeneity, Plot Size
and Design and Number of Optimum
Replications in Bean Uniformity Trials

This study had two general objectives;

{a} To study the heterogeneity of the
Q2 experimental plot in the CIAT-
Palmira experimental farm, and,
Todetermine plot size for different
numbers of treatments,
replications and differences to be
detected,

(b}

The trial was done on 4 useful area of 36
x 36 m? divided into 1296 plots of I m?
each. The ICA-Guali (P635) bean variety
was planted, because of its earliness, bush
habit and high adaptation to local con-
ditions, Yields of each unitary plot were
recorded. Adjacent unit plots were
grouped in 30 combinations to form the
different experimental plots of the trial,

G-6

The lot did not present a definite fertility
gradient, but it did show a high degree of
heterogeneity. b == .768%, Using the
methodology proposed by Hatheway,”
Table 4 and Figure 1 were constructed.
These make possible: (a) the determination
of plot size for a given number of
replications and a minimum difference to
be detected, (b) the definition of the
pumber of necessary replications for a
given plot size and & minimum difference
to be detecied, and, {c) a determination of
the difference between treatment averages
which the design is capable of detectingifa
determined plot size and certain number of
replications is used.

Following Smith's* methodology (that
the best plot size is that allowing the
wellection of maximum information at the
minimam ¢ost possible), the following
optimum plot sizes were developed for
various combinations where K, = percen-
tage of the total cost of the experiment
which ig proportional to the number of

*  Federer, W.T, Experimental Design, Mac Millan
New York, 1963.

7 Hatheway, W H, Convenient Plot Size. Agron.
X1 Journal §3: 279-280, 196i,

“ Bmith. HF. An empirical law describing
heterogeneity in the yields of agricultural erops.
Journal of Agricuitural Science. 28(1) @ 1-23,
1938
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Table 3. Plot size {in?) calculaivd for 1he different number of treaimenis, repiications and differences to be 5
detected (expressed ay a percentage  of the meunt b= 8,768, ( ; = 21588 = 5%. P =80%.
No. of replications
No. of
treatmenis 2 3 4 5 [ ? #
Difference to be detected
(&t the 3% level)
3 343 99 1460 106.4 990 R 654
Hi] 560.2 248.3 i61.3 1082 §5.3 £ ¥ 887 1
15 4419 2316 1446 108.2 §3.2 698 7 f
26 4170 2i6.3 1444 HB2 85.3 64.% 38,7
Difference 1o be detected
(at the 109 level)
5 137.2 SLD 30.6 21.4 [6.2 130 1.7
HH 824 438 6.5 17.8 4.0 1.6 9.6
i3 7L B4 2318 17.8 4.0 i1.5 2.6
20 58.6 A8 238 17.8 £4.4 1.8 9.6
Difference i be detected
{at the 159 Jevel}
5 417 17.7 106 7.5 3.7 4.3 37
10 28.7 14,2 9.2 6.2 49 448 34
i3 1353 134 8.3 6.2 4% 40 34
t 239 12.0 83 6.2 4.9 4.9 34
Difference to be detected
tat the 209 level) | 3
3 PR 8.4 59 kS 7 2 1.2
16 13.5 8.7 4.4 9 23 19 1.6 E
is 12.6 6.3 19 29 2.3 19 1.5 s
20 1.3 5.7 19 29 23 1.e 1.6
Difference to be detecled
fat the 255 level)
hY {26 4.7 18 pALE 1.5 1.2 1.9
j& .6 38 24 1.6 1.3 1.4 0.9
13 6.7 35 22 1.6 1.3 1.G (e
et 5.3 3z 2.2 1.6 1.3 1.G (e
Biomerics G-7
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plots per treatment, and K. » = percentage of
the totai cost of the experiment which is
proportional to the total area/treatment.

Optimum
K; K2 Size (m?)
75 25 9.9
12 b ] 8.5
16 K4} 1.7
65 k] 6.1
60 40 50

Finally, given the high degree of
heterogencity in this trial, plot shape
contributed little in reducing the ex-
perimental error,

Other Projects

During 1977 the Biometrics Unit fur-
nished consultation for analysis of ex-
periments with bean maize associations
done during 1976 and 1977, Furthermore,
collaboration was given in planning the
experiments whose final objective s
determining the characteristics of a bean
plant which yields well when grown in
association.

Pifference to be detected
{% of the mean}

#7634 3 2 Repiie.
25

2 \..

5

S S R | AR SRS Mats St SIS A e w2

3 6 3 12 5

Plot size (m?)

Figure 1. Relationship between plotsize, number of
replications and resl difference to be detecied in an
experiment {sccording to Hathewsy Method).
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BEEF PROGRAM
1CA-CIAT Herd Systemns Project

During 1977, the revision, processing,
analysis and interpretation of data
collected in this project during the last four
vears continued. The following studies
were made this yean a complete analysis of
reproductive parameters; a study of calf
growth curves according to treatment, year
and season, and a study of cow growth
curves for the different physiological and
reproductive stages according to treat-
ment, year and season.

Metabolic Profile Tests

The Beef Program’s Animal Health
section completed an experiment this year
to evaluate the usefulness of blood
parameters in identyfying abnormal
situations in animals under adverse
weather conditions, different management
practices and different feeding inputs, For
each of the 320 cows of the Herd Systems
Project data were collected every two
months between June 1976 and May 1977
on 12 bload parameters, weight and weight
gain. Separate analyses were made for the
two groups of herds: Group I{Herds 2, 3, 4,
and 5} and Group lI(Herds 4, 5,6, 7, 8, and
9) following the experimental design
project. Results are discussed in the
Animal Health Section, Beef Program, in
this report.

Other Projects

During the year the CIAT-ICA project
on foot and mouth disease control was
conciuded. For this project the Biometrics
Unit developed a stochastic model for
determining the proportion of animals in
the different stages of development of the
disease in the long run and a simulation
model for estimating the epidemological
behavior of foot and mouth disease as well
as its economic impact.
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Seventeen nursery and eight field ex-
periments were consolidated and analyzed
to evaluate anthracnose resistance in
Stylosanthes cultivars. In addition, several
experiments with Stvlosarnthes introduc-
tions other legume evaluations and grass-
legume associations were processed.

The Unit advised the Beef Program's
Economics  section concerning  the
cconomic analysis of allernative beel
productior systems. For this two FOR-
TRAN IV programs were written. One
calculates the internal rate of return for the
discounted-cash-flow method. The second
determines the marginal rate of return and
the marginal cost-benefit  coefficient
betweentwo beef production systems using
the discounted-cash-flow system.

CIAT RHIZOBIUM BANK

Due to the increasing number of
R hizobia accessions in the CIAT collection
it was considered comvenient to com-
puterize the wformation. This systemiza-
tion process has been practically concluded
for forage legumes and it is expected to be
broadened to cover grain legumes. With
the new registration system it is possible to
have available more information in a
shorter time tHan was previously possible,
Some of the activities facilitated are:

(a) the storage and updating of the
information for each stock in the
Rhizobium bank;

{by production of lists with all the
information to be used at CIAT;
maintenance of an alphabetized
catalogue of stocks for forage
legumes to be distributed
worldwide accerding to reguests;
and,

(d) recovery of information, both of
the stocks and of their effectiveness
tests, in responmse to CIATs
specifie  requirements or as re-
quired by other national and
international institutions.

Biometacs

CASSAYA PROGRAM
Adaptability of cassava cultivars

This study wascompleted during 1977; it
used data obtained during the first cycle of
regional trials from 1975 done by
agronomists of the Cassava Program. The
methodology employed and results ob-
tained are described below.

The methodology used in this study isa
combination of that suggested by Plaisted
and Paterson® and by Eberhart and
Rusell’. An alternative for measuring the
contribution of a variety to the interaction
variety x locality is also presented.

Since one of the objectives of the cassava
breeder is to obtain high-yielding varieties
that can be recommended for a particular
zone, the varieties were classified accor-
ding to the two characteristics yield and
adaptability. Regarding yield, the varieties
were grouped by varieties which yielded
below the peneral average, those which
were within the average and varieties which
yielded above the average. Regarding
adaptability, a variety ¢ is defined as
adaptabk according to two definitions: {a)
Ifbi=Iand S:?zQor(b}ifb =1 and
C. =0 where b, ~slope of the linear
regression of the average yield of the
variety as a function of the environmental
index 1= average yield of the locality —
general average yield of all the localities;
where 8.2 = mean square of the error for
the variety { resulting from the above
mentioned regression — mean square
resulting from-the analysis of the overall
vanance, and C. =c¢ontribution of the
variety { to the interaction variety x
tocality = (v - D} {estimate of the variance of
the interaction variety x locality including

¥ Plamted, R, L. and Peterson, L. A techmgue for
evaluating the ability of selections fo visld
consistently in Jifferert locations or season
American Potato Jouraal, Vol 36, pp. 381-383,

®  Eberharl. SA. and Russell, W.A. Swbility
parameters for comparing varieties. Crop
Suience, Vol b, pp 36-48. 1966,
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all the varieties) - (v-2) {estimate of the
variance of the interaction wvariety x
locality excluding the variety 7).

Table 5 shows. the ecological and soil
characteristics of the eight localities includ-
ed in the study. Table 6 and 7 show the
results for root dry matter (kg/ha/day) for
each of the eight varieties being studied.
According to these results and considering
as a response variable the root dry matter
yield, the adaptability criteria (b= 1,
S2= () is satisfied by the varieties M Col 22,
CMC 84, CMC 40and CMC9. Inthesame
way, thecriteria({b = I, C = 0} is satisfied by
the same four varieties, It should be noted
that taking the root fresh weight vield
{t/ha} as the response variable, the con-
clusions were the same except for the
variety CMC 40 which is declared as
adaptabie only by the criteria (b= 1,
S 2= 0. In general, the results suggest that
the criteria (b =1, C =0) is more conser-
vative than the criteria (b1, S Z=0} in
the sense that it is more difficult to be
satisfied. Finally, Figure 2 is a graphic
sutnmary of the results in Table 6 and 7,
combining the criteria ofadaptability and
vield performance,

Regresmon cocfficien; (b)Y

I = N8 ot 22
TEAM ol L
; T Mex 22
E E.60) =~ : 4= UMC 84
B T i g 152 CMU 49
; b ' f;lh =M Mex 59
P 513 TS SRS AV, § ¥ o (99 ‘
i ol tHe0MO 7%
§ 5 1a=Upa
- : PO
| .00 . :
baj T ! t
L- § L4
I B O
f{},?{) = .8 m}»

|
bd;f] i;’(ﬁnss b AVE —-nwfpﬂvg.um
i‘ﬂ’t(!.iiig!llji'!ﬁi’l

71z B 28 2 19 31
Dy matter viekd (kg/ha! day)

Figure 2. Classificution of eight cassave varieties
according to their average yields, their regression
coeffizient (b, ) and their contribation to the inferae-
tion variety x environment (€, ).

Influence of Soil and Climatic Variables
on Cassava Yield

Parallel to the adaptability study, the
Biometrics Unit in cooperation with the
Cassava  Program's agronomy group,

Tabie 5. Ecological and soil characteristies of the eight sites wtilized to determine the adaptability of verietal
yields of cassava.
Annual Temper- Relative (rganic K
Altitude  rainfall  ature Humidity Matter P imey, HHg
l.ocality [masi} {mm} (*"C) {%} pH {8} (ppm) of suil}
i. Rionegro 430 1594 6.6 9.5 $.1 1.5 ig .16
2. Nataima 430 1474 278 49.0 2 13 4 022
3 Zapata 110 12i% 227 75.2 .2 6.5 6.0 a.14
4. Camcedonia LH L 194 2 80.7 5.5 5.3 0o (.68
5. Media Luna i 14is 2 176 6.3 0.7 3.2 0.06
& EiNus 847 1875 3.7 636 i9 38 4.3 011
7. CIAT 1000 1055 235 4.5 o.4 16 590 0242
% Pereira 1480 HD0 19.0 80.0 5.1 B3 8.3 6.1
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Table & Average and Standard Deviation of cassava root dry matter yields and position of each variety in
relation o the general average vatues,
" Standard Position of x
Avg. yield X Beviation $ it refation to tbe
tkzg/ ha;day) ikg, ha day) general average!
M Cot 22 24.156 553 w A orage
M Ol §]3 23165 8.14 = AL orage
M Mex 23 23015 8.00 =Aserage
CMC R4 8156 619 >Average
CMC 40 25,327 .84 = AT QTage
M Mex 59 27166 649 = Aspragy
CMC 9 17.765 4.46 <Arerage
CMC 75 25,468 4.50 = Avoragy

Gieneenl gverage o 2493, Sg =1.273
P Fhes thres i wery dafined ueing o

studied those factors which characterize
the “good” and “bad” environments for
this crop. In general “good”™ and “bad”
envircnments for a given crop are men-
tioned when the crop growing in them gives
high or low vields, respectively. To identify
the climatic and soil variables for cassava,
the step by step regression technigue was

internal of the lomm X & N3

used. The modality appited was that of
“maximum increase in R7. The following
variables were selected for this study:
temperature { TEMP} and rainfall (PREC)

i Barr, A, Goodmghi, J.Hm. Sall, JP. and

Helwig: 1.7, A Uscr's Guide 1o SAS ub. SAS
Ensiitute, pprm 25x-25y, 1970

Table 7. . Adapiability parameters for root dry matier yields of exch of severnl cassava varieties.

