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PROJECT OVERVIEW

IP5: Tropical Grassesand L egumes. Optimizing genetic diversity for multipur pose use
Project Description

Objective: To develop and utilize superior gene pools of grasses and legumes for sustainable agricultural
systems in subhumid and humid tropics.

Outputs:

1. Optimized genetic diversity for quality attributes, for host-parasite-symbiont interactions, and for
adaptation to edaphic and climatic constraints, for legumes and selected grasses.

2. Selected grasses and arange of herbaceous and shrubby legumes evaluated with partners, and made
availableto farmersfor livestock production and for soil conservation and improvement.

Gains: Defined genetic diversity in selected grass and legume species for key quality attributes, disease
and pest resistance, and environmental adaptation. Known utility in production systems of €elite grass and
legume germplasm. New grasses and legumes will contribute to increased milk supplies to children, cash
flow for small dairy farmers, while conserving and enhancing the natural resource base.

Milestones:

2002 Defined patterns of variation in spittlebug bioecology in contrasting ecosystems.

Known animal production potential of Brachiaria hybrids with resistance to spittlebug. Forage
availability and livestock productivity increased in selected provinces of 6 countriesin SE. Asia.

2003 Methods and tools avail able to enhance targeting and adoption of multipurpose forage germplasm
in smallholder production systemsin the hillsides of Central
America. Role of Endophytes in Rhizoctoniaresistance in Brachiaria brizantha defined.

2004 Multipurpose legumes validated for usein priority crop livestock systems. Prototype field
management systems designed for enhancing endophytes' role in drought tolerance of Brachiaria
species.

2005 Brachiaria hybrid with resistance to spittlebug available as a commercial cultivar to farmersin the
tropics

Users. Governmental, nongovernmental, and farmer organizations throughout the subhumid and humid
tropics who need additional grass and legume genetic resources with enhanced potential to intensify and
sustain productivity of agricultural and livestock systems.

Collaborators: National, governmental, and nongovernmental agricultural research and/or devel opment
organizations;, SROs (Univ. of Hohenheim, Cornell Univ., IGER, OFI, CSIRO, JIRCAS, ETHZ, Univ. of
Gottingen).

CGIAR system linkages: Enhancement & Breeding (30%); Livestock Production Systems (15%);
Protecting the Environment (5%); Saving Biodiversity (40%); Strengthening NARS (10%). Participates
in the Systemwide Livestock Program (ILRI) through the Tropileche Consortium.

CIAT project linkages: Genetic resources conserved in the Genetic Resources Unit will be used to
devel op superior gene pools, using where necessary molecular techniques (SB-2). Selected grasses and
legumes will be evaluated in different production systems of LAC, Asiaand Africa using participatory
methods (SN-3) to assess their impact in rural livelihoods and in natural resources conservation (PE-2,
PE-3).



PROJECT WORK BREAKDOWN STRUCTURE
2002

Project Purpose
To identify and deliver to farmers superior gene pools of grasses and legumes
for sustainable agriculture systems in subhumid and humid tropics

mw-—H4HcCcUowv4HCO

nom——4—-"<—-4H0O>

Grass and legume genotypeswith
high forage quality attributesare
developed

Grass and legume genotypeswith
known reaction to pests and
diseases and interaction with
symbiont organisms ar e developed

Grass and legume genotypeswith
superior adaptation to edaphic and
climatic constraints are devel oped

In partnership with NARS,
superior and diver se grasses and
legumes ar e evaluated and
disseminated through
participatory research

 Selection of Brachiaria genotypes
for high digestibility and other
quality attributes

» Assesment of quality and animal
production potential of selected
legumes

¢ Assessment of quality and animal
production potential of selected
grass species

» Assessment of the potential of
tanninsin legumes and saponinsin
tropical fruitsto reduce methanein
ruminants on grass diets

¢ Adjustment of methods for
simultaneous evaluation of tropical
legumes for feed and sail
improvement

* Bioecology of spittlebug speciesin
contrasting environments

» |PM components for spittlebug
management

* Brachiaria genotypes resistant to
spittlebug and other biotic stress

« |dentify host mechanisms for
spittlebug resistance in Brachiaria

* Genetic control and molecular
markers for spittlebug and
reproductive mode in Brachiaria

* Define interactions between host
and pathogen in Brachiaria

« Elucidate the role of endophytesin
tropical forage grasses

* Define interactions between host
and pathogen in Arachis and
Stylosanthes

» Genotypes of Brachiaria, other

grasses, and Arachis with adaptation

to edaphic factors

« |dentifiy genotypes of grasses and
legumes with dry season tolerance

« Shrub legumes with adaptation to
drought and cool temperatures

« Selection of legumes for
multipurpose use in different
agroecosystems and production
systems

« Genotypic variation in inhibition of

nitrification and nitrous oxide
emission in Brachiaria

« Develop of partnerships with
NARS, NGO's, IARC's, ARIS
and the private sector in LAC,
Asiaand Africato undertake
evaluation and diffusion of a
range of grasses and legumes for
multipurpose use

¢ Evaluation with farmer
participation of multipurpose
foragesin crop and livestock
systems

« Forage seeds: reproductive
biology, quality, multiplication,
and delivery of experimental and
basic seed

« Expert systems for forages
biodiversity by linking
geographical information with
biologica data

 Facilitate communication
through Newsdletters, Journals,
Workshops and Internet




CIAT
Area:
Project:

Revised Project Log-Frame
(2002)

Genetic Resour ces Resear ch
IP-5 Tropical Grasses and Legumes: Optimizing Genetic Diversity for M ultipurpose Use

Project Manager: CarlosE. Lascano

Narrative Summary

Measurable Indicators

Means of Verification

Important Assumptions

Goal

To contribute to the improved welfare
of small farmers and urban poor by
increasing milk and beef production
while conserving and enhancing the
natural resource base

¢ New cultivars of grasses and legumes used by farmers.
» Raised productivity of livestock and crops while protecting biodiversity and land in
savannas, forest margins and hillsides

Statistics and case studies on socio-
economic benefits and natural
resource conservation in smallholder
livestock farmsin LAC and Southeast
Asia

Policies are put in place by governments to
favor sustainable livestock and forage
development in marginal areas occupied by
small farmers

Purpose

To identify and deliver to farmers
superior gene pools of grasses and
legumes for sustainable agriculture
systems in subhumid and humid
tropics.

Demonstrated economical and ecological benefits of multipurpose grasses and legumes
to livestock and crop farmers in savannas, forest margins, and hillsides

» Range of genetic variation in
desirable plant traits

» Performance of forage components
in systems

* Support from traditional and
nontraditional donors

« Effective collaboration:

» CIAT sProjects

* ARO's, partners and farmers, NGOs

Outputs

1. Grassand legume genotypes
with high forage quality
attributes are devel oped.

.

Defined utility of Cratylia silage and cowpea hay as a feed resource for dairy cows by
2002.

New Brachiaria genotypes with superior forage quality for improved animal
performance characterized by 2003.

On-farm demonstrations
Scientific publications
Annual Reports

* Theses

 Effective collaboration with CIAT
Projects (PE2), AROs, partners and farmer
groups

2. Grass and legume genotypes
with known reaction to pests and
diseases and interaction with
symbiont organisms are
developed.

QTL’sfor resistance to spittlebug (and high aluminum in the soil) in Brachiaria are
available for marker-assisted selection by 2003.

Role of endophytes in Rhizoctonia resistancein Brachiaria clarified by 2003.
Benefits of endophytes (on drought tolerance) demonstrated under field conditions by
2004.

Brachiaria genetic recombinants with combined resistance to different species of
spittlebug are available by 2004.

On-farm demonstrations
Scientific publications
Annual Reports

* Theses

* Effective collaboration with CIAT
Projects (SB1, SB2), AROs, partners and
farmer groups

3. Grassand legume genotypes
with superior adaptation to
edaphic and climatic congtraints
are devel oped.

Improved accessions of Vigna and Lablab with adaptation and known value to farmersin
hillsides of Central America are available to partners by 2004.

Brachiaria genetic recombinants with resistance to high auminum in the soil and with
drought tolerance are available to partners by 2004.

On-farm demonstrations
Scientific publications
Annual Reports

* Theses

* Effective collaboration with CIAT
Projects (SB1, PE2, PE4), AROs, partners,
NGOs and farmer groups

4. In partnership with NARS,
superior and diverse grasses and
legumes are evaluated and
disseminated through
participatory research.

New grass (1) and legume (2) cultivars released by partners and farmers are available to
farmersin Colombia by 2002.

Scaling process of Cratylia argentea and improved Brachiaria cultivars Central America
isin place by 2003.

New market opportunitiesin Central Americafor processed forages assessed by 2003.
Effective forage multiplication systems are established in benchmark sitesin SE Asiaby
2003.

Widespread adoption of forage technologiesin SE Asiaby 2004.

An information network on forage research and development is established in SE Asiaby
2003.

Improved multipurpose grasses and legumes result in increased on-farm milk, mest, and
crop production, and reduced labour requirementsin benchmark sitesin SE Asia by 2004.

Surveys on adoption impact of new

grasses and legumes:

* Seed sold

 Areaplanted

 Production parameters

* Environmental/socioeconomic
indicators

 Effective collaboration with CIAT
Projects (PE2, SN1, SN2, SN3, BP1 and
Ecoregional Program), partners, NGOs
and farmer groups
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Narrative Summary

Measur able Indicators

Means of Verification

Important Assumptions

Activities 2002

1.1 Selection of Brachiaria genotypesfor high
digestibility and other quality attributes (CEL, JWM)
1.1.1 Screening of Brachiaria hybrids for digestibility
1.1.2 Screening of selected Brachiaria accessions and
hybrids for saponins

Milestones (2002-2003)

« Efficient and reliable protocol for screening
Brachiaria hybrids for digestibility with NIRS

« List of Brachiaria hybrids with
known digestibility
¢ Annua Report

« Effective collaboration with the plant
breeder and Biotechnology staff

1.2 Assessment of quality and animal production
potential of selected legumes (CEL)
1.2.1 Effect of neutralizing tanninsin legumes on in vitro
protein degradability
1.2.2 Milk production of cows fed legume-based
supplements

« Known effects of tannins with different
chemical structure on nitrogen degradation by
rumen microbes

« Known value of cowpea hay and Cratylia bag
silage supplements for milking cows

e Annua Report

 Availability of milking cows from
neighboring farmin CIAT Quilichao

 Availability of fruits of Sapindus
saponaria

1.3 Assessment of quality and animal production
potential of selected grass species (CEL, JWM)
1.3.1 Milk yield with new accessions and hybrids of
Brachiaria

» Known benefitsin annual production of the
Brachiaria hybrid 46-24, resistant to spittlebug
(A. varia) as compared with commercial
cultivars

e Annua Report

 Availability of milking cows from
neighboring farm in CIAT-Quilichao

1.4 Assessment of the potential of tanninsin legumes and
saponinsin tropical fruitsto reduce methanein
ruminantson grassdiets (D. Hess, CEL)

1.4.1 Invitro evauation of the effect of Sapindus saponaria

on methane release and microbia population

1.4.2 Invitro evauation of the effect of tanninsin legumes

on methane production

1.4.3 Invivo evaluation of Sapindus saponaria and legumes

as supplements on rumen fermentation and N
utilization by sheep fed alow quality grass diet

« Known utility of saponin-rich fruits to reduce
methane and enhance N utilization by
ruminants

« Known effect of tanninsin legumes on
methane reduction and N turnover in vitro

¢ Annua Report
e Thesis
« Scientific publications

 Availahility of funds from ETH

1.5 Adjustment of methodsfor simultaneous evaluation
of tropical legumesfor feed and soil improvement
(K. Tscherning, EB, MP, RJT and CEL)
1.5.1 Assessment of the effect of drying plant material on
aerobic and anaerobic decomposition of legumes of
contrasting legume quality

« Better defined plant chemical components
related to degradation of legumes in the rumen
and soil

« Annua Report
* Report to Donors
« Papersfor publication

» Effective collaboration between PE2
and IP5

2.1 Study the bioecology of spittlebug speciesin
contrasting environments (DCP)

2.1.1 Biology of spittlebug species

2.1.2 Phenology of spittlebug populationsin the field

2.1.3 Determinants of egg diapause

2.1.4 Taxonomy and distribution of spittlebug species

« Lifetablesfor two species established

 Correspondence between rainfall and
population fluctuations analyzed

« Role of drought and plant age on diapause
determined

« Taxonomic description of 3 new species
completed

* Annua Report
» Report to Donors
¢ Published papers

» Collaboration maintained with
UniAmazonia

 Security conditions permit travel to
field sitesin Colombia




Nar rative Summary

M easurable | ndicator s

Means of Verification

Important Assumptions

2.2 IPM componentsfor spittlebug management (DCP)

2.2.1 Short-term mass rearing of different spittlebug species

2.2.2 Maintenance of the entomopathogen collection

2.2.3 Screening fungal entomopathogens for virulence to
spittlebugs

2.2.4 Fidd evaluation of spittlebug entomopathogensin two
contrasting regions

Entomopathogen collection maintained and
improved

Variation in virulence of select isolates to
different spittlebug species and life stages
quantified

Effect of time and number of entomopathogen
applications on spittlebug abundance obtained
from two field sites

¢ Annua Report
* Report to Donors
« Published papers

* Security conditions permit travel to
field sitesin Colombia

2.3 Brachiaria genotypesresistant to spittlebug and
other biotic stresses (JWM, CC)

2.3.1 Development of new hybrid population for spittlebug
screening (JWM)

2.3.2 Establishment of Brachiaria hybridsin field nurseries
in Mexico (JWM)

2.3.3 ldentification of Brachiaria genotypes resistant to
spittlebug

2.3.4 Field screening of Brachiaria accessions and hybrids
for resistance to four spittlebug species (CC)

New Brachiaria hybrids (10,000) established
nurseriesin México

List of sexual and apomictic Brachiaria
hybrids resistant to one or more species to
spittlebug under greenhouse conditions

List of Brachiaria hybrids with resistance to
spittlebug under greenhouse and field
conditions

¢ Annua Report
¢ Published papers

« Effective flow of Brachiaria genetic
recombinants to screen for spittlebug
resistance

« Effective collaboration from
Corpoicain cagueta for spittlebug
field screening

 Funds are available from Papalotla
seed company to carry out to screen
for spittlebug

2.4 ldentify host mechanismsfor spittlebug resistancein
Brachiaria (CC)
2.4.1 The effect of mixed infestations on resistance
expression
2.4.2 Diagnostic survey of a‘new’ pest affectin pardgrassin
Colombia

Mechanisms of resistance of Brachiaria to five
spittlebug species

Defined genetic variation among and within
spittlebug species as related to resistance levels
in selected Brachiaria genotypes

e Annua Reports

Published papers:

* Mechanisms of resistance to
SPB complex

 Improved methodology for
field screening of genotypes

« Breeding for SPB resistansein
Brachiaria

 Funds from Papal otla seed company
are available to carry out strategic
research

2.5 Genetic control and molecular markersfor spittlebug
and reproductive mode in Brachiaria (JWM, JT, CC)
2.5.1 Isolation and characterization of sequences associated
with resistance to spittlebug in Brachiaria
2.5.2 Validation of PCR tag of "apo-locus' and initial
application in Brachiaria breeding program

Usefulness of spittlebug QTL's assessed
Reliability of N14 for routin phenotyping
determined.

Screened of hybrid populations for
identification of QTLs

¢ Annua Reports
* Mapping population

« Effective collaboration between |P5
and the Biotechnology Group

2.6 Defineinteractions between host and pathogen in
Brachiaria (SK, JWM)
2.6.1 Screening of Brachiaria hybrids for Rhizoctoniafoliar
blight
2.6.2 Studies on conditions for sclerotia production and
germination of Rhizoctonia solani
2.6.3 Bacterid wilt of Brachiaria

Reactions of Brachiaria hybrids to foliar blight
determined

Anthracnose pathogen diversity in Stylosanthes
analyzed

Bacterial blight of Brachiaria, its biology and
sources of resistance better defined

« Annua Report
Published papers

.

 Brachiaria hybrids provided on time
by the breeder to screen for
Rhizoctonia resistance
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Narrative Summary

M easurable | ndicator s

Means of Verification

I mportant Assumptions

2.7 Elucidatetherole of endophytesin tropical forage
grasses (SK, JWM, IMR)

2.7.1 Endophyte seed transmission studies in Brachiaria

2.7.2 PCR analysis and screening of Brachiaria genotypes
for endophyte presence

2.7.3 Effect of Acremonium implicatum on fungal pathogens

2.7.4 Drought tolerance in endophyte-infected plants under
field conditions (IMR)

2.7.5 Search for new endophytesin Brachiaria and
characterization.

« Alkaloid profile of endophytes determined

« Effect of endophytes on diseases better defined

« New endophyte isolates identified

» Endophyte-specific primer applied for
screening Brachiaria routinely

e Annua Report
« Published papers

e Collaboratorsin NZ will deliver
results on akaloids

» Enough seed will be collected from
endophyte-infected Brachiaria for
seed transmission studies

 Effective collaboration with breeder

2.8 Defineinteractions between host and pathogen in
Arachis and Stylosanthes (SK)
2.8.1 Biodiversity studies on the anthracnose pathogen of
Sylosanthes
2.8.2 Characterization of transgenic Stylosanthes plants with
chitinase gene—T-3 generation

 Spectrum of antifungal properties (ie. isthe
activity broad spectrum) determined

» Gene encoding antifungal protein cloned

» Characteristics of cloned gene determined

¢ Annua Report

« Effective collaboration with patent
lawyers

3.1 Genotypes of Brachiaria, other grasses and Arachis
with adaptation to edaphic factors IMR, JWM, MP,
AS)

3.1.1 Edaphic adaptation of Brachiaria (IMR)

3.1.2 Edaphic adaptation of Arachis pintoi IMR, MP)

« Brachiaria hybrids (apomictic and sexual) with
Al resistance identified

« Brachiaria hybrids with superior performance
under field conditions with adaptation to low
soil fertility identified

¢ Annua Report
¢ Publications

» Seed availahility of selected grasses
and legumes

« Willingness of NARS partners to
collaborate

 Funds are available from Papalotla
seed company and restricted core for
screening for Al

 Continued support from forage
agronomist in Costa Rica

« Continued collaboration with
University of Gottingen, Germany;
JRCAS, Japan; and ETHZ,
Switzerland

3.2 ldentify genotypes of grasses and legumeswith dry
season tolerance (IMR, JWM, PJA, AS)

3.2.1 Drought tolerance of Brachiaria (IMR, JWM)

3.2.2 Fidd studies to determine DM yields and quality of
forage sorghum lines and pearl millet in a subhumid
environment of Costa Rica (PJA)

3.2.3 Participatory evaluation of multipurpose legumes for
enhanced tolerance to drought in Central America
(feed, cover, green manure) (AS)

 Brachiaria accessions and hybrids with
superior tolerance to drought relative to
commercial cultivarsidentified

 Progress toward improved screening method to
evaluate drought tolerance in Brachiaria

* New sorghum and pearl millet forage
genotypes identified for subhumid
environments of Central America

« Annua Report
¢ Seed of selected accessions of
sorghum

 Effective collaboration with
ICRISAT

3.3 Shrub legumes with adaptation to dr ought and cool
temperatures (M. Andersson, MP, JT, RSK, LHF)
3.3.1 Genetic diversity in the multipurpose shrub legumes
Flemingia macrophylla and Cratylia argentea
3.3.2 Agronomic characterization of a collection of
Rynchosia schomburgkii

 List of C. argentea and F. macrophylla
accessions with superior agronomic
performance and quality identified

* Annua Report

¢ Seed of selected accessions of C.

argentea and F. macrophylla
multiplied

» Effective collaboration with U of
Hohenheim, Germany, CIAT
Projects (SB2, PE4)

» Efficient collaboration with PE-2

» Brachiaria lines are available to plant
in Atenas and Puriscal

« Effective collaboration with MAG
and ECAG in Costa Rica




Narrative Summary

M easurable | ndicator s

Means of Verification

I mportant Assumptions

3.4 Selection of legumes for multipur pose usein
different agroecosystems and production systems
(MP, PJA, AS)

3.4.1 Evaluation of acore collection of Vigna unguiculata
for multipurpose usesin Colombia, Nicaragua and
Honduras (MP, LHF, AS, HC, BH, EA)

3.4.2 Evaluation of acore collection of Cowpea (Vigna
unguiculata) for multipurpose use in Atenas, C. Rica
(PJA)

3.4.3 Evaluation of a core collection of Lablab purpureus for
multi purpose uses (Quilichao and Palmira) (M P, LHF,
BH)

3.4.4 G*E tria with Mucunawith focus on L-Dopa content
(MP, LHF, BH)

3.4.5 Effect of cutting height afrequency on DM yield and
quality of Chamaecrista rotundifolia and Desmodium
velutinumin Atenas, C. Rica (PJA)

3.4.6 Participatory evaluation of improved foragesinto
smallholder dairy systemsin Matagalpa, Nicaragua
(AS,MP, LHF, PJA, LAH)

* Selected accessionsof Vigna unguicul ata tested
in field sitesin Colombia Nicaragua and
Honduras, with farmer participation

« Accessions of Lablab purpureus for acid and
akaline soilsidentified

* Annua Report

* Reception and phytosanitary release
of new cowpea accessions

* Negotiations with FONDEAGRO for
ajoint project in Nicaragua are
successful

3.5 Genotypic variation in inhibition of nitrification and
nitrous oxide emission in Brachiaria IMR, M.
Rondén, EB, CEL (CIAT); T. Ishikawa, G.V.
Subbarao, K. Okada, O. Ito (JIRCAS)
3.5.1 The biologica phenomenon of nitrification inhibition in
Brachiaria humidicola

3.5.2 Tropical forage grasses and their influence on
inhibition of nitrification and emission of nitrous oxide
from acid soil

» Quantified differencesin inhibition of
nitrification and emission of nitrous oxide
among tropical grasses by 2003

* Annua Report

« Effective collaboration with IRCAS

4.1 Develop of partnershipswith NARS, NGO's,
IARC’s, ARIS and the private sector in LAC, Asia
and Africato undertake evaluation and diffusion of a
range of grasses and legumes for multipur pose use
4.1.1 On-farm evaluation of new grass and legume options
for livestock systemsin the Llanos of Colombia
(CEL)
Evaluation of legumes as covers for plantations in the
Llanos of Colombia (CP, MP, LHF, BH, AS)
Evaluation of green manures in the Llanos of
Colombia (CP, MP, LHF, BH)
Utility of Cratyliain small dairy farms of the Llanos
(CP, CEL)
Ex-ante economic evaluation of Cratylia argentea in
dual purpose cattle production systemsin the Llanos
of Colombia (FH)

412

4.1.3

414

415

« Initiated validation of Brachiaria hybrid cv
Mulato in the Llanos

» Release of Brachiaria brizantha, C. argentea
and Desmodium ovalifolium accessions for the
Llanos

« Effect of green manure speciesin rice based
systems defined for the llanos

« Technical bulletin on the use of
D. ovalifolium CIAT 13651 as
cover crop and for usein pastures

¢ Technical bulletin on the use of
B. brizantha cv. Toledo in the
Llanos

* Technical bulletin on the use of
C. argentea cv. Veranerain the
Ilanos

« Effective collaboration on forage
evaluation with partnersis
maintained

 Effective collaboration with CIAT
Projects, NARS, NGO's and farmer
groups

 Continued input from Forage
Agronomist in Costa Rica

« Effective collaboration with U of
Hohenheim, Germany

« Continued collaboration with oil

pam and rubber growersin the

Llanos of Colombia

Effective collaboration with FIDAR

(NGO)
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Narrative Summary

M easur able I ndicator s

Means of Verification

Important Assumptions

4.1.6 Release of multipurpose forage for the Llanos (CEL,
CP)

4.1.7 Use of forages for the recuperation and conservation of
degraded areas in hillsides of Colombia (FIDAR, MP,
LHF)

4.1.8 Analysisof intensification of milk production systems
in Colombia (FH)

4.1.9 Validation/promotion of Brachiaria hybrid cv. Mulato
and other forage lines by NARS and farmers (PJA)

4.1.10 Participatory evaluation of forages for multipurpose use
in Haiti (PJA)

4.1.11 Enhancing beef productivity, quality, safety, and trade
in Central America (FH)

4.1.12 Collaboration with ETHZ-Zurich (IMR, CEL)

4.1.13 Caollaboration with U. Hohenheim-Germany (M P)

« No further deterioration of security
situation in Colombia

¢ Funds for SoFT proposal approved by
ACIAR

« Participation of INTA in proposa
development

4.2 Evaluation with farmer participation of multipurpose

foragesin crop and livestock systems

4.2.1 Development of participatory methods to enhance
adoption of forages as feed resources and for INRM
(Rein van der Hoek, V. Hoffmann, M P)

4.2.2 Evaluation of forages for multipurpose use with farmer
participation in Hillsides of Central America(MP, AS,
LAH, LHF, PA)

4.2.3 On-farm forage seed production in Nicaragua and
Honduras (MP, AS, Sertedeso)

4.2.4 On-farm evaluation of green manuresin hillsides of
Nicaragua (AS, MP)

4.2.5 Evauation of C. argentea aslive barrier to control
erosion and as a source of feed in Costa Rica (WS, PJA,
MP)

4.2.6 Studies on indigenous fodder trees and shrubsin N.
Vietnam (RR)

4.2.7 Socio-economic evaluation of forage technologiesin
Philippines and Vietnam (RR)

4.2.8 Participatory evaluation of BrachiariaMulato (RR)

» Model for participatory selection of forages
refined and training tool written

» New forage options adapted by group of
farmers in Honduras and Nicaragua

* Initiation of small forage seed enterprisesin
Nicaragua and Honduras

» BrachiariaMulato evaluated by 10 farmersin
focus sites in Thailand, Philippines, Vietham
and China.

¢ Annua Reports
« Published papers
¢ Technical bulletin on seed

production of B. brizantha cv.