Regression equation
G d

Significance of b,

Variety { {environmentsl index} with respect ta 5,2 <,

M Col 22 $=24.750 + 1.210x = 30,620 N&: 10,741 NS
8 Cot 113 §=23.165 « 0.705x =1 B3.585%* 94.754%

& Mex 22 §= 23005+ L430x = 63.940* TTEGE
CMC B4 § =28.250 + 0.792x =l 8264 NS 40,558 NS
CMC 46 §=26327 + 1.041x x] 40732 N8 46.721 N§
M Mex 59 §=27.166 + 1.347x | 42103 NS 51381 NN
CMC 9 § =17.765 + 0.827x wl 19.837 N§ 25276 NS
CMC 76 §=25468 + 0.6ddx | 24.028 NS 29.262 %5

* These three categories were defined using a confidence intenal ef the form iggh Shee Sy s the it sttt of the stangarg Srogrs

of the by,

* NS= not ssgnificant; *= significans berween | gad 35 ** = sigmdfcent = 1€
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as environmental variables; organic matter
{OM), phosphorus (P), potassium (K) and
pH as soil variables; and root fresh weight
yield {RENDF) and root dry matter yield
(RENDMS).

Table 2 shows that the CIAT Caicedonia
and Nataima sites (where cassava produc-
tien is high) have the highest phosphorus
and potassium contents. On the other
hand, the lowest values for these elements
occur in sites with the lowest yield
responses. These results were analytically
confirmed by the following lineal models.

(1} RENDF -20423 + 4.10pH ~«
T2MO + 27.15K + 7.06 TEMP with
R? E6%. In particular, P is the variable
which explains most of the changes in
RENDF, being capable of explaining the
39 percent of the variation,

(2) RENDMS -13481 + 596pH +
5.05MO + 399K + 4.08 TEMP with
R? 944 In particular, the variable K was
able to explain 69% of the vanation in
RENDMS,

Training and Conferences

In 1977, the Biometrics Unit par-
ticipated in the following iraining courses:
Oean Production for Latin American
Researchers (March 28 to April 23} Swine
Production (April i1 to May 25} and Rice
Production (July 15 to Aungust 10).
Conference cycles covering the following
subjects were offered in these courses
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general introduction to statistics and
experimental design; designs which are
most used in the corresponding discipline;
and illustrative examples.

With the object of stimulating personal
processing of relatively simple statstical
analyses, the Biometrics Unit has publish.
ed the “SAS Simplified Guide” directed to
CIATs scientific personnel and trainees.
This guide considers only the more
common procedures and options. For
more complicated situations it was
recommended either to see the full manual
or to ask for assistance in Biometrics.

During this year the Information System
on Trainees was developed, containming
relevant information of all persons who
have recetved training at CIAT since its
organization. The system is operational
and allows the recovery of any information
in it that satisfies some group of selection
or classification criteria. A similar datafile
is being planned for the near future with
mformation on the scientists who work in
any disaplines of interest to CIAT.

Finally, the Biometrics Unit carrieéd out
two works which can be considered as the
first steps towards systematization in the
service units. The first was consulting in the
design and production of labels for the
physical location of the new warchouse's
inventory. The second was the cooperation
given to the Library in preducing indexes
for the collection of abstracts of documents
on Cassava, Beans and the Documentation
Center for Latin American Agricultusal
Economics.
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Station Operations

CiAT's Station Operations Unit greatly
expanded operations and responsibilities
in 1977 after the acquisition of the new
substation at Quilichao, During thesecond
half of 1977, the Unit was able to almost

completely develop the physical facilities
of that site. Moreover, full support of
research activities at CIAT-Palmira were
continued.

CIAT-PALMIRA
Support to Research Programs

The Unit provided support to research
programs through land preparation, plant-
ing, weeding, fertilizer application, pest
control, harvesting and crop handling, by
furnishing machinery needs and labor
supply for hand operations.

Machinery was used by research
programs as follows: beans (445 of total
machine utilization); rice (35%); cassava
(13%); forage seed production (3%); and
other uses, including Special Studies Unit,
Maize Unit, Swine Linit and maintenance
of the station, (3%}

Support was generally spread evenly
throughout the year, except for a slight
decrease in June and October due to heavy
rainfalis when field operations were im-
possible.

Construction and Maintenance

New drains and canals were constructed
to extend the drainage and irrigation
systerns. These were also repaired when

Station Operations

necessary to keep field operations going. A
new reservoir was established and a pump
installed,

Additionally, the Unit maintained a
network of all-weather roads, fences, levee
bridges for pedesttians and other perme-
nent structures needed for feld services on
the research farm.

Crop Production

The Station Operations Unit also
produced cassava, rice, beans, maize and
sorghum on fields unsuitable for or not
being utilized for research, These products
were s0ld en the local market.

Ta help support Tice improvement
activities, one field was planted with the
CICA 9 variety to produce certified seed
for the Federacién Nacional de Arroceros
de Colombia. Other areas were planted
with IR22 and CICA 4 varieties in
compliance with a seed production agree-
ment between CIAT and the Instituto
Colombiano Agropecuario {ICA). CIATs
Rice Unit also multiplied the advanced line
4440 for possible release as a variety.

G-13
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Permanent Labor Pool

The Unit provided manual labor to help
in field work of CIAT s research programs.
Part of this labor pool was also used by the
Unit in its general field maintenance
activities,

Training in Station Operations

One agronomist from El Salvador, one
from Chile and three from Colombia
(ICA), received training in managing
experimental stations. Four of the five
received five months each of training and
the other professional received two
months’ of participatory training.

Development of New Equipment

Personnel of the Unit designed, con-
structed and tested an implement for
harvesting cassava roofs. Preliminary
evaluations showed labor was reduced up
to 50 percent in extracting the roots from

the ground. The implement is operated
from the three-point hitch of an ordinary
tractor,

CIAT-QUILICHAQ

In mid-1977 CIAT obtained a new
research site of 184 hectares near the town
of Santander de Quilichao, south of Cali
and Palmira. Detailed physical and soil
chemical characteristics are discussed in
the report of the Beef Program in this
Annual Report.

After acquisition, in May, the land was
surveyéd to plan the detailed development
necessary for a research site. Internal roads
were constructed and fences installed. One
existing building was remodeled. Five
water reservoirs were excavated and
developed to manage and conserve runoff.
Physical developments completed during
the second half of the year permitted rapid
establishment of several experimental
plots before year's end.
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CIAT maintaing research programs at
sites having a variety of temperature and
precipitation regimes. The sites providethe
variability necessary for experimental
purposes and allow the work load to be
distributed throughout the year.

Mean monthly temperatures vary from
over 28%C at Caribia and Turipans to less
than 199C at Popayan (Figure 1), Sites in
Colombia tend to maintain relatively

Temperature (%C)

Climatology

stable mean temperatures throughout the
year; howegver, mean monthly
temperatures at the Centro de Pesquisa
Agropecuania do Cerrado {CPAC) near
Brasilia vary considerably, reaching a high
of almost 23C in September and October
and a low of approximately 19°C in June
and July.

CIAT research sites also have a variety
of precipitation regimes. Carimagua,
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Figure . Long-lerm mean manthly temperatures at seven CIAT research stations,
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Caribia and Turipand the warmest sites,
have distinct dry seasons from ap-
proximately December to March (Figure
2). Palmira has two short dry seasons,
December through March and June
through September (Figure 3). Quilichao
and Popayin have precipitation patterns
similar to that in Palmira except that mean
monthly precipitation from December
through March is above or only slightly
below potential evaporation. In Quilichao
the more favorable rainfall distribution is
offset by the low water retention capacity
of the soil, and frequent short-duration
drought stress can be expected, especially
in crops susceptible to the acid soil
conditions at the site, The CPAC has the
longest dry season, from April to
September. As in Quilichao soil physical
and chemical properties lunit water
availability and cause short but severe
periods of drought during the wet season.

Precipitation {mm/manth)

© Turipard (12-year mean) |

e i

400 Caribia {§I~ycar mean} |

360 . T
;

0 |

100 - -t

b |

s

Preapitation {mm/month}

] T i B I ] i
(& Carimagua (§-year mean) E

I F M AM I 1A
Month

Figure 2. Long-term mean monthly precipitation
for CIAT research stutions with dry seasons drom
December fo April.
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Figure 3. Long-term mean monthly precipitation for CIAT research stations with dry sensons from June

1o September,
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Detailed monthly data are presented for
four major research sites. Meteorological
data for CIAT Palmira are from the 1CA
weather station  approximately three
kilometers east of the CIAT farm. Data for
Caritnagua are from the site, Data for
CIAT-Quilichao are from the Corporacién
Autonoma Regional del Cauca (CVC)
weather station at San Julidn, ap-
proximately three kilometers north of the
site and approximateily five kilometers
southwest of a Beef Program research site
at Ei Limonar. Data for Popayén is from
ihe research station of the Federacidn de
Caleteros (CENICAFE) station  one
kilometer from the experimental site used
by CIAT.

PALMIRA

Temperatures were close to the long-
1erm mean throughout the year {Table I).
Precipitation was considerably below
normal from November 1976 through May
1977. Dwring this period polential
evaporation was ahove average. Exceptfor
the months of October 1976, June 1977,
and October 1977, precipitation was below
potential evaporation.

CARIMAGUA

Temperatures were close to long-term
means. Except for the month of June
precipitation was below normal. Precipita-
tion was below potential evaporation fora
period of seven consecutive months, from
October 1976 through April 1977 Low
rainfall in October 1977 adversely affected
some late plamings.

QUILICHAQ

CIAT-Quilichao has been operational
since mid-1977, however, meteorological
data are presented for all of 1977 since the
station at San Julian is also representative
of the Beef Program research site at El
Climatology

Limonar. Rainfall at El Limonar should be
lower than at San Julidn due to its greater
distance from the mountains on the west.

Temperatures for the period reported
were slightly below the long-term averages.
Rainfall was also below average, especially
for the periods January through March
1977 and May through August, 1977, This
gave rainfall during 1976-77 & bimodal
distribution similar to that at Palmira;
normally only a single dry season occurs, in
July and Angust.

POPAYAN

Asin 1975-76 the temperature data were
significantly different from long-term
means. This is probably due to mnadeguate
exposure of the station and poor calibra-
tion of the instruments. These continuing
preblems reflect the inadegquacy of the
stationfor the Bean Program’s needs.

Rainfall at Popayan was below normal
from November 1976 through April 1977.
This is consistent with the trend observed
in Quilichaa, Palmira and Carimagua.

FUTURE WORK

A CIAT Mewgorology Commitice was
gstablished in late 1977 to improve and
standardize the collection and analysis of
meteorological data. The committee 15
obtaining the equipment for a complete
weather station at CIAT-Palmira and 1o
improve existing stations at CIAT-
Quilichao and Carimagua. The Biometrics
Unit is aiding in the computerization of the
monthly analysis of climatic data. A
computer model which simulates the soil
water balance has been cobtained. The
model is sensitive to soil. crop, and weather
parameters and will allow soil moisture
stress to be routinely estimated in field
experiments.
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Table 1. Monthly meteorofogical data for CLAT-Palmira (station st ICA-Patmirs, Lat, ¥31'K; Long. T 18W., Alit. 1601 m)',

Temperature (°C) Rainfal i?pe?m‘iiﬁ M %ﬁ%ﬁm’“’ﬁ‘fﬁ
Maximum Minimam Average {mm/month) {mra/ month) hurnidity (%) {hours/ month)

Maonth Mean  1976-77 Mean 197677  Mean 197677 Mean 197677 Mean 197677 Mean 197677  Mean 197677
Oct. 1976 28.8 %3 8.0 8.1 33 23.2 150 23 139 151 74 75 156 170
MNov. 3.2 28.2 18.1 138 233 231 105 35 118 124 74 77 164 63
Dec. 296 28.6 18.1 8.4 235 231 % 48 131 134 73 T 183 162
Jant. 1977 301 .4 180 1.6 238 .2 71 17 142 168 0 7 "9 213
Feb, 04 30.2 8.2 9.1 M0 W3 T 8 137 15 70 & 182 150
Mar, 363 314 184 19.9 4.1 5.0 80 78 147 188 H 6% 182 176
Apr. 29.6 2.1 18.4 196 238 4.0 139 §1 ¥2 137 74 75 159 170
May 2.1 284 184 B4 23.6 234 125 81 122 21 75 78 164 135
Jun. 9.3 28.7 18.1 18.5 23.5 230 69 132 fig 120 74 78 168 163
Jul. 3.0 27 1.9 8.7 37 238 28 i8 136 148 &9 73 197 18
Aug. 0.1 00 17.8 g6 FAR 239 37 64 145 161 67 7?2 185 264
Sep, 303 294 128 18.4 238 23.8 62 88 142 153 &8 73 172 i6l
Oct. 292 2.1 8.0 9.4 23.3 233 150 sl 139 {40 74 74 166 160

+ Muans of temp ®, HEEpitali Antive hamidity, snd boure of susahing are sverages of a1 leass 44 years, Meges of pan
ryaporstion are averuges of vight years.




ABowOYSLEY

gL-9

Table 2, Mouthly meteorological data for Carimagus (HIMART ordinery climatological station af Carimsgus, Lat. # 2 N, Long, 71* IFW, ARit. 200 m).

Mean screen
Temperature (°C) Potential retative
. e Rainfall evaporation humidity
Maxunum Minimum Average {mm; month) {tam /month) (%)

Month Mean 197677 Mesn 1937671 Mesn 1976-77 Menn 1976-77 Mean 197617 Mean 1976-77
Oct. 1976 311 316 2235 236 6.8 76 203 140 184 192 80 80
Nov, ws o 2.2 224 26.4 26.7 130 72 183 189 77 75
Dee. 09 - 21.8 218 6.3 - Ll 16 195 - 74 71
Jan, 17 326 347 0.9 - 68 - 3 g 224 233 62 57
Feb. 325 3 224 2.3 2is 11 g 5 214 218 53 57
Mar. 333 3LE 324 223 ns i 90 iz 213 226 67 62
Apt. 3t 38 2 23.2 74 8.3 144 83 195 213 15 4
May 0.2 301 223 225 262 6.3 72 237 164 164 84 3
Jun. ns 276 ¥IRY 21.2 253 4.4 374 453 141 13 g6 82
Jul 28.6 0.0 215 220 25.1 255 k12 231G 152 158 84 &1
Aug. 29.5 28.2 2.7 217 256 250 248 194 161 167 83 75
Sep. 300 2.1 2Ly L5 259 353 25% 233 65 136 82 82
Oct, 3Lt Lt 235 224 26.8 p- %4 203 152 186 186 8@ 80
' Al mrans e wverages of theee o five years. By waz cal d from ke Gerca-1dpez cynation. Average

temperassre e the wewn of maxinum and minimum mmﬁm
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Table 3.  Monthiy metenrological data for Quilichao (CVC station st San Julidn, Lat. PO6N, Long. 7 31I'W, Altit, 990 m).

Temperature (\C) Rai Class & pan Mean screen Hours of sunshine

sinfall evapoIElon relative (Campbell-Stokes)
Maximum Minimum Average {mm/ month) (mm  monsth} humidity (%} (hotirs/ month}

Month Mean 197677 Mean 197677 Mean  1976-77 Mean 197677 Mean 197677 Mean 197677 Mean 197677
Oct. 1976 289 213 18.0 180 224 221 241 187 s 109 76 0 64 155
Nov, 315 26.6 8.1 17,5 24 2.5 228 209 1t 111 K 76 155 |4
Dec. e 2106 7.9 i1.3 223 217 150 163 115 121 % 75 w2 186
Jan. 1977 303 LN 18.2 8.9 231 28 136 ™ 130 161 ) 6B 205 218
Feb. 300 30.6 18.6 18.5 232 26 166 99 126 1% 78 o8 163 178
Mar. 314 3213 18.7 184 23.5 23.6 163 it6 127 7 7 0 (231 198
Apr. 26 86 19.3 186 214 232 178 182 ¥23 135 79 75 17 163
May 29.0 2.1 1.9 i8.9 232 26 189 121 12 124 80 77 153 148
Jun. %2 283 185 18.0 213 2.1 106 65 103 123 79 75 147 157
Jul. 4 30.2 17,5 i78 234 26 63 92 136 142 74 10 93 i82
Ag. 0.4 30.6 179 175 23.4 22.9 78 76 143 155 71 69 167 E: ]
Sep. 304 36.% 17.6 177 230 236 147 199 138 147 73 68 159 183
OQct. 29 N4 18.0 18.7 224 - 241 261 HB 132 76 - 164 2.5

| Menns of precipitstion wee averages of [0 years. Other meuns sre averages of five years.
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Tebie 4. Monthly metecrological data for Popsyin (CENICAFE meteorologiesl station José Maria Obando, Lat. 327N, Long. 76'36¢'W, Altt. 1850 m).
Maean s¢reen
Teshperature {°C) relative Hours of sunshine
Rainfall humidity {Campbeli-Stokes)
Maximum Minimum Average {tun /month) {%} (hours] month)
Maonth Mean %677 Mean 7617 Mean T6-77 Mean T6-77 Mean 1677 Mean 16-77
Oct. 1976 kil 238 19,7 139 17.5 1.7 276 351 81 83 102 106
Nov. 26.4 238 111 136 6.9 118 3i6 137 £3 83 101 141
Dec. 26.5 .1 16.8 138 17.3 17.8 212 157 84 3 1Z5 169
Jan. 1977 69 5.1 i0.5 13.3 174 8.7 157 a7 74 7 200 s
¥Feb, 274 Hs 114 134 1.6 17.8 154 i6 BO 9 127 {58
Mar, 118 29 1.1 14.8 17.6 19.8 163 78 Er 74 134 161
Apr. FEE ) 4.3 ii4 14.2 17.3 18.5 183 132 79 89 H1 123
May 275 33 & 14,1 1.6 8.1 142 240 82 83 95 f1E
Jun. 274 B9 10.4 i3.7 i7.4 i8.1 66 132 74 7% 132 148
Jul. 238 A9 10.6 138 17.6 186 41 21 &8 71 148 161
Aug, 8.7 25.1 10.3 13 18.0 18.3 35 30 69 70 140 151
Sep. 20 3.1 0.3 13.3 180 13.8 93 124 2 72 142 134
Oct. a2 - 107 - 173 - 27 - 81 - 102 -
' Temiperwinre and minfedl mesor ses svirigonof 19 years; relative humidity aod hours of sunshins mesns are sverages of threr years.
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International Cooperation

International Cooperation activities at
CIAT encompass ali those aimed at
establishing fully collaborative links with
national programs of countries working
with CIAT to accomplish increased out-
puts of rice, beans, cassava, maize, beef or
swine.

Specifically, International Cooperation
at CIAT operates through a series of
mechanisms or strategies of technology
transfer, complementing the Research
objectives and strategies of the Center.

Soon after the arrival of the Associate
Director General for International
Cooperation {(ADG/IC) (on 1 January
1977), a Strategy Paper on International
Cooperation was prepared for study and
definition of relevant policies for the Board
of Trustees. To develop the paper, inputs
were solicited from most CIAT staff, with
the result that the preliminary document
expressed a coherent view of the institution
as to its orientation and technology
transfer methodologies. The paper has
served as a provisional guide for mapping
and executing a series of actions in
international cooperation.

INTERNATIONAL ORGANIZATION

The development of a resource base and
an appropriate organization for inter-
national cooperation actions were of high
priority. The following resource com-
ponents were included under direct super-
vision and administration of the office of
the ADG/IC: (1) Training and Con-
ferences; (2) Library and Information
Services; (3} cooperative relay projects, in
particular, the CIMMYT/CIAT Regional

International Cooperation

Andean Maize Unit; {(4) the Instituto de
Ciencias y Tecnologia Agricolas (ICTA),
Guatemala, Bilateral Contract Operations;
and (5) outposted outreach staff members.

Moreover, appropriate steps were taken
during the year to create these additional
resource units in 1978: (1) a Com-
munications Support Unit; (2} a Country
Documentation Office; and, (3) a Seed
Training, Qutreach and Research Unit. In
QOctober 1977, the Rockefeller Foundation
assigned one of its staff to CIAT where he
will coordinate the development of the
Seed Unit.

Effective links with outposted research
staff and with commodity program out-
reach staff in terms of action programs and
supervision were established, both at the
individual level and with the respective
program and unit coordinators. This
organizational action permitted a func-
tional relationship of the commodity
programs, in their outreach phase, to
become fully integrated with the Center's
overall international cooperation ac-
tivities.

COUNTRY RELATIONS

An extensive program of visits was
launched to initiate or strengthen relations
at the institutional level between CIAT and
national programs. Most national
programs in Latin America were visited at
least once during the year. The ADG/IC
also visited programs in India and five
Southeast Asian countries, to establish
working links or reinforce existing ac-
tivities. These visits were directed to the
levels of ministries or vice-ministries,
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directorates of national research systems,
university rectors and managers, directors
of experiment stations and commodity
program leaders and research workers,

Particular efforts were made to ientify
résearch institutions and become familiar
with their programs, and with promising
scientists ag prospective candidates for
training or networking. Former CIAT
trainees working in these institutions were
visited whenever possible,

In Colombia, a reorientation of
collaborative efforts of CIAT and the
Instituto  Colombianc  Agropecuario
{ICA}, more in line with present goals,
resources and capabilities of both in-
stitutions was negotiated. A new general
agreement was developed that clearly aims
at reinforcing links between the two groups
and improves operational efficiencies by
clearly defining the respective areas of
action in each commuodity program. In
these efforts, the ADG/IC was assisted by
the Center's Executive Officer.

New bilateral agreements were also
signed with Panama, Costa Rica and
Brazil,

At the invitation of the Cuban State
Committee of International Collabora-
tion, a CIAT delegation including the
Chairman of the Board of Trustees, the
Director General, the ADG/1C and several
scientists visited that country. Later in the
year, a Cuban delegation also visited
CIAT,

During the year, several ministers of
agricubture and  directors of national
agricultural programs from several coun-
tries in Latin America visited CIAT. Other
distinguished visitors included the deans of
30 gradvate colleges of agricultural univer-
sities of the reglon.

In addition to the visits of the ADG/IC
and the visitors coming to CIAT, effective
international cooperation links were con-

H-2

tinued by most of the scientific staff of the
Center, in the course of their research and
outreach activities in Latin America and
Asia.

RELATIONS WITH
INTERNATIONAL INSTITUTIONS

The ADG/IC participated in several
meetings of international institutions
involved with agricultural development.
Visits were also made to three other
international agricultural research centers,
to SEARCA, in the Philippines, and the
Interamerican lostitute of Agricultural
Sciences (IICA}). An agreement was also
signed with the latter organization to
facilitate logistical support and other
services to outposted CIAT staff members
in Brazil and Costa Rica.

ADDITIONAL EXTERNAL
FINANCING AND PROJECT
SUPPORT

The office of the ADG/IC actively
worked in securing approval of 2 $L.6
million special project grant to CIAT from
the United Nations Development Pro-
gramme {UNDP). Funds will support
cutreach staff in Brazil and in Central
America and the Caribbean, and will
expand training capabilities at CIAT,

Twe agreements involving research
activities were signed with the Deutsche
Gesellschaft fur Technische
Zusammenarbeit (GTZ), Federal Republic
of Germany, and with the State University
of Glemblux, Belgium.

OUTPOSTED PERSONNEL

Including outposted outreach, out-
posted research and bilateral contract
personnel, contractual, operational and
administrative arrangements were made
for establishing scientists in I3 positions,
.the last scientist to be on the job by
February 1978. A year ago, three scientists
were posted out of CIAT.
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Training and Conferences

In 1977, training decentralization
initiated in 1976 was largely completed.
Now each commodity program plays a
central role in formulating its training
priorities, schedules, and activities. At the
administrative level, the Training Office
provides centralized coordination that
assures: (1) continuity between the various

training efforts at CIAT: (2) efficiency of
administration of training participants; (3)
adherence to Center-wide training
standards by the various programs; (4)
efficient sharing of training resources; and,
(5) integration of relatively independent
training efforts into overall CIAT training
and outreach strategies.