Toledo and C. argentea cv.
Veraniega

« Effective collaboration with NARS
and farmer groups

4.3 Forage seeds: reproductive biology, quality,
multiplication and delivery of experimental and basic
seed (JWM, PJA)

4.3.1 Multiplication and delivery of selected grasses and

legumes
* Seed Unit of Pamira (JWM)
* Seed Unit of Atenas (PJA)

* Seed of promising forages produced, harvested
and delivered to partners

¢ Annua Reports
 Seed inventories

¢ Fund are available to support the Seed
Unit

¢ Climatic condition allow seed
production and harvest




Narrative Summary

M easur able I ndicator s

Means of Verification

Important Assumptions

4.4 Expert systemsfor forages biodiversity by linking

geographical information with biological data

4.4.1 Development of a database and retrieval system for the
selection of tropical forages for farming systemsin the
tropics and subtropics, SoFT (AF, MP)

4.4.2 Development of aforage database (AF, LHF, GR, BH,
MP, CEL)

4.4.3 Incorporating Socio-Economic Data and Expert
knowledge in representation of complex Spatial
Decision-Making (R O’Brien, AF, LHF, BH, MP, TO,
SC, R Corner)

* Forage database released and available through
Internet and CD

» Analysis of intensification of milk production
in Colombia completed

¢ Annua Report

¢ Funds from ACIAR to develop SoFT
are approved

45 Facilitate communication through newsletters,
journals, wor kshops and inter net (IP5 Staff)

4.5.1 Development of aForage Web Site (S. Staiger)

4.5.2 Updating FAO's Grassland index (M P, RSK)

4.5.3 Twenty years of Pasturas Tropicales (AR)

4.5.4 CIAT field day on spittlebug biology and management
(DCP)

4.5.5 Prepare technical bulletin on spittlebug bioecology and
monitoring (DCP)

4.5.6 Bibliographic database on spittlebugs available on
webpage (DCP)

4.5.7 Symposium on spittlebug to communicate research
resultsto PRONATTA (DCP)

* Publication of aspecia edition of Pasturas

Tropicales on Bioecology of spittlebug in
Colombia

* Spittlebug species profiles completed and

published on the web

* Field day conducted; informative bulletin

prepared for publication; bibliography online;
PRONATTA symposium conducted

¢ Annua Reports
« Forage Web Page
¢ Pasturas Tropicales

¢ Funds are available to continue
publishing Pasturas Tropicales

¢ Support from FAQ for updating forage
database




Resear ch Highlights

e Saponin-rich fruitsreduce methane and enhance nitr ogen utilization by ruminants

In last year’s Annual Report we indicated that fruits of Sapindus saponaria have the potential to
suppress methane release and reduce ciliate protozoa populations in vitro. However, it was not known
whether these effects were dependent on quality of the basal diet or if they could be replicated in vivo.
Results from this year show that the interactions of forage quality and addition of saponin-rich
supplements (i.e. fruits of S. saponaria) were mostly non-significant, except for ciliate protozoa counts.
Ciliate protozoa were only suppressed by the addition of S. saponaria with improved legume- based
diets. The fact that the methane suppressing effect of S. saponaria was independent of the quality of
the basal diet indicates that fruits of S saponaria have the potential to suppress methane release when
feeding low quality grass diets as well as when feeding higher quality grass-legume diets. In a
respiratory chamber experiment carried out with sheep, the methane suppressing potential of S.
saponaria was confirmed in vivo, thus validating our results obtained with the Rusitec-apparatus.
Additionally, we showed that the supplementation with fruits of S. saponaria increased the amount of
bacterial nitrogen escaping the rumen and shifted the volatile fatty acid production in the rumen
towards alower acetate: propionate ratio, indicating an improvement of the efficiency of rumen
fermentation. These effects of S. saponaria were independent and additional to the positive effects
observed when the low quality grass was supplement with alegume.

» Significant progress continuesto be madein the Brachiaria | mprovement Program

Biotic Congtraints: For yearsit was assumed that resistance to one spittlebug species applied generally
to other spittlebug species. We showed in previous reports that thisis not the case and that resistance
may be species-specific. Based on results obtained in previous years we devel oped a successful
strategy for the simultaneous but independent screening of large sets of genotypes (~1,000) for
resistance to three key Colombian spittlebug species (Aeneolamia varia, Aeneolamia reducta, and
Zulia carbonaria), which we implemented this year. Three plants of each clone are propagated and
these are infested simultaneously, one with each of the three spittlebug species. Hence, independent
assessment of resistance to each of the spittlebug speciesis obtained for each clone. Resistanceis
assessed on the basis of damage scores and nymphal survival determined for clones with low mean
damage scores. Approximately 90% of the genotypes are culled based on this preliminary unreplicated
screening; 10% are re-tested with replication to confirm resistance. Again each clone is independently
and simultaneously evaluated for resistance to A. varia, A. reducta, and Z. carbonaria. For the 2001
sexual population, 32 hybrids showed damage scores that did not differ from those recorded on the
standard resistant check (cv. Marandu). Severa of the selected hybrids showed levels of antibiosis
(reduced nymph survival) to A. varia, A. reducta, and Z. carbonaria that were significantly better than
cv. Marandu. Thisisthefirst time that Brachiaria genotypes combining a high level of antibiosis
resistance to three different spittlebug species are reported.

Abitiotic Constraints: Thisyear, as part of the restricted core project funded by BMZ/gtz, Germany,
we continued our effortsto separate the physiological and genetic components of aduminum (Al)
resistance in Brachiaria. Previous research had indicated that B. decumbens might exclude phytotoxic
Al ions from root apices using a mechanism that does not rely on external detoxification by organic
acids. We found evidence for the first time that the surface charge density of root apices of aluminum
resistant B. decumbens acts as a generic mechanism to avoid uptake of phytotoxic aluminum and other
cationic toxicants. Our efforts on phenotypic characterization of B. ruziziensis x B. decumbens
population resulted in identification of few hybrids superior to B. decumbens in production of fine
roots in the presence of toxic level of aluminum in solution. Thiswork also indicated that growing



rooted stem cuttings in the Al treatment and sel ecting genotypes with long and thin roots could be an
effective screen to discard non-adapted segregantsin the Brachiaria breeding program. Using the
screening procedure to evaluate Al resistance, two sexual hybrids (SX 01NO3178 and SX01INO7249)
and one apomictic hybrid (BR99NO/4132) were identified with greater level of Al resistance than that
of the sexua parent, BRUZ/44-02. These sexuals are being used in the breeding program to generate
superior hybrids that combine severa desirable attributes. Field evaluation of most promising
Brachiaria hybrids and accessionsin wet and dry seasons over 3 yearsin the Llanos of Colombia
indicated that the Brachiaria hybrid, FM9503-S046-024 is well adapted to acid soil conditions and
drought and its superior performance was related to its ability to acquire greater amounts of nutrients,
particularly Caand Mg from low fertility sail.

* Endophytespresent in Brachiaria aretransmitted through seed

Endophytic fungi have one of the most complex associations with their host resulting in physiologica
responses in terms of growth, nutrient acquisition, drought resistance, and production of secondary
metabolites, like akaloids. The association of fungal endophytes with grassesiswell documented for
temperate species but not for tropical species. Work carried out in CIAT showed for the first time that
endophytes are present in tropical grasses and that fungal and bacterial pathogens are inhibited in vitro
by isolates of endophytes from Brachiaria. In addition, we found endophytesin a Brachiaria
accession (CIAT 16320) that is resistant to Rhizoctonia solani. In a greenhouse study we found that
plants infected with A. implicatum had greater |eaf expansion than non-infected plants grown under
severe drought stress. Fieldwork isin progress to verify this finding. This year we developed and
applied PCR-based method, for detection of endophytesin Brachiaria seed. Seed samples collected
from plants were confirmed to be endophyte-infected or endophyte-free based on the PCR test with
leaf DNA and fungal endophyte isolation on culture media. A specific primer pair devel oped and
used in the PCR assay allows precise and rapid detection of endophytesin Brachiaria plants and
permits differentiation between endophytic and non-endophytic fungi. All DNA from seeds of
endophyte-infected plants had amplified products, which was not the casein seed from non-infected
plants. This method will be extremely useful for testing Brachiaria seed lots for the presence or
absence of endophytes.

* New forage options arerapidly being tested and adopted by small farmersin hillsides of
Honduras and Nicaragua

Improved forages can play an important role for ensuring socio-economic and environmental
sustainability of smallholders production systems in the fragile hillsides of Central America. Ina
project funded by BMZ/gtz, Germany we are currently applying participatory methods to promote the
use of improved forages as feed resources and for conservation of natural resourcesin references sites
in Honduras and Nicaragua. This year we devel oped a methodology to analyze and rank plant criteria
that are important to farmers for selecting grasses and legumes for multipurpose use in the dry and wet
seasons. For example, for farmersin Honduras, major selection criteria are that the forage species
should establish fast and compete with weeds. Based on farmer criteriawe clustered groups of grasses
and legumes for seed multiplication and for on —farm participatory testing. Among the grasses the
preferred cultivars have been B. brizantha cv Toledo (CIAT 26110) and Brachiaria hybrid cv Mulato
given that they establish fast and have drought resistance. Legumes selected by farmersinclude the
herbaceous Centrosema pubescens (CIAT 15160-- good cover and high biomass production) and the
shrub Cratylia argentea (CIAT 18668-- good drought tolerance). In the reference sitein Honduras, a
total 170 farmers (30 % of the total farmersin the reference site) have sown new forage options (B.
brizantha cv Toledo and C. argentea). In the reference site in Nicaraguathere is also evidence of fast
adoption of grasses (B. brizantha cv Toledo). In addition, atotal of 13 haof Brachiaria hybrid cv
Mulato were established in smallholders farms in different regions of Nicaragua as part of a diffusion
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strategy funded by the Papal otla Seed Company. Finally, the growing interest of farmers for B.
brizantha cv Toledo and C. argentea has resulted in farmers getting involved in seed multiplication.
The Project is providing technica assistance on the management of seed plots, on harvest and on post-
harvest treatment of the seed.

e Foragesarecontributing to improved rural livelihoods of small farmersin the
Philippines (Mindanao) and in Vietham (Tuyen Quang Province)

Philippines: Improved forage species being promoted by the FSP (Forages for Smallholder Project)
increased animal production, improved soil conservation and saved farmers time. The reduced |abor
time enabled households with low labor and land availability to acquire animals, and allowed othersto
increase their herd size. Planting forages in contour lines increased crop production slightly and
allowed the establishment of sustainable production systems through the returns from livestock. These
changes resulted in a significantly higher household income from livestock for the adopters of new
forages. In addition, the introduction of new forages reduced the time dedicated by women and
children to tasks like herding and cutting forages. Time saved, was generally invested in extending
crop activities. The participatory approach of FSP changed the attitude of fieldworkers and increased
the number of farmersinterested in training, workshops and cross project visits. This extended the
impact of FSP to farmers' knowledge of soil conservation, crop rotation and intercropping. Farmers
also began to use participatory tools to facilitate decision making in their other activities. Finaly, the
adoption of new forages by smallholders in Philippines was highly dependent upon the livestock
dispersal and credit programs. These systems resulted in alarge number of opportunistic participantsin
FSP activities. Planting improved forages for short cycle species, like chickens and goats should be
encouraged asit reduced the time needed to attain positive returns from labor investment.

Vietnam: The overall effect of the adoption of new forages promoted by the FSP on welfare of farm
househol ds has been very significant. The mean income from mixed ruminant—fish production systems
increased from $US6.50 to $US17.00/month/household member within 2 to 4 years of the adoption of
new forages. Time saved has also alowed households to increase their income from other, mainly
agricultural, activities. Due to the increased income from investments in tree crops, the overall income
improved but the contribution of livestock to total income decreased. The adoption of new forage
species has also had extremely positive social and gender effects. New forages reduced the time spent
by children and women in herding, and cutting and carrying forages for animals. This allowed children
more time to study and also had educational and cultural advantages for women. Poorer farmers, who
depended more on livestock due to their smaller land area, benefited most from forages. Improved
forages allowed them to keep large ruminants that increased their income and also provided a
stepping-stone to general intensification of their production systems. The extension of new forages
introduced by FSP in Tuyen Quang province did not depend on livestock distribution schemes or
credit programs. The many advantages associated with the adoption of improved forages, along with
favorable socio-economic conditions, provide support for the devel opment of an autonomous process
of adoption of improved grasses and legumes.

* New grassand legume alternatives werereleased for the Llanos of Colombia

CIAT and CORPOICA, with financial support from the Ministry of Agriculture of Colombia, have
been evaluating for the last 5 years a number of grass and legume options for the well drained savannas
(acid soils with very low fertility) and for the piedmont (acid soils with moderate level of soil fertility)
region. Several forage technologies were evaluated: a) improved grasses in terms of high carrying
capacity and drought tolerance, b) herbaceous legumes with multiple use such as to recuperate
degraded pastures, cover crops in plantations and green manures in crop-livestock systems and c) shrub
legumes for cut and carry systems in dairy farms. The strategy followed has been to eval uate the
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different forage technologies on —station and on- farm. One very important outcome of the
collaborative work of CIAT and CORPOICA in the Llanos was the rel ease this year of one grass
(Brachiaria brizantha cv Toledo for fattening systems in the piedmont), one herbaceous legume
(Desmodium heter ocar pon subsp ovalifolium cv Maguenqgue) for recuperation of degraded pasturesin
the well drained savannas and as cover crop in plantations), and one shrub legume (Cratylia argentea
cv Veranerafor cut and carry in more intensive dairy systemsin the piedmont). Technical Bulletins
were produced and distributed among researchers, extension workers and interested farmers. In
addition, basic seed was delivered to CORPOICA to establish commercia seed plots.
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Output 1: Grassand legume genotypes with high forage attributes ar e developed
Activity 1.1 Selection of Brachiaria genotypesfor high digestibility and other quality attributes
Highlights

e Variability in IVDMD hybrids of Brachiaria seems to be |ess than anticipated, but with NIRS even
small differencesin IVDMD among genotypes can be detected.

« Confirmed that a high correlation exists between successive samplings in saponin- like activity in
Brachiaria and there is variability among hybrids produced in the breeding program

1.1.1 Screening of Brachiaria hybridsfor digestibility
Contributors: P. Avila, J. Milesand C. Lascano
Rationale

In the on going Brachiaria improvement the main objective has been to breed for spittlebug resistance
and for adaptation to acid-low fertility soils. In terms of quality attributes, such as1VDMD and crude
protein, our approach has been to maintain the quality of Brachiaria bred lines at least as equal to that
of B. decumbens cv Basilisk, which isthe most widely planted cultivar in tropical America.

A justification for this strategy had been that with the current in vitro system in the Forage Quality
Laboratory it is not possible to handle the large number of genotypes (over 3,000) generated annually
by the breeding program. However, with the Near-Infrared Spectroscopy (NIRS) it is now possible to
analyze large number of samplesin the Forage Quality Laboratory provided good calibration curves
are available.

In 1999 we developed a narrow — based NIRS equation and when applied found that the resulting
parameters had high precision as indicated by low SE of the calibration (0.98). In addition, estimates
of IVDMD of few samples using NIRS had a high correlation (r = 0.89) with IVDMD values obtained
with the two-stage Tilley and Terry in vitro procedure. Later in 2000 we tested the NIRS calibration
curve with leaves of 176 Brachiaria hybrids that form part of a population (tetraploid B. ruziziensis x
B. brizantha cv. Marandu) used to develop molecular markers for digestibility. Results showed a high
correlation (r = 0.84) between observed and values of IVDMD estimated using NIRS.

Las year we determined the effect of age of plant material on the precision of the NIRS equation to
estimate IVDMD in Brachiaria. The in vitro digestibility values ranged from 68 to 80 % and from 71
to 83 % in samples of 51 and 71 days of regrowth, respectively, which indicate little effect of maturity
on I[VDMD. High corrdations (r = 0.73 to 0.80) were observed between [VDMD values from the
laboratory and values predicted with NIRS in the two sets of samples. These results further confirmed
that the NIRS equation we had developed to screen Brachiaria hybrids for IVDMD is adequate given
the high correlation with IVDMD values measured in the laboratory and relatively low SE of predicted
values.

We had aso reported a very low correlation between IVDMD values obtained in samplings of the
same Brachiaria population in different times. Thus we carried out three successive samplings of the
same mapping population used before. Results showed higher correlations between samplings than
reported previously, but still low (r = 0.4 to 0.5; P<0.05). This suggested the need to sample replicated



plants from the Brachiaria population used for devel oping molecular markers for quality and other
traits.

Materialsand Methods

This year we sampled (leaves) from 50 Brachiaria hybrids planted in three reps in the greenhouse. All
samples were oven dried (50°C), ground in a1 mm screen and analyzed for in vitro digestibility using
NIRS and the two stage in vitro method. The results on IVDMD were subject to analysis of variance
with rep and genotype as sources of variation. We also carried out correlation analysis between

IVDMD values obtained with two calibration equations used in NIRS and the IVDMD values obtained
in the [aboratory.

Results and Discussion

Results indicated that as expected the IVDMD measured in the laboratory had a high correlation (r =
0.79; P< 0. 001) with IVDMD estimated with NIRS (Figure 1). In addition, our results showed a high
correlation (r = 0.98; P < 0.0001) between IVDMD values calculated with the two NIRS equations
developed in CIAT’ s Forage Quality Laboratory (Figure 1).
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Figure 1. Relationship between IVDMD values obtained in the laboratory and 1VDMD values obtained with
NIRS (left) and between IVDMD values obtained with NIRS using two calibration equations (right).

The ANOVA performed in the IVDMD data estimated with NIRS showed that reps were not
significant (P>0.39), but that differences due to genotype were significant (P <0.05). Values of
IVDMD of the 50 Brachiaria genotypes evaluated ranged from 65.6 to 73.3 %, which is considerable
less than was expected from previous results. It was a so interesting to observe that the differencesin
IVDMD between two parents (B. brizantha cv Marandu -70.4% and B. ruziziensis - 69.0%) used in
the breeding program were not significant. These results indicate that differencesin [VDMD among
hybrids of Brachiaria may be less than anticipated, but that with NIRS even small differencesin
IVDMD among Brachiaria genotypes could be detected.

Selection for improved forage quality isjustified if genetic variance for quality traitsis greater than the
variance resulting from the interaction of genotype with environment (G x E). Previouswork at CIAT
with accessions of B. brizantha and B. decumbens had shown that the variance in IVDMD caused by
genotype was four times greater than the variance from G x E.

We conclude that there is justification to screen Brachiaria hybrids for IVDMD using NIRS even
though the variability digestibility seems to be less than expected. One of the advantage of Brachiaria



hybrid cv Mulato isits high yield and crude protein (CP) content relative to commercial cultivars. Thus
we also believe that hybrids should be screened for CP. Screening for IVDMD and for CPin the
Brachiaria improvement program will be implemented next year with populations (approximately
1000) that go to the spittlebug screen. With this strategy it will be possible to establish correlations
between quality traits and resistance to spittlebug.

1.1.2 Screening of selected Brachiaria accessions and hybridsfor saponins
Contributors: P. Avila, C. Lascano, J. W. Miles and G. Ramirez (CIAT)
Rationale

Based on the hypothesis that saponins are responsible for photosensitization in Brachiaria decumbens
last year we determined the presence or absence of these compounds in accessions and hybrids of
Brachiaria. Results (See AR 2000 and 2001) indicated differencesin saponin activity among the few
Brachiaria accessions included in the assay. Saponin activity was very high in the commercial cultivar
B. decumbens CIAT 606, which in fact was as high as that recorded in the positive control. In contrast
saponin activity was low in B. humidicola and in B. brizantha cv Marandu, which is the source of
spittlebug resistance in the Brachiaria breeding program. Results from last year also showed that
saponin activity in new Brachiaria hybrids was more variable than what was found in 2000. Out of 10
new hybridsincluded in the test, 7 had very low saponin activity and similar to what was recorded in
one of the parents (B. brizantha CIAT 6789) used in the cross.

This year we were again interested in determining saponin- like activity in Brachiaria hybrids chosen
at random from a B. brizantha cv Marandu (apomictic) x B. ruziziensis (sexual) population used for
devel oping molecular markers for spittlebug, apomixes and digestibility.

Materialsand Methods

A large (>230 sibs), bi-parenta (tetraploidized, sexual B. ruziziensis-x-B. brizantha CIAT 6294 [cv.
Marandu]) F; hybrid population (full-sib family) was produced and propagated for determinations of
saponin content. Unintentional materna selfs were identified by isozyme analysis, and eliminated.

The laboratory procedure used to estimate saponin activity in the test forage samplesis based on the
hemolisis of red blood cells obtained from rabbits, with a solution extracted (80% aqueous methanol)
from fat free samples (0.1 g) of test forages. A dilution of 1:20 was used to determine absorbancein a
spectrophotometer in the Forage Quality Laboratory. Leaves of wheat and of the tree Entorolubium
ciclocarpum (Orejero) were used as negative (low levels of saponins) and positive (high levels of
saponins) controls in the assay, respectively.

Results and Discussion

A high and significant correlation (r = 0.96; P<0.001) was found between Absorbance value recorded
in 2000 and in 2001 and between Absorbance values recorded in 2001 and 2002 (r = 0.98; P<0.0001)
(Figure 2). However, results shown in Table 1 indicate that the absorbance values recorded in the same
accessions and hybrids of Brachiaria harvested in 2001 and 2002 were similar in magnitude in some
groups but not in others.

It would seem from the results from 3 consecutive years, that two of the parents (B. decumbens CIAT
606 and B. brizantha CIAT 6780) used in the Brachiaria breeding program have very contrasting
levels of saponins and thisis reflected in the variability of saponin activity measured in the hybrids



included in the test. The high concentration of saponinsin B. decumbensis consistent with the
observations of photosensitization in cattle and sheep fed with this grass.

Table 1. Saponin like activity in Brachiaria accessions and hybrids recorded in samples harvested in two
consecutive years.

Classification Forage Sample Absorbance Absorbance Significance
(2001) (2002)

Very High E. ciclocarpum (Control) 762 548 *
B. decumbens CIAT 606 695 485 *x
Hybrids:
1084-3 631 548 *
1084-10 808 658 *x

High B. ruziziensis CIAT 26164 630 528 *x
Hybrids:
1092-5 624 537 NS
1092-15 520 469 *
1094-15 602 501 *

Intermediate Hybrids
1092-14 451 404 *
1092-2 491 395 *x
1092-3 589 405 *x
1092-11 462 342 *
1094-19 478 371 *x

Low Hybrids
1092-1 251 200 *
1092-4 195 183 NS
1092-13 196 170 *
1083-7 149 142 NS

Very Low Pajade trigo (Control) 28 32 NS
B. humidicola 16871 49 32 *x
B. brizantha 6780 56 40 *x
Hybrids
1078-31 28 35 NS
1079-18 30 35 NS
1081-25 31 29 NS
1093- 31 31 86 *
1095- 4 29 38 *
1097- 6 33 39 NS

** P<0.01 * P<0.05

We conclude from these results that there is more than justified to screen Brachiaria hybrids for
saponins. However, asindicated last year we need to adapt a laboratory screening procedure that is fast
and that allows us to quantify the concentration of saponins present in large populations of Brachiaria.
We have not yet been able to standardize alaboratory procedure or to establish collaboration with an
advanced laboratory investigate the chemical nature of saponins. Thus next year we will calibrate
NIRS to measure saponin-like activity in Brachiaria
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Figure 2. Relationship between Absorbance values in two consecutive years related to saponin like activity in
different Brachiaria genotypes.

Activity 1.2 Assessment of quality and animal production potential of selected legumes
Highlights

e Determined that the proteolytic enzyme (Ficin) is useful to study relative effects of condensed
tannins on degradation of proteinin tropical legumes

»  Documented that milk yield of cows grazing pasturesin the dry season can be increased from10 to
20% by feeding Cratylia silage and Cowpea hay packed in bags

1.2.1 Effect of neutralizing tanninsin legumeson in vitro protein degradability
Contributors: N. Narvaez, C. Lascano (CIAT)
Rationale

It iswell documented through in vivo trials that condensed tannins influence the degradability of the
protein fraction of tropical legumes in the rumen and that as result there is less ammonia production
and a greater proportion of the feed protein by passing the reticulo- rumen. However, in vivo
experiments are expensive and time consuming, which limits their use to screen legume speciesin
terms of protein degradability. Researchers have used the well-known Tilley and Terry two stagein
vitro method to estimate nitrogen digestibility of legumes. Results have shown that provided that
corrections factors are applied for the presence of microbial N the method is sensitive to the presence
of tanninsin legumes.

However, one drawback of the two stage in vitro method is the need to have afistulated animal asa
source of rumen liquor, which is not always possible in some forage quality laboratories. Thus we were
interested in adapting a protocol published in the US (Poos-Floyd et al. 1985, J of Dairy Science. 68:
829-839) that could allow usto use a proteolytic enzyme to screen legumes on the basis of protein
degradability.



Material and Methods

L eaves of shrub legumes species with tannins (L. leucocephala, C. fairchildiana and Bauhinia sp) and
without tannins (G. sepium, and E. fusca,) were harvested in the Cauca Valley, Colombia. Forage
samples were treated with PEG (6 mg of PEG/100 mg of DM) and with water (control). The forage
samples (600 mg of DM) were weighed into tubes with a buffer solution (15 ml), which were then
placed in an incubation bath (39°C) for two hours to get the samples soaked. This pre-soaking
treatment in the buffer solution was followed by the addition of 10 ml of ficin (proteolytic enzyme
extracted from the latex of Ficus glabrata- Sigma Chemical No F- 3266 of 0.5 Units/mg) obtained by
dissolving 4.3 g of the enzyme in one liter of buffer solution. After one hour of incubation in the water
bath, the tubes were removed and the contents filtered in a Whatman No 41 paper filter. The
supernatant and the solid residue in each tube were then analyzed for protein (N x 6.25).

Results and Discussion

The degradability of protein in leaves of species without tannins was higher than the degradability of
species with tannins, regardless of the addition of PEG (Table 2). There were also differencesin
protein degradability between species with no tannins, being higher in G. sepiumthan in E. fusca,
regardless of the addition of PEG. In legumes with tannins the addition of PEG to the mediaresulted in
large increments (from 2 to 6 fold) in protein degraded by the proteolytic enzyme used in the assay.

We dso performed a correlation analysis between protein degraded by the enzyme and tannin content
in legumes and results showed as expected a high negative relationship (r = - 0.83; P <0.001).

In this study we also evaluated the effect of |eaf maturity on protein degradation (data not shown) and
found that protein degradability by the enzyme was lower in mature leaves, regardless of species and
addition of PEG to reduce the activity of tannins.

Table 2. Protein of legumes (immature leaf tissue) with and without tannins that was degraded by
aproteolytic enzyme (Ficin) under incubation in awater bath

Treatment Legumes with no Legume with Tannins
Tannins
G.sepium  E.fusca L. leucocephala  C.fairchildiana  Bauhinia sp
(Protein degraded, %) (Protein degraded, %)
-PEG 58 a 450 15e 13e 2f
+ PEG 56 a 46 b 29d 37¢c 27d

a, b, ¢, d, eand f means are different (P<0.05)

The range of values on degradation observed with the Ficin assay in this study are considerable lower
than values observed in other in vitro and in vivo studies where a similar rage of legumes with and
without PEG were evaluated. Thus from these resultsit seems that the use of a proteolytic enzyme
such as Ficin can be useful only to determine the relative effects of tannins on protein degradability of
tropical legumes.



1.2.2 Milk production of cows fed legume-based supplements
Contributors: P. Avila, C. Lascano, M. Petersand L. H. Franco (CIAT)
Rationale

In CIAT’ s Forage Project we are developing forage alternatives to feed livestock in the dry season.
One of such aternativesis the shrub legume Cratylia argentea (Cratylia) that has proven to be very
drought tolerant in many tropical regions where it has been tested. Farmersin dry hillsides of CA have
been using Cratyliamainly in cut and carry systems. However, some progressive farmers have ensiled
surplus Cratylia forage in the wet season using conventiona silage technology. The use Cratyliaas a
silage in the dry season hasresulted in the replacement of purchased feed supplements, whichin turn
has had a favorable impact profits to the farmer.

The forage Project has also been evaluating different annual legumes such as cowpea (from 1ITA) and
LabLab (from CSIRO) as green manures in crop —ivestock systems. In addition, we have been
interested in looking at the feed value in the dry season of cowpea and LabLab hay harvested at pre-
flowering and after grain harvest.

There is abundant literature on production and utilization of silage and hay, but in most cases the
technology available is not useful to small farmers given that it relies on machinery (i.e. tractors and
mechanical forage harvesters) out of the reach of these farmers. Thus we have been investigating
aternative technologies such asthe* bag silage” and hay packed in bags that could be more
appropriate for smallholders livestock systems.

In this section we report the results of feeding Cratylia silage and Cowpea hay to milking cows grazing
a Brachiaria decumbens pasture in the dry season.

Materialsand Methods

CratyliaBag Silage: Cratyliaforage with 4 months regrowth was harvested by hand in afodder bank
in Quilichao and passed through an electrical forage chopper. The resulting forage was placed in
plastic bags (0.52 m x 089 m) and molasses (10 kilog/100 kilos of DM) was then added to improve the
fermentation. The forage in the bags (17 kilos/bag) was well mixed with molasses before compacting
and storing in a dark place at room temperature. The little bag silage that was made is shown in Photo
1 together with the silage that was fed to cows after three months storage (Photo 1).

Photo 1. Cratylia silage packed in bags



Cowpea Hay: Whole plants of cowpeain the pre-flowering stage (8 weeks after planting) were
harvested by hand and passed through an electrical forage chopper. The chopped forage was then sun-
dried for 3 days and then placed in polypropylene bags (0.57 m x 0.90 m). Bags with approximately 8
to 9 kilos of sun dried cowpea hay were stored at room temperature for 30 days before being fed to
dairy cows. The bags and cowpea hay fed is shown in Photo 2.

Photo 2. Hay of cowpea packed in bags

Dual- purpose cows in early lactation were assigned to one of the following treatments arranged ina 3
x 3LSD: T1: B. decumbens, T2: B. decumbens + Cratyliasilage and T3: B. decumbens + Cowpea hay.
The Cratylia silage and cowpea hay were supplemented daily (0.8 % DM of BW) to cows grazing a B.
decumbens pasture in the dry season (Photo 3). Each period had duration of 14 days of which 7 were
for adjustment and 7 days for measurements.

Photo 3. Cows grazing a Brachiaria decumbens pasture in the rainy season
(Quilichao Research Station)



Results and Discussion

The quality of the silage and hay fed are shown in Table. It is evident that Cowpea hay was of very
high quality asindicated by high digestibility (89%), high crude protein (22%) and low fiber (22%
NDF). On the other hand, the Cratylia silage had high CP (18%) but lower digestibility (57%) given its
higher fiber content (44% NDF) when compared to the cowpea hay.

Table 3. Chemical composition and digestibility of Cowpea hay and Cratylia
bag silages fed to milking cows as supplements.

Parameter Cowpea Hay Cratylia Silage
DM (%) 94.3 375
Crude Protein (%) 22,0 18.0
Neutral Detergent Fiber (%) 191 441

88.6 56.5

Invitro DM digestibility (%)

Results shown in Table 4 indicate that intake of cowpea hay was higher than the intake of Cratylia
silage, but that this difference did not trandate into a significantly higher milk yield. The
supplementation of silage and hay resulted in 11 to 18% more milk yield when compared with
production of cows receiving no supplement.

Table4. Milk production of cows grazing a Brachiaria decumbens pasture in the dry season and
supplemented with Cratylia silage and cowpea hay.

Treatment Supplement offered Supplement Consumed Milk yield
(kg of DM / kg of BW /d) (kg of DM/ kg of BW/ d) (I/cow/d)
Brachiaria 56b
Brachiaria + Cratyliabag silage 50.2 37.3 6.2a
57.3 52.3 6.6a

Brachiaria + Cowpea hay

a, b means different (P<0.05).

These results confirm previous findings that had indicated that through the use of Cratylia silage
produced and stored with conventional methods (stored in Bunker type-silo and compacted with a
tractor) farmers could replace concentrates to supplement cows in the dry season and consequently
increased their profits.

The use of plastic bagsto make silage is very appropriate for smallholders that have few milking cows.
This simple technology could & so be attractive to small farmers who do not own livestock but who
could benefit from selling “little bag silages’ to livestock owners who need extra feed for the dry



season. We need to explore the market potential of little bag silagesin smallholder systemsin hillsides
of Honduras and Nicaragua so that we can then start evaluating the feasibility and economics of this
technology with farmers.

We have been evaluating cowpea accessions from [ITA mainly as green manuresin annual cropping
systems in the llanos and hillsides of Central America. However, double purpose cowpeas devel oped
by IITA could be of interest to small livestock farmersin Central America as high quality hay for the
dry season. The results of our experiment with dairy cows clearly show that supplementing cows in the
dry season with small quantities of hay resulted in one more liter of milk per day. Thus we also need to
assess with farmer participation the feasibility and economics of hay production with high quality
annual legumes.

Activity 1.3 Assessment of quality and animal production potential of selected grass
species

Highlight

*  Milk production with anew Brachiaria hybrid that is resistant to spittlebug (A. varia) was as high
as with the Brachiaria hybrid cv Mulato and higher than with commercial accessions (B. brizantha
cv Toledo and B. decumbens cv Basilisk)

1.3.1 Milk yield with new accessions and hybrids of Brachiaria

Contributors: P. Avila, C. Lascano and JW. Miles (CIAT)
Rationale

In previous experiments we had shown that milk yield with the commercia Brachiaria Hybrid Mulato
was greater than with B. brizantha cv Toledo and B. decumbens cv Basilisk. It was also interesting to
observe that MUN values were two times greater in cv Mulato as compared to the other two
Brachiaria cultivars, suggesting a higher concentration of CP in the forage on offer.

This year we completed two short-term grazing experiments to compare milk yield in anew Brachiaria
hybrid (FM 9503-5046-024) resistant to spittlebug (A. varia) with milk yield recorded in released
cultivars (Mulato and Toledo).

Materialsand Methods

Thetwo grazing trials were carried out in arainy period (February to May, 2002) using 2 cowsha. In
each experiment atotal of 6 cows (3 Holstein and 3 Zebu Crossbredsin mid lactation) arranged in a3 x
3 Latin Square were used to measure milk yield in pastures that were mowed 3-4 weeks prior to
grazing. Each period was of 14 days of which 7 were for adjustment to the treatment and 7 for
measurement of milk yield milk composition parameters and pasture attributes.

In the first experiment we had the following treatments: T1: B. brizantha cv Toledo (control), T2:
Brachiaria hybrid cv Toledo and T3: Brachiaria hybrid 4624.

Treatments in the second experiment were: T1: B. brizantha cv Toledo, T2: B. decumbens cv Basilisk
and T3: Brachiaria hybrid 4624.
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Results and Discussion

Our results did not show a significant interaction of cow group and pasture for milk yield, so mean
values across cow types are presented in Table 5.

In the first experiment milk yield was higher in cows grazing Brachiaria hybrid cv Mulato and in the
new Brachiaria hybrid FM 9503-5046-024 as compared to what was recorded in the recently released
B. brizantha cv Toledo. In the second experiment we also observed that milk yield was higher in the
new Brachiaria hybrid FM 9503-5046-024 as compared to B. decumbens cv Basilisk and B. brizantha
cv Toledo.

Asobserved in previous experiments, MUN (Milk Urea Nitrogen) was greater in cows grazing Mulato
and the new hybrid FM 9503-5046-024 as compares with B. brizantha cv Toledo. Thislower MUN
values have been consistently associated with lower CP in the leaf tissue of Toledo, particularly when
pastures are not stocked heavily.

Our results from this year confirm that the Brachiaria hybrid cv Mulato has a higher quality than
commercial cultivars. However, it isaso of interest to see the Brachiaria hybrid FM 9503-5046-024
with resistance to spittlebug (A. varia) seemsto have asimilar quality to the commercial cv Mulato as
reflected by milk yields. This new hybrid is currently under regional evaluation and particular attention
is being placed on its seed production potential .

Table5. Milk yield of cows grazing contrasting Brachiaria pastures (Quilichao
Research Station).

Milk yield Fat MUN
Treatments (I/cow/d) (%) (mg/dL)
Experiment 1
B. brizantha cv Toledo 6.0b 4.2 6.2b
Brachiaria hybrid cv Mulato 6.7a 4.2 104 a
Brachiaria hybrid FM 9503-5046-024 71la 4.3 12.1a
Experiment 2
B. brizantha cv Toledo 51b 4.6 59b
B. decumbens cv Basilisk 55b 4.3 72a
Brachiaria hybrid 4624 6.1la 4.2 82a
a,b Means different (P<0.05)

Activity 1.4 Assessment of the potential of tanninsin legumes and saponin in tropical fruitsto
reduce methanein ruminantson grassdiets

Highlights
» Thefruit S. saponaria suppressed in vitro methane release by over 10% with grass-alone diets as

well as from grass-legume diets. However, ciliate protozoa were only reduced by S. saponariain
the grass-legume diets.

11



« The supplementation with S. saponaria significantly reduced daily methane rel ease from sheep by
over 10%.

« The supplementation with S. saponaria increased bacterial protein flow to the duodenum by 50%
in sheep fed a nitrogen deficient grass diet and by 26% in sheep fed a grass-legume diet.

e Theaddition of legumes with high levels of tannins reduced methane rel ease per unit of organic
matter fermented.

1.4.11n vitro evaluation of the effect of Sapindus saponaria on methane release and microbial
populations

Contributors: H.D. Hess (ETH Zurich), L.M. Monsave (University of Pereira), J.E. Carulla (National
University of Colombia), C.E. Lascano (CIAT), T.E. Diaz (Corpoica), M. Kreuzer (ETH Zurich)

Rationale

Previous studies (See AR IP-5 2002) had shown that the supplementation with fruits of the tropical tree
Sapindus saponaria reduced methane release from tropica diets. However, it was not clear if this
methane suppressing effect was dependent on the quality of the basal diet or not. Thusanin vitro
experiment was set up to test the hypothesis that the effect of Sapindus saponaria on methane rel ease
was independent of the quality of the diet.

Materialsand Methods

A Rumen-Simulation Technique (Rusitec) experiment was performed to compare the effects of the
dietary inclusion (1/3 of the basal diet DM) of the following three tropical forage legumes of
contrasting quality:

1) Calliandra calothyrsus (low quality, high tannin content),

2) Cratylia argentea (medium quality, moderate tannin content) and

3) Arachis pintoi (high quality, negligible tannin content), to a basal diet of Brachiaria
dictyoneura, which was aso tested without legume.

All diets were evaluated with and without the addition of Sapindus saponaria fruits (8% of the daily
DM supply).

Results and Discussion

The mean rumen fluid pH across al diets was 7.01 and the effects of legumes and S. saponaria on this
variable were minor. C. argentea and A. pintoi increased (P<0.05) rumen fluid ammoniafrom 0.3
mmol (control) to 1.8 and 2.0 mmol, respectively, but C. calothyrsus had no effect (P>0.05) on
ammonialevelsand S saponariatended (P<0.10) to reduce rumen ammonia by 17% on average.

The legumes A. pintoi and C. argentea increased bacteria counts while A. pintoi increased protozoa
counts (P<0.05). Both legumes enhanced organic matter and fiber (cellulose) degradation (P<0.05)
(Figur 3, left). C. calothyrsus had no effect on microbial counts (P>0.05) and reduced organic matter
and fiber degradation (P<0.05). Methane release was increased by C. argentea and A. pintoi by almost
3 to 4-fold relative to the grass-alone diet, whereas C. cal othyrsus reduced methane release by 50%
(P<0.05). S. saponaria reduced methane release by 11% on average (P<0.05) (Figure 3, right).
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Figure 3. Apparent organic matter and cellulose degradability (%) (on the left) and methane release (on the
right) of tropical diets containing no legumes (control) or 1/3 of C. calothyrsus, C. argentea or A. pintoi. All diets
were evaluated with and without the addition of S. saponaria fruits (8% of daily DM supply).

Adding S. saponaria to the diets tended to decrease (P<0.10) methane release relative to organic matter
degraded. Interactions between addition of legumes and S. saponaria were mostly insignificant, except
in protozoa counts (suppressed by S. saponaria only in the diet containing A. pintoi).

In general, our results indicate that the inclusion of legumesin the diets clearly elevated N supply in dl
cases and this resulted in highly significant effects of legumesin al variables related to rumen fluid N
turnover. Apparent N degradation rates from the grass-legume diets, compared to the grass-alone diet,
were reduced by about 87% with C. cal othyrsus but showed a 2-fold increase with A. pintoi and a 1.5-
fold increase with C. argentea.

These results indicate that methane release can be reduced with S saponaria when fed in combination
with pure low quality grass diets or with low quality grass diets supplemented with legumes. In
addition, our results suggest that the tannins present in C. calothyrsus could be associated with
methane reduction and that methane production per unit of OM digested was reduced when high
quality legumes were used as supplements of low quality grass diets. The higher organic matter and
fiber degradation of low quality grass basal diets supplemented with C. argentea and A. pintoi would
probably results in higher animal productivity. Therefore, the increased methane produced with these
legumes will be counterbalanced by a correspondingly higher animal productivity.

1.4.2 In vitro evaluation of the effect of tanninsin legumes on methane production

Contributors: L.M. Monsalve (University of Pereira), H.D. Hess (ETH Zurich), J.E. Carulla (National
University of Colombia), C.E. Lascano (CIAT), T.E. Diaz (Corpoica), M. Kreuzer (ETH Zurich)

Rationale

Results from the experiment reported in the previous section showed clearly that the replacement of 1/3
of low quality Brachiaria dictyoneurain the diet by Calliandra cal othyrsus significantly reduced
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methane release per unit of organic matter digested. However, it is not known which properties of C.
calothyrsus (e.g. high tannin content, low digestibility) are responsible for this effect. Thus an
experiment was set to test the hypothesis that feeding legumes high in tannins could significantly
reduce methane production.

Materialsand Methods

A Rumen-Simulation experiment using the RUSITEC was performed to evaluate the effects of a partial
(1/3) or total (1/1) replacement of Brachiaria dictyoneura by Calliandra calothyrsus. Brachiaria
dictyoneura was al so tested without the legume. All diets were evaluated with and without the addition
of PEG, atannin-binding agent that is commonly used to inactivate tannins and to evaluate tannin
related effects.

Results and Discussion

These resultsindicate that tannins could be responsible to some extent for the suppression of
methanogenesis caused by C. calothyrsus. The addition of PEG (i.e. inactivation of tannins) drastically
increased methane release from diets containing C. cal othyrsus and remained without any effect in the
grass-alone diet (Figure 4).

It iswell documented that high tanninsin tropical legumes have a negative effect on digestibility and
on intake by ruminants. In addition, tannins are known to bind feed protein in the rumen and make it
unavailable in the small intestine. Low fiber digestibility of C. calothyrsus could aso contribute to low
methane production.
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Figure 4. Invitro methane release from grass-alone (B. dictyoneura), grass-legume (B. dictyoneura/C.
calothyrsus) and pure legume (C. calothyrsus) diets, expressed as daily release per fermenter supplied with 15 g/d
of forage DM. All diets were evaluated with and without the addition of PEG (30 mg/g of forage DM).

One could speculate that by diluting tannins through the combination of legumes with and without
tannins it would be possible to reach atannin threshold that has limited effect on digestion and on
intake but can still significantly reduce methane production. However, to better define feeding systems
with legumes that have tannins we first need to understand the underlying mechanism on how tannins
and possibly fiber in tropical legumes reduce methane.
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1.4.3 1n vivo evaluation of Sapindus saponaria and legumes as supplements on rumen
fermentation and N utilization by sheep fed a low quality grass diet

Contributors: H.D. Hess (ETH Zurich), A. Abreu (National University of Colombia), R. Beuret (ETH
Zurich), M. Létscher (ETH Zurich), I.K. Hindrichsen (ETH Zurich), P. Avila(CIAT), G. Ramirez
(CIAT), A. Machmiller (ETH Zurich), J.E. Carulla (Nationa University of Colombia), C.E. Lascano
(CIAT), T.E. Diaz (Corpoica), M. Kreuzer (ETH Zurich)

Experiment 1- CIAT

Intake, digestion and duodenal nitrogen flow in sheep fed a low quality grassdiet supplemented
with fruitsfrom Sapindus saponaria and legumes

Rationale

It is known that complete and partial defaunation increase the flow of microbia and dietary protein
from the rumen to the duodenum and consequently can improve nitrogen utilization in ruminants. We
have demonstrated through in vitro studies that the incorporation of the saponin-rich fruit Sapindus
saponaria into forage-based diets reduces rumen protozoa popul ation. However, little information is
available on how S. saponaria affects nitrogen flow to the duodenum and whether these effects are
dependent on the quality of the basal diet. Therefore an experiment was carried out to study the
influence of a supplementation with fruits from S. saponaria on intake, digestion and duodena N-flow
in sheep fed tropical forage diets of contrasting quality.

Materialsand Methods

Six African-type sheep were fitted with ruminal and duodenal cannulae and allotted to one of four
treatments in an unba anced simple crossover design with a2 x 2 factorial arrangement of treatments: 2
basdl diets x 2 supplementations (with and without S. saponaria).

The forage required for the trial was harvested, dried and stored at CIAT’ s research station in
Quilichao (Caucavalley, Colombia) and fruits of S saponaria were collected in the northern cost
region of Colombia and in the Cauca Valley.

Thetraditiona low—quality diet consisted of a grass hay (Brachiaria dictyoneura cv. Llanero, 3.7%
crude protein, 72.8% neutral detergent fiber, 41.1% acid detergent fiber) and the improved diet
consisted of 75% (on a DM basis) of the same hay complemented with 25% sun -dried Cratylia
argentea leaves (18.6% CP, 60.2% NDF, 36.5% ADF).

Animals housed in individual metabolism crates were offered daily 80 g DM/kg BW®™ of foragein
two meals (8:00 and 14:00). Both diets were fed either without supplementation or with fruits of S.
saponaria as a supplement (8 g/kg BW® " per day) dosed directly into the rumen. The fruits of S
saponaria were ground using a 3 mm—screen and administered via rumen cannula. Animals were
offered aminera mix ad libitum and water 4 times a day. Sheep used in the trial were allowed to graze
for one week between experimental periods, which had a duration of 19 days, of which 7 werefor
adjustment and 13 for measurements. Forage refused and feces were collected daily and on day 17 and
18 of the measurement period, samples of duodenal digesta were taken every 6 hours and on the last
day rumen samples were collected every 3 hours to determine purines and bacterial nitrogen flowing to
the duodenum. Cr-EDTA and indigestible acid detergent fiber were used as flow markers for the liquid
and the solid phase, respectively.
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Results and Discussion

Results for intake and digetibility are presented in Table 6 and as expected, voluntary dry matter
intake was higher (+20%, P<0.001) with the grass-legume diet than with the grass-alone diet. Basal
forage intake was no affected by the administration of S. saponaria and consequently total DM intake
of animals receiving S. saponaria wasincreased. Interactions of basal diet and S. saponaria on intake
were non significant (P>0.05), but significant interactionsin digestibility were observed. The
supplementation of S saponaria reduced DM and NDF digestibility in the grass-alone diet, but no in
the grass-legume diet.

Table 6. Intake and digestibility of dry matter, neutral detergent fiber and acid detergent fiber of sheep fed a
grass-alone or a grass-legume diet either with or without Sapindus saponaria.

Variables Grass only Grass-Legume SE Significance
Control Sap. Control Sap. Diet Sap. Interact
Total intake g/d
Dry matter 692 774 834 918 46.9 0.009 0.097 0.989
DM/kg BW®"™ 423 50.0 53.5 57.8 257 0003 0035 0534
Organic matter 633 719 769 858 42.0 0.006 0.056 0.981
NDF 515 545 575 626 36.8 0.075 0.282 0.790
ADF 282 310 341 362 21.3 0.022 0.258 0.881
Digestibility %
Dry matter 51.4a  47.6b 47.6b  49.4ab 112 0.385 0.388  0.036
Organic matter 57.5 58.5 58.5 54.7 3.38 0.682 0.679  0.498
NDF 58.0a 51.0b 51.8b  53.7ab 1.98 0.392 0219 0.051
ADF 49.6a 42.4b 42.3b 40.2b 1.38 0.005 0.005 0.099

The main objective of carrying out thisfeeding trial was to test the hypothesis that the supplementation
with S. saponaria would result in a suppression of rumen ciliate protozoa and consequently in an
increased bacterial and total N flow to the duodenum. Results presented in Table 7 show that rumen
ciliate protozoa were not suppressed by S. saponaria. Instead, counts of the group of Entodinium and
of total ciliate protozoa were even increased by S. saponaria (P<0.01).

Table 7. Ciliate protozoa counts in rumen fluid of sheep fed agrass-alone or a grass-legume diet either with
or without Sapindus saponaria.

Ciliate protozoa counts Grass only Grass-Legume SE Significance
(10Y/ml) Control  Sap. Control  Sap. Diet  Sap. Interact.
Holotrichs 16 2.0 16 13 0.33 0264 0906 0.361
Entodinium 85 17.1 9.1 14.3 158 0494 0.001 0.308
Total 10.4 19.2 10.7 15.6 1.80 0421 0.002 0.290

Results on N intake, digestion and utilization are presented in Table 8. Total N intake was 128% higher
(P<0.001) with C. argentea than with the grass-alone diet and the supplementation with S. saponaria
had no effect on total N intake (P>0.10). The higher N intake with C. argentea was the result of the
higher DM intake and of the higher N content in the forage offered. A higher amount of total N (+55%,
P<0.001) and bacterial N (+30%, P<0.05) reached the duodenum when C. argentea was fed.
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The supplementation with S. saponaria tended to increase total N flow (+18%, P<0.10) and
significantly increase bacterial N flow (+36%, P<0.01) to the duodenum. Thisincrease was
considerably higher with the grass-alone diet (+50%) than with the grass-legume diet (+27%).
Apparent N absorption was increased when C. argentea was fed (+48%, P<0.05) but was not affected
by the supplementation with S. saponaria (P>0.05). However, it is worth mentioning that the apparent
N absorption was numerically increased by over 40% with the grass-alone diet when S. saponaria was
administered, which was not the case with the grass-legume diet, but due to the high variability this
difference failed to be significant.

Table 8. Nitrogen intake, digestion and utilization and volatile fatty acid concentrationsin rumen fluid of sheep
fed agrass-alone or a grass-legume diet either with or without Sapindus saponaria.

Nitrogen Grass only Grass-Legume SE Significance
Control Sap. Control Sap. Diet  Sap. Interact.
N intake (g/d) 5.54 5.74 11.86 13.91 0.800 0.001 0.179 0.29
N intake (g/kg BW"/d) 0.18 0.21 0.40 0.46 0.030 0.001 0.167 0.65
Duodenal flow (g/d) 6.64 9.14 11.85 12.74 0.958 0.001 0.098 0.44
Bacterial 3.10 4.65 4.43 5.64 0.430 0.018 0.007 0.72
Duodenal flow (% of intake) 126.2 155.7 109.9 100.6 13.71 0.021 0.468 0.20
Apparent absorption (g/d) 3.67 541 6.68 6.74 0.925 0.035 0.344 0.40
N digestibility (%) 434 36.9 46.2 53.2 769 0.230 0.974 0.42
Ruminal escape (g/d) 3.53 4.48 7.40 7.07 0.591 0.001 0.605 0.32
Rumen ammonia N (mg/l) 30.3 17.8 89.3 79.3 8.263 0.001 0.192 0.89
Volatile fatty acids (mmol/l)  103.7 121.2 116.6 125.1 595 018 0.0047 0.48
Acetate 815 91.5 90.4 92.8 458 027 020 0.44
Propionate 14.8 19.6 18.2 220 115 0.024 0.002 0.66
n-Butyrate 7.1 9.9 7.3 9.8 061 098 0.001 0.83
iso-Butyrate 0.41 0.27 0.67 0.50 0.048 0.001 0.006 0.73
Acetate/Propionate 5.63 4.77 4.98 4.24 0.173 0.005 0.001 0.75

Nitrogen apparent digestibility was similar with al diets (P>0.05), whereas ruminal escape N and
rumen ammonia N were increased when C. argentea was fed but remained unaffected by the
supplementation with S. saponaria (P>0.05). The interactions between quality of the diet offered and S.
saponaria on nitrogen intake, digestibility and duodenal N-flow were non-significant. This indicates
that the potentia of S. saponaria to increase bacterial N flow is not dependent on quality of the basal
diet.

The supplementation with C. argentea and S. saponaria affected concentration of individual volatile
fatty acids. Both supplements had no effect on acetate concentration but increased the concentration of
propionate. While the legume did not affect n-butyrate, it was clearly increased by S. saponaria. This
higher n-butyrate concentration could be related to the relatively high sugar concentration of S,
saponaria (21% of DM). The legume also increased the concentration of iso-butyrate, which is one of
the end products of degradation of true protein in the rumen.

Thisfinding is an indication that rumina protein degradation was enhanced when the legume was fed
and isin agreement with the higher rumen ammonia levels observed with diets containing C. argentea.
In contrast, supplementation with S. saponaria reduced the iso-butyrate concentration, suggesting that
this feed ingredient suppressed protein degradation. Finally, C. argentea and S. saponaria
independently shifted the volatile fatty acid production towards lower acetate to propionate proportion.
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Results from this study confirm previous studies that indicated that the inclusion of Cratylia argentea
into diets based on low-quality hay increased total dry matter and nitrogen intake and improved
nitrogen absorption. They also show that supplementation with the saponin-containing fruits of
Sapindus saponaria may increase bacteria nitrogen flow to the duodenum independently of the quality
of the basal diet. It isinteresting to note that supplementation with S. saponaria may increase bacteria
N flow to the duodenum even though rumen protozoa counts are not suppressed.

Finally, our resultsindicate that supplementations with C. argentea and S. saponaria improve the
efficiency of rumen fermentation by shifting the volatile fatty acid production towards lower acetate to
propionate ratio. The effects of the two supplements were independent and additive, thus the highest
nutritional efficiency was obtained with the combination of C. argentea and S. saponaria.

Experiment 2-ETH-Zurich

Methane release and energy and nitrogen utilization of sheep fed alow quality grassdiet
supplemented with fruits from Sapindus saponaria and legumes

Rationale

Previous in vitro-experiments showed that the inclusion of fruits of Sapindus saponaria into tropical
forage-based diets could suppress methane released by over 10%. However, no information was
available on its effect on methane release in vivo. Thus arespiratory chamber experiment was carried
out to study the influence of a supplementation with fruits of S. saponaria on energy and nitrogen
utilization and methane release of sheep fed tropical diets.

Materialsand Methods

Three basal diets with contrasting forage quality were used. The traditional diet consisted of alow
quality hay (Brachiaria dictyoneura cv. Llanero), and in the other two diets 1/3% and 2/3% of the
grass sun-dried leaves of the shrub legume Cratylia argentea replaced hay. All three diets were fed
either with a concentrate containing 25% S. saponaria or with acontrol concentrate without S,
saponaria. Animals were offered 60 g/kg BW®™ of forage and 21 g/kg BW®" of concentrate per day.
Six growing Swiss White Hill sheep (initial body weight 30.1+2.8 kg) were allotted to one of the six
treatments in a complete Latin-Square design with 3 x 2 factorial arrangement of treatments (3 basal
diets x 2 concentrates) and 6 experimental periods of 21 days each.

Thefirst 12 days of each experimental period were used for adaptation, days 13 to 20 for measurement
of forage intake and total collection of feces and urine (Photo 4, right) and day 21 for blood and rumen
liquid sampling. Respiratory measurements were carried out (Photo 4, |eft) during two 22.5 h-periods
on days 19 and 20.