Training

TRAINING GOALS

A  positive by-product of
decentralization has been a sharper focus
on training goals. Now, training activities
reflect the different international
cooperation strategies of the Center's
commodity programs. Training cannot be
monolithically applied across
commodities. Rather, it must be tailored to
each program's state of technology
development and its technology transfer
objectives. Staff of the commodity
programs are aware of where and how to
apply their training leverage to ensure
availability of a cadre of professionals in
research and production at national and
regional levels to validate, adapt, and
disseminate research results and to feed
back their results to the CIAT programs
together with the concerns of producers
and their representatives.

Now that training is conducted along
Training and Conferences

commodity lines and is largely controlled
by commaodity programs, manpower
assessment in countries has become more
efficient; once the needs for trained
petsennel bothin research and production
in the countries of CIAT's responsibilities
are analyzed from the standpoint of clear
priorities in single commodities, the
institutions and the individuals that need
training assistance by CIAT, and the most
appropriate type of training can be readily
identified. By explicitly stating that the
purpose of CIAT training is to strengthen
counterpart institutions within countries,
it has been possible to establish a
functional unit of analysis to allow for
meaningful needs assessment, follow-up,
and valid long-term evaluation of the
Center’s training efforts.

PRINCIPLES OF CIAT TRAINING

Five principles of CIAT training have
been adopted on a Center-wide basis.

H-3




Training on the Postgraduate Level

Since CIAT trainees will have to
perform in leadership roles in technology
validation, adaptation, and dissemination,
training is concentrated at the
postgradoate level. To qualify, a training
candidate must have successfully
completed at least four years of university
studies. Exceptions are only made when a
national institution has a demonstrated
nead for training assistance related to
CIAT's outreach objectives but available
candidates lack formal university degrees,

Critical Mass

Experience indicates that an individual
trained at CIAT can have only moderate
success in applying his training if
colleagues and supervisors do not share his
perspectives, methodological concernsand
working patterns acquired at CIAT.
Therefore, precedence is given to training
selected  individuals from  priority
institutions who will eventually work
together in teams, Each team member
possesses a4 specialized training
background, and the tcam constitutes a
critical mass sufficient to guarantee the
application of skills acquired at CIAT.

Learning by Doing

Effective training in generating and/or
using new technology not only requires a
theoretical treatment of course content,
but also the full participation of the trainee
in actually translating this content into
practice. Therefore, CIAT training policy
requires that a major part of each
participant’s internship take place in the
field, laboratory, and other work areas.

Training for Specific Skills

At CIAT training must insure that
appropriate  skills are acquired.
Consequently, specific skills must be
defined which a4 given training participant
will need to successfully function as a link

H-a

in the technology transfer chain upon
returning home. Once identified, these
skills become the sole criterion by which
learning experiences are organized and
against which the trainee’s performance is
evaluated.

Single Commodity Orientation

Since the trainee serves as a link for the
technology transfer efforts of individual
commodity programs, all training is
commodity specific. Each of CIATs
programs provides commodity specific
training to selected individuals in key
positions in national programs so these
specialists, upon returning home will be
able to increase production of CIAT
commudities.

TRAINING/RESEARCH
RELATIONSHIP

Since CIAT's training activities are
decentralized, the entire scientific staff of
the Center is involved in individualized
research training. Moreover, while a core
of training specialists provides adequate
planning, logistics, an coordination for
group training, all scientists also
contribute when necessary. A survey by the
Office of the Associate Dirgctor General
for Research at CIAT showed that senior
scientists spend from 5-23 percent (average
of 15 percent) of their time on training.
Due to CIAT's emphasis on in-service
training, teaching and research are clearly
complementary activities and training
efforts by the staff are seldom distinet from
their research concerns.

TRAINING IN 1977

In 1977, 235 persons trained at CIAT. Of
these, 195 began their training this year,
while the remaining 40 began in 1976.

Table 1 shows the number of
professionals who entered training in 1977
by commaodity programs and training
categories, Figure 1 compares the numbers
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Table 1. Professiooals entering training st CIAT during 1977, by training categories and program.

‘Training category
Visiting
Posiloctoral Ruesearch Research Research Production Course Special
Program or Unit Fellows Associates Scholars Interns intzrns Participants Trainces Total
Beans t 5 3 22 - 22 3 38
Cassava 1 3 2 & - - 2 16
Rice - 1 - - il - 5 17
Beef 1 3 2 H 18 - 7 32
Swing . - - 2 - i3 i 28
Others
Library and Information
Services - - - " - " a 4
Station Operstions
Managemeni - 2 - 2 - - i 3
Seed Production - - - - - 34 - M
Others - 1 - 1 - . i 3
Total 3 15 7 35 29 8l 2% 195
¥
o
——— o s o "




E::} Visiting Research Associates/ Ressarch Scholars

39 :
1 Postgraduate Interns for Kesearch

a0

40

it

1963 1970 1471 1972

573
Yaour

1974 1974 w7

Figure 1. Number of CIAT training participents by trulning eategories, 1969-77.

of training partticipants in the various
categories for the years 1969-1977. Table 2
lists the professionals trained at CIAT in
1977 by programs and discipline,
institution where enrolled, and funding
source,

This increase in activities in 1977
illustrates both the expanded capacity of
the commodity research programs to
transfer new technologies, as well as the
overall international scope of CIAT,

TRAINING IN RESEARCH

This training provides research-oriented
individuals with skills in the investigative
methodologies used at CIAT and work
experiences in a specific discipline within

H-6

one of CIAT's commeodity research
programs or support units. In 1977, there
were 123 persons in research training.
Participanis at the postdoctoral or
graduate thesis level genecrally spent a
minimum of one year at CIAT. Research
trainees coming to CIAT for postgraduate
work not in a formal degree program spent
from 5 to 12 months at the Center, with an
average of eight months.

Postdoctoral Fellows

During 1977, eight Postdoctoral Fellows
were engaged in research; five of these had
joined CIAT before this year. The three
new arrivals are working in the following
ateas: forage entomology —— development
of a pest management program for tropical

1977 CIAT Annua! Raport
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Table 2 (continued)

Name and Status? Country Program; Dhscipling Source of funding

Baena, DHomdado* (3, O Clolombia Bean/ biometrics Univ, Nacionai de Colombia

Bazalar, Hernando® (1, €3 Pery Beefammal heaith CIAT

Randhukul, Rangsit® &, €3 Thaiiand Cassava/agronomy CIAT

Bodden, Rolande 6. O} Dominican Republic Cassava/entomology CIAT

Castellanos, Yetor Huge® @&, () Dominican Republic Cassava;agronemy CIAT

Chirbogs, César 3, ) Ecuador Bran; brecding CIAT

De Oliveirs, tamar (3, G} Brazil Bean/soils CIAT

[le Sona, Lindaurea (3, & Bragii Bean/ontomology CIAT

Dominguez, Raberto (3, C} Coiombia - ESEALION Operations CTIAT

Exmahachas, Panve (2. B Thailand Cassava/ agronomy int. Dev. Research Centre (IDRCY, Canada
Fialios, Enrique (6, C} Mexico HBean/agronomy Inter-Amer {3ev. Bank (IDB) Handuras Pro.
Flores, Jesus A, (5, O} Mexice Rice/ breeding; preduction CIAT

Giarcia, Rafael* @, ¢} Dominican Republic Beef animal health CIAT

Cruevara, Yolanda 5 () veneruela Bean; plant pathology CIAT

Kano, Yoshiaki (1. P} Japan Cassava/dreeding Japan int. Coop. Agency [JITA)
Khelituzaman, Hussein® . ¢} Malaysia Cassavajagronomy int. Bev. Research Centre (IDRC), Canada
Lezama, Franciseo {5. P Honduras Bean/entomology CIAT

Livatop, Elva (9, Q) Pera Hean;plant pathiciogy CIAT

Lépez, Gustavo® 43, ¢} Colombia Beef/animal heaith CIAT

Machado, lost 0. {38, #; Brazil Bean/plant pathology CIAT

Machuca, Cartos &, Ei Balvador . /staticn opecations CIAT

Michel, Manwel 5.
Nakavirojana, Chumpol
Nugroha, Jobannes (/. P)
Paredes, Qscar Marin 4, P
Poace, Alforso M. &, O
Quiniero, Edgar 4. £
Rodfas, Nery Jesds {3, ()

Rostrigues, Victor Manael* (3, €}

Komero, Alfrede 3, O
Saiudo, Beniamin (2, PJ

2. £)

Drominican Republic
Thailand

Indonenia

Chile

Ecuador

Colombip

Honduras

Ei Salvador
Yenrzucla

Colombia

Beanfseed production
Cassava/soily
Cassava/agronomy
Bean/breeding
Bean/agronomy,; breeding
Bean/ biometrics

Bean/ entomolopy
Hean/piznt patbology

- { pofUBunication
Bean/plant pathology

Ageney for Int, Dev. {Alld), USA

int. Dev, Rescarch Cemtez (JDRC), Canada
int. Dev, Research Centre {IDRC), Canada
CIAT

CIAT

CIAT

Inter-Amer. Dev, Bank (JDB) Honduran Prof.

CIaT

Fonda Nac. de Invest. Agropec, (FONIAP), Veneruela

CIAT

Continsed)
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Table 2 {(continued)

Name and Status! Country Program; Driscipline Source of futing

Sanbua, Samrit 6, C) Thatlang Swine/animal produciion CIAT

Sanay, Nidmanes* (5, C) Thailand Cassava; plant pathology CIAT

Sudrez, Jorge A, 6, C) Bolivia Beed/ pustures & forages CIAT

Talero, Elsa Leonor . C) Colombia Bean/breediag Univ. Pedagogica Nac de Colombia

Tercero, Othe Luis 5. Honduzas Bean, production CIAT

Tan, Swee Lian* 4, €} Malaysia Cassava, physiology Int. Dev. Resgarch Centre {IDRC), Canada
Tizaporn, Charn® 5, £ Thailasd Cassava/ plant breeding CIAT

Tongsri, Somsek (2. A Thailaod Cassava/ plant breeding Lnt. Diev. Research Centre (iDRCY, Canada
Euchiewcharnkit, Kasidit 6, 7 Thailand Swine; animal nutrition CIAT

Valle, Celis . (5, O " Honduras Bean/ agronomy intgr-Amer, Dev, Bank (HDBY Honduran Proi

Yila Nova Persirs, Josd (3, ) Brazi Bean/agronomy CIAT

Villavicencio, Angel 2. FJ Ecuador Cassava/production CIAT

Watananonta. Watana (7. P} Thailand Cassava/ physiology int. [2ev. Research Centre {1DROY, Canada
Zinmermann, Mu. Jot &3, P Brazit Bean; breeding ClAT

Postgraduate Production Interns

Alvares, Juan F. @ O CGuatemala Beel production Frog. de Desarrolip (ranad (PRODEG AL Guaiemala
Arias, Carios . 3, O Bolivia Beel production CIAT

Barrientos, Victor L. %, C} Guaternala Beef production Prog.de Desarrodlo Ganad {PRODEGA ), Guaternala
Bejarano, Jorge 12 () Honduras Beef production Ministerio de Recursos Naturales, Honduras
Castellanos, Ramén F. 3 O Guatemaly Beef production Brog. d¢ iesarrollo Ganad. { PRODEGA). Guatemala
Castille, Belisaric %, Panama Beef produstion National Bank of Panama

Darddn, Féiik % G Guatemala Beel produstion Frog. de Desarrollo Ganad (FRODEGA}, Guatemiaia
Escobar, Luis Fernande 9. € Cruatemala Beel production Prog. de Desareabio Ganad (PRUDEGA) Guatemala
Flores, Vigtor R, (9, C) Guatemala Rezf production Prog. de Desarrotio Ganad. (PRODEGA 1, Gusiemala
Frango, Federico B, &, ) Guatemaia Beef production Prog. de Desarrollo Ganad {PRODEG A, Guatemula
Gonzilez, Kamite (%, €) Guatemals Beef production Frog. de Desarrallo Ganad. {PRODEGA), Cantemala
Gonzdlez, Jame 3, € Cotombis Beef produstion CIAT )

Larrazdbal, Luis {9 C} Coaremala Beef productien Prog. de Desarrollo Ganad. {PRODECGA), Guatesala
Pérez, Tendoro A, 3. ) Guatemgla Beef produstion Prog. de Desarrollo Ganad {PROREG A} Guaemala
Urizar, Edvacdo (@, C Guatemala Beel produciion Prog. de Desarrotlo Ganad (PRODEGA, Guatemala

{Continued)
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Tabie Z (eonunued)

Name and Status?