The forage required for the trial was harvested and dried at CIAT’ s Research Station in Quilichao
(CaucaValley, Colombia) and fruits of S. saponaria were collected in the rural areanear Cali (Cauca
valley, Colomhia). Forage and fruits were then shipped to Switzerland and stored at the ETH-Zurich.
The two concentrates were formulated to contain similar amounts of protein, fiber and energy.
Approximately 180 kg of each concentrate were mixed and pelleted at the Institute of Animal Sciences
at the ETH-Zurich.
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Photo 4. Sheep during measurements in respiratory chamber (on the left) and during collection period in
metabolic crates (on the right).

Results and Discussion

Up to now, only data from four of the six measurement periods have been analyzed. However, some
effects are already evident. Supplementing legume significantly increased:

Tota daily dry matter, energy and nitrogen intake

N apparent digestibility and retention,

Rumen ammonia and blood urealevels, and

Flows of dietary and microbial nitrogen to the duodenum.

pODPE

On the other hand, legume supplementation reduced apparent digestibility of OM, neutral detergent
fiber and acid detergent fiber but did not affect energy retention and methane emissions.
Supplementation with S. saponaria had no effect on dry matter and nutrient intake, but reduced the
apparent digestibility of organic matter, nitrogen, fiber and energy. Additionally, S. saponaria shifted
N excretion from urine to feces (more N in feces and lessin urine), tended to reduce total N losses and
to increase the flow of microbia nitrogen to the duodenum. S. saponaria had no significant effect on
rumen ammonia but reduce the concentration of ureain blood.

Finally, the supplementation with S. saponaria clearly suppressed rumen ciliate protozoa by 70% and
daily methane release per animal by over 10%. No interactions between the legume and the S.
saponaria supplementation were observed.

The results from this study are in line with those from our in vitro experiments that indicated that S

saponaria has a high potential to suppress rumen ciliate protozoa and methane emission of ruminants
fed tropical diets of contrasting quality.
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Activity 1.5 Adjustment of methods for smultaneous evaluation of tropical legumesfor feed and
soil improvement

Contributors: K. Tscherning (University of Hohenheim), E. Barrios (CIAT), C. Lascano (CIAT), R.
Schultze-Kraft (University of Hohenheim), M. Peters (CIAT), G. Ramirez (CIAT)

Highlight

« Found that IADF (Indigestible acid detergent fiber) fraction was highly correlated with extent
and rate of decomposition of legumes under aerobic (soil) and anaerobic (rumen) conditions

1.5.1 Assessment of the effect of drying plant material on aerobic and anaer obic decomposition
of legumes of contrasting legume quality

Rationale

It is recognized that |egume species are useful to enhance existing feed resources and to contribute to
soil fertility in mixed livestock-cropping systems through their use in associated grass-legume pastures,
as green manure or as mulch.

In mixed crop-livestock production systems legume quality is a key factor to obtain maximum benefits
in terms of rate and extent of N release in the rumen or soil. Consequently, Animal Nutritionists and
Soil Scientists have been interested in defining plant quality parameters that are correlated with release
of nutrients from topical legumes. However, research in quality of legumes as it relates to ruminants or
soil has been carried out in an independent manner and consequently there has been very little
information sharing on methodological aspects.

Decomposition of plant material in the soil is mainly mediated by microbial population and to lesser
effects by soil macrofauna. Plant decomposition is often determined using the litterbag technique
whereby plant material is placed in or on the soil in series of nylon litterbag. Decomposition isthen
determined by sampling the bags over time (usually several weeks or months) and the results (DM
disappearance and N release) are then related to plant chemical entities. This method is resource -and
time- consuming, but provides valuable data for comparing plant species in terms of their relative
decomposition and nutrient release patterns.

Ruminants also decompose plant material through microbes that degrade plant protein and cell wall
constituents to ammonia, amino acids and volatile fatty acids, which are then used by microbes for
protein synthesis. To measure the extent and rate of nutrient rel ease from plant material used as afeed
resource, samples are incubated with rumen microbes using in vitro systems or alternatively usingin
situ techniques, which follow the same principle of the soil nylon litterbag method.

It is recognized that soil and rumen processes involved in plant degradation have fundamental
differences namely an anaerobic agueous environment in the rumen, higher number of microbes and
much faster degradation rates in the rumen compared with soil. Despite these differences, the extent
and rate of nutrient release from plants in the two processesis greatly affected by compositional factors
of the plant (i.e. N level, lignin, condensed tannins).

Thus we areinterested in testing the hypothesis that that similar plant chemical entities control
decomposition and the release on nutrients in the rumen and soil and that in vitro values on rates and
extents of digestion by rumen microbes can be used to predict decomposition values of legume plant
materia in the soil.
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To test these hypotheses we setup a research program, which involves three phases:

a) Laboratory studiesto determine rates and extent of aerobic and anaerobic degradation of plant
material from legumes with contrasting quality subject to different drying treatments and using
different methods.

b) Laboratory studiesto determine rel ationships between plant chemical entities and aerobic and
anaerobic decomposition and release of nutrientsin arange of legumes of contrasting quality.

c) Field studies using selected legumes as green manures and indicator cropsto validate
predictions of equations of nutrient release and in vitro anaerobic and aerobic results.

We hope that through this research we can produce the following outputs:

a) Know applicability of in vitro methods used to assess feed value of forages to define potential
decomposition and release of nutrients from legumes when used as feed resource or to improve
soil fertility.

b) Known chemical entitiesin plant material that control the extent and rates of decomposition of
tropical legumes in the rumen and soil.

c) Guidelinesfor quick and reliable assessment of the value of tropical legumes as feed resources
and to improve soils

In this report we summarize results from the first series of laboratory studies and greenhouse trials not
shown in the 2001AR. The second phase of the work was started in August, 2002 and results will be
reported next year.

Materialsand Methods

In the first phase the following woody tropical legumes were utilized: a) |. constricta (Ilow tannin
content), b) C. argentea (medium tannin content) and, ¢) Calliandra spp (high tannin content).

Plant material from the three legumes growing in a hillside site (Pescador, Cauca) was harvested after 6
weeks of regrowth and selected plant materia (leaf + fine stem) where subject to the following drying
treatments prior to aerobic and anaerobic incubation: fresh, frozen, freeze-dried, oven-dried (60°C) and
air-dried.

Results on gas production, DM decomposition and mineralisation over time were fitted to appropriate
regression modelsto estimate rates. Correlation analysis was then performed between dependent and
independent variables.

Results and Discussion

Results presented last year showed that drying treatments had a significant effect on the chemical
composition (quality) of the three legumes included in the test (see Annua Report 2001). For all
legume species, oven drying resulted in more fiber and lignin than freeze-drying or air-drying possibly
as a consequence of artifacts formed by heat damage (Maillard reaction). However, this effect did not
lead to a consistent reduction of DM degradation (litterbag and in-vitro digestibility experiments) or N
mineralisation (leaching tube experiment) of the legumes under test as we had expected based on
resultsin the literature.

Of the legumesincluded in our study, I. constricta (no tannins) was the one with the highest quality
given itslower fiber and lignin concentration and higher N level when compared to the other two
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species. In the case of C. argentea (low levels of condensed tannins), the main factor affecting its
quality would seem to be the high and lignified cell wall fraction. On the other hand, degradation of
Calliandra spp (high levels of fiber and condensed tannins) could be more related to its high tannin
content than to the high lignin content.

The rate of DM disappearance of 1. congtricta under aerobic conditions was 4 times greater than C.
argentea and 7 times greater than Calliandra spp. However, under anaerobic conditions the rate of gas
production of 1. constricta when averaged across drying treatments was only 1.4 times greater than
with C. argentea and 3.5 times greater than with Calliandra sp. (see table in annual report 2001).

As anticipated, net mineralisation rate (Ieaching tube experiment) was significantly higher for
I.constricta than for C. argentea. The lowest mineralisation rate was observed with Calliandra spp,
which also showed a mineralisation pattern with an initial net immobilization rate. Given that the
pattern of mineralisation was so different for Calliandra spp. relative to other species, it was not
possible to adjust the Calliandra spp mineralisation pattern to the same exponential model used for I.
constricta and C. argentea.

Results shown in Table 9 indicate that cell wall content (NDF) was poorly correlated to DM lossin the
anaerobic rumen in vitro system and in the aerobic soil litterbag or leaching tube system, but that
negative and significant correlations were observed with ADF (cellulose + lignin) and with lignin
content. The highest correlations were obtained after adjusting the lignin fraction with condensed
tannins under aerobic and anaerobic conditions and with indigestible fiber (INDF).

Table 9. Relationship between different plant chemical components, gas production and dry matter (DM) loss
(rate and extent) in an anaerobic in vitro gas production system and an aerobic soil litterbag and leaching tube
system.

Anaerobic Conditions- Aerobic Conditions- Aerobic Conditions-
Rumen Microorganisms Soil Microorganisms Soil Microorganisms
Gas Production DM loss Mineraisation
r r r
Plant chemical entities Extent Rate Extent Rate Extent
| * _ * _ * _ * -
NDF 0.13 0.21 0.28 0.27 0.35 (P<0.1570)
| * | * _ * _ * -
ADF 0.65 0.65 0.68 0.6 0.73 (P<0.0005)
Ligni -0.74 * -0.66 * -0.79* -0.70* -0.72 (P<0.0007)
ignin
| * | * _ * _ * _ *
Condensed Tannins (CT) 0.80 0.56 0.76 0.58 0.74
| * | * _ * _ * _ *
Lignin + CT 0.95 0.92 0.91 0.68 0.84
| * _ * ~ * | * _ %
IADE 0.91 0.87 0.92 0.75 0.90
* = P<0.0001

Our results showed high positive corréations for the maority of rates and extents of degradation
measured under aerobic and anaerobic conditions (Table 10). The highest positive correlation between
anaerobic and aerobic conditions was found between extent of gas production under anaerobic
conditions and extent of dry matter loss under aerobic conditions. Also a high positive correlation was
found between extent of gas production under anaerobic conditions and extent of mineralisation under
aerobic conditions.
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Results confirm that decomposition and mineralisation of legume plant material in the soil using the
litterbag and leaching tube technique is highly correlated with gas production using in vitro anaerobic
methods, indicating potentials for time and cost savingsin evaluation of forages. While with the
litterbag it takes 20 weeks to determine the extent and rate of decomposition of plant materia in the
soil with the in vitro anaerobic system it only takes 72 h to determine the extent of degradations of DM
from plant material.

Our results also suggest that differencesin plant quality attributes could be more important than sample
preparation in determining the extent and rate of decomposition of plant material in the soil and rumen.
In 2001, we concluded that the aerobic and anaerobic degradation of the legumes used is afunction of
indigestible fractions of the cell wall such aslignin alone or corrected for the presence of condensed
tannins. These findings were confirmed in 2002, showing the high correlations between IADF with
aerobic and anaerobic degradation.

Table 10. Relationships between rates and extents of anaerobic (gas production with rumen
microbes) and aerobic (DM disappearance in litterbags, mineralisation in leaching tubes)
degradation of legumes.

Aerobic Conditions- Soil Aerobic Conditions- Soil
Microorganisms Microorganisms
System and Variable DM Loss Mineralisation
r r
Extent Rate Extent
Anaerobic-Conditions Rumen
Microorganisms
Gas Production-Extent of 0.92* - 0.87*
degradation
Anaerobic Conditions- Rumen
Microorganisms
Gas production -. - 0.49* -
Rate of degradation
* = P<0.0001
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OUTPUT 2: Grassand legume genotypeswith known reaction to pests and diseases and
interaction with symbiont organisms ar e developed

Activity 2.1  Study the bioecology of spittlebug speciesin contrasting environments
Highlights

¢ Information on the comparative biology of nine spittlebug species summarized to establish trends
and patterns of variation

» Life table analysis of three spittlebug species carried out for the first time to describe population
parameters

*  Verbal and quantitative models developed to explain the phenology of spittlebug populations in
seasonal environments and predict the arrival of the first generation outbreak

¢ Evidence obtained to explain two key aspects of spittlebug phenology: acceleration of diapause
termination through exposure of eggs to drought conditions and post-diapause quiescence with
drought tolerance

¢ A new report of spittlebugs attacking sugar cane in Colombia was investigated and documented
2.1.1 Biology of spittlebug species

Contributors: Jairo Rodriguez, Oscar Yela, Ulises Castro, Daniel Peck

Rationale

A major barrier for advancing the management of spittlebugs in grasses is the lack of biological
information on specific pest species. This has led to a weak understanding of the patterns of variation
in this insect group and has contributed to an overgeneralization of this complex pest problem.
Describing the patterns of variation in biology across this diverse group will depend on more detailed
studies of currently unknown species. Tailoring IPM strategies to the particular species and habitats of
concern will also depend on this information. To establish this foundation, results from the studies of
Colombia’s grass-feeding spittlebugs are summarized and some trends highlighted. In addition, life
table analyses were carried out for the first time in spittlebugs. Zulia carbonaria was chosen as the
model species to establish methodologies to further quantify relevant demographic parameters,
overcome technical difficulties in the comparative study of reproductive biology, and compare results
to previous life cycle studies. Although not presented here, we have gone on to obtain life table
information for M. andigena and P. ssimulans as well.

Materialsand Methods

Comparative biology. The biology of nine grass-feeding spittlebug species from Colombia were
studied from 1996 to 2002 using comparative methodologies previously established at CIAT. To
differentiate among the life stages, morphological measures were made of eggs, nymphs and adults.
To quantify the life cycle, duration of life stages were followed under controlled conditions. And to
begin to describe the reproductive behavior, oviposition site preferences were determined. To have
access to all life stages, small colonies were established in the greenhouse with eggs collected from
field-caught adults. To differentiate among the developmental stages, these were characterized



morphologically. With the aid of a stereoscope and ocular micrometer, certain aspects of the external
morphology were measured for four developmental stages of the eggs, five nymphal instars, both sexes
of late instar V (Vb) and both adult sexes.

To quantify the duration of life stages, eggs, nymphs and adults were observed under controlled
conditions. For the adults, tenerals (<12 hours old) from the colony were confined in cohorts of four
individuals under acetate sleeve cages over pots of the host plant; mortality was assessed daily. For the
nymphs, recently emerged first instars (<12 hours old) were placed in individual pots of host plant
established with abundant surface roots that nymphs require as feeding sites. Transformation from one
instar to the next was determined by direct observation of the nymph itself or the molted exuvia. The
mean longevity of each life stage was calculated from observations of 40 individuals. For the eggs,
duration of the developmental stages was determined under controlled conditions (27°C, 100% RH,
total darkness). Recently laid eggs (<24 hours old) were maintained on moist filter paper in petri
dishes and observed daily. The mean duration of each of the four generalized developmental stages
was calculated from observations on 100 eggs.

To study oviposition sites as part of the description of reproductive biology, field conditions were
replicated in the screenhouse. The soil surface was specially prepared with soil oviposition substrate
and 2 g leaf litter was dispersed on top. Each pot was infested with two females and two males from
the colony and 10 days later eggs were recovered from three oviposition substrates: soil, leaf litter and
the plant surface.

Lifetableanalysis. Life tables were established for spittlebugs for the first time, using Zulia
carbonaria as the model species. This research was carried out in 2002 under laboratory conditions
and in the screenhouse (mean min/min temperature 19.5/29.5°C, and minimum RH of 56.3%). Adult
female Z. carbonaria were collected in the field and confined in groups of six individuals in each of 10
large petri dishes lined on the bottom with humid filter paper that served as oviposition substrate.
Stems of Brachiaria ruziziensisheld in a microvial filled with water served as a food source. After 24
hours all eggs were removed and put in groups of seven in sectioned dishes. Eggs were kept under
controlled conditions (27°C, 100% RH, complete darkness) and observed daily to record survivorship
and mortality in each of the four developmental stages. A life table was calculated from these data
based on an initial cohort of 100 eggs. Upon emergence, each nymph (<12 hours old) was transferred
to the screenhouse and placed in pots of B. ruziziensis specially prepared with abundant surface roots
for feeding sites and spittle mass establishment. These pots were covered with a lid that had a hole
through which the plant stems emerged. Nymphs were observed daily to determine advancement to
the next instar through direct observation or detection of the exuvia.

Once adults emerged, data were collected for the female fertility table. Females were maintained under
acetate sleeve cages over pots of B. ruziziensis. Oviposition substrate (2 cm thick) was provided in an
inverted lid fitted in the top of the pot with an opening through which the plant stems emerged. Each
pot was infested with one female and two males, the latter replaced when dead to provide continual
presence of the opposite sex. Every three days females were transferred to new pots. Eggs were
recovered from the soil substrate and the plant stem. Calculations were based on an initial cohort of 30
females.

The fecundity of Z. carbonaria females was determined based on the number of eggs laid by the initial
cohort of 30 individuals. The fertility table was calculated from the longevity of the females, rate of
oviposition and sex ratio (based on previous biological studies). Once the fertility table was
constructed the following demographic parameters were calculated. Generation time, T, was the mean
period between birth of the parents and birth of the progeny, based not only on duration of the
immature and adult stages but on the preoviposition period and duration of the oviposition period. Net
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replacement rate, Ro, was represented as the mean number of female progeny a female leaves in a
generation, a function of survival and fecundity. The innate capacity for increase, 1y, is the potential
increase in a population under optimal conditions given an initial cohort.

Results

Compar ative biology. Eggs of all species passed through four developmental stages (S1, S2, S3, S4)
distinguished by external characteristics and usually accompanied by an increase in size from one stage
to the next (Table 11). Eggs were spindle-shaped and varied from white to creamy yellow to
brownish-yellow in color. Generally, in S1 eggs were recently laid with no particular externally visible
signs of development. In S2 a spot of red pigment was usually visible and the operculum had darkened
to reveal a gray streak below the chorion. In S3 the chorion opened to expose the black operculum and
the red spot was usually no longer visible. In S4 two pairs of red spots were visible, the posterior
representing the Batelli glands of the abdomen and the anterior representing the eyes of the developing
nymph. Each progressive stage was usually accompanied by a statistically significant increase in both
length and width. Total egg development time varied from 14.1-18.0 among species, and up to a
maximum of 310 days (A. reducta) for quiescent or diapausing eggs.

Table 11. Differentiation of egg developmental stages.

Species Length Width

S1 S2 S3 S4 S1 S2 S3 S4
Aeneolamia lepidior a b c c a b c d
Aeneolamia reducta a a b c a b c d
Aeneolamia varia a a b c a b c d
Mahanarva andigena a b c d a b c d
Mahanarva trifissa a ab b c a a b c
Prosapia simulans a b c d a b c d
Zulia carbonaria a a b c a b c d
Zulia pubescens a a b c a b c d
Zulia sp. nov. a ab b c a b c d

For each species and parameter, different letters indicate statistically significant
differences in the mean (a, b, c, d assigned smallest to largest).

Five instars were confirmed for the nymphs of all species, accompanied by an increase in head capsule
width, body, stylet and wing pad length; head capsule width was the most diagnostic because of little
overlap among instars (Table 12, Table 13).

Table 12. Differentiation of nymphal instars: head capsule width and stylet length

Species Head capsule width Stylet length

1 11 111 v Vv 1 11 11T I\ \4
Aeneolamia lepidior - - - - - - - - - -
Aeneolamia reducta a b c d e a b c d e
Aeneolamia varia - - - - - - - - - -
Mahanarva andigena a b c d e a b c d e
Mahanarva trifissa a b c d e a b c d e
Prosapia simulans a b c d e a b c d e
Zulia carbonaria a b c d e a b c d e
Zulia pubescens a b c d e a b c d e
Zulia sp. nov. a b c d e a b c d e

For each species and parameter, different letters indicate statistically significant differences in
the mean (a, b, c, d assigned smallest to largest).
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Table 13. Differentiation of nymphal instars: anterior wing pad and body length.

Anterior wing

pad length Body length
Species nm 1Iv Vv I I 1 IV Vv
Aeneolamia lepidior - - - - - - - -
Aeneolamia reducta a b c a b c d e

Aeneolamia varia -
Mahanarva andigena
Mahanarva trifissa
Prosapia simulans
Zulia carbonaria
Zulia pubescens
Zulia sp. nov. a b c a b c d
For each species and parameter, different letters indicate statistically significant
differences in the mean (a, b, ¢, d assigned smallest to largest).
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Stylet length decreased from the fifth instar to the adult in most species. There was sexual dimorphism
expressed as the smaller size of male adults and late fifth instars in most species, and a trend toward
brighter coloration in male adults in some species (Table 14).

Table 14. Differentiation of adult sexes.

Head Body length

capsule | Stylet | Forewing | Without | With Body

width length length Wings Wings width
Species M F| M F M F M F M F| M F
Aeneolamia lepidior a bl a a a b a bl a Db| a b
Aeneolamia reducta a b a b a b a b a bl a b
Aeneolamia varia - - - - - - - - - - - -
Mahanarva andigena a bl a b a b a b a bl a b
Mahanarva trifissa a b a b - - - - - -] a b
Prosapia simulans a bl a b a a a b a b| a b
Zulia carbonaria a bl a a a b a b a b| a b
Zulia pubescens a bl a b b b a b a a| a a
Zulia sp. nov. a bl a a a b a b a b| a b

For each species and parameter, different letters indicate statistically significant differences in
the mean (a, b, ¢, d assigned smallest to largest).

Life cycle varied by 30 days (45.3-75.5) (Table 15). For eggs, nymphs and adults, the range of
variation in duration was 14.1-18.0, 26.1-48.4 and 6.2-21.4 days, respectively. Seven of the nine
species oviposited primarily in the soil, while Prosapia simulans preferred the stem surface and Zulia
pubescens both stem and soil. Litter was the least preferred substrate receiving 0.0-8.2% of eggs with
the exception of 22.7% in the case of Mahanarva trifissa.

Lifetableanalysis. Under the conditions of the egg to adult study, mortality was 46.6%, that is 53 of
the original cohort of 118 individuals died in the immature stages. The life table parameters for Z.
carbonaria are summarized in Table 16. During the egg stage, dx (proportion of the original cohort
that dies during each life stage) was highest (9.3%) in S1. Nymphs had the highest dx (25.4%) in
instar I. The total mortality exhibited during the immature stages was 46.6%, divided in 10.1% and
36.3% for the egg and nymphal stages, respectively. The k-values for immature Z. carbonaria under
the conditions of this study were 0.27 represented by 0.05 for the eggs and 0.23 for the nymphs (Table
16, Figure 5).
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Table 15. Duration of life stages and oviposition sites of nine spittlebug species in Colombia

Duration (days)

Oviposition sites '

Surface of
Species Egg Nymph Adult Total® Soil  Litter  plant stem
Aeneolamia lepidior 14.1 354 6.2 52.6 79.7 5.7 14.6
Aeneolamia reducta 15.8 261 6.8 453 90.4 8.2 1.4
Aeneolamia varia 17.2 30.8 7.2 51.6 97.6 1.7 0.7
Mahanarva andigena 16.4 48.4 21.4 75.5 67.6 0.0 32.4
Mahanarva trifissa 17.0 44.2 6.8 64.6 74.0 22.7 33
Prosapia smulans 18.0 45.6 17.8 72.5 17.4 0.0 82.6
Zulia carbonaria 17.4 42.4 19.6  69.6 99.4 0.6 0.0
Zulia pubescens 14.3 38.0 18.4 61.5 40.4 0.4 59.2
Zulia sp. nov. 14.6 42.7 14.2 64.4 10.0 0.0 0.0
" Percent of eggs recovered in each substrate.
% Equivalent of egg + nymph + % adult
Table 16. Life table parameters for immature stages of Z. carbonaria on B. ruziziensis.
Stage ax Ix dx gx kx
Egg S1 118 1.000 0.093 0.093 0.042
Egg S2 107 0.907 0.000 0.000 0.000
Egg S3 107 0.907 0.008 0.009 0.004
Egg S4 106 0.898 0.000 0.000 0.000
Instar [ 106 0.898 0.254 0.283 0.144
Instar II 76 0.644 0.025 0.039 0.017
Instar III 73 0.619 0.042 0.068 0.031
Instar IV 68 0.576 0.000 0.000 0.000
Instar V 68 0.576 0.042 0.074 0.033
Adult 63 0.534
> 0.466 0.271
ax =number of individuals at start of each life stage
Ix =age-specific survivorship
dx =proportion of individuals dying in each life stage
gx =rate of mortality
kx = age-specific mortality (“killing power™)
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Figureb5. Rate of mortality and killing power for the immature stages of Z. carbonaria in laboratory conditions.
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Mean (£ S.E.) longevity of the females under the conditions of this study was 34.2+11.6 days (Figure
6). Mean lifetime fecundity was 125.8+82.9 eggs per female, with a fertility of 97.9% (Table 17).
During the study oviposition rate peaked near the half life of the females where 16.6% of eggs were
recovered (Figure 7). The demographic parameters generation time (T), net replacement rate (Ro), and
intrinsic rate of growth (r,,) summarize the behavior of Z. carbonaria on B. ruziziensis (Table 18). The
generation time was calculated as 78.2 days, net replacement rate (Ro) as 125.8 times; the intrinsic rate
of natural increase showed that Z. carbonaria produces 0.06 females/day throughout the generation
time. Finally, finite rate of multiplication was 1.06 females/day.

1.0

0.8

0.6 +

Ix

04 +

02 +

0.0 t t } } } } } } }
Egg S1 Egg S2 Egg S3 Egg S4 Instar Instar Instar Instar Instar Adult
| 1 i v \%

Developmental stages

Figure 6. Survivorship curve of Z. carbonaria on B. ruziziensis under laboratory conditions

Table 17. Fecundity of Z. carbonaria females in under screenhouse
conditions on B. ruziziensis.

Day Total eggs laid Mean £ S.E. n (females)
3 1 0.03+0.18 a 30
6 88 3.03+8.22 b 29
9 264 9.43+16.00 d 28
12 392 15.08+13.60 ¢ 26
15 626 25.04+13.74 25
18 401 16.04+13.34 ¢ 25
21 405 16.88+11.05¢ 24
24 431 17.96+17.43 ¢ 24
27 434 17.67+x11.31 e 24
30 330 13.7549.37 ¢ 24
33 231 10.04+7.25d 23
36 134 6.3845.53 d 21
39 27 3.86+4.81 ¢ 7
42 16 4.00+2.16 ¢ 4
45 3 3.00£0.00 b 1

Means followed by different letters are significantly different (P<0.05).
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Figure 7. Oviposition rate of Z. carbonaria on B. ruzZiziensis under laboratory conditions

Table 18. Demographic parameters for females of Z. carbonaria on B. ruziziensis

Parameter Value
Time to development (days) 59.83
Rate of survival (%) 53.40
Sex ratio (M:F) 1:1
I'm, Innate cpacity for increase (individuals/day) 0.063
Ro, Net replacement rate (progeny/individual) 125.77
T, Generation time (days) 78.20
A, Finite rate of multiplication (females/day) 1.06

Discussion

The biological variation exhibited by Colombia’s grass-feeding spittlebug complex is relevant to
effective pest management. This new information both strengthens certain trends and broadens the
known variation in this diverse and damaging pest complex of Neotropical forage grass and sugar cane.

The survival of Z. carbonaria from egg to adult was 21.3% less than that determined for Prosapia
simulans under the same conditions (CIAT 2001). The highest mortality rate was suffered by the
nymphal stage, 26.2% higher than the egg stage. The mortality measured for the immature stages of Z.
carbonaria (46.4%) was higher than that measured in P. Simulans where mortality in eggs and nymphs
was 2.1 and 19.1%, respectively. The overall k-value for Z. carbonaria (0.27) was 0.14 times higher
than P. simulans. The highest k-value for Z. carbonaria was for the nymphal stage while in P.
simulans the greatest value was for the egg stage.