Country

Program; Drsciplioe

Source of funding

Yaldés, Isidro E. (V. CJ
Yasquez, Juan A, {3, C)
Ventura, Mariang (%, )

Caalin, Willnds, A, 5. &)
Garcig, Oswaldo (5, O
Herrerg, Cartos &, O
Jardn, Eduarde @, O
Paz. Francisco /3, €}
Feixoto. Afonsa 5, C)
Quirez, Edmundo (5, ()
Rea, Wiliredo 65, ()
Rodriguez, José 3, &)
Rosdao, Milo A, 73, €}
sanchez, Vidor M. 13, O}

{arcia, Olegarie® (1, )
Venegas, Juiro* {1, CJ

Shart Course Participsnts
Agudeio, Gildardo ¢1. ()
Aramendis, Herndo (1, CJ
Arango, Rodrign #1. C)
Beravides, Ferpanda {1, O
Bostoletto, Nelsen ¢, €
Cervantes, Osear (L )
Despaigne, Gabriel 1, )
Deza, Aulin ¢, €

Diaz, Rafasl 7, ¢}
Dyeuara, Pedro L. ¢, (G
Escudera, Chsar (I, O

Guatemala
Bolivia
Guatermala

Mexico
Ciuatemala
Punama
Fouador
Bolivia
Brazil
Nicaragus
Bolivia
Brazd
Ecuador
Heonduras

Mexico
Ceolombia

Colombia
Colnmbia
Colombia
Colombia
Brazii
Colombia
Panama,
Bolivia
Honduras
Colombia
Peru

Beef production
Beef production
Beef production

Rice production
Rice produgtion
Rige praduction
Rige production
Rice production
Rice produclion
Rice production
Rive production
Rice production
Rige production
Rice production

Swine production, amirii health
¥

Swine production

— fseed production
— jseed production
—iseed produgtion
— iseed production
—jseed production
- 5 production
- i5ged production
- feed production
— [seed productinn
— jseed production
— jgeed production

Prog. de Desarrollo Ganad {PRODEG A}, Guatemala
CIAT
Peag. de Desarroilo Ganad (PRODEGA), Guaieniala

CIAT
CIAT
CIAT
CIAT
CIAT
CIAT
CIAT
CIAT
CIAT
CIAT
CIAT

CIAT
Germ, Found. [or i, Dev., W, Germany

Fed. Nac. ¢z Ascoceros (FEDEARRDZ: Columbia
Caja Agraria, Colombia

Compadis Prozcol, Colombia

Cam Agraria, Colombia

CIAT

Instit, Col. Agropecuario (ICA), Calimba
CIAT

CIAT

CEAT

Compaftia Agritsa de Colombia

CIAT

{Continued}
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Table I {continued}

Name and Status!

Country

Program; Disqiphne

Seouree of funding

Echeverry, Ivin. {4, ()
Esquived, Ivan i, ¢, O}
Ferndnder, Amparo ¢, €
France, Carlos M. (f, O
Gastdn, Jost A, (1, C}
Garcls, Jorge 0. (1
Grosz, Martea M. de 77, O)
Lipez, Norberte (. €}
Molina, Hugo H. 1.
More, Jaume (1. O}
Nungs, adotfe (4 )
Olivares, Manie {7, )
Ramirez, Jost E. ¢, )
Hanmirez, Jaire {1, C}
Ramirez, Redrigo (1. ©
Ruiz, Eduaede 11, CJ
Urrunsga. Abel A, (1. ()
Zamaora, Lilieth (7, C

AMars, Rodrigo 71, )
Alvarado, Leopoldo 1, (7
Arsupe, Benony ¢, )
Barros, Luis B, ¢4 O
Bianchini, Anesio {4, €}
Bonillz, Miguel A. (1, £}
Campuos, Benedicto (1, ()
Das Santes, José A, (1,
Estrada, Angel #2,
Garcia, Aurora 8. {4, O}
Homere, Aidar (4, Cj
Hdrove, Wikon (4, C3

Colombia
Panama
Colombia
Colomina
Brazil
Colombia
Argeniind
Colombia
Ecuador
Peru

Brazi}

El Salvader
£3 Satvador
Coiormba
Colombia
Peru

Peru

Costa Rica

T osta Rica
Honduras
Brazit
Chite
Brazil
Hondyras
El Salvador
Brazi
Mexico
Argeatina
Brazil
Ecuador

Swane production
Swine produguion
Swine production
Swine producticn
Swine production
Swine produciion
Swing produstion
Swine preduction
Swing production
Swine production
Swing production
Swine preduction
Swine production
Swine produgtion
Swing produstios
Swire production
Swine production
Swine proguction

Bean production
Besn production coononiios
Bean prodaction
Bean producuon
Bean produdtion
Bean production
Beao production
Besn produstion
Bean produciion
Bean productien
Bean production
Bean production

Entes-Amer. Dey, Bank {IDB)
Inter-Amer, Dev. Bank (1D}
iater-Amer. Pev. Bank (1138)
inter-Amer. Dev. Bank (1DB)
inter-Amer. Dev, Bank (DB}
Noei-Zend de Colpmbia

Imter-Amer. Dev. Bank {IDB}

&

Int. Dev. Reseurch Centre (1R, Canada

Inter-Amer. Dev. Bank (1DB)
Inter-Amer. Dev. Bank (1DR)
frter-Amer. Dev. Bank {1134
inter-Amer, Dev. Bank (1DB}
Inter-Amer. Dev, Haok (IDB)

Int. Dev. Besearch Centre (1I3RC), Canunde
fnt. Drev. Resegrels Centre (DRC), Canuda

inter-Amer. Dev. Bask (1DB)
inter-Amer, Dev, Bank (1838
Inter-Amer. Dev. Bank (i028)

inter-Amer. Dev. Bank {IDB})

later-Amer. Dev, Bank {1DB), Honduran Prop

inter-Amer. Dev, Bank {IDB}
Inter-Amer. Dev, Bank $103H;
Inter-Amer. {ev. Bank (108)
Inter-Amer, Dev. Baok (1D)
Inter-Amer, Dev. Bank (108)

Germ. Found, for Int Pev., W_ Germuny

{mer-Amer. Dev, Bank (1DH:
inter-Amer. Dy, Bank {IDB}
Inter-Amer. Pev. Bank (IDB}
Inter-Amer, Doy, Bank (IDJ)
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Quuano, Jorge ¢, O
Rivas, Carlos £2, ¢
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HSA Bean, agronomy
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forages which minimizes chemical control;
cassava economics — ex-ante analysis of
impact of mnew cassava production
technology on small farmers; and bean
breeding/agronomy — breeding  and
screening  climbing bean varicties for
associated cropping with maize.

Yisiting Resesrch Associates

This training category includes PhD
candidates doing all or part of their thesis
research at CIAT and post-MS
professionals doing research to gain
experience in tropical agriculture. In 1977,
eight doctoral students and seven post-MS
researchers came to CIAT. In addition,
seven Visiting Research Associates who
began at CIAT before 1977 continued their
investigations into 1977,

Research Scholars

Individuals in this category are enrolied
in a master's degree program in an
accredited university. After completing
their academic phase, they conduct their
thesis work at CIAT. This vear, seven were
accepted to do their master's research
within the on-going research of the Center.
Thirteen Research Scholars who came to
CIAT prior to 1977 continuved their work
into 1977.

Postgraduate Interns for Research

I this category representatives from
national and regional research programs
receive ftraining in advanced research
technigues. Numerically, this category is
the largest in resesrch training: 36
Postgraduate Interns for Research from 24
institutions in 15 countries came 1o CIAT
in 1977; 11 trainees entered CIAT before
1977 and completed their training this
year,

TRAINING IN PRODUCTION

Production training is provided for
those representatives of national and
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regional  institutions charged with
validating improved varieties and cultural
practices, and with training and
supervising extension workers, credit
officers, and production advisors. Training
in production is designed to provide or
enhance skills in field experimentation and
improved production technologies and
methods of planning, conducting and
evaluating  training programs  and
production campaigns, CIAT's training in
production has a multidisciplinary focus
but it is based on single commodities.
Individuals  selected for training in
production are classified as Postgraduate
interns for Production. Most production
training s conducted through organized
group courses, however, some production
training i done on an individualized basis,
The average production training period
during the year was sgven months
{excluding short course participants). In
1977, there were 112 production trainegs.
The following production courses were
offered.

Beef Production Course

The fifth Livestock Production
Specialist Training course was conducted
from January through October. Candidate
selection was contingent upon the frainees’
returning to positions whers knowledge
gained in the course would be utilized in
training others within their own
institutions. The majority of the course
participants were selected from one
country (in this case, Guatemala} to assure
a critical mass of trained professionals to
effect real change in the traditional
agricultural process. Twelve Guatemalans,
two Bolivians and one person each from
Colombia, Honduras, and Panama
participated in the course. (For further
details see Training Section, Beef
Program.}

Bean Production Course

CIAT's first intensive bean production
course for Latin American bean

1977 CIAT Annusl Report



researchers was held for one month in
March and April. The course provided 30
persons from 12 Latin American countries
with specialized information and training
experiences in all disciplines related to
bean production systems. Course
participants represenied the following
disciplines: breeding (8); agronomy {7);
pathology (5} soils (3); physiology (2}
technology transfer (2}; entomology (1);
microbiology (13; and seed production (1),
This diversity in backgrounds provided for
interchange of ideas among the
participants in the discussions of both
specific problems and general investigative
methodologies. {(For further details see
Training Section, Bean Program.)

Rice Production Course

One five-month rice production course
was held in 1977. Ten professionals from
Bolivia, Brazil, Ecuador, Guatemala,
Honduras, Mexico, Nicaragua, and
Panama were trained in all aspeets of rice
production and technology validation and
dissemination, (For. further detalls see
Training Section, Rice Unit.)

Swine Production Course

In the first semester of 1976, CIAT
offered its first intensive swine production
course, Twenty-five professionals selected
from Latin American national institutions
engaged in swine production training,
extension, and/or investigation
participated in the six-week course.
Participants represented 10 countties. (For
further details, see Training Section, Swine
Unit)

Seed Production Course

A four-week course in seed production
was conducted at CIAT in coopergtion
with the Institesto Colombiano
Agropecuario (ICA) and Mississippi State
University, USA, with financial assistance
from the United States Agerncy for
International Development (USAID),

Training and Conferances

The course objectives were to provide
skills in all aspects of seed production,
processing, and commercialization, and to
train participants in planning, developing,
and operating seed enterprises and seed
services. Specialists from CIAT, ICA, and
Mississippi State conducted the course
which included formal presentations,
laboratory aad field experiences, and visits
to seed operations in the Cauca Valley of
Colombia,  Thirty-four  professionals
attended the course (10 from other Latin
American and Caribbean institutions, and
24 from ICA and private seed companies in
Colombia),

TRAINING IN MANAGEMENT OF
EXPERIMENT STATIONS

An 1977, CIAT trained five managers of
experimental stations in Chile, Colombia
and El Salvador, in in-service programs
lasting from two to five months, Training
was supervised by CIAT's experiment
station superintendent. Most of the work
was in CIAT, but was supplemented by
visits to substations in Carimagua and
Quilichao, plus visits to other stations in
Colombia and Ecuader. {For further
details see Training Section, Station
Operations.)

TRAINING IN DOCUMENTATION

Four Latin American information
specialists from agricultural institutions in
Chile, the Dominican Republic,
Honduras, and Peru were trained in
organizing and operating an agricultural
documentation center. Specific skills
taught inciuded bibliographic searches,
abstracting, and classification of
documents. Documentation training was
standardized to a two-month training
period of formal presentations, practice
sessions, and other in-service training, {For
further information see Training Section,
Library and Information Services.)
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GEOGRAPHIC ORIGIN OF
TRAINING PARTICIPANTS

One-hundred sixty-six (85 percent) of
the training participants received in 1977
represented  countries of the tropical
Americas and the Caribbean. Ten trainees
came from other developing regions of the
world and the remaining 19 trainees came
from developed countries,

FINANCING OF TRAINING

Of the 195 persons entering training in
1977, 72 were financed from the Center’s
care budget. Of the remainder, 48 trainces
were financed by international funding
agencies, 20 by national institutions in
developed countries, 34 by governmental
and credit institutions in developing
countries, 10 by universities, 9 by private
companies, and 2 through self-support.