The longevity of females under these conditions exceeded by 13.8 days the longevity reported in
previous biological studies (CIAT 2000). This difference is partially due to the provision of fresh
material every 3 days in the case of the present study. Daily fecundity of females (3.7 eggs/day) is
lower than that observed in A. varia (10.6 eggs/day, unpublished data). Fertility rates were similar to
M. andigena (94.3%) and P. simulans (95.1%). The generation time (78.2 days) is considerably higher
that that estimated from field population studies (63.2 days) partially because the latter did not include
an estimation of the age of first reproduction and sequence of oviposition as included in the fertility
table.
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2.1.2 Phenology of spittlebug populationsin thefield

Contributors: Ulises Castro, Daniel Peck, Anuar Morales, Jairo Rodriguez, Oscar Yela (CIAT),
Antonio Pérez (UniSucre), Guillermo Ledn (C.1. La Libertad)

Rationale

In ecoregions with a defined rainy season, management of spittlebug populations may depend on
suppression of the first population outbreak before the adults lay eggs and contribute to future
generations or before they colonize previously uninfested areas of the farm (CIAT 2001). Predicting
when and where on the farm the first focal outbreaks occur will help target control tactics and establish
control strategies. Given the correspondence between the rainy season and the occurrence of spittlebug
nymphs and adults, it should be possible to predict the arrival of the first generation based on the
nature and timing of the first rains together with information on the determinants of diapause
termination.

Predicting the first generation of insects in regions with a marked seasonality will depend on a detailed
understanding of the behavior of the eggs in combination with population dynamics surveys and
meteorological data. It is known that the abrupt outbreak of nymphs that occurs at the beginning of the
rainy season is not related to the eclosion pattern of eggs under continually humid conditions in the
laboratory. It is postulated that eggs terminating diapause are able to enter a state of post-diapause
quiescence in which they are still tolerant to drought conditions (Output 2.1.3). These eggs are poised
to continue developing and eclose once adequate conditions of moisture return. The nature of the
return of the wet season rains, therefore, could determine the synchrony and magnitude of the first
generation.

In Colombia, the spittlebug complex varies across different ecoregions, therefore any predictive
models need to be tailored according to the diapause syndrome of the major species and the
agroecological characteristics each region. In this output we summarize the status of a verbal and
quantitative model to predict the time of arrival of the first spittlebug generation.

Materialsand Methods

This research was carried out in three contrasting ecoregions of Colombia: the Cauca River Valley
(Cauca), Caribbean Coast (Sucre) and Orinoquian Piedmont (Meta). The Cauca Valley features a
bimodal precipitation pattern where the rainiest months are March-May and September-November with
a mean of 1800 mm/yr; the predominant spittlebug species is Zulia carbonaria. The Orinoquian
Piedmont is unimodal for precipitation where the rainiest months are March-November and mean
annual precipitation is 2730 mm/yr; the predominant spittlebug species is Aeneolamia varia. The
Caribbean Coast is unimodal for precipitation where the rainiest months are April-October, and mean
annual precipitation is 1039 mm/yr; the predominant spittlebug species is Aeneolamia reducta.

Specific site characteristics are described elsewhere (CIAT 2001).

Three plots of 0.5 ha were selected in each survey site in pastures of Brachiaria spp. (Cauc, Meta) and
Bothriochloa pertusa (Sucre). Each plot was divided into four subplots to facilitate subsampling of the
different spittlebug life stages. Surveys were initiated two months before the rainy season and were
carried out twice weekly. Once the rainy season was underway surveys were increased to twice
weekly until the end of the first population peak of nymphs and adults.

Nymph surveys comprised counts in two quadrats (0.25 m?) per subplot, or 8 per plot, in which the
occupants (nymphs, teneral adults) of all spittle masses were collected and identified to instar in the
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laboratory. This provided a measure of the absolute abundance of the different life stages and
documentation of the progression of the spittlebug generation through the nymphal instars to teneral
adults. Adult surveys comprised 50 sweeps with an insect per subplot, or 4 series of 50 per plot,
between 09h00 and 11h00; spittlebug adults were collected and identified in the laboratory to sex and
species. This provided a measure of the relative abundance of adults.

In this analysis repetitions were the years in which these population surveys were carried out in the
three sites: 3 years for Cauca and Meta and 4 years for Sucre. For each region and year the population
fluctuation data for nymphs and adults were analyzed in terms of cumulative insect-days (or
cumulative area under the population curve) to control for variation in number and frequency of
surveys. From these data we calculated the date of 50% cumulative insect-days as a measure of when
that life stage reached peak abundance. This analysis allowed a comparison of the life cycle of each
species and the precipitation pattern that originated the first generation. It was considered that the
precipitation event that prompted the eclosion of eggs was that which occurred during the diapause egg
stage S2; to identify this event we back-calculated from the nymph and adult population peak
according to known information on duration of the life stages (Figure 8).

To predict the timing of the first generation, repetitions were the different survey dates and the
respective percent cumulative insect-days. This relationship was best described as linear and therefore
a simple linear regression model was applied to estimate time of arrival of the first generation in each
region. Models were adjusted so that time 0 was considered as the date of precipitation that gave
origin to the population.

— Nymphs —&—Adults - - = = Precipitation

50

90 151 1(’]4 1(’)7 12’[0 113 117 1;2 1;1 139 149 159 170
Julian date
Figure 8. Precipitation and life cycle of A. reducta, Sucre, 1997.
Results

Using the dates of 50% cumulative insect-days to back-predict the precipitation events that promoted
the population appeared adequate for all years in the two unimodal sites (Meta, Sucre). These
precipitation events were predicted as being sufficient for promoting the synchronous eclosion of post-
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diapause quiescent eggs and thereby the first generation of nymphs. For example, in Sucre 1997, the
12.5 and 24.0 mm of rain that fell during a period of 4 days was probably responsible for promoting

the first generation of nymphs and adults 28.7+6.7 and 39.3+11.2 later (Table 19, Figure 8). In Meta
1997, 34.0 and 108.9 mm of rain falling in a period of 4 days promoted nymph and adult peaks
32.3+7.3 and 39.3£11.2 days later. In Cauca the situation was more complicated because it was
difficult to identify the precipitation events responsible for initial outbreaks. For that reason analysis of
this site is considered more preliminary and it was necessary to analyze population data at the plot
rather than farm level. It was estimated that in this region 35.8 and 75.0 mm of rain falling in a period
of 4 days was sufficient to promote nymph and adult peaks 44.9+£5.9 and 61.14+9.7 days later (Table
19).

Table 19. Date of 50% cumulative insect-days and precipitation events that originated first generation
spittlebug populations in two regions.

50% cumulative Precipitation
insect-days Julian Amount
Region Year Stage (Julian date) date! (mm/day) Difference
Sucre 1997 Nymph 138.3 100 24.0 383
Adult 148.8 48.8
1998 Nymph 134.6 106 15.3 28.6
Adult 154.0 48.0
2000 Nymph 145.5 121 12.5 24.5
Adult 146.2 252
2001 Nymph 148.4 125 13.7 234
Adult 160.1 35.1
Mean Nymph 28.7+6.7
+(S.E.) Adult 39.3+11.2
Meta 1998 Nymph 56.5 32 75.1 24.5
Adult 72.7 40.7
2000 Nymph 117.1 84 108.9 33.1
Adult 121.5 375
2001 Nymph 107.2 68 34.0 392
Adult 115.0 47.0
Mean Nymph 32.3+£7.3
+(S.E.) Adult 41.7+4.83
Cauca 1999 P1 Nymph 47 10 75.0 37
Adult 70 60
1999 P2 Nymph 60 50
Adult 71 60
1999 P3 Nymph 51 41
Adult 57 47
2000 P1 Nymph 382% 335 35.8 47
Adult 413%* 78
2000 P2 Nymph 389* 54
Adult 403* 68
2000 P3 Nymph 375% 40
Adult 390 55
2001 P3 Nymph 391%* 346 68.0 45
Adult 406* 60
Mean Nymph 44.9+5.9
+ (S.E.) Adult 61.1+9.7

'Back-calculated according to the known life cycle
*Includes 365 days of previous year

The simple linear regression model to estimate the arrival of nymphs and adults in each region is
summarized in Table 20 and Figure 9. There was a statistically significant positive correlation between
survey day and cumulative insect-days for all three regions (P<0.01). For A. reducta in Sucre, the
correlation (Pearson correlation coefficient, r) was 0.86 for nymphs (n=40) and 0.77 for adults (n=50).
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For A. variain Meta the correlation was 0.86 for nymphs (n=32) and 0.84 for adults (n=30). For Z.

carbonaria in Cauca, the correlation was 0.90 for nymphs (n=57) and 0.80 for adults (n=72).

Table 20. Model to predict date of arrival of first generation nymphs and adults given known causative

precipitation date. T = days to appearance, X = percent of the population expected.

Correlation 50% cumulative insect
Region Life stage Formula (1) -days (Julian date)
Sucre Nymph T=10.2+35.2(X) 0.86 27.8
Adult T=18.9+39.7(X) 0.77 38.9
Meta Nymph T=9.7+44.8(X) 0.86 32.1
Adult T=19.9+41.4(X) 0.84 40.6
Cauca Nymph T=16.7+56.6(X) 0.90 45.0
Adult T=25.2+58.2(X) 0.80 54.3

T =102+ 35.2X

. r =0.86
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Figure9. Prediction of the first generation of spittlebugs in Sucre, A. reducta (A); Meta, A. varia (B) and

Cauca, Z. carbonaria (C).

Discussion
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Information obtained previously (CIAT 2000, Output 2.1.3) indicates that the marked seasonality in
Sucre and Meta causes population synchrony in early season spittlebug populations given the number
of post-diapause quiescent eggs ready to continue their development upon arrival of the first rain. The
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difference between the date of 50% cumulative insect-days of appearance of the nymphs and adults and
the date of the first major rainfall event can explain the arrival of the first generation population peak
based on the duration of the egg life stages S3 and S4 and the five instars and at least a third of the
adult longevity for all three species in all three regions. The information obtained suggests that A.
reducta responds to 12.5-24.0 mm and A. variato 36.4-112.0 mm of rain. It has been previously
determined for A. varia that 25 mm was sufficient to promote the first population outbreak (King
1975). Given the bimodal seasonality in Cauca, it will be necessary to broaden the studies to have
more certainty in defining the day in which the amount of precipitation was sufficient to promote
population outbreak in the case of Z. carbonaria.

The quantitative model for predicting the appearance of the three species in the different regions is
important because this tool could reduce the need for population surveys or complicated scouting. If it
is possible to reduce the abundance and diffusion of the first generation adults the impact from
subsequent generations will also be reduced as will economic losses in pasture production, especially
in highly seasonal areas such as the Caribbean Coast and Orinoquian Piedmont of Colombia. This
prediction will have its greatest impact in combination with control tactics directed at the nymphs
before they lead to the highly mobile and injurious adult stage of the first generation.

With all the information collected and analyzed during the development of this study and parallel
studies (Output 2.1.3), the following is a verbal model to describe spittlebug phenology. This model
should be considered a general theory to explain the population synchronization of spittlebugs in
seasonal agroecosystems.

In the Neotropics, grass-feeding spittlebugs synchronize their life cycle with the season most
appropriate for their development and reproduction. After an extended dry season the first rains of the
wet season stimulate the regrowth of new plant tissue which offers abundant sites that are adequate for
nymphal development. Once the insect has established in the field under favorable humid conditions
the first generation of females lay eggs which are immediately developing (not diapausing) to take
advantage of the favorable food sources and habitat by producing a second generation. With the
progression of the wet season the incidence of diapausing eggs increases to up to100% in the last
generation in anticipation of the imminent dry season.

It is the immature stage (nymph) of the later generations that is responsible for perceiving the
environmental signals or “token stimuli” that indicate that the dry season. The response to this
challenge is egg diapause. Once the nymphs have transformed to the adult stage, they are conditioned
to lay a higher proportion of diapausing eggs so that the next generation may survive the dry season
and return during the next rainy season.

In the temperate zones, photoperiod and temperature are the major regulators of diapause induction. In
tropical regions there is less variation in photoperiod and temperature and therefore other factors may
be more important in diapause regulation. Both phenology of the plant (greater age, poorer nutritional
quality) and soil humidity (drought stress) could be perceived by nymphs and lead to adults that lay
eggs with a higher incidence of diapause. Other factors such as temperature should also be explored
for their role as token stimuli.

The insect survives the long dry period as eggs temporarily delayed in developmental stage S2, tolerant
to drought. Diapause and quiescence are natural phenomena where development is suspended, thereby
offering a defense against the adverse environment. The difference is that eggs in diapause cannot
respond directly to the return of wet conditions, while quiescent eggs are able to continue development
in direct response to favorable conditions.
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In the case of A. varia, the majority of eggs in the dry season are in diapause. As the dry season
progresses, more and more eggs terminate diapause. The same conditions of drought accelerates this
process as shown after 15 and 30 days of complete dryness (Output 2.1.3). When diapause termination
occurs under unfavorable dry conditions, the eggs of A. varia enter post-diapause quiescence. In this
phase, the eggs remain tolerant to drought stress but they are poised to continue their development and
eclose in direct response to higher levels of soil humidity. Therefore with the progression of the dry
season the proportion of diapause eggs decreases while the proportion of post-diapause quiescent eggs
increases.

Few days after the rains the nymph population appears in the field, often in a highly abrupt and
synchronous fashion. The life stage responsible for this synchrony is the quiescent eggs. The model to
predict the arrival of the appearance of the first generation based on rainfall patterns is summarized in
Table 20. A large and highly synchronous outbreak would therefore be the result of a long dry season
(diapause terminated in the majority of the eggs) ended by an abrupt arrival of rains that soak the
pasture completely (stimulating the continued development of quiescent eggs en masse). In contrast, it
is predicted that a small and asynchronous initial outbreak would be the results of a shorter dry season
with interrupted rains going into the wet season.

2.1.3 Determinants of egg diapause
Contributors; Ulises Castro, Oscar Yela, Daniel Peck
Rationale:

The influence of moisture on the induction or termination of diapause has been little studied . The
function of moisture as a regulator in the termination of diapause has been documented in insects of the
Tropics where temperature and moisture appear to replace photoperiod as the primary regulator of
diapause. Field studies on certain species of cercopids have shown a relationship between the arrival
of the rainy season and the appearance of the insect’s first population peak in the field. It has been
suggested that this population synchrony is achieved because in a stage of post-diapause quiescence
eggs are capable of responding to the new humid conditions to terminate their development and eclose,
thereby contributing to the first generation of nymphs. At least in the Brazilian species Deois
flavopicta, diapausing eggs enter a physiological period of post-diapause quiescence if conditions are
not favorable upon diapause termination. Once such quiescent eggs are subjected to moist conditions,
however, development continues and eggs eclose.

To understand and predict the synchrony and timing of the arrival of the first generation outbreak, it is
necessary to elucidate the environmental factors that could serve as post-oviposition signals in the
termination of egg diapause. For the widespread Colombian species Aeneolamia varia, it is predicted
that a period of drought, like that experienced by the eggs in the dry season, could serve as a signal to
accelerate the termination of diapause and that eggs then enter a state of post-diapause quiescence.
This physiological stage would permit the synchronized eclosion of field populations in response to the
return of the wet season rains. In this study we sought to determine the influence of drought as a post-
oviposition signal in the regulation and termination of diapause in eggs of A. varia.

Materialsand Methods
The diapause eggs used in this experiment were obtained from a colony of A. varia maintained at
CIAT that originated 1-2 generations previously from field-caught adults in Villavicencio, Meta.

Earlier studies showed that A. varia from this region are capable of diapause, increasing the proportion
of diapausing eggs as the dry season approaches.
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The experiment was performed in two trials. Eggs in the first trial came from females reared in June
2001 while eggs in the second trial came from females reared between December 2001 and January
2002. For each trial, a completely random design was used with three repetitions of the following
three treatments: control (eggs continually moist), 15 d drought (eggs exposed to 15 days of dryness
and then remoistened), and 30 d drought (eggs exposed to 30 days of dryness and then remoistened).
The experimental units were large petri dishes (15 cm diameter, 2 cm height) lined with filter paper,
sealed with parafilm and kept under controlled conditions (27°C, 100% RH, total darkness). Eggs were
evaluated twice weekly with the aid of a stereoscope to record the number of eclosed and
damaged/dead eggs. Differences in treatments for mortality and days to eclosion were tested with an
ANOVA. Trials were analyzed separately due to differences in egg origin and eclosion patterns.

Results

In both trials the eclosion curves showed an initial peak for the treatments under drought stress (Figure
10). This initial peak was followed by a period of no eclosion corresponding to the period of drought
stress (15 and 30 days). Eggs did not resume development and eclose until after the return of moist
conditions. In Trial 2, three defined eclosion peaks were observed in experimental eggs, corresponding
in chronological order to the control, 15 d and 30 d treatments. In Trial 1, eggs submitted to drought
eclosed in a similar pattern of one major peak in contrast to the control where eclosion occurred
sporadically without evidence of synchronized peaks.

No differences in the mortality of diapausing eggs were detected between the two drought treatments

(Table 21). These treatments had a higher mortality than the control, varying from 22.9 to 71.8%. The
mortality in the control was 5.1 and 3.9% for a trials 1 and 2, respectively.

Table 21. Mortality of diapausing A. varia eggs under drought stress.

Treatment Mortality (%) Mean days to eclosion
Trial 1 Trial 2 Trial 1 Trial 2
0 days drought (control) 5.1b 3.7b 753 a 16.4 c
15 days drought 229a 545a 54.0b 32.0b
30 days drought 69.7 a 71.8 a 51.0¢c 50.0 a
For each trial, means followed by the same letter were not statistically different
(P<0.05).

For the variable of time to eclosion, in Trial 2 the mean for diapausing eggs held under moist
conditions was 16.1 days (Table 21). After terminating diapause the eggs continued with their post-
diapause development without a period of quiescence given the conditions of adequate humidity. In
the drought treatments, the period of eclosion was delayed by approximately the duration of the
drought period in comparison to the control.

Compared to Trial 2, Trial 1 eggs were under longer diapause. The eclosion patterns showed a long
and relatively constant pattern of eclosion with a mean of 75.3 days for the control (Figure 10, Table
21). In addition, the drought-stressed eggs eclosed earlier than the control, the 30 d earlier than 15 d.
Compared to the control, the eclosion curve showed a peak of eclosion a few days after return of
moisture, which did not appear in the control eggs.
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Figure 10. Eclosion pattern of diapausing A. varia eggs under drought stress.

Discussion

The initial peak observed in the eclosion curves is probably attributed to eggs already in post-diapause
development that were able to continue development and eclose despite the dry conditions. After this
brief period, no other eclosion was observed during the period of drought stress. The higher mortality
in drought-stressed versus control eggs is attributed to the severity of the drought conditions and to
some eggs being in early post-diapause development; in this phase the eggs are sensitive to the lack of
moisture because water is required for continued development.

In terms of time to eclosion, Trial 2 showed an early and synchronized pattern of egg eclosion due to
the period of drought. According to the control, during the period of drought the majority of eggs
would have terminated diapause, completed post-diapause development and eclosed. Under drought
conditions, however, a proportion of eggs survived the drought-stress and delayed development until
the return of moist conditions. Eggs that terminated diapause while under drought stress entered a
drought-resistant post diapause quiescence, delaying continued development until the return of moist
conditions.

The same evidence was obtained from Trial 1. In eggs subjected to drought stress, development was

delayed until return of humid conditions at which point development proceeded once again. In
addition, this Trial offered evidence for accelerated diapause termination. Besides confirming the idea
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of post-diapause quiescence with drought-tolerance, these results indicate that a period of drought
accelerates the termination of diapause. The eclosion peak caused by the return of moist conditions is
the result of a large proportion of eggs that had terminated diapause and entered post-diapause
quiescence during the drought period. This proportion was higher in the 30 d drought eggs indicating
that a longer period of drought accelerated diapause termination even more. In the Trial 1 eggs that
had a longer diapause period, eggs actually eclosed earlier when subjected to drought than when kept
under continually moist conditions.

The differences in time to eclosion between the eggs in Trial 1 and 2 could be attributed to the origin of
the adults that contributed these eggs. Trial 2 eggs came from generations posterior to the adults that
provided the eggs for Trial 1. Field studies have shown that the duration of diapause varies among
generations and increases in the generations prior to the arrival of the dry season. Although early
generations have an decreased incidence of diapause compared to later generations, the duration of this
diapause is longer.

2.1.4 Taxonomy and distribution of spittlebug species
Contributors: Daniel Peck, Jairo Rodriguez
Rationale

For several reasons our taxonomic foundation for the neotropical grass-feeding spittlebugs is weak.
First, a high degree of intra- and inter-specific variation in color patterns complicates species
identification. Second, the male genitalia of relatively few species have been described so this key
character is not available for species determinations. Third, there are few taxonomists working in the
Cercopidae and there are very few regional taxonomic keys. As a result, getting correct species
determinations is difficult for researchers working in this pest system. In this output we summarize
new information on the taxonomic identity of certain economically important spittlebug species.

Results and Discussion

Identity of Mahanarva trifissa. A summary of the identity and distribution of spittlebugs associated
with graminoids of Colombia and Ecuador (CIAT 2000) left unclear the status of two species,
Mahanarva sp. from the Amazonian piedmont of Colombia and Ecuador, and Zulia sp. from the south
Pacific Coast of southern Colombia and northern Ecuador. After a visit to the British Museum of
Natural History (London, UK) and discussions with the Homoptera specialist M. Webb, additional
information was obtained on the identity of these two species. The undescribed species of Mahanarva
reported from Caqueta, and previously thought to be a new species, is identified as Mahanarva trifissa
(Jacobi). This species was originally described as Tomaspistrifissa by Jacobi in 1908 based on a
single specimen collected in Peru. After studying the type specimen loaned to the British Museum, we
determined that the form of the male genitalia, profile of the rostrum and color pattern fell within the
range of variation exhibited by specimens of Mahanarva sp. from Caqueta and different regions of
Ecuador. However, the color pattern expressed by the Peru type is uncommon, exhibited by only one
individual of the several dozen observed from Colombia and Ecuador. The locality of the type
specimen conformed to the lowlands tropics of the interior (Amazonian Piedmont). This species will
be transferred to the genus Mahanarva as part of a taxonomic review pending publication by the
British Museum.

In a pending CIAT publication on the biology and habits of this species (CIAT 1999) we will describe
the color pattern variation.
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Identity of Zulia sp. The status of Zulia sp. nov. is still unclear. Whether it is a new species distinct
from Zulia vilior (Costa Rica, Panama) will depend on more studies of the degree of variation in
populations from those two countries and those in Colombia and Ecuador.

Identity of new sugar cane pest. In collaboration with Cenicafia, we investigated a recent report of
spittlebugs reaching injurious levels on panela sugar cane in Risaralda (September 2002). This species
has been initially identified as Mahanarva bipars (Walker). As far as we know this species has not yet
been reported from Colombia, has not yet been cited as feeding on sugar cane or other graminoids, and
has not yet been studied biologically. Similar to Mahanarva andigena in Narifio, spittle masses are
aerial (at the base formed by leaf axils). This insect is being managed locally by removing old leaves
from the stem and using insecticides (chorpyrifos). An initial summary of this report is being prepared
for publication including a review of known host plants and distribution, taxonomic status,
identification, color pattern variation and pest status.

Identity of Venezuelan spittlebug complex. We received specimens from Venezuela for
identification. Specimens from Barinas, Venezuela were identified as Aeneolamia varia and
Aeneolamia reducta. The pest complex seems to be similar to the Colombian Llanos (mostly A. varia,
some A. reducta and apparently some Zulia pubescens). Spittlebugs are increasing problems in this
region of Venezuela and current outbreaks are more severe than anything we have seen over the last
five years in our Colombian sites.

Identity of Guatemalan spittlebug complex. A long series of specimens from 28 sites in Santa Lucia
Cotzumalguapa, Guatemala was received from collaborators of Cengicafia. The two species present in
forage grasses and sugar cane were confirmed as Prosapia simulans and Aeneolamia postica.
Prosapia simulans comprised 3.4% of the examined specimens, detected in 10/28 sites. In sites where
this species was collected it comprised 3.3-16.7% of the adults present with the exception of one site
where they comprised 100%. Various color patterns were observed; males tended to have 3 lateral
yellow bands dorsally (one on the posterior edge of the pronotum, two across the wings) while females
tended to be darker due to the reduction in the bands. With little exception this species is longer and
wider that A. postica. Aeneolamia postica comprised 96.6% of the examined specimens, detected in
27/28 sites where it comprised 83.3-100% of the adults present. Like P. simulansit has two dorsal
lateral bands but it differs in having a third anterior band in the form of a “V” along the border of the
scutellum; in only a few cases were these bands reduced. Aeneolamia postica presented three general
color morphs, red comprising 2.5% of specimens, orange 1.6% and yellow 95.8%.

Activity 2.2 1PM componentsfor spittlebug management
Highlights
*  The population phenology of Prosapia simulans in the Cauca Valley was documented

» Select isolates of fungal entomopathogens were evaluated on nymphs and adults of P. simulans,
confirming significant variation in pathogenicity across spittlebug species

¢ Field studies in Caqueta failed to detect an effect of fungal entomopathogens on spittlebug
populations but highlighted strategies to guide future advances

2.2.1 Short-term massrearing of different spittlebug species

Contributors: Anuar Morales, Oscar Yela, Ulises Castro, Jairo Rodriguez, Daniel Peck
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Six spittlebug species (Aeneolamia reducta, A. varia, Mahanarva andigena, Prosapia smulans, Zulia
carbonaria, Z. pubescens) were reared in the screenhouse at CIAT to support research (Table 22).
Mass-rearing colonies were established according to an improved box design, previously tested and
described (CIAT 1999) while small-scale colonies were maintained with the traditional pot methods.
Colonies were used to support biological studies of M. andigena, Z. carbonaria and Z. pubescens;
diapause studies on A. varia; and evaluations of fungal entomopathogens for A. reducta, P. smulans,
Z. carbonaria and Z. pubescens.

Table 22. Summary of spittlebug colony maintenance activities.

Months maintained at CIAT (2001-2002) Rearing scale Purpose of studies
Species N D J FMAMIJ J A SO Large’ Smal’ Biology Entomopathogens

A. reducta X X X X X
A. varia X X X XX XX X XX XX X X

M.andigena X X X XX XX X XX XX X X

P. simulans X X X XX X X X X
Z. carbonaria X X X X X XX X X X X X
Z. pubescens X XX X X

"Improved mass-rearing design
*Traditional small scale pot design

2.2.2 Maintenance of the entomopathogen collection
Contributors. Anuar Morales, Rosalba Tobon, Daniel Peck

The fungal entomopathogen collection was established in 2000 as a resource for studies on biological
control of major pest complexes. Maintaining and strengthening this collection is vital for advancing
non-toxic alternatives to insecticides and other effective tactics as components of integrated pest
management. The three main activities related to this ceparium are (1) isolation, entry and storage of
new isolates, (2) viability tests, propagation and reactivation, and (3) multiplication for laboratory and
field studies on virulence and pathogenicity.

In 2002, 26 new accessions were added to the collection for a total of 184. Of this total, 82 were
originally isolated from spittlebugs (Homoptera: Cercopidae), 29 from white grubs (Coleoptera:
Scarabaeidae), 63 from whitefly (Homoptera: Aleyrodidae) and burrower bug Cyrtomenus bergi
(Hemiptera: Cydnidae) and 10 from other hosts.

In 2002 this germplasm bank was a vital resource for studies on (1) the characterization of select
isolates for field trials to manage grass-feeding spittlebugs (Outputs 2.2.3, 2.2.4) and (2) evaluation and
biological characterization of isolates against life stages of the whitefly Aleurotrachellus socialis.

2.2.3 Screening fungal entomopathogensfor virulence to spittlebugs

Contributors. Anuar Morales, Rosalba Tobon, Oscar Yela, Daniel Peck

Rationale

Four isolates were selected from CIAT’s fungal entomopathogen collection for experimental field trials
designed to test application techniques. These isolates are the three Metarhizium and one
Paecilomyces strains screened from 49 isolates as the most virulent to adults of Aeneolamia varia

(CIAT 2000). CIAT 054 and CIAT 055 are Metarhizium sp., CIAT 007C Metarhizium anisopliae and
CIAT 009 Paecilomyces farinosis. Before deploying in the field, these isolates must be characterized
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for their biological and virulence activity on different species and life stages of spittlebugs. Variation
in virulence among adults of four species (A. reducta, A. varia, Z. carbonaria, Z. pubescens) was
described elsewhere (CIAT 2001) as were the results of studies to determine the LCsy and LCy, on
nymphs of A.varia. Here we summarize the results obtained for adults and nymphs of P. simulans.

Materialsand Methods

Evaluation methods for adults and nymphs were based on previously established protocols (CIAT
2000). For adults, evaluation units were 30-day old plants (7-10 stems) of Brachiariaruziziensis
(CIAT 654) in pots (15 cm diameter) covered by acetate cylinders (40 cm tall, 15 cm diameter). These
plants were infested with 10 adult tenerals (<24 hours old) obtained from colonies maintained at CIAT.
Two to three hours after infestation plants were sprayed with 5 ml of a concentrated conidial
suspension (10® conidia/ml) with an airbrush and compressor (10 PSI). All four isolates were
evaluated. Ten repetitions (pots) were evaluated for each isolate and a control (water with tween at
0.05%). After spraying, plants and insects were maintained in a growth chamber (27£2°C, RH
80£10%).

Virulence was evaluated 5 days later when all insects were scored as alive, dead, and dead with
evidence of mycosis. Dead insects with no visible signs of fungus attack were stored in petri dishes
with moist filter paper for 3-4 days to ascertain whether they were infected with fungus. Differences
were evaluated with an ANOVA and Tukey multiple range test.

For nymphs, evaluation units were the same small-scale PVC tubes (1.5” diameter) now standard for
host plant resistance screening. At 6 weeks after planting with B. ruziziensis, surface roots were
sufficiently established for nymph development and egg infestation. Eggs of P. simulans about to
hatch were prepared for treatments and infestation by placing 10 on each of 10 small pieces of filter
paper in a petri dish that corresponded to one treatment. Nine different concentrations of conidial
suspensions (1X104, 5x10% 1x10°, 5x10°, 1x10°, 5x10°, 1x107, 5x10%, 1x10° conidia/ml) were prepared
for the three Metarhiziumisolates (CIAT 007C, CIAT 054, CIAT 055) with a control (water and tween
at 0.05%). Applications were made on the substrate before infestation and on the eggs in petri dishes
before infestation. An airbrush and compressor (10 PSI) were used at a volume of 1 ml for substrate
and <1 ml for direct egg application.

Plants were maintained in the greenhouse until evaluation of mortality 30-32 days after infestation.
During this period, plants were fertilized twice (just before and 15 days after infestation) with urea at
2g/l. There were ten repetitions per treatment. Mortality data were analyzed with Probit (SAS).

Results

Results are shown for P. simulans alongside results previously obtained from identical studies in other
species (CIAT 2001). The selected isolates of Metarhizium did not give good control of Prosapia or
Zulia, compared to Aeneolamia (Figure 11). The most virulent isolate against P. simulans was CIAT
054 with 35.6% mortality.

The mortality recorded at the different concentrations demonstrated virulent activity of each isolate on
nymphs of P. simulans. As expected, mortality increased with concentration (Figure 12). Probit
analysis showed low X* values but X* probabilities a little high (Table 23). The lowest LCq was
obtained for CIAT 054 (2.7x10® conidias/ml) followed by CIAT 007C (3.4 x 10° con/ml) and CIAT
055 (6.4 x 10® con/ml).
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Figure 11. Mortality (absolute percent) of four isolates of fungal entomopathogens on five spittlebug species. Means
followed by different letters are significantly different at P<0.05. * CIAT 007C was not evaluated on Z. pubescens.

Table 23. Probit analysis of mortality caused by three isolates of fungal entomopathogens on nymphs
of P. simulans.

Isolate n LCs, (95% CI) LC "D X>  Prob X’ b+S.E.
CIAT 054 765 1.01x10’ 2.7x10° 109  0.092  0.39+0.05
(5.7x10°-2.7x107)  ( 7.4x107-1.3x10'%)
CIAT 055 637 1.58x10° 6.4x10° 7.06 0219  0.34+0.06
(5.9x10°-3.5x10")  ( 1.4x10%1.6x10"%)
CIAT 007-C 593 1.04x10° 3.4x10° 3.8 0.429 0+0.17

(4.4x10°-1.1x10°)  (6.1x107-3.4x10%)
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Figure 12. Mortality in P. simulans caused by of three fungal entomopathogen isolates at different concentrations.
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Discussion

It is important to determine the LCyg to establish an appropriate concentration for field applications.
This reduces the risk of applying material that is too low in concentration to have any effect in the field
or too high that material and production time is wasted.

These results confirm that virulence of fungal entomopathogen strains varies among spittlebug species.
Deploying these pathogens as agents of biological control therefore depends on an understanding of the
species complex in the area where control is desired, selecting isolates specific to spittlebug species,
and reassessing the broad effectiveness of commercial products. On the other hand, results indicate
that the diverse collection of isolates in CIAT’s ceparium probably has strains highly virulent to
species other than A. varia, which up to this point has been used as the model species for developing
evaluation methodologies. The most efficient screening process might therefore be evaluating a
diversity of isolates to the particular spittlebug species of interest, rather than using preselection (with a
model species such A. varia) with subsequent confirmation of high control on other species.

2.2.4 Field evaluation of spittlebug entomopathogensin two contrasting regions

Contributors. Anuar Morales, Jairo Rodriguez, Ulises Castro, Oscar Yela, and Daniel Peck (CIAT);
Daniel Corradine, German Chacén, Fabio Obregon, and Orlando Narvaez (Universidad de la
Amazonia)

Rationale

In general, previous attempts to evaluate the efficiency of fungal entomopathogens as biological
control agents of spittlebugs in pastures have focused on laboratory assays. The few that have gone to
the field have demonstrated highly variable and low levels of control due to a variety of factors
including poor evaluation and application techniques. Aspects such as the number of applications and
the timing of applications in relation to phenology of the life stages have received no special attention.

To seriously evaluate the potential of fungal entomopathogens as an alternative for managing pasture
spittlebugs, we are combining a detailed knowledge of the biology and phenology of spittlebugs with a
series of studies to collect, screen, characterize, and formulate select isolates for deployment in field
trials. In previous work (CIAT 1999, 2000, 2001) we have established and strengthened a collection of
fungal entomopathogens at CIAT that currently houses 84 isolates of 10 fungal genera originating from
almost every region in the country where the pest has been detected. In addition, an improved design
for a mass rearing colony of A. varia was developed to provide adults of this species and others for
evaluations. Finally, a reliable and rapid method to evaluate fungal entomopathogens against
spittlebug nymphs and adults has been established. With these protocols we have information on the
lethal concentration of the two most promising isolates and variation in their efficiency on other
spittlebug species.

The objective of this phase of the project is to establish an application methodology for fungal
bioinsecticides. In this report, we summarize the field trials established in two contrasting ecoregions
of Colombia, the Amazonian Piedmont and the Cauca River Valley to evaluate the effect of timing and
frequency of applications.

Materialsand Methods

The Amazonian Piedmont ecoregion (Caqueta) is continuously humid, corresponding to presence of

spittlebug nymphs and adults throughout the year with little population synchrony. In this site the
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number of applications required to achieve an effect was evaluated. The Cauca River Valley ecoregion
(Valle del Cauca) is a highly seasonal site with bimodal precipitation and here spittlebug nymphs and
adults are present only during the rainy months but with high population synchrony. In this site the
timing of the applications in relation to the insect’s life cycle was evaluated. The premise is that the
diverging environmental conditions of these two ecoregions will require different strategies and control
tactics for management of spittlebugs in pastures.

Caqueta. Studies in Caqueta were carried out in collaboration with four undergraduate thesis students
from the Universidad de la Amazonia. Five plots of 1200 m* were selected and marked at the C.I.
Macagual of Corpoica. Each plot was in a separate pasture of predominately Brachiaria decumbens
forage grass with a history of spittlebug attack. Each plot was subdivided into subplots (100 m?) for
application of treatments. Adults were evaluated weekly with 20 sweeps of an insect net per subplot
while nymphs were counted in two 0.0625-m” quadrats. In the laboratory nymphs were scored to instar
and adults to sex and species. Population surveys began 23 March 2001 and ended 10 May 2002.
Applications began 22 September 2001 and were made every 2 weeks until 8 February 2002.
Treatments were in a completely randomized block design with five repetitions and are summarized in
Table 24.

Table 24. Experimental treatments applied in C.I. Macagual, Caqueta to test the effect of application
frequency on spittlebug abundance.

Treatment code Treatment Frequency]
la Cepa CIAT 054 2
1b Cepa CIAT 054 1
Ic Cepa CIAT 054 0.5
2a Cepa CIAT 007-C 2
2b Cepa CIAT 007-C 1
2c Cepa CIAT 007-C 0.5
3a Chemical control 2
3b Chemical control 1
3¢ Chemical control 0.5
4 Absolute control 0

'Frequency is the number of applications per month

Applications were made with a traditional backpack sprayer fitted with a curtain nozzle. The volume
of application was set at 2 liters per subplot. The two isolates were CIAT 054 (Metarhiziumsp.) and
CIAT 007C (Metarhizium anisopliae), selected from among 49 isolates as the most virulent to adult A.
varia. Concentration of the suspension was 8.95x10” and 3.61x10® conidias/ml for the isolates CIAT
054 y CIAT 007C, respectively, equivalent to the LCy, for A. varia determined in greenhouse studies
(CIAT 2001). The chemical control was Malathion applied at 1.5 liters/ha. Efficiency of the isolates
was calculated as the cumulative area under the population curve for adults and nymphs for each
treatment over the months of the study. The slope of the line was calculated before and after the start
of the treatments. Differences among treatments in the cumulative area under the curve and the slope
of the line were analyzed with ANOVA and a multiple range test.

Valledel Cauca. Studies in the Cauca Valley were carried out at Hacienda Piedechinche, El Cerrito
and established as in Caqueta except plots were 1600 m” to accommodate 16 subplots of 100 m’.
Nymph and adult surveys were identical to Caqueta and were carried out weekly from 25 January 2001
to 26 July 2002. Due to security problems and a change in management practices that led to a sharp
drop in spittlebug populations, it was decided to carry out this study in Valle del Cauca instead of
Cauca where originally anticipated. Unfortunately, we had no previous understanding of the
phenology of the pest in the new site. While Z. carbonaria predominated in Cauca, Prosapia smulans
was most abundant in the new site, with some presence of Z. carbonaria and Z. pubescens. Prosapia
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simulans had been reported as a newly detected pest species in South America, Colombia and the
Cauca Valley (CIAT 2000). The original application regime was scheduled as three treatments (CIAT
054, Malathion, control) applied 1, 2, 3, 4, 5 or 6 weeks after the start of the first generation outbreak
to compare when in the life cycle of the insect a bioinsecticide would be most effective. Because the
insect population was low and early life stages were more difficult to detect than anticipated,
applications were never made. Nevertheless, population data are reported in this summary since the
phenology of P. simulans has not yet been described in Colombia or in a seasonally bimodal ecoregion.

Results

Caqueta. A total of 2,603 nymphs and 22,786 adults were examined in population surveys.
According to adult specimens A. varia was most abundant with 98.5% of the population, followed by
Z. pubescens with 1.7% and M. trifissa with 0.27%. The months of lowest nymph and adult abundance
were April and March, respectively, corresponding to the months of highest precipitation (Figure 13).
The greatest incidence of nymphs and adults was in September. From March 2001 to May 2002 a
mean of 52.3 nymphs/1.5 m* and 441.8 adults/240 sweeps was documented.
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Figure 13. Precipitation and population fluctuation of nymph and adult spittlebugs in C.I. Macagual, Caqueta,
2001-2002.
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There was no effect of treatment detected for the final cumulative area under the population curve for
nymphs or adults (Figures 14, 15). Separating the analyses into isolate and spittlebug species, the

greatest effect was on A. varia, although not significantly higher. The insecticide control and CIAT

054 had the lowest cumulative area. For CIAT 054 there were some differences detected; 1 or 2
applications a month showed a greater effect than 0.5 applications per month (Figure 16). Analysis of
variance detected differences in the slope of the cumulative population curve measured before and after

the treatments.
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Figure 14. Cumulative area under the population curve (X axis) versus Julian date (Y axis) for adult spittlebug
species under different treatment application in C.I. Macagual, Caqueta.
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applied in C.I. Macagual, Caqueta.
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Figure 16. Cumulative area under the population curve (X axis) for adults of A. varia according to application
frequency. Top: CIAT 054. Bottom: Insecticide control.

For example, CIAT 007C applied once per month had a slope of 1.64 before application of the
treatment and a slope of 0.58 afterwards, suggesting that the treatment reduced the velocity of
population increase (Table 25). Under this same analysis no effect of treatments was observed on the
nymph population. Analysis of the cumulative area under the curve showed a similar growth for all
instars in all treatments including the insecticidal and absolute controls. This result could be explained
by ineffective deployment of the applications because the products may not have penetrated the spittle
mass itself, or penetrated the sward to their feeding sites near the soil surface and litter layer

Table 25. Slope of the cumulative area under the population curve for adults of A. varia under different
treatments applied in C. I. Macagual, Caqueta.

Treatment Slope' Treatment Slope'
2c-Before 1.64 a lc-After 0.78 abcde
1b-Before 1.62 ab 4 -After 0.69 abcde
la-Before 1.56 ab 3b-After 0.76 abcde
4 -Before 1.54 abc 1b-After 0.63 bede
3b-Before 1.34 abcde 2a-After 0.60 cde
1c-Before 1.12 abcde 2b-After 0.59 cde
3c-Before 0.92 abcde 2c-After 0.58 cde
2a-Before 0.90 abcde 3a-After 0.55 de
2b-Before 0.88 abcde la-After 052 e
3a-Before 0.78 abcde 3c-After 0.50 E

"Values followed by the same letter are not significantly different (P<0.01)
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Valledel Cauca. A total of 309 nymphs and 2,687 adults were examined in population surveys and all
belonged to P. simulans, even though Z. carbonaria and Z. pubescens were detected in these sites
previous to the start of surveys. Population analysis of the nymphal life stages at the farm level (all
plots summed) and plot level showed two distinct population peaks in 2001 and one for the first
semester of 2002 (Figures 17, 18, 19). Analysis at the plot level showed that population peaks
occurred in the same period across the three plots, March and April of 2001 and May 2002 (Figure 18).
Variation in abundance at the farm level was established by comparing the number of nymphs
collected in the surveys. Plot 2 had 46.0% of the total and Plot 5 4.2%, representing the plots of
highest and lowest incidence, respectively. At the farm level, over the entire survey period the mean
abundance was 3.3 nymphs/2 m?. Population analysis of P. smulans adults at the farm level showed
distinct population peaks in February and May 2001 and January and May 2002 (Figure 17). The same
peaks appeared in each of the separate plots and corresponded to nymph peaks indicating that they
originated from local nymph populations rather than through immigration (Figures 18, 19). Like
nymphs, Plots 2 and 5 had the highest and lowest incidence of adults with 35.3 and 4.0% of total adults
captures, respectively. At the farm level, over the entire survey period the mean relative abundance
was 27.8 adults/320 sweeps.

—e—Nymphs —o— Adults

Nymphs/10m?
Adults/1600 sweeps

Figure 17. Population fluctuation curve for nymphs and adults of P. simulans in Piedechinche, Valle del Cauca, 2001- 2002.
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Figure 18. Population fluctuation curve of P. simulans nymphs in five plot of B. decumbens, Piedechinche, Valle del Cauca,
2001-2002.
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Figure 19. Population fluctuation curve of P. simulans adults in five plot of B. decumbens, Piedechinche, Valle
del Cauca, 2001- 2002.

In the first year of evaluation, nymphs and adults were not detected in the field from July to October,
which corresponded to the conditions of drought that preceded and occurred during that period (Figure
20). In the same fashion population peaks of nymphs and adults corresponded to periods of rain that
preceded and occurring during that period.

=

(J 2001 W 2002

N

Ch

S
|

=
|

150 ]

2
|
|

Monthly precipitation (mm)
N
3
|

NI NI GE RN

J F M A M J J A S 0) N D
Figure 20. Monthly precipitation (mm) in Piedechinche, Valle del Cauca, 2001- 2002.
Discussion
Although the information obtained from field applications does not permit solid conclusions, certain
aspects should be highlighted because they will help to orient future studies on fungal
entomopathogens. In ecosystems characterized by continual humidity and continual presence of

spittlebugs throughout the year, applications should be directed towards diminishing the velocity of
population growth with frequent and regular applications over a brief period of time. This inundative
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use of biocontrol should initially maintain the population and then slowly cause population decline as
the fungus establishes and propagates in the environment. Biological control will not cause a drastic
reduction of populations but a slow and longer lasting decline; and it will not contaminate the
environment. We believe that integrating elements such as controlled grazing with an improved
formulation and delivery system of the product directed towards the nymphs should produce better
results.

These results confirm the idea that to establish a spittlebug control program it is indispensable to have
a detailed understanding of the habits and behavior of the particular species at that particular site. For
example, in Valle del Cauca, we did not know that detection of the early instars of P. simulans would
be so difficult (compared to other species) because these stages were well-hidden in the soil surface,
often a few centimeters below in cracks and fissures. That behavior is relevant to making decisions
about when and how to control the first generation of spittlebugs.

Activity 2.3 Brachiaria genotypesresistant to spittlebug and other biotic stresses
Highlights

e Approximately 800 clones pre-selected from the tetraploid sexual population were assessed for
reaction to three species of spittlebug.

*  Thirty-two of approximately 800 sexual clones were selected for crossing block and two of
approximately 800 sexual clones showed exceptionally high level of antibiotic resistance to three
species of spittlebug (Aeneolamia varia, A. reducta, and Zulia carbonaria). This is the first time
that hybrids combining antibiosis to three different species of spittlebug are reported.

* None of a set of approximately 100 sexual x apomictic experimental hybrids was resistant to any
species of spittlebug

* Developed biochemical (isoenzimes) and DNA-based (RAPD) techniques to identify nymphs of
different spittlebug species.

*  Made progress in the understanding of mechanisms of resistance to A. reducta and initiated studies

on how multiple spittlebug infestations may affect resistance levels in selected Brachiaria
genotypes.

¢ Continued field screening for resistance to three major spittlebug species in Caqueta.

2.3.1 Development of new hybrid population for spittlebug screening

Contributors: J.W. Miles, A. Betancourt, F. Feijoo (CIAT)

Rationale

As a heterogeneous tetraploid sexual population is improved by intra-population recurrent selection on
spittlebug resistance, Al tolerance, Rhizoctonia resistance, and IVDMD, selected clones are crossed
with elite apomictic pollen parents to generate large hybrid populations from which elite apomictic
clones are sought for development to cultivar status. Comparison of the hybrid families generated

using a diversity of Ap pollen parents -- elite CIAT accessions of B. brizantha -- will permit
identification of those pollen parents that produce superior hybrids when crossed with the sexual
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population. One or a small number of these apomicts can be used as testers for future improvment of
the sexual population based on testcross performance (Miles 1995; 1997).

Materialsand Methods

Forty-one tetraploid sexual clones were selected from SX99 cycle of the tetraploid sexual population
on general agronomic performance and subsequent assessment of reaction to a single species of
spittlebug (A. varia). Vegetative propagules of these clones were space planted (approximately 5 x 5
m) in seed plots of 15 B. brizantha accessions previously established during second semester 2000, at
CIAT-Popayan. Open-pollinated seed was harvested during 2000 and 2001. A small, more or less
balanced set of 14 Sx X 14 AP hybrid progenies was retained for observations in Colombia.
Approximately 1,700 seedlings were transplanted to the field in May 2002, at CIAT-Quilichao. The
remainder of the hybrid seed produced was dispatched to Mexico early in 2002. Seedlings were
produced in Mexico and approximately 4000 were established in the field in July 2002.

Results and Discussion

The 15 pollen parents (Ap) of this set of families were chosen from B. brizantha accessions with high
dry-season yields in the regional trials conducted in Colombia during 1996-1999. Preliminary
observations on these families at CIAT-Quilichao permit identification of four (of the 14) Ap parents
that produce generally superior hybrid progenies. These will be further assessed to decide upon one (or
perhaps two) apomictic tester clones for future population improvement by selection on testcross
performance.

This space-planted nursery was cut in July 2002, and we are currently assessing regrowth. During
October, we will attempt to assess seed set, harvest open-pollinated seed (for progeny tests in 2003),
and further cull the pre-selections that pass on to the next stage of assessment of spittlebug reaction,
Rhizoctonia reaction, Al tolerance, and [IVDMD. A small set of promising apomictic hybrids should
be advancing to wider-scale testing in 2004, using seed harvested from next year's progeny trial.
2.3.2 Establishment of Brachiaria hybridsin field nurseriesin Mexico

Contributors: Ing. Edgar Guzman (Semillas Papalotla), J.W. Miles (CIAT)

Rationale

An integral activity of CIAT’s collaborative agreement with Semillas Papalotla, new hybrids are to be
evaluated in the field in Mexico under conditions of drought stress on the Pacific coastal plain of
Oaxaca.

Materialsand Methods

Hybrid seed was delivered to Mexico in April. Seeds were germinated and seedlings established for
transplanting to the field. In early July, 3,876 seedlings were transplanted to the field as unreplicated,
spaced plants.

Results and Discussion

Owing to lack of rainfall following transplant, seedlings are being watered twice a week. Survival is in
excess of 90% as of 29 September 2002. Surviving plants are well developed.
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2.3.3 ldentification of Brachiaria genotypesresistant to spittlebug
Contributors: C. Cardona, G. Sotelo, and J. W. Miles
Rationale

As in previous years, assessment of resistance to spittlebug received special attention. The correct
identification of resistant hybrids is an essential step in the process of breeding superior Brachiaria
cultivars at CIAT. In 2002, we screened more than 1,400 genotypes under greenhouse and field
conditions. Based on results obtained in 2001 and 2002, we developed a successful strategy for the
simultaneous but independent screening for resistance to three key species.

A synthetic sexual tetraploid population is being subjected to cyclic selection to improve levels of
spittlebug resistance (and other desirable attributes) on a 2-yr cycle. Following 8-10 months of
observations of field grown plants from each cycle of the segregating population, a manageable
number (~1000) of selections are propagated for assessment of spittlebug reaction. Owing to
differential reaction of Brachiaria host genotypes to different spittlebug species, screenings are now
conducted with three or four species.

Materialsand Methods

Approximately 800 individual clones were pre-selected on the basis of general performance in field
trials in CIAT-Quilichao and Matazul (Puerto Lopez, Meta) during 2001. These were propagated to
produce three propagules per clone. One propagule of each clone was infested with one of three
spittlebug species (A. varia, A. reducta, or Z. carbonaria), so that the entire set of 800 clones was
assessed for reaction to three species simultaneously. Based on this first, unreplicated screening, 84
clones were selected for a more refined, replicated evaluation, again simultaneously against all three
spittlebug species individually. Standard artificial infestation procedures were used. Resistance was
assessed firstly based on plant damage (on a 1 = no damage to 5 = dead plant scale). Nymphal survival
was then determined for clones with low mean damage scores. Three hundred seventy-nine SX x AP
hybrids (series BRO1) were established in field trials (as single, spaced plants). Of these, 98 were “pre-
selected” based on visual assessment, for preliminary screening with three spittlebug species.

Screenings for resistance were conducted with Aeneolamia varia, A. reducta, Zulia carbonaria, Z.
pubescens and Mahanarva trifissa. These are the most important species affecting Brachiaria in
Colombia and some other countries in Latin America. Test materials were compared with 4-6 checks
fully characterized for their resistance or susceptibility to A. varia. Plants were infested with a known
number of eggs (usually 6 or 10) of the respective spittlebug species and the infestation was allowed to
proceed without interference until all nymphs reached the fifth instar stage or adult emergence
occurred. Plants (usually 6-10 per genotype) were scored for symptoms using the damage scale (1, no
damage; 5, plant dead) developed in previous years.

Percentage nymph survival was calculated. Materials were selected on the basis of low damage scores
(<2.0 in the 1-5 scale) and reduced percentage survival (<30%). Large-scale nurseries are initially
selected on the basis of unreplicated tests. All those materials rated as resistant or intermediate are
reconfirmed in replicated tests. All those susceptible are discarded. All data are statistically analyzed.
Results and Discussion

The most important activity in 2002 was the evaluation for resistance to A. varia, A. reducta and Z.
carbonaria of approximately 800 individual clones pre-selected by J. Miles on the basis of general
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performance in field trials at Quilichao (Cauca) and Matazul (Meta). One plant of each clone was
independently but simultaneously evaluated for resistance to A. varia, A. reducta, and Z. carbonaria.
Selection was based on damage scores. None of 83 apomictic x sexual hybrids showed a useful level of
resistance to any of the species tested, the mean for this group being statistically the same as the mean
for the susceptible checks. In contrast, the new sexual hybrids (SX01) showed, as a group, a level of
resistance comparable to that of the resistant checks (Table 26).

Table 26. Damage scores in sexual x apomictic and sexual (SX01) clones evaluated for resistance to
three spittlebug species in 2002

Group Aeneolamia varia Aeneolamia reducta Zulia carbonaria
No. Mean No. Mean No. Mean
tested damage tested damage tested damage
scores scores scores
Susceptible checks® 2 4.8a 2 4.9a 2 4.5a
Sexual x apomicitic hybrids 83 3.9a 82 4.0a 82 3.7a
Hybrid checks® 2 3.6ab 2 2.6b 2 2.3b
Sexual hybrids (SX01) 725 2.6b 728 2.8b 689 3.1ab
Resistant checks® 2 1.3b 2 2.2b 2 3.2ab

*CIAT 0606 and BRX-44-02

> BR99NO/4132 and FM95NO/4624

¢ CIAT 36062 and CIAT 6294

Means within a column followed by the same letter are not significantly different (P < 0.05) by Scheffe's
F analysis of arbitrary contrasts

Based on this unreplicated screening, 86 clones were selected for reconfirmation in replicated
nurseries. Again, independently but simultaneously evaluated for resistance to A. varia, A. reducta, and
Z. carbonaria. We used six replications per genotype, each plant infested with six eggs. Resistance was
assessed first on the basis of damage scores. Nymphal survival was then determined for clones with
low mean damage scores. Thirty SX01 clones were selected for resistance to three spittlebug species
and were subsequently used by the breeder to establish a recombination block. On average, the 30
hybrids showed damage scores that did not differ from those recorded on the most resistant check,
CIAT 36062. As a group, the selected hybrids showed levels of antibiosis (reduced nymph survival) to
A. varia, A. reducta, and Z. carbonaria that were significantly better than the one found in the
commercial resistant check, CIAT 6294 ('Marand('). Antibiosis to A. varia and A. reducta was high but
significantly lower than in CIAT 36062, the most resistant check. Antibiosis to Z. carbonaria was the
same as in CIAT 36062 (Table 27).