WITHIN-COUNTRY TRAINING
ASSISTANCE

Duning 1977, two projects — one in
Guatemala and the other in the Dominican
Republic — continued to receive CIAT
iraining assistance.

Guatemala

Since 1975 CIAT has assisted the
Guatemalan Instituto de Ciencias ¥
Tecnologia Agricola (ICTA} in buildingits
internal training program. Part of this
assistance was to help organize and
conduct a within-country crop production
course for 14 professionals in 1976,

In 1877, a second crop production
course was organized and held in Eastern
Guatemala. With funding from the Inter-
American Development Bank, CIAT
stationed & training associate in Guatemala
for the entire year 1o assist with the course
in which 19 professionals participated.
Nine of these persons weére recent
graduates in agronomy and were scheduled
to begin working for ICTA after
completing the. training prograr.
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The theoretical part of the course was
taught in Jutiapa. For practical field
experience, which represented about 80
percent of the course content, small groups
were formed, assigned a vehicle, field
laborers and an instructor, and sent to
work in various localities. In the field they
conducted validative regional trials and
experiments in farmery’ fields as well as
disseminating technical information to
local producers. These course activities
followed the model developed at CIAT for
within-country training. Near the end of
the year an ICTA-selected evalnation
group assessed the progress and
accomplishments of the course;
recommendations are being used to plan
future training activities in ICTA,

Dominican Republie

In 1976 the Secretary of State for
Agriculture, through the Under-secretary
for Research, requested CIAT's assistance
in organizing a series of short courses for
rice production specialists. These courses
constitute an integral part of the
government’s campaign io make the
country self=sufficient in rice production.

Early in 1977 a CIAT training associate
was stationed in the Dominican Republic
to assist in organizing and conducting
three consecutive ten-week courses, Sixty
farm administraiors and  extension
workers participated in these courses
designed to provide competencies in all
aspects of modern rice production,
including diagnostic and problem-solving
skills, plus competencies in dissemination
of materials and fechnical information to
producers, Care was taken to assure that
participants would contribute to
continuing the training program beyond
1977, without CIATs direct assistance.
Four more courses of this type were
scheduled for 1978,

TRAINING MATERIALS

Efforts were expanded in 1977 to
package a good part of CIAT-generated
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information on new production
technologies for training purposes.
Individuals charged with actually

producing training materials — in the form
of audio-tutorial units — completed a
training phase and a considerable degree of
team work was achieved among these
professionals. Modifications to the
facilities needed for producing and
utilizing the audio-tutoriai units were also
completed during the year, Twenty study
carrels were installed and equipped with
audio and visual playback equipment.

Although full-scale production of
materials did not begin until the last

guarter of 1977, after final approval of the
special project funding on which all
production of training materials depends,
during the year units were produced in
cassava, beans, rice, swine, and weed
control. Based ‘upon a continuing
evaluation, procedures for developing the
materials were modified in an effort to
make the training materials truly fit CIAT
training needs. Many of the completed
units were successfully used in production
courses and conference events at CIAT. An
appropriate  infrastructure for more
systematic utilization of training materials
will be established in 1978,

Conferences

The CIAT Conferences Office fulfills a
principal role in the Center's efforts to
receive, pass on and interchange
infarmation related to its technology
development and dissemination
endeavors. Conference logistics support is
provided on a continuing basis. Also,
communication advice for planning,
coordinating, and evaluating conference
events is made available by staff of the
Center,

The Center’s conference resources are
utilized for four types of events, These are
briefly described below. Table 3 lists the 26
main events in categories (1}, {2), and (4)
which were held in 1977,

{1) Cl1AT-sponsored or co-sponsered
scientific exchanges. These are considered
crucial to the Center’s achievement of its
stated objectives, be they in the area of
research or international cooperation, or a
combination of the two. For these events,
CIAT assumes responsibility for the
planning, selection of candidates, conduct,
evaluation, and follow-up activities.

{2} CIAT organizational events. The
purpose of these meetings is to contribute

Training and Conferences

to efficient and effective functioning of the
Center from an organizational and
administrative viewpoint. Such events
include Center or program reviews and
planning conferences.

(3y CIAT internal comipunication
events, These meetings have two purposes.
First, they provide an opportunity for
visitors (scientists and other professionals)
to formally address interested members of
CIAT's community. In 1977, visitors
presented 23 such meetings and seminars,
Secondly, these events provide a forum for
internal ¢xchanges of technical
information. To this end, an internal
seminar series was reinstituted during the
vear. In this series CIAT scientists present
90-minute seminars with discussions, on
alternate Fridays. Fifteen such
presentations were given during the year,

{4} CIAT-hosted events. These events
support an effort 1o make the Centers
considerable conference resources
available to outside entities whose
activities relate to CIAT's objectives. For
such evenis, the Center provides its
facilities al no cost, but charges the
sponsoring agency for all direct costs
incurred by its conference.
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Throughout the year conference to-day needs for meeting places by CIATs
facilities were utilized with great frequency programs, thus assuring a continuous
by CIAT training courses and other day- high-occupancy rate of the installations.

Table 3.  Major events held in CIAT s conference facilities during 1977,

No. of
Date Event participants
CIAT sponsored or co-sponsored
: scientific exchanges
: 2 -4 May Presentation Days 60
17 - 21 Oct, Workshop for Swine Production Specialisys 37
3 Qot — Workshop on Development of Strategies to Imyprove
3 Nov, Rice Production in Latin America 19
4. % Nov. IRRI/CIAT Meeting on Regional Rice Trials 43
7 - 12 Nov, Workshop on Cassava Plant Protection 32
CIAT organizationsl events
23-24 Feb. Review of ICA/CIAT Cooperation 10
18 « 30 April TAC Quinguennial Review 15
36 May — Joint TAC/ Internstiona] Center Directors
4 Juse Annual Meeting 40
1 -7 De. CIAT Internal Program Reviews &
B2 - 13 Dec. First Meeting of Advisory Committe,
UNDIP/CIAT Special Projest 14
CIAT training courses
i7 Jun. —
3] March Beef Production (CIAT Phase) i7
28 March ~
22 Aprii Bean Production 36
11 April —
25 May Swine Production 25
14 July —
16 Dec. Rice Production 1
13 - {6 Sept, Spesial Short Course on Confinvous Rice
Production for ICA Professionals &]
17 Qet. - ICA/USAID/ Mississippi State Univ, /CIAT
11 Nov, Seed Production 36
CIAT bosted évents,
sponsored by other institutions
27-28 jan. Colombian Caja Agraria: Regional
Dirsctors® Meeting 40
22 Feb. Colombian So¢. of Soil Sciences: Management
of Soils of the Cruca Valley 80
11 - 4 March Dow Chemical Co.; Planning Research in
Agrocheoicals in Latin America 25
5-7 May Mecting of Directors of Latia American Agri-
cultural Posigraduate Schools (ALEAP) i2
23 - 27 May UsSAID: Workshop on Rursl Development 47
{continued)
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Table 3 {continued)

No. of
Pate Evem participants
2 - 19 July Latin American Confederation of Credit
Cooperstives (COLACY Seminar on Credit
for Agricultural Production 25
20-22 Sept. 1DRC: Workshop to Identify Rescarch
Priorities in Bananas snd Plantains 28
30 Sept. ASOCARA: Evaluation of Industrial Chemicals
in Sugar Production in Colombia 80
56001, Regional Committes for Agriguliural
Production: Evaleation 160
24 - 28 Oct, IDREC Communication in Rural Development )
14 - 18 Nov. SENA/German Technical Mission: Technical
Assistance on the Andean Region 80
Total participants 1056
Training and Confarences H-2%




CIMMYT-CIAT Regional
Andean Maize Unit

The CIMMYT/CIAT Regional Andean
-Maize Unit is a cooperative program
between the two international centers. The
Unit's two senior scientists are CIMMYT
staff members assigned to work out of
CIAT in extending improved maize
production  technology to national
programs in the Andean countries. The
team’s efforts in this region form an
important part of CIATs overall inter-

national cooperation program. About 80
percent of the team’s time is devoted to
various international cooperation ac-
tivities with the remainder spent on
breeding and evaluation work at CIAT,
After the arrival of the second senior
scientist at the beginning of this vear, the
teamn has been able to fully develop and
carry on its planned program,

INTERNATIONAL COOPERATION
ACTIVITIES

Evaluation of Materials

An important part of the Andean maize
team’s work is the assembly and distribu-
tion of various types of maize trials within
the region. During 1977, the team assisted
in placing 46 nurseries; the nurseries and
the countries receiving them are shown in
Table 1. These trials are being grown by the
national maize programs with assistance
by the local team.

Among the entries in regional variety
trials arc the best varieties or open pedigree
hybrids from national breeding programs.
These trials, which are assembled for cither
highland or tropical conditions, provide a
convenient method to  demonstrate
materials that may be useful outside the

Regional Andean Maite Unit

area of origin. Table Z shows how a
number of varicties planted in tropical
trials late in 1976 performed as well as or
better than the best local check varieties,

The team also assisted in establishing
132 variety and verification trials in
farmers’ fields at six localities in four
countries. Verification trials are designed
to validate local technology packages
mncluding improved materials,

In Bolivia, 20 verification trials were
planted in the Santa Cruz area in coopera-
tion with the Centro de Investigacién de
Agricultura Tropical and the Instituto
Beoliviano de Tecnologia Agropecuaria
(IBTA); two variety trials were planted at
Mairana, with IBTA. Colombian trials
were variety evaluations at 21 sites in
Antioquia, with the local Secretary of
Agriculture and the Instituto Colombiano
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Tabie |,

Regionul maire trials distributed in the Andean zone during 1977,

Countries and No, of sels

Type of trial zﬁ;’iﬁ Bolivia Colombia  Fouador Peru  Vencruela  Total
Highland triafs
Variety Trial (ENZAS) 23 i i H pA - 5
Introduction Nursery 42 i i 3 2 - 7
Resisrance to Earworm 200 { i i 3 - &
Peruvian Racial Comp % i i i - - 3
Lowland srials
Opagque Materials 37 F 2z p i - ?
Variety Trial (ENZAT} 36 2 2 2 3 2 H
introduction Nursery 6% . } i i i 4
Early-maturing Varisties 14 - 1 1 - i 3

Agropecuario (ICA), and another 14
variety trials in Cauca, with the Desarrollo
Rural Integrado and ICA, In Ecuador, in
the Imbabura area, 15 verification trials
were established in cooperation with the

T L A1 A MR S

Figure 1. A member of the CIMMYT 7 CIAT maize
team  discusses the performance of boproved
materigls being grown in these on-farm trinls in
Ecundor.

H-24

Instituto de [Investigaciones Agrope-
¢uarias. Sixty verification plantings were
made at Callejon de Huaylas, in Peru, with
the Programa Cooperativo de In-
vestigacidon del Maiz of the Universidad
Nacional Agraria *La Molina”,

Training

The maize team helped organize or
assisted with five workshops during 1977,
Two tropical maize workshops were held
at CIAT, in February and June, and floury
maize workshops were convened in
Bolivia, in April, and in Ecuador, in June.
The team also participated in a floury
maize workshop in Mexico during Oc
tober,

Fifteen professionals from rmaize
programs in the five Andean countries
were identified to receive training at
CIMMYT and five scientists from four of
the countries were sent to CIMMYT o
participate in maize research as visiting
scientists.
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Table 2.
(ENZAT)-

Performunce of the best maize varieties at five loestions in the 1976-77 Lowland Variety Trial

Locations and Yields {1/ ha}

Peru

Ecuador CIAT-Palmira

Countries and best
performing varieties La Molina San Ramén

Boliche  Pichilingue ¥{Jan) iI (Mar.)

Colombis
1CA H-382 35 9y 48 (71%)
ICA ¥V-106 - -
ICA H-154 - -

¥eneauela
Comp. Semiden-71 3.2 (63%) 3.8 (56%)
Comp. Int. 68} - -
Var, Simeto - -

Peru
PMC-18 4.3 (84%) -
POB-1 - -
PMC-747 . 5.8 (85%)

Ecusdor
INIAP-Si3 17 (73% -
Var-3 Pichil - -
Pichil -504 - 6.2 {91%)
Var-13 - -
Yar-2 - -

Bolivia
Tuxp.P.BC-2

Sint. F-Lin,
{(PD Ms-6) -

19 {76%) -

6.2 {91495

3.0 (88%)

6.7 (878 .