Table 27. Damage scores and percentage nymphal survival in 30 sexual clones selected for resistance
to three species of spittlebug

Group Damage scores” Percentage nymph survival
A. A. Z A. A. Z
varia reducta carbonaria varia reducta carbonaria

30 selected SX01 hybrids 1.9b 1.6¢ 2.1¢c 16.8¢ 17.0¢c 38.1b
CIAT 36062° 1.4b 1.2¢ 1.6¢ 2.8d 0d 30.6b
CIAT 6294° 1.6b 2.9b 3.5b 33.3b 33.4b 69.4a
BRX-44-02° 5.0a 5.0a 4.6a 61.1a 80.6a 47.2ab
CIAT 0606° 4.7a 4.8a 4.4a 77.8a 72.2a 50.1ab

*On a 1-5 scale (1, no damage; 5, plant killed)

® Resistant check

¢ Susceptible check

Means within a column followed by the same letter are not significantly different (P < 0.05) by Scheffe's F analysis
of arbitrary contrasts.
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A list of those sexual hybrids selected for resistance to 1, 2 or 3 species of spittlebug is presented in
Table 28. In Figure 21 we illustrate the very high levels of antibiosis resistance to the three species
detected in SX01NO/ 0102 and SX01NO/0233.

Table 28. Sexual Brachiaria (SX01) hybrids selected in 2002 for high antibiosis (<30% nymphal
survival) and intermediate antibiosis resistance (31-50% nymphal survival) to one or more species of

spittlebug

Combining high resistance to

Combining high resistance

Combining resistance to A.

Aeneolamia varia, A. reducta, and to A. varia and A. reducta reducta and
Zulia carbonaria Z. carbonaria
SXO0INO/ 0102 SX0INO/0067 SX01NO/0263
SX01NO/0233 SX01NO/0159 SX01INO/0760
SX01NO/0446 SX0INO/1186
SX01NO/0465 SX01NO/2209
SX0INO/0878 SX01NO/2420
SX0INO/1647 SX0INO/2722
SX0INO/2017 SX0INO/4099
SX0INO/2619
SX01INO/2683
SX0INO/3168
SX0INO/3615
SX01NO/4423
SX01NO/4506
SX0INO/4785

Others selected:

SX0INO/1090: for combining intermediate resistance to A. varia and A. reducta

SXO0INO/1111: for combining intermediate resistance to A. varia with high resistance to A. reducta
SX0INO/1175: combining intermediate resistance to A. varia and A. reducta with high resistance to Z.
carbonaria

SX0INO/3390 and SX01NO/4467: for high resistance to A. reducta only

SX01NO/3439: for having intermediate resistance to A. reducta

SX0INO/4861: for high resistance to Z. carbonaria only

m Aeneolamia varia [ Aeneolamia reducta =& Zulia carbonaria

Percentage nymph survival

SX01IN0O/0102 SX01IN0O/0233 CIAT 36062 CIAT 0606

Figure 21. Levels of antibiosis resistance to three species of spittlebug in two SX01 Brachiaria hybrids selected
in 2002. CIAT 36062 is an apomictic hybrid used as standard resistant check. CIAT 0606 is the susceptible
cultivar B. decumbens widely grown in Latin America. The dotted line represents the cut-off point for antibiosis
resistance rating.
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The continuos work on resistance to spittlebug has allowed us to detect significant progress in the
incorporation of resistance. To illustrate this, we used data obtained with Aeneolamia varia, the species
most intensively studied since the beginning of the breeding for resistance program (Figure 22).

70

m Resistant
60 - 2 Elintermediate
7 Susceptible

Per centage of genotypestested

1998 2000 2002

Figure 22. Progress in the incorporation of resistance to Aeneolamia varia in Brachiaria. Note the steady
increase in the frequency of resistant genotypes and the decline in the frequency of susceptible genotypes as a
result of continuous cycles of selection.

2.3.4 Field screening of Brachiaria accessionsand hybridsfor resistance to four spittlebug
species

Contributors. C. Cardona, G. Sotelo, J. W. Miles, and W. Mera

Field screening for resistance to spittlebug continued in 2002. The methodologies have been described
in previous reports. We have also reported on the reliability of the system as judged by the high
correlation between greenhouse and field resistance ratings. We have also shown in previous reports
that the methodology can be used with all spittlebug species. Nine major screening trials (four with
Aeneolamia varia, two with Mahanarva trifissa, and three with Zulia pubescens) were conducted in
Caqueta in 2002.

In Table 29a we highlight the results of evaluating 44 sexual (SX99) hybrids, four resistant checks, and
two susceptible checks. In general, resistance to A. varia was high. The mean damage score for
resistant hybrids was slightly higher than that for the resistant checks but significantly lower than the
mean for susceptible checks. Tiller ratios (number of tillers per plant at the end of the infestation
process divided by the number of tillers per plant at the beginning of the infestation process) for
resistant genotypes were significantly higher than in the susceptible checks.

This means that tiller mortality did not occur in resistant hybrids or in the resistant checks CIAT 6294
('Marand') and CIAT 36062. In contrast, the susceptible checks CIAT 0606 and CIAT 0654 lost 80%
and 86% of their tillers, respectively. There was a significant, negative correlation (r =-0.774; P <
0.001) between damage scores and tiller ratios.

A similar field study (Table 29b) was conducted in Caqueta with a set of BR/ hybrids rated resistant to
A. varia in greenhouse conditions in Palmira. In three consecutive, identical trials, we compared 32
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hybrids with four resistant checks and two susceptible checks. On average, hybrids bred for resistance
to A. varia performed as well as the resistant checks in terms of damages scores (Table 29b). The mean
tiller ratio for selected hybrids was significantly higher than that for resistant checks reflecting not only
resistance levels but also the good agronomic performance of the new hybrids. Again, there was a
negative and significant correlation (r = - 0.678; P< 0.05) between damage scores and tiller ratios,
meaning that severe foliage damage reflects a lower capacity of the plant to recover from spittlebug
damage and produce new growths.

Table29a. Field resistance to Aeneolamia varia Table 29b. Field resistance to Aeneolamia varia in
in selected sexual Brachiaria hybrids and checks. selected sexual Brachiaria hybrids and checks.
Means of 10 replicates per genotype Means of one trial, 10 replicates per genotype
Mean damage Genotype Mean damage Tiller
Genotype scores” Tiller Ratio® scores” Ratio®
Best hybrids Best hybrids
SX99NO0/2927 2.0 1.50 BROONO/0587 1.5 4.99
SX99NO/2115 2.0 1.43 BROONO/0019 1.4 4.85
SX99NO/1215 2.0 1.41 BROONO/0425 1.4 4.67
SX99NO/3690 2.0 1.34 BROONO/0022 1.6 4.60
SX99NO/2200 2.2 1.32 BROONO/1392 1.5 4.44
SX99NO/2173 2.0 1.31 BROONO/0595 1.4 4.22
SX99NO/2030 2.0 1.26 BROONO/1076 1.4 4.15
SX99NO/3770 2.0 1.19 BROONO/1032 1.5 4.01
SX99NO/0246 2.0 1.18 BROONO/0106 1.5 3.83
SX99NO/3564 2.0 1.16 BROONO/1501 1.4 3.81
Mean 2.0ab 1.31a BROONO/1281 1.6 3.65
Susceptible checks Mean 1.47b 429 a
CIAT 0606 4.7 0.20 Susceptible checks
CIAT 0654 4.6 0.14 CIAT 0606 3.8 0.56
Mean 4.6a 0.17b CIAT 0654 4.0 0.34
Mean 39a 0.45¢
Resistant checks Resistant checks
CIAT 6133 2.0 1.08 CIAT 6133 1.3 4.26
FM9503/4624 1.7 1.16 FM9503/4624 1.3 2.68
CIAT 36062 1.0 1.56 CIAT 36062 1.3 2.74
CIAT 6294 1.4 1.22 CIAT 6294 1.2 2.02
Mean 1.5b 1.25a Mean 1.27b 2.92b

*On a 1-5 damage score scale (1, no damage; 5, severe damage, plant killed).

®Ratio of tillers per plant at the end of the infestation process/ tillers per plant at the beginning of the infestation process.
Means within a column followed by the same letter are not significantly different (P < 0.05) by Scheffe’s F analysis of
arbitrary linear contrasts.

In yet another set of trials we compared the field resistance of 38 selected hybrids exposed to
Mahanarva trifissa and Zulia pubescens. Results are shown in Table 30.

On average, resistant hybrids exposed to M. trifissa performed as well as the resistant checks both in
terms of damage scores and tiller ratios. The same hybrids exposed to Z. pubescens showed damage
scores significantly higher and tiller ratios significantly lower than the resistant checks.

This means that the levels of resistance to Z. pubescens are not as high as those already developed for

M. trifissa, the latter being the species for which antibiosis in resistant genotypes is highest among all
spittlebug species studied at CIAT.
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Table 30. Field resistance to Mahanarva trifissa and Zulia pubescens in selected Brachiaria hybrids
and checks. Means of 3 trials with M. trifissa and two trials with Z. pubescens. Ten replicates per

genotype per trial.
Genotype Mean damage scores” Tiller Ratio”
M. trifissa Z. pubescens M. trifissa Z. pubescens
Best hybrids
BROONO/1501 1.9 2.2 1.90 0.92
BROONO/1733 1.8 2.2 1.85 0.96
BROONO/1494 1.8 2.0 1.67 0.94
BROONO/1392 1.9 2.1 1.66 0.93
BROONO/1032 1.8 2.0 1.66 1.05
BROONO/1372 1.7 2.2 1.56 0.96
BROONO/0106 1.8 2.2 1.26 1.06
BROONO/0604 1.9 2.3 1.47 0.98
BROONO/0019 1.8 2.1 1.63 0.79
BROONO/0078 1.8 2.3 1.60 0.89
BROONO/0595 1.6 2.1 1.58 0.89
BROONO/0587 1.7 2.1 1.56 0.90
Mean 1.8b 2.1b 1.62a 0.93b
Susceptible checks
CIAT 0606 2.9 3.7 0.80 0.42
CIAT 0654 2.8 4.1 0.90 0.30
Mean 2.8a 3.9a 0.85b 0.36¢
Resistant checks

CIAT 6133 1.9 1.7 1.54 1.03
FM9503/4624 1.8 1.2 1.46 1.17
CIAT 36062 1.7 1.3 1.71 1.36
CIAT 6294 1.5 1.0 1.40 1.15
Mean 1.7b 1.3¢ 1.52a 1.17a

?0On a 1 - 5 damage score scale (1, no damage; 5, severe damage, plant killed)

"Ratio of tillers per plant at the end of the infestation process/ tillers per plant at the beginning of the infestation
process.

Means within a column followed by the same letter are not significantly different (P < 0.05) by Scheffe’s F
analysis of arbitrary linear contrasts.

Activity 2.4 Identify host mechanismsfor spittlebug resistancein Brachiaria
Highlights

* Detected that under field conditions infestations by two or more spittlebug species may occur on a
given Brachiaria plant

¢ Identified and characterized a new insect problem affecting grasses in the Cauca Valley of
Colombia.

2.4.1 The effect of mixed infestations on resistance expression
Contributors: C. Cardona, G. Sotelo, A. Pabon, P. Fory, and J. Miles.
Rationale

For years, it was assumed that resistance to one spittlebug species applied without reservations to other
spittlebug species. We have shown in previous recent reports that this is not the case and that the
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mechanisms underlying resistance to one species do not necessarily apply to other species. Hence the
importance of studying the mechanisms for each species and the need for screening with as many
spittlebug species as possible, in order to ascertain that resistant Brachiaria genotypes will perform
well under varying growing conditions, even in areas in which two or more species of spittlebug
coincide. At the same time, we found that detecting mixed infestations when adults are not present is
quite difficult because it is virtually impossible to differentiate among species at the nymphal stage. So,
in order to study resistance expression when mixed spittlebug populations occur, we first had to
develop reliable techniques to properly identify species.

Materialsand Methods: Samples were taken periodically (every month or so for one full year) in one
commercial Brachiaria decumbens field in Caqueta, at an altitude of 300 meters. Nymphs were
collected from individual plants and sent to CIAT for laboratory analysis.

Once we had reliable techniques to properly identify immature stages of different spittlebug species,
we established a series of trials aimed at measuring how different species combinations affect
resistance expressions in selected resistant or susceptible genotypes well known for their response to
several spittlebug species. We measured the effect of single species infestation as opposed to
combinations of two or three species in different proportions using a split-plot design (spittlebug
species was the main plot; the different genotypes were the sub-plots).

Results and Discussion: Best isozime electhrophoretic patterns were obtained with the use of a-8
esterases (Figure 23). Excellent differentiation among species was also obtained by means of RAPD-
PCR analysis (Figure 24).

Figure 23. o-B esterase electrophoretic patterns for fifth instar nymphs of spittlebug. Lanes 1-3, nymphs collected
from existing mass rearings of Aeneolamia varia, Zulia pubescens, and Mahanarva trifissa, respectively; all other
samples collected from individual Brachiaria decumbens plants in Caqueta: 4-5, Z. pubescens; 6-7, A. varia; 8,
Z. pubescens; 9-11, M. trifissa; 12, Z. pubescens; 13, A. varia.

This allowed us to detect that mixed infestations occur in commercial fields. Figure 25 shows that
individual plants in Caqueta may be affected by one, two or three different species attacking
simultaneously.
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Figure 24. RAPD-PCR (2 ng/pl, OPA-10) patterns obtained with fifth instar nymphs of four spittlebug species
(Kb, molecular marker).
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Figure 25. Spittlebug species composition in one commercial Brachiaria decumbens field in Caqueta. As shown,
individual plants can be infested with pure or mixed stands of nymphs of Aeneolamia varia (Av), Mahanarva
trifissa (Mt) and Zulia pubescens (Zp). Note that a significant proportion of plants (21%) can be attacked by as
many as three different species.

The possibility of identifying species with precision also allowed us to measure percentage survival of
different species when infestations were made with two or more species. The work on resistance
expression as affected by simultaneous attacks is still in progress and will be reported in full in 2003.
However, we would like to highlight some of the results in order to show how important it is to
ascertain that resistance is broad and that the resistance work takes into account the existence of
spittlebug species other than A. varia.

As shown in Figure 26, when the resistant genotype CIAT 36062 is exposed to Z. carbonaria alone or
to Z. carbonaria in combination with A. varia in different proportions, damage scores increase so that
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the genotype is classified as intermediate resistant rather than resistant. When it is exposed to Z.
pubescens alone or to Z. pubescens in combination with A. varia, CIAT 36062 is rated as resistant and
damage scores are significantly lower than those obtained with Z. carbonaria alone or in combination
with A. varia. From previous work (see Annual Reports 2002 and 2001) we know that antibiosis to A.
varia is highest, followed by antibiosis to Z. pubescens. There is not an important level of antibiosis to
Z. carbonaria in CIAT 36062. This may explain the significant differences in terms of damage scores
shown in Figure 26.
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Figure 26. Damage scores recorded on susceptible (BRX-4402) and resistant (CIAT 36062) Brachiaria
genotypes exposed to individual or simultaneous attack by nymphs of Aeneolamia varia (Av), Zulia carbonaria
(Zc) or Zulia pubescens (Zp). Dotted lines represent cut-off points for resistance (< 2) and intermediate ratings (2
-3)inal - 5 damage score scale. Bars accompanied by the same letter represent means that are not significantly
different at the 5% level by LSD.

Most important, we detected significant and differential antibiosis effects when mixed populations of
A. varia and Z. carbonaria in different proportions were used to infest plants of the resistant genotype
CIAT 36062. At all levels of infestation, survival of A. varia on CIAT 36062 was significantly reduced
to levels below the cut-off point for resistance rating (< 30% percentage survival) (Figure 27).

On the contrary, the survival of Z. carbonaria nymphs was significantly higher, well above the 50%
level used to classify genotypes as susceptible. When A. varia and Z. pubescens attack simultaneously,
the antibiosis mechanism present in CIAT 36062 affected both species and survival was below the cut-
off point for resistance rating (Figure 28).

These findings support the need to characterize resistance to as many spittlebug species as possible. If,
for example, an improved Brachiaria cultivar that has antibiosis resistance to one species but not to
others is released in areas where two spittlebug species coexist, antibiosis will reduce populations of
one of the species. The species not affected by antibiosis will be freed of competition and may become
more abundant and aggressive. Little would have been accomplished in terms of efficient plant
protection.
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Figure 27. Levels of antibiosis (reduced percentage nymph survival) detected when plants of susceptible (BRX-
4402) and resistant (CIAT 36062) Brachiaria genotypes were infested with Aeneolamia varia or Zulia
carbonaria or combinations thereof (A. varia: Z. carbonaria). The dotted line represents the cut-off point for
resistance rating (< 30.0% percentage survival). Bars accompanied by the same letter represent means that are not
significantly different at the 5% level by LSD.
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Figure 28. Levels of antibiosis (reduced percentage nymph survival) detected when plants of susceptible (BRX-
4402) and resistant (CIAT 36062) Brachiaria genotypes were infested with Aeneolamia varia or Zulia pubescens
or combinations thereof (A. varia: Z. pubescens). The dotted line represents the cut-off point for resistance rating
(< 30.0% percentage survival). Bars accompanied by the same letter represent means that are not significantly
different at the 5% level by LSD.
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2.4.2 Diagnostic survey of a'new' pest affecting para grassin Colombia.
Contributors: C. Cardona, G. Sotelo, A Pabon, J. Miles

A new insect problem affecting para grass (Brachiaria mutica) was detected in the Cauca Valley of
Colombia. The insect is a stem borer that attacks well-developed plants of para grass. It first appeared
in the Buga region in January 2002 and has spread to other areas such as Yumbo and Bugalagrande
along the Cauca River. It is a weevil that belongs to the Order Coleoptera, Family Curculionidae. It
was identified by the British Museum of Natural History as Apinosis sp. It is not clear if this is a true
new pest or if this is the Apinosis anacentrinus recorded as a pest of sugar cane many years ago.

The larvae are white and small (2-3 mm in length) and tunnel through the first internode of the stem
(Photo 5) causing severe damage. Pupae are found within the stem. Adults are black and small (3-4
mm in length). The damage caused by the larva interrupts the flow of nutrients through the vascular
system, thus causing the death of affected stems, and eventually of the entire plant. Damage has been
so severe that entire grassland areas have been completely destroyed (Photo 6). The levels of
infestation detected so far are very high: 84% of stems damaged in Buga, 75 and 88% in Bugalagrande
and Yumbo, respectively.

Photo 5. Larva of Apinosis sp. in stem of para grass (Brachiaria mutica). Note the tunneling at the level of the
first internode.

So far, this insect has been found attacking para and brachipara (Brachiaria radicans) grasses. The
weed Eleusyne indica is an alternate host. It has not been found affecting 'Pasto Estrella' (Cynodon
nlemfuensis) or 'Pasto Aleman' (Echinochloa polystachya). If these observations are confirmed, the
latter grasses could become alternatives for those farmers in areas where the incidence of the stem

borer is high.
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Photo 6. Severe damage and pasture degradation caused by the para grass stem borer, ApinOSiS sp., in Buga,
Cauca Valley, Colombia. Note grass plants killed and weed proliferation in areas devastated by the insect.

Activity 2.5 Genetic control and molecular markersfor spittlebug and reproductive modein
Brachiaria

Highlights

¢ Localized programmed cell death, a common task to arrest the propagation of pathogens, could
be important in the resistance of Brachiaria to spittlebug

* Agreement between progeny test results and the putative marker of apomixis (PCR marker
N14) was good for 107 2000 progenies (94.4% agreement). However, for 13 2001 progenies
where we had data on N14, agreement was less than 50%.

25.1 Isolation and characterization of sequences associated with resistance to spittlebug in
Brachiaria

Contributors: C. Romero, I.LF. Acosta and J. Tohme- SB-2 Project
Rationale

The spittlebug is the most harmful pest of Brachiaria in America. One of the methods of controlling it
is through the use of cultivars that are naturally resistant. We are interested in elucidating the
molecular basis of resistance to spittlebug in Brachiaria. At the genomic level, we isolate sequences
bearing strong similarities with resistance genes (R-genes) named RGAs (Resistance Gene Analogs;
BRU Annual Report, 2001). Given the need to establish the expression profile of the genes implicated
in resistance, the resistant genotype is challenged with larvae of the insect, following two approaches:
a) look specifically for elements probably involved in the recognition of the insect and the activation of
the resistance and, b) seek information about the defense response itself.
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Mapping of RGAsfrom Brachiaria brizantha. A candidate gene approach was developed to
characterize Quantitative Trait Loci (QTL) for resistance to spittlebug in Brachiaria. Based on the
strong structural similarities between R-genes of the NBS-LRR (Nucleotide Binding Site-Leucine Rich
Repeat) family, which includes the main part of cloned R-genes, we had isolated RGAs using
degenerate primers targeting highly conserved regions (BRU Annual Report, 2001). Now, these RGA
sequences have been used as molecular markers to determine whether they are part of the spittlebug
resistance QTL.

I solation of sequences differentially expressed in resistant plantsinfested with spittlebug. To
obtain sequences related with the defense process, we used a differential display technique that allows
us to isolate fragments of cDNAs induced by the insect attack in a resistant variety. Sequence
information of these fragments is used to hypothesize about its possible function in the defense
response in order to get closer to the resistance mechanism.

Materialsand Methods

Specific primers were designed for each of 8 RGA classes established previously (BRU Annual
Report, 2001) in order to use RGAs as PCR-based molecular markers. Five out of the 8 classes were
informative polymorphic markers between the resistant and susceptible varieties (B. brizantha CIAT
6294 and B. ruziziensis BR4x44-03, respectively). One of these PCR-based markers is a Cleaved
Amplified Polymorphic Sequence (CAPS), while the other ones represent dominant molecular markers
(Presence/Absence).

These polymorphic classes were evaluated in a population derived from an interspecific cross of B.
ruziziens's BR4x44-03 X B. brizantha CIAT 6294. This population contains 215 individuals that have
been scored phenotypically for resistance to one of the most widespread species of spittlebug
(Aenolamia varia), and have been used to construct a genetic map (BRU Annual Report, 2001). The
RGAs were located on this map using Mapmaker (Lander, 1987). The correlation analysis between the
segregation of RGAs and the resistance score was done with QGENE (Nelson, 1997).

To isolate sequences differentially expressed in a Brachiaria-resistant variety (CIAT 36062) when
challenged with spittlebug, we employed a highly sensitive technique known as Differential
Subtraction Chain (DSC) (Luo et al., 1999). Expressed sequences from treated and non-treated plants
are put in hybridization, and sequences common to both states are suppressed. This is achieved by
successive rounds of hybridization with a subsequent enriching of the sequences expressed only in the
treated plants.

Two pools of plants from genotype CIAT 36062 grown under similar conditions were used for this
assay. One pool was infested with A. varia larvae and the other was not treated. Infestation was done
in superficial roots according to Cardona (1999) (Photo 5).

These were collected at different stages of the infestation progress (1-30 days) from both pools, and
total RNA was extracted from superficial roots with Trizol® reagent. We made two RNA pools that
represent two populations of genes expressed in each condition during that time and are denominated
“tester” (infested) and “driver” (not infested). Double-strand cDNA was synthesized using the
SMART cDNA Synthesis Kit (Clontech) according to manufacturer's instructions. The cDNA was
then digested with Dpnl and ligated with different adaptor sets for each cDNA pool to make its
subsequent amplification by PCR possible.
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Photo 7. Infestation system units consist in single steams propagules with profuse superficial roots. This
substratum serves as feedings sites for nymphs.

We performed two separate hybridization experiments with different hybridization buffers: SSH
(Diatchenko, 1996) and DSC (Luo et al., 1999), following the hybridization and PCR parameters
suggested by Luo et al. (1999). After each round of hybridization, the level of subtraction was checked
by PCR. With the SSH buffer we executed 3 rounds of hybridization; but when the DSC buffer was
used, 4 rounds were performed. PCR products from the last round of hybridization were considered to
contain differentially expressed sequences from the tester; therefore, they were cloned in batch, and a
96-clone library was constructed for both types of hybridization. Sequences for the complete libraries
were obtained, and homologies were searched for in the Gene Bank, using the BLASTN and BLASTX
algorithms (Altschul et. al., 1997).

Results and Discussion

Mapping of RGAsfrom B. brizantha. Segregation of 5 RGA markers on the mapping population B.
ruziziens's BR4x44-03 X B. brizantha CIAT 6294 did not show significant association with the trait of
interest (resistance to A. varia). The highest explicative value for the resistance phenotype was 5%,
corresponding to RGA 5B. Some AFLP markers used in the construction of this framework map show
much better associations (25%) with resistance to spittlebug (BRU Annual Report, 2001). Despite the
small size of such markers (ranging from 100-300 bp), we attempted to sequence them in search for R-
gene candidates; however, no apparent homologies were found (data not shown). Moreover, these
QTL-containing regions are not saturated in molecular markers; thus they may still contain RGA-type
sequences that were not isolated in the set we tried to map. Consequently our next step is to define
new classes of RGAs isolated from less complex sources of DNA, such as cDNA or the arrayed
genomic library that is currently being constructed in the SB-02 Project. In this way we expect to
obtain more diverse and representative RGA sequences that may be included in a genomic region
implicated in the resistance of Brachiaria to spittlebug.

I solation of sequences differentially expressed in resistant plantsinfested with spittlebug: Two
“subtraction libraries” were constructed using DSC (see methods). They were supposed to contain
sequences being expressed exclusively in resistant Brachiaria plants that had been challenged with
spittlebug. It is highly probable that such cDNA fragments correspond to genes involved in the
resistance response to the insect attack. Sequence analyses of 171 clones (Table 31) revealed 35
sequences with known homology, 4 hypothetical proteins (HP), 2 unknown proteins and 16 sequences
with no homology. We isolated sequences that participate in the R-gene-mediated defense response
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studied in other plant systems (Figure 29) and found Hypersensitive Response (HR)-related sequences
(Table 31). This suggested that localized programmed cell death, a common task to arrest the
propagation of pathogens, is also important in the resistance to spittlebug. This episode provokes a
hormone response that alerts the entire plant; accordingly, we found sequences that are part of the
ethylene, jasmonate and salicylic acid pathways triggered during resistance (Cheong, 2002).

This evidence encourages us in the search for R-gene type sequences involved in the resistance
mechanism of Brachiaria. Additionally, we found other general response elements to feeding,
wounding (Reymond, 2002) and stress responses (Table 31), which are well correlated with the type of
attack that the insect executes in the plant (mechanical wounding).

Table 31. Functional groups of the differentially expressed sequences, some of which may be part of
two groups because some of these pathways have a cross walk.