3.7 (109%) - - -

- 5.0 (1024 - 80 (725

- 4.6 194%) - B

3.3 (97%) . . .

69 (90%  10.0 (0%

5.8 (1129%) - -
6.3 (859 9.2 (B3%%)

- 6.0 {1229 - -

3% (L15%) - - -

6.9 (905 -

8.3 (759}

.
x

6.5 (B35} -

' Values in parentheses are the yisld comparisos with the best focal check.

ACTIVITIES AT CIAY
Yariety Trials

In support of CIMMYT's international
evaluation network three Experimental
Variety Trials (EVT), each with 23
varieties, and four International Progeny
Testing Trials (IPTT), each with 256
families, were grown during late 1976 and

Regional Andean Maize Unit

in 1977. Mean results in Table 3 indicate
that some varieties in the EVT 14B and
several families in the four 1PTTs are high
yiclding under CIAT conditions.

The best experimental varieties from
EVT's at all locations will be promoted for
international testing throughout the
region. Outstanding families from each
IPTT will be used to form an experimental
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Table 3.

Performance of maize materials in the 1976-77 Experimental Variety Trials (EVT) and

International Progeny Testing Trials (IPTT), at CLAT-Palmira.

Yield Days to Plant height Lodging
No. of (kg/ha) flowering {em) )

Trial entries Mean Range Mean Range Mean Range Medn
EVT 14B 5949 4871-7216 65 63-69 250 225-265 31
EVT 15 4066 2841-4953 60 57-64 238 210-220 3%
EVT 16 3390 1494-4865 63 61-65 260 220-285 86
IPTT 23 4111 532-7282 63 61-68 245 208-270 47
IPTT 27 4050 1696-9491 65 61-69 261 210-298 57
IPTT 31 4815 1818-7713 69 65-72 209 143-263 19
IPTT 42 4553 1942-7673 63 60-68 249 218-280 29

variety, seed of which will be available for
further testing by national programs in
1978.

Opaque-2 Materials

Breeding and selection work is being
done at CIAT with two populations to
develop opaque-2, hard endosperm
materials. This work supports CIMMYT’s
strategy of creating counterpart materials
with those characteristics for each of its
existing populations,

In late 1976, a progeny test of the
PD(Ms-6)o> HE population was planted
for half-sib crossing. From this trial 209
families were selected for half-sib crossing
again this year. Based on desirable en-
dosperm type and protein quality, 139
families were selected. After another half-
sib crossing late this year, final sglections
will enter regional trials in 1978.

A vyield trial was planted with 29
selections made at CIAT last year from the
Tuxpefio-1 populations. Twenty-four
families were selected based con their
endosperm type and yields, and these will
be tested further. Average yield of the
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families was 3.5 t/ ha with the best families
yielding about 5 t/ha.

Brachytic-2 Materials

Progenies of fullsib and half-sib
brachytic (br2) selectinns previcusly made
at CIAT were planted for seed increase.
Within-family sibs were made in 178
families. Progenies will be planted in yield
trials at CIAT next year with the best
families to be selected for regional testing,
The same procedure is under way with 30
materials selected for short plant height (11
yellow grain and 19 white grain types)
previously selected.

Selection for Earliness

From a trial of 600 entries originating
from CIMMYT, 186 families were selected
for flowering dates of 54 days or less. Sib
matings were made within each family.
Progenies will be in regional trials in 1978.

Fall Armyworm Resistance

Families showing resistance to the fall
armyworm (Spodoptera frugiperda) were
selected from five CIMMYT advanced
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populations. Selections were brought from
Mexico and within-family sibs were made.
Progeny will be selected under conditions
of artificial infestation with promising
selections to enter regional testing for
eventual development of experimental
varieties.

Downy Mildew Resistance

A sib increase planting was made of
Suwan-1, a downy mildew resistant variety
from Thailand, The variety was planted in
regional trials during 1977 in Bolivia,
Colombia, Ecuador and Peru. The original
resistance sources (from the Philippines)
were also planted in a seed increase plot at
CIAT.

Venezuelan materials also resistant to
downy mildew were planted this year inan
observation nursery, Sclected materials
will enter yield trials next year.

Tabic 4
three levels of applied nitrogen.

T

Screening for Poor Soil Conditions

With the development of the CIAT-
Quilichao substation, located on soil with
low pH and high aluminum saturation, an
excellent opportunity exists for screening
materials for these conditions. This year,
192 maize varieties of several types and
sources were planted at this site. This
screening will serve as a basis for deciding
which materials should be carried into a
breeding scheme to develop populations
tolerant to these ndverse conditions.

Maize/Sugar Cane Associations

In the Cauca Valley of Colombia an
experiment was deveioped to test the
possibility of producing maize between the
rows of slower growing sugar cane in the
period immediately after the cane is
planted or cut. A major objective was to
find a system in which cane yields would
not suffer, even at the expense of the maize.

Yields of four maize varietics grown in sssocistion with suger cane in twe planting systems and st

Yield {t/ha}
Planting

Yariety system O kg Njha 69 kg N/ha 92 kg N/ha
ICA H-207 1 1.8 2.2 3.0

i 1o 22 24
ICA H210 I 24 2.6 24

I 21 2.8 6
ICA MB-2} 1 23 16 2.3

11 240 23 2.5
La Posta i 2.6 312 8

1} 2.1 28 2.6
Mean 21 3 2.6
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Trials were done in cooperation with ICA
and the Ingenio Central Castilla sugar mil,

Four local maize varieties were planted
it two systems — one row of maize ip each
aliey between the cane and two rows of
maize in every other alley. Urea was the
only feriilizer applied, at rates of 0, 69 and
92 kg N/ha. Intended maize populations of
26,000 plants/ ha for both systems were not

H-28

attained because of poor germination due
o dry conditions at planting.

Maize yields are shown in Table 4; sugar
cane will not be harvested until mid-1978.
The variety La Posta vielded significantly
more than the other three maizes, and for
the conditions of this experiment, it was
uneconomical io apply more than 69 kg
N/ha. No significant differences were
found between the two planting systems,

Regional Andean Maize Unit



Library and

Information Services

The Library and Information Services
Unit at CIAT offers a complete service of
consolidated information, a new concept
in the supply of information. There is a
very close interaction between scientific
research activities and information ser-
vices. Teams of the different research
programs are supported by an efficient and
complete service; on the other hand, the
Documentation Center is able to offer
outstanding services because it is backed

specialists in the different disciplines. One
of the main highlights of the Documenta-
tion Center during 1977 was the develop-
ment of activities under Phase II of the
special Cassava Project, funded by the
International Development Research Cen-
tre (IDRC), of Canada., Under this new
philosophy, documentation per se was
better integrated with other communica-
tion activities, as can be seen from services
provided during 1977.

by the invaluable <collaboration of
DOCUMENTATION CENTER
SERVICES

Abstract Cards

Subscribers continued to receive month-
Iy abstract cards on articles processed in
the areas covered by the Center: cassava,
beans and Latin American agricultural
economics. Efforts were made to recover
nonconventional material from Latin
America, which is often of great value to
researchers,

Initial interest profiles were made for the
Beef Program, as a basis for making botha
five-year retroactive bibliographic search
as well as to initiate a current awareness
service on tropical pastures and foragesin
1978, This service will operate along the
same lines of the already successiul
experience of the Cassava information
Center.

{ibrary and Information Ssrvices

Subscription to the large documentation
services (such as DIALQOG) in the
developed countries opened the possibility
of fast and comprehensive compilations of
lterature which constitute a2 major input
for specialized abstracting services, This is
possible through Telex at a moderate cost.
The utilization of Telex to access large
information centers on-line illustrates the
advantigeous use that can be made of
intermediate technologies in the lesser
developed countries despite the fact that in
more advanced countries these
technologies have been replaced by faster
means such as telephone lines,

Photocopying Services

All documents covered by the Center’s
abstracting service are available as
photocopies. The demand for photocopies
generated both by the abstracting services
and the Contents Pages Service is frequent-
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v met by local libraries in the countries.
This is the case, for example, of the
Agronomy Faculty Library at the Univer-
sity of Buenos Aires which has almost
doubled its cutput of photocopies fromthe
ume CIATs Contents Pages started to be
distributed among Argentinian
agricultural scientists as a service of the
National Information System of Argen-
tina.

Anmual Cuomulative Volumes of

Abstracts

In addition to the three new cumulative
volumes of abstracts produced this vear
(Vol. I11 in Cassava, Vol. Il for Beans and
VYol. Il for Agricultural Economics), Vol
IT of Abstracts on Cassava and Vol. | of
Abstracts on Beans were published in
Spanish.

Specialized Searches

In addition to retrospective searches in
the collection, the library and documenta-
tion service prepares short, specific
bibliographics on request, including as
many abstracts as available. Twenty-six
were produced in 1977,

Newsletter

Subscribers to the Cassava Documenta-
tion Center received the semiannual
Cassava Newsletter, which gathers infor-
mation about on-going cassava research,
industrial applications and cultivation
data. It also inchudes articles on who's whe
in the field, latest publications of interest,
workshops and other general information.

Monographs and Manuals

As a vital part of consolidated informa-
tion, the Cassava Documentation Center
published a practical manual “Production
of cassava planting material” in English,
Spanish and Portuguese. The manual was
written by four scientists from the Cassava

H-30

Program, J.C. Lozano, 1.C, Toro, Abelar-
do Castro and A.C. Bellotti,

The Center is also translating a more
extensive version of the monograph “Mite
and insect pests of cassava” by CIAT
entomologists A.C. Bellotti and A, van
Schoonhoven, Another important
monaograph, “The impact of high-yielding
rice varieties in Latin America, withspecial
emphasis in Colombia™ by G.M. Scobie
and R. Posada, former economisis at
CIAT, was also published.

Tables of Contents

The service of reproducing tables of
contents of journals received by CIAT
continued. The Selected Hook Review
service covering reviews published in
technical journals also continued as an
important current awareness tool for both
scientists and librarians,

Thesauri

The two thesauri containing the
specialized key words or descriptors used
in the documentation center for recovering
documents in the areas of cassava and
beans were revised and wup-dated in
collaboration with an expert from IDRC,
Mr. Donald Leatherdale. The Cassava
Thesaurus was published for distribution
to other documentation centers workingin
this area,

CIAT's thesauri (cassava, beans, and
agricultural economics and development)
were reproduced in limited numbers by the
Inter-American Program for Information
and Communication (PIADICY and dis-
tributed 1o all Central American countries,
Panama and the Dominican Republic.
These countries have adopted the CIAT
model of technical mformation manage-
ment and they are settling up national
information systems in the agro-industrial
sector which will eventually be linked into
a Central American network. In connec-
tion with this activity of PIADIC, the

1577 CIAT Annual Report



Library and Information Services Unit
Coordinator served as a consultant in
giving two conferences in each of the
abovementioned countrics —one for
policy-markers and other higher govern-
ment officials, and another for personnel in
charge of the actual operation of services—
with the purpose of creating a greater
awareness of such information systems.

Directory of Cassava Workers

This directory of workers and
researchers in the field was updated from
questionnaires sent to individuals and
research institutions. The directory is
distributed among cassava workersall oveT
the world 1o improve communications
among them.

Training

‘Two month in-service training courses in
documentation were given to two students
from the Dominican Republic and one
each from Peru and Honduras. One
student from the Dominican Republic was
trained in administrative aspects of a
library and documentation center and two
other persons from the same country were
given a general overview of modern library
operation. Shorter informal training was
given to one student each from Guatemala
and Bolivia, and five from Colombia.

A special intensive course was organized
for training documentalists, to be foliowed
by practical work in their areas of interest,
Beginning 1in 1978, this course will be
gffered once a vear. The Unit Coor-
dinator and the Assistant to the Coor-
dinator did a special consultantship in the
Diominican Republic, whereby a specific
project and work program was adopted by
that country to establish a national
agricultural information system. At the

satne time, arrangements were made with
Dominican Republic agricultural in-
stitutions for widespread use of CIAT's
documentation and information services.

PUBLIC INFORMATION OFFICE

Dring 1977 the Public Information
Office attended 3736 visitors including
university students, farmers, scientists and
production specialists from many parts of
the world.

Emphasis has been placed on making
CIAT's activities better known throughthe
public media. Many articles and press
releases appeared in  newspapers,
magazines and pamphlets of several Latin
American countries, Canada, Europe and
Scutheast Asia. Scveral short news
segments and documentaries were filmed
by television networks from Canada and
Colombia, the latter with emphasis on
CIAT's role in national development.
CIAT also provided exhibits in several
national and regional agricultural fairs and
related events.

INFORMATION SERVICES

Because of the ever-increasing volume of
work in this section, an automatic collator,
a Multilith 2850 duplicator and a
photomechanical camera were acquired to
facilitate the work flow, increase pverall
efficiency of the print shop and decrease
costs.

In addition to 44 publications{including
12 Annual Report separates) in the CIAT
series printed in 1977 a large volume of
material {artwork, slides, study guides) was
prepared for Training and Conferences,
and duplicating, graphic arts, photography
and editing services were provided to
support CEATs programs.

CIAT PUBLICATIONS

The following publications (grouped by series) were produced by the Library and

Information Services Unmit during 1977

tabrrary ang iformation Services
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AE-5 Noet-CIAT

AS-3 Noti-CIAT

AE~4 Cassava Newsletter

AS-4 Yuca Boledn Informativo

AE-5 Cassava Newsletter

AS-5 Yuca Boletin Informative

BE-S Annual Report

BS-8 Inferms Anual Note: Reports for the six commodity programs
BE9 1976 Rescarch Highlights were also published separately in both: languages.
Bs-9 1976 Progresos

CE-12 Warkshop on Hemoparasites

C8-13 Memorias Seminario sobre Hectopardsitos

DS-6 La Yuca: Ei Desarrollo de una Red Imternacional de Investigacién

ES-23 Subproductos de la cafta d¢ azdear en la nutricidn porcina

£8.24 Semsiiia y torta {harina) de soya en alimentacién de cerdos

ES-25 Utilizacibn de torta (harina) de aigoddn en alimentacion de cerdos

E5-26 Sisternas de produccidn de cerdas lactantes y kchones

ES-28 Revestimiento de canales de riege con una mezela de suyelocemento

F5-13 Plegabic sobre Centro de Pocumentazién

GE-17 Production of Cassava Planting Material

G817 Produccién de Material de Siembra de Yucs

GP-17 Prodacao de Material de Plantio da Mandioca

(518 Maneio ¥ Control de Malezas en el Trdpico

HS-28 Yuca Yol I}

HS-29 Bibliografia Frijol Yel. 1

HE-31 Abstragts on Cassava Vol Il

H5-31 Yuea Yol, I}

H%-33 CEDEAL Vol U

JE-OL The impact of high-yielding rice varieties in Latin A merica with specta] emphasis in Colotmbia
s34 £l impacto de las variedades de arroz con altos rendimuentos en Amdrica Latna conténlust

en Colombia
[RRI-CIAT Sistemas d¢ Evaluacidn Estandar para Arroz

IRRI-CIAT Programa de Pruebas Internacional de Arroz 1976
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Since 1973 CIAT has collaborated with
the Government of Guatemala in
providing direct and indirect assistance to
the Institute de Ciencias v Tecnologia
Agricolas (ICTA} - the mnational
agricultural research and outreach institu-
tion of that country. From its beginning,
ICTA has not only strived to gensrate new
technologies at the national level, but also
to adapt and validate technologies through
on-farm testing as a part of the experimen-
tal process, insuring that farmers play an
active role in validation activities,

STAFF SUPPORT

During ICTA’s development, two CIAT
staff members have been parts of the
organizational sturcture of the institution.
One scientist, serving as Associate Direc-
tor, has participated in overall decision-
making with special emphasis on planning,
strategies and training. The second, who
has served as Dirgctor of Experiment
Station Operations, has supervised the
development of that phase of ICTA's
activities,

At the request of ICTA, this year CIAT
assigned two additional scientists to work
with the ICTA Bean Program —- one as
Plant Breeder and Coordinator of the
program and the other as Plant
Pathologist. In addition, other CIAT staff
frequently collaborate with counterparts in
ICTA as a part of their normal research
and international cooperation activities.

ICTA-Guatamala

ICTA-Guatemala

TRAINING

An important form of collaboration
with ICTA has been in the area of training.
Training assistance is either provided at
CIAT where selected professionals par-
ticipate in scheduled courses, or as in-
service training in Guatemala in structured
courses in specified commodities and in the
field strategies of ICTA. Twenty
technicians have received training at CIAT
in general agronomic production and in
rice and beans production and beans
production and experiment station
management,

A CIAT training associate has coor-
dinated the in-service training in
Guatemala, which is directed to general
agronomic production techniques. Four-
teen persons received training in 1976and a
second course this year had 19 par-
ticipants. The courses were designed to
train agronomists at the University level
for future positions with ICTA and also to
train  future inmstructors for ICTA
programs. Seven instructors were trained
in the two courses.

The in-service courses featured about 70
percent ficld work., Regular production
teams were removed from the training area
and the course participants assumed the
responsibility for the ICTA field program,
This permits traineces to spend about 50
percent of their training time contributing
to institutional goals as well as par-
ticipating in the learning experience.
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
BALANCE SHEET

{Expressed in thousands of .S dollar)

ASSETS

CURRENT ASSETS:
Cash
Accounts receivable
Donors
Emplovees
Others

Enventorics
Prepaid ¢xpenses
Total current assets

FIXED ASSETS:
Equipment
Vehicles
Vehicies {replagemenis) in trangit
Furnishings and office equipment
Buildings
Other
Total fixed haseta
Total assets

LIABILITIES AND FUND BALANCES

CURRENT LIABILITIES:
Bank overdraft
Accouniz payable
Total current liabilities

GRANTS RECEIVED IN ADVANCE

FUND BALANCES:
Invested in fixed assets
Unexpended funds (deficity

Core —
Unresivicted
Working fund grant
Capital grants
Special projecty —
Deonors
Other

Total fund balances
Totul liabilities and fund
baiances

The noies on page [-3 are an integeal part of the financial statements,

Financiat Report

Deacember 31

1971 1976 1975
2,481 b4ki 1,152
288 1616 807
91 A7 86
1,091 425 3
1470 2,058 984
549 345 250
10 11 3
4500 3915 2,391
2,104 1,963 1,721
918 885 593
192 £49 139
1103 938 539
4954 4,773 4,495
&9 25 46
9,340 8,533 8115
13,850 12,468 1,506
18 14
1,542 507 758
1,542 225 173
228 150 250
9,340 8,533 8,115
70 303
700 500 600
1,689 1,964 185
442 18 340
( (1% {59
TFa 3.930 1,369
12,080 11,463 9,484
13,850 12,468 10,506
i3
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
NOTES TO FINANCIAL STATEMENTS

NOTE 1 — ACCOUNTING POLICIES:

The foliowing significant accounting policies and practices of CIAT are set forth to facilitate the
understanding of data presented in the financial statements;

Inventories —

Inventories are stated at the fower of cost or market value, cost being determined on an average basis.
Fixed assots —

Fixed assets are recorded at cost, E
Depreciation —

in conformity with generaily accepted accounting principles applicable to nonprofit organizations, CIAT
does not record depreciation of its property and equipment.

NOTE % w FOREIGN EXCHANGE:
All foreign exchange transactions are controlled by the Colombian government and, accordingly, all foreign

exchange received in Colombia must be sold through official channels. The following exchange rates were used i
1o translate Colombian pesos (P) to U.S, doflars (32

¥i5l
Peso balansst included in current Year-end exchunge
assets and cureent liabilities 37.92 rate
Peso income and peso disburse- Avgrage monthly rate
ments for fixed assets and 36,79 of exchange applicable
expenses to sales of dollars

NOTE 3 — OPERATIONS:

The agreement with the Colotbian government under which CEAT operated expired in October 1977 and is
in the process of being renewed. Officials of CIAT are of the opinion that the original agreement will be extended
for an as yet undefined period of time.

NOTE 4 —~ ACCOUNTS RECEIVABLE FROM DONORS: E

Accounts receivable from donors as at December 31, 1977 comprised: $000

Government of Belgium:

1977 gramt 49
Special project 41
Government of 1he United Kingdom: A2
Balance of 1977 grans {capital) a8
Others 50

288
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SCHEDULE 2

CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
SUPPLEMENTARY INFORMATION
EARNED INCOME FOR THE YEAR ENDED DECEMBER 34, 1977
{Expressed in thousands of U5, dollars)

Sauregs of earned meome

interest on depositg i

Sale of farm produce and services 2

Use of CIAT faciities 106
399
T—

Apphied o

Operations 151

Capital 338
3%
———
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SCHEDIRE 3 CERTRO INTERNACIONAL DE AGRICULTURA TROFICAL [CIAT)

T
é‘ SUPPLEMENTARY INFORMATION
= TOMPARISON OF APPROVED BUDGET AND ACTUAL RXPENDITURES
e FOR THE YEAR ENDED DECEMBER 11, 1972
LB (Expressed in thousands of U8, dol}
X
H
A Core wnrertricted Cove reateicsnt Capital
Approved Approved Approved
Budger® Actusl budget* Actual bidges ¥ Actual
Progeams
Dirgct rezearcc
Bewne W% b2 H
Bext 1412 1,358
Camave 2 143
Rioe 36 18
Switg -1 44
Cheetke Resousees 143 1%
Specid Seudies 108 £
Rentkrels supmport N L1
Inteevmiiomml coopersiion:
Teaining and Conferencey 651 =113 08 w
Libvary end Information Services. 5 667 8 %
Administeation e i3 28 31
Crencrnt operating couts wed other L3 AL % 3%
Technical Advisory Tommuitiee —
Expenscs of (puinguennial Review ] 3
Total 8070 478 B 319
Coplind
Fixad sonts 2T Ll
Towd 3,770 i
Anmlesh of earisnces
Budget deficit:
Additional eome ( %
Budget surpius:
‘Frrnsfor to unexpended balance 185
Totsl (.5 L8y
w * Rovised budges approved by the Board of Trusees,




OL-1

uodey jenuuy L1vID LL6L

SCHEDULE 4 CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
SUPPLEMENTARY INFORMATION

DATES OF RECEIPT OF GRANTS

FOR THE YEAR ENDED DECEMBER 31, 1977

(Expressed in thousands of U.S, dollars)

Rec. 1977
at beg. rec.

Rec. 1978 Net
atyr. rec. 1977

of year inadv. Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec end in adv grants
Unrestricted Core:
Government of Australia 143 143
Government of Belgium 149 149
Canadian [nternational Development Agency 905 205
The Ford Foundation 75 25 25 25 25 25 25 25 25 25 300
Government of the Federal Republic
of Germany ( 34 135 136 141 228 606
Inter-American Development Bank ( 325 325 730 718 719 2,167
International Development Association 307 307
Government of Japan 150 150
Government of the Netherlands 133 67 200
The Rockefelier Foundation 218 10 11 11 11 11 11 11 14 72 14 6 400
Government of Switzerland 180 228 (228) 180
United States Agency for Inter-
national Development ( 700) 700 500 500 300 840 2,340
(1,059) 180 543 452 959 172 869 603 1,809 677 39 345 1,258 L,099 140 (228) 7.847
Restricted Core:
Canadian International
Development Agency ( 3D K}
The W K. Kellogg Foundation 310 30
¢ 3D 310 3 310
Working fund grant:
International Development Association 100 100
100 100

Continued on page [-11



SCHEDULE 4 {cont.) Rec. 977 Rec. {97 Net
at beg. res. at. yr.  res, 1977
of year in adv. Jan  Feb Mar Apr May Jun  Jul Aug Sept Oct Nov Dec end in adv.grants

podey (RO

Capital grants:
Government of Helgium { 135 135
Inter-Amesican Development Bank { 200y 00 228 228
International Dcvelopment Association 68 62
The Rockefeller Foundation { 1m 7T M (-
Government of the United Kindgom 86 43 48 177
Cithers 3 k1)
{ 442 a7 By 314 43 30 48 495
Special projects:

Government of Belgium 4l 4
CIMMYT (Canadian Intcrnational

Development Agency) 56 36
The Ford Foundation 68 68
Inter-American Development Bank 54 142 206
International Board for Plant Genetic

Resources ( §) 4
International Development Research

Centre {Causada) 175 2 38 218
International Fertilizer Development

Center a8 48
International Rice Research

Institute 8 8
The Rockefeller Foundation ( 10 50 1 21 63
Linited Siates Agency ot Inter-

nztiona) Development { 27 14 14
Others { 30 9 1% 3 ! 3 3 4 2 2 42 66

{ 84) 9 36 26 2B 4 67 94 3 68 52 I 9] RS

{1,616} 180 969 686 {1,299 TI0  BTY 670 1,903 723 W7 377 1,291 1,308 288 (228) 9,540
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