Transcription Factors

Hypersensitive Response Proteins

MADS box
PUR alpha 1
SCARECROW

Signaling Proteins
Ca-dependent carrier

Serine threonine kinase
Detoxification

Glutathione S conjugate ATPase
LOX 1 (lypoxigenase)

LOX 2 (lypoxigenase)
Hydrolytic Enzymes

Beta glucanase

Cell Wall Modifying Enzymes
Alpha tubulin

Beta tubulin

Methyltransferase
O-Methyltransferase
Xyloglucan endotransglycolase

Stress-Related Proteins

Cold-acclimatization and water-stress protein
Retrotranscriptase 1

Retrotranscriptase 2

SAMS (S-adenosyl L-methionine synthetase)

Carbonic anhydrase
Cysteine proteinase

Jasmonate Pathway

LOX 1 (lypoxigenase)

LOX 2 (lypoxigenase)
Phospholipase

Wound-Induced Proteins

Fatty acid desaturase
Glutathione S conjugate ATPase
Beta glucanase

Unclassified Proteins

CAB (Chlorophyll a/b binding protein)
Clone RG 64 (sequence associated to Pi2)
Developmental protein

dTDP glucose dehydratase
Fructose biphosphate aldolase
GTP- Dehydratase

HP 1

HP 2

HP 3

HP 4

Safener binding protein
Unknown protein 1

Unknown protein 2

Unfortunately, a high number of redundant clones representing 4 types of rRNA artifact sequences
were also isolated (not shown). These sequences are an artifact of the cDNA synthesis even though we
used a poly-T primer for that step. One way to prevent this in future experiments is to use mRNA as a
template for cDNA synthesis. When we separated the subtraction final products in polyacrylamide
gels (data not shown), we were able to see from 50-65 different bands for each hybridization.
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Figure 29. Outline of Hypersensitive response elements. Adapted from: B. F. Matthews, Sept 2002, Expression
of Genes in Soybean Roots in Response to the Soybean Cyst Nematode, Soybean Genomics & Improvement,
USDA -ARS. In http://www.ndsu.nodak.edu/virtual-|genomics/conference 2002.htm

Evidently, the 96-well libraries were too small to represent well the entire set of differential sequences
present after subtraction, particularly in this case where the concentration of rRNA-enriched products
can “mask” the cloning of less abundant fragments. However, we applied this strategy to make a rapid
inspection of the contents and quality of the subtraction. Now our goal is to construct larger libraries
that exclude rRNA fragments by cloning smear excisions from polyacrylamide gels. In that way we
expect to broaden the light that initial analysis of subtraction products has shed on the mechanisms of
resistance to spittlebug in Brachiaria.

Future Activities

I solation and mapping of new RGA sequences from less complex DNA sour ces and final
sequence screening of the subtraction libraries

As found by Cheong et al. (2002), transient-induced expression of genes by feeding and wounding
appears in 0.5-6 h after treatment, preceding the sustained expression of other effector genes. This
prompted us to design a new assay that will include a subtler infestation method and a new subtraction
experiment to cover the first 24 h postinfestation. In this way we will look for regulatory elements
upstream of the expressed sequences that we report here. Upstream elements have a particular interest
in searching for polymorphism between susceptible and resistant varieties.

The subtractive hybridization performed did not allow detection of constitutive mechanisms of
resistance. Therefore we plan to perform a subtractive hybridization of cDNAs from a susceptible and
resistant variety, challenging them with the insect to find out whether there is a constitutive mechanism
of resistance.
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2.5.2 Validation of PCR tag of " apo-locus' and initial application in Brachiaria breeding
program

Contributors: Olga Giraldo; J. Tohme; J.W. Miles
Rationale

A reliable molecular marker of the apomixis locus would facilitate assessment of reproductive mode in
large hybrid populations and improve the efficiency of the breeding program. A RAPD marker that
cosegregates with apomictic reproductive mode was identified eight years ago. It is unclear whether it
is sufficiently robust for routine use in the breeding program.

Materialsand Methods

A total of 123 hybrid (SX x AP) selections were progeny tested. These included 107 BR0OO progenies
and 16 BRO1 progenies. Presence/absence of the N14 marker was determined for all the BROO
progenies and for 13 of the 16 BRO1 progenies.

Results and Discussion

Agreement between progeny test results and the putative marker of apomixis was good for the 107
BROO0 progenies (6 inconsistencies: 94.4% agreement). However, for 13 BRO1 progenies where we
had data on N14, agreement was less than 50%. An additional peculiarity of the BRO1 progenies is
that 14 of 16 (87.5%) were classified as apomictic (or facultatively apomictic) based on uniformity of
the OP progeny, rather than the approximately 1:1 segregation expected. We have no explanation for
these anomalies. They suggest, however, that use of the N14 marker for routine determinations of
reproductive mode is not yet possible.

Activity 2.6 Defineinteractions between host and pathogen in Brachiaria
Highlights

+  With the new greenhouse methodology we found that 42 (11%) Brachiaria genotypes had higher or
the same level of resistance to Rhizoctonia solani than the control (B. brizantha CIAT 16320).

+  The genetic and pathogenic variability or Xanthomonas campestris pv. Graminis isolates infecting
Brachiaria was determined.

2.6.1 Screening of Brachiaria hybridsfor Rhizoctonia foliar blight

Contributors: Carolina Zuleta , John Miles and Segenet Kelemu

Rationale

Rhizoctonia foliar blight, caused by R. solani, is an important disease of species of Brachiaria. The
disease can cause substantial foliar damage on susceptible genotypes. The pathogen has the ability to
survive for long periods of time in the soil or on plant debris as sclerotia, which are first seen as white
masses on infected plant tissues. These turn brown in color as they mature and become loosely

attached. They are subsequently shed on to the soil, thus forming primary sourcesof inoculum. The
search for resistant plant materials is a major part of our work in effectively managing this disease.
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This year, we have standardized and greatly improved the artificial inoculation method, thus reducing
the disease reaction variability among plants within the same genotype.

Materialsand M ethods

Pathogen isolate and Inoculum preparation. The isolates used in this study was collected from
diseased B. brizantha accession number CIAT 6780 in the field. The fungus was grown on potato
dextrose agar (PDA, Difco) in Petri plates and incubated at 28 °C. The isolate was maintained as dried
sclerotia produced in PSY broth (20g peptone, 20g sucrose, 5g yeast extract in 1 L deionized water) at
room temperature.

Inoculation method. Plants were propagated vegetatively and artificially inoculated 15 days after
later. Inoculation was conducted by placing fresh mycelial disc of R. solani grown on potato dextrose
agar. Mycelial discs were placed on stems approximately 2 cm above the soil line and wrapped with
parafilm (Photo 8). The inoculated plants were then transferred to a humidity chamber (see Photo 9)
with applications of one hour mist in the morning and another one in the afternoon. Temperatures were
maintained at 30-35°C. Plants were evaluated 15 days after inoculation.

Photo 8. Inoculation of Brachiaria with Rhizoctonia solani

L
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Photo 9. Humidity chamber for the development of rhizoctonia foliar blight disease
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The upward progression of the disease was measured from the inoculation point. Visual rating of the
disease was also conducted using the method described by Horsfall and Barratt (1945. An improved
grading system for measuring plant diseases. Phytopathology 35:655)

Results and Discussion

Symptoms developed fully within 15 days after inoculation. All inoculated materials uniformly
expressed disease symptoms (Photo 10). The upward progressions of symptoms from the inoculation
points ranged from 10.33 c¢m in resistant materials to 37 cm in susceptible ones. Forty- two of the 381
materials evaluated showed either lower or the same disease progression as the resistant control CIAT
16320 (Figure 30).

Figure 31 shows ratings of the genotypes when both the upward disease progression and the Horsfall
and Barratt methods were applied. However, these data are preliminary and a more careful analysis is
needed. One has to take into consideration that the presence of the endophyte A. implicatumis variable
among genotypes and among plants of the same genotype. In addition, plants used as recipients of the
pollen of CIAT 16320, as well as the pollen donor plants themselves, have to be examined for the
presence or absence of endophytes.

We hope to address these questions in the AR-2003.

Photo 10. Rhizoctonia foliar blight symptom in Brachiaria 15 days after inoculation with Rhizoctonia solani.

The new inoculation method together with the humidity conditions maintained improved homogeneity
in symptom expressions within plants of the same genotype. As as result of the 383 genotypes
included in the screen, 42 (% showed either higher or the same level of resistance as the control CIAT
16320).

72



Upward disease progression (cm)

50.00

40.00

30.00

20.00

10.00 -

0.00 -

Brachiaria

BROONO0595
CIAT 16320

Figure 30. Disease development in resistant genotypes of Brachiaria measured as upward progression of
symptoms from the inoculation point of the plant.
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Figure 31. Ratings of Brachiaria genotypes using both the upward disease progression measurements and the
Horsfall and Barratt methods.
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2.6.2 Studieson conditionsfor sclerotial production and ger mination of Rihizoctonia solani
Contributors: Tomoko Sakai and S. Kelemu

Preparation of sclerotia. Sclerotia of Rhizoctonia solani CIAT 6780 were produced on potato
dextrose agar (PDA, Difco) at 28°. Sclerotia were collected and separated from the mycelial mats, air-
dried in a hood in sterile condition and sorted out by size for further use.

Germination tests. Germination of sclerotia was determined on various media, temperature and pH.
Sclerotia were plated on PDA, water agar (WA; 20g agar granulated, 1L distilled water) and Czapek-
dox agar (2g NaNO;, 1g K,HPO,, 0.3g MgSO, .7H,0, 0.5g KClI, 0.01g FeSQ,, 30g sucrose and 20g
agar, 1L distilled water plus 1ml of 1% ZnSQO, and 0.5% CuSQ,). Each culture medium was adjusted
to pH 3, 7 and 9. Three temperature treatments were used for incubation 23°C, 30°C and 35°C). A total
of 50 sclerotia were placed on each plate. Plates were checked after 18, 24, 42, 48, 72, 90 hours of
incubation to determine germination.

Production of sclerotia. One sclerotium was plated in the center of each plate for each treatment
combination of incubation temperature x medium x pH. After 15 days of incubation, all sclerotia
produced on each plate were harvested from the mycelial mat with tweezers, air-dried in a hood and
weighed. All treatments were replicated twice. Data presented are average values.

Results and Discussion

Production of sclerotia of R. solani and their germination were compared on 3 culture media x 3 pH x 3
incubation temperature combinations. The sclerotia of R. solani CIAT 6780 germinated on all media x
temperature x pH combinations, although germination was slow on media with pH 3 and at 35°C (e.g.
Figures 32,A-B). Although mycelial mats were produced from germinating sclerotia on all treatments,
no sclerotia were produced on any media x pH combinations at 35°C . On PDA, more sclerotia were
produced at lower temperatures than higher ones, but on Czapek agar the results obtained were
contrary to those on PDA (Figure 33 A-C).

%

4 4
WA23 hour| PDA35 hour

Figure 32 A-B. Percent germination of sclerotia of Rhizoctonia solani on three media, temperatures and pH.
Key: the letter indicates the media, the number after the letter indicates the pH and the last two numbers indicate
for temperature. For example, P335 is for germination of sclerotia on potato dextrose agar at pH 3 and with
incubation temperature of 35 °C.
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Figure 33 A-C. Sclerotial production by Rhizoctoni solani CIAT 6780 on water agar (A), Czapek (B) and potato
dextrose agar (C) at three different pH and two temperatures.

The results indicate that germination of sclerotia is unaffected by substrate nutritional status, whereas
production of sclerotia is influenced by nutrients. Nutritional status is also known to affect the
virulence of sclerotia. Virulence of the hyphae from germinating sclerotia is dependent on the size and
condition (eg. age) of the sclerotia and the quality and amount of the food base in the substrate.

2.6.3 Bacterial wilt of Brachiaria
Contributors: Martin Rodriguez and Segenet Kelemu

A bacterial wilt disease of Brachiaria and its casual agent, have been described in our earlier reports
and publications. Xanthomonas campestris pv. graminis infects a number of cultivated forage grasses.
Some of the first symptoms are chlorotic/necrotic stripes along the leaves. As the disease advances, the
whole leaf may die. Under severe conditions, the whole plant may turn yellow and die. Another typical
symptom is wilting and curling of leaves without any discoloration or lesions, which result in quick
plant death.

Isolates of X. campestris pv. graminis have been collected from sites in Colombia to determine
pathogenicity and genetic diversity.

Materialsand Methods
Fifty-one independent colonies of Xanthomonas campestris pv. graminis collected from naturally
infected species of Brachiaria were characterized to determine their genetic variability. Infected

samples (with either wilt or chlorotic symptoms along the leaf veins) were collected from fields at
CIAT headquarters. Quilichao and Popayan. Leaves were cut into small pieces and surface-sterilized
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in1% NaOCI solution for 2 min and in 70 % ethanol for 1 min. They were then rinsed with sterile
deionized water, and macerated in sterile water. A dilution series of the macerated suspension was
plated on nutrient agar for selection of independent bacterial colonies. Their pathogenicity was
confirmed by inoculating a susceptible material (hybrid Brachiaria CIAT 36062). Selected colonies
were grown in nutrient broth with shaking (200 rpm) at 28 °C. They were stored in 30% glycerol at
-20°C. DNA isolations were conducted using standard protocols. PCR amplifications using 8 arbitrary
primers (Table 32) were conducted. Conditions are as described by Kelemu et al., 1999. European
Journal of Plant Pathology 105:261-272. Statistical analysis was done as described by Kelemu et al.,
1999. European Journal of Plant Pathology 105:261-272.

Table 32. List of 10-base oligonucleotide
primers used in this study.

Code Sequence
OPA- 1 CAGGCCCTTC
OPA-2 TGCCGAGCTG
OPA-3 AGTCAGCCAC
OPA-4 AATCGGGCTG
OPAIJ- 8 GTGCTCCCTC
OPAJ- 11 GAACGCTGCC
OPC-2 GTGAGGCGTC
OPD- 3 GTCGCCGTCA

Results and Discussion

Amplifications of DNA of 51 X. campestris isolates with 8 primers generated a total of 228 RAPD

bands. Multiple correspondence analysis generated 4 groups of isolates with an average similarity of
60% (Figure 34).

Group 1

¥ Group 2

Group 3

DIM2 GI'Ollp 4
0.268
0.046

-0.175 -0.69
0.373

-0.279 0.32

Figure 34. Multiple Correspondence Analysis of isolates of Xanthomonas campestris pv. graminis collected
from Brachiaria.

Although the number of isolates studied is small, it still indicates that the variability among these
isolates is great. Most of the isolates were collected at CIAT headquarters in Palmira. We have
demonstrated that the pathogen is seed transmitted and also transmitted vegetatively (AR-2001). It is,
thus, important to take precautions with planting materials.
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Activity 2.7 Elucidatetherole of endophytesin tropical forage grasses
Highlights

¢ A PCR-based endophyte detection was developed and successfully implemented.
e Acremonium implicatumis transmitted through seeds of Brachiaria

*  The presence of Acremonium implicatum reduces rhizoctonia foliar blight by up to 20% in the
early stages of infection in glasshouse tests.

2.7.1 Endophyte seed transmission studiesin Brachiaria
Contributors: Huang Dongyi and Segenet Kelemu
Rationale

DNA from isolates of A. implicatum was amplified using 10-base random primers. Primer OPAK 10
(Operon Technology Inc.) amplified bands including a 500-bp product common to most of the isolates
tested. This fragment has been cloned and sequenced (IP-5 Report 2001). Based on this sequence data,
several primers were designed and synthesized. A primer pair designated P1 (5°-
TTCGAATGATAAGGCAGATC-3’ and P4 (5’-ACGCATCCACTGTATGCTAC-3’) amplified a
450-bp product with template DNA from isolates of A. implicatum in pure cultures and in tissues of
Brachiaria infected with A. implicatum. No amplification product was detected in plants free from A.
implicatum or using DNA of non-endophytic fungi or the bacterium Xanthomonas campestris pv.
graminis, a pathogen of species of Brachiaria. These primers were used to conduct seed transmission
studies in plants with and without A. implicatum. The primer pair amplified products with template
DNA of seeds harvested from A. implicatum infected Brachiaria plants, but no amplified products
were observed with DNA of seeds from endophyte-free plants.

We report here the development of a PCR-based method for rapidly and specifically detecting the
endophyte A. implicatumin Brachiaria seeds. We also show that the endophyte A. implicatumis
transmitted through seeds of Brachiaria.

Materialsand methods

Endophyte eimination. The fungicide Folicur® was used to generate endophyte-free Brachiaria
clones. Twenty or more plantlets were propagated from a mother plant naturally or artificially infected
with the endophyte. Half of these plantlets were soaked in a solution of 0.6 mL/L of Folicur® (250 g
a.i./L) for 6 h to eliminate the endophyte, and the other half were left untreated to serve as controls. All
plantlets were individually planted in small pots and placed in the greenhouse. Plants were examined 4-
6 weeks after treatment for the presence or absence of A. implicatum.

DNA isolations. Fresh mycelia of endophyte isolates cultured on PDA plates, endophyte-infected or
endophyte-free plant leaves, or seeds were collected and ground in liquid nitrogen for genomic DNA
isolation. Genomic DNA was extracted using the DNeasy™ Plant Mini Kits (QIAGEN, Valencia, CA)
according to the manufacturer’s instructions.

PCR. Amplifications of specific primers P1 (5’-TTCGAATGATAAGGCAGATC-3’) and P4 (5°-
ACGCATCCACTGTATGCTAC-3") were used in the PCR reactions. Amplifications were carried out

77



in a Programmable Thermal Controller (MJ Research, Inc.), programmed with 44 cycles for genomic
DNA of endophyte pure cultures or plant leaves, and 54 cycles for DNA from Brachiaria seeds, of a
30 sec denaturation step at 94°C (3 min for the first cycle), follwed by 1 min at 65°C, and primer
extension for 1 min (10 min in the final cycle) at 72°C. The amplification products were separated by
electrophoresis in a 1.0% agarose gel (Bio-Rad), stained with ethidium bromide and photographed
under UV lighting.

Seed samples were collected from plants confirmed to be endophyte-infected or endophyte-free using
the PCR tests with leaf DNA and fungal endophyte isolation on culture media.

Results and Discussion

In order to determine the specificity of the primer pair P1/P4, genomic DNA from isolates of A.
implicatum, pathogenic (Drechdera sp. and R. solani) and non-pathogenic fungi (Colletotrichum
gloeosporioides), and bacterial pathogen Xanthomonas campestris pv. graminis were used for
amplifications. A single band of about 450-bp in all examined isolates of A. implicatum was amplified.
No amplification product was observed with DNA from Drechslera sp., R. solani, isolates of X.
campestris pv. graminis or isolates of C. gloeosporioides (Figure 35).

This result indicates that the primer pair is useful for quickly and reliably identifying and
differentiating A. implicatum from non-endophytic fungi and bacterium associated with species of
Brachiaria. Endophyte-containing and endophyte-free plants were also consistently differentiated
using this primer combination (Figure 36).

All seed DNA from endophyte-containing plants had a 450-bp amplified product. No amplification
product was detected with seed DNA from endophyte-free plants (Figure 37). These results indicate
that A. implicatum is transmitted through seeds of Bachiaria.

M 1234567 8910111213141516

Figure 35. Specific detection of Acremonium implicatum isolates EH45, EH19, EH47, EH32a, EH32b, EB606,
EB6780.201, EB16845.904, EB6780.501, EB16845.909, EPinedo (lanes 1-11, respectively) using polymerase
chain reaction (PCR) with primer pair P1 (5'- TTCGAATGATAAGGCAGATC- 3') /P4 (5'-
ACGCATCCACTGTATGCTAC- 3"). Lanes 12 and 13 are template DNA of pathogenic fungi Drechslera sp.
and Rhizoctonia solani, respectively; lanes 14 and 15 are DNA from two isolates of Xanthomonas campestris pv.
graminis hybrid Brachiaria plants BROONO/988 and B. ruziziensis x B. brizantha CIAT 36061, respectively;
lanes 16 and 17 are genomic DNA of Colletotrichum gloeosporioides isolates #16663 and # 16712, respectively.
Lane M, 100-bp ladder.
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Figure 36. PCR products using primer pair P1/P4. Lanes 1~12, genomic DNA of Brachiaria hybrid plants BROONO(#7),
BROONO (#8), BROONO (#14), BROONO (#22), BROONO (#23), BROONO (#29), BROONO (#37), BROONO (#39),
BROONO (#42), BROONO (#44), BROONO (#48), BROONO (#52), respectively; lane 13, B. brizantha CIAT 26110 (#15),
artifically inoculated with endophyte isolate EB6780 (201); lanes 14 and 15 B. brizantha CIAT 16320 (#32-25) and B.
brizantha CIAT 16320 (#32-29), respectively. These were plants derived from naturally endophyte infected tillers and whose
endophytes were successfully eliminated by treatment with fungicide Folicur® (0.6mL/L) for 5 hr. ; lane M = 100-bp ladder.

M 12 345 6 78 9101112 131415 M

Figure 37. PCR products using primer pair P1/P4. DNA extracted from seeds of, lanes 1~12, hybrid plants BROONO(#7),
BROONO (#)8, BROONO (#14), BROONO (#22), BROONO (#23), BROONO (#29), BROONO (#37), BROONO (#39),
BROONO (#42), BROONO (#44), BROONO (#48), BROONO (#52), respectively; lane 13, B. brizantha CIAT 26110 (#15),
artificially inoculated with endophyte isolate EB6780 (201); lanes 14 and 15, B. brizantha CTAT 16320 (#32-25) and B.
brizantha CIAT 16320 (#32-29), respectively. These were plants derived from naturally endophyte infected tillers and whose
endophytes were successfully eliminated by treatment with fungicide Folicur® (0.6mL/L) for 5 hr. ; lane M = 100-bp ladder.

2.7.2 PCR analysisand screening of Brachiaria genotypesfor endophyte presence
Contributors: C. Zuleta, X. Bonilla, H. Dongyi, S. Kelemu, J.W. Miles (CIAT).

Rationale

Endophytic fungi form complex and fascinating associations with their host plants. These associations
are often considered to be mutualistic, because these fungi provide their hosts a level of protection

from biotic and abiotic stresses and the plants supply the endophytes with nutrients. Grasses with
endophyte associations are reported to have better persistence under drought conditions, resistance to
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insects and pathogens, better vigor and other agronomic traits of applied value than endophyte-free
grasses of the same genetic background.

Acremonium implicatum has been reported to have endophytic associations with species of Brachiaria
(Kelemu and Takayama, 1998; Kelemu et al. 2001). The fungus is slow growing which often took as
long as 5 weeks for the appearance of colonies on potato dextrose agar (PDA, Difco). A. implicatum
provides species of Brachiaria protection from fungal pathogens such as Drechsera spp. (Kelemu and
Takayama, 1998; Kelemu et al. 2001), and from the aphid Rhopal osiphum maidis (Kelemu,
unpublished results). In addition, endophyte infected Brachiaria plants maintained better leaf
expansion and produced significantly greater leaf biomass than endophyte-free plants under severe
drought stress conditions (Rao and Kelemu, Annual Report 2001).

Endophytic fungi can be detected in plant tissues histochemically and immunologically.

Detection of A. implicatum in tissues of Brachiaria using staining procedures, culturing of tissues on
agar media or a combination of the two, is time consuming and not 100% reliable in cases of limited
fungal hyphae and/or sparse hyphal distribution in plant tissues. An accurate and fast detection method
is essential for determining the distribution of this and related endophytes in Brachiaria and for
endophyte/Brachiaria association studies.

Polymerase chain reaction (PCR)-based detection methods have been effectively used for plant
pathogens and in endophyte-plant symbiotic associations. Identifications based on morphological and
culture characteristics not only take time involving isolation from infected tissues and culturing the
slow-growing fungus, but also require skilled labor. In order to detect the endophyte with enhanced
sensitivity and reliability, we developed a PCR-based method that detects A. implicatumin species of
Brachiaria.

The objective of this study was to develop PCR primers highly specific to A. implicatum which would
enable us to accurately and rapidly screen Brachiaria genotypes for the presence or absence of the
fungus. We report here the identification, cloning and sequencing of an amplified product generated
with random amplified polymorphic DNA (RAPD) — polymerase chain reaction. A primer pair
designed based on the sequence was used for successfully detecting A. implicatumin Brachiaria
tissues and for differentiation of the endophyte from other non-endophytic fungi and bacteria.
Preliminary results of this work have been reported previously (Kelemu et al. 2002).

It is hypothesized that the outstanding resistance to Rhizoctonia foliar blight in B. brizantha accession
CIAT 16320 is due to the presence of a fungal endophyte. If the resistance is due to endophytes, it
should not be heritable through pollen.

Materialsand Methods

Endophytic fungal isolations, and culture maintenance. Fungal isolations and culture maintenance
were done as described previously (Kelemu et al. 2001). In short, leaf blades or leaf sheathes were
surface sterilized and plated on PDA supplemented with 10pg/ml tetracycline and incubated for 4 to 6
weeks at 28°C. Pure cultures were maintained for long term storage by lyophilization. They were also
maintained by growing the fungus on sterilized filter papers overlaid on PDA. The filter papers were
removed from the agar and air-dried once the fungus covered them. They were subsequently placed in
sterile envelopes and stored at -20°C. Pieces of these filter papers containing the fungus were plated on
fresh PDA for DNA extractions and other experiments.

Plant inoculation with endophyte isolates Brachiaria seeds were surface sterilized in 3% NaOCI for
20 min, in 50% sulfuric acid for another 20 min, and rinsed three times with sterilized distilled water.
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Excess moisture was removed from the samples with sterilized filter papers. Seeds were then
germinated on basal MS medium (Murashige & Skoog, 1962). Cultures were maintained under
sunlight next to a big glass window at room temperature (about 24°C) for about three weeks. Using a
fine entomological needle, a small amount of endophyte mycelia was placed into vertically slit apical
meristem of seedlings under a binocular stereomicroscope in a laminar flow hood. The wound was
sealed with sterile Vaseline in order to keep the fungus in the plant. The inoculated seedlings were
transferred to Magenta vessels (Sigma) containing fresh MS medium, and incubated for 15 days at
room temperature with access to sunlight. All surviving plants were then transplanted to pots
containing autoclaved soil and placed in a glasshouse. Inoculated plants were examined for the
presence of the endophyte 8-12 weeks after inoculation by re-isolating the fungus and/or tissue staining
procedures (Kelemu et al. 2001).

Endophyte eimination. The fungicide Folicur[] (common name: tebuconazole; chemical name:
(RS)-1-p- = chlorophenyl-4,4-dimethyl-3-(1H-1,2,4-triazol-1-ylmethyl) pentan-3-ol) was used to
generate endophyte-free Brachiaria clones as described by Kelemu et al. (2001). Twenty or more
plantlets were propagated from a mother plant already infected with the endophyte. Half of these
plantlets were soaked in a solution of 0.1 mL/L of Folicur (250 g a.i./L) for 6 hours (Bacon and White,
1996) to eliminate the endophyte, and the other half were left untreated to serve as controls. All
plantlets were individually planted in small pots and placed in the glasshouse. Tissues were examined 4
to 6 weeks later for the presence or absence of the endophyte.

DNA isolations. Fresh mycelia/conidia were collected from PDA plates and ground in liquid nitrogen.
For detection tests in Brachiaria, endophyte-infected or endophyte-free plant tissues were collected
and ground in liquid nitrogen. Genomic DNA was extracted using the DNeasy™ Plant Mini Kits
(QIAGEN, Valencia, California). DNA concentration was determined using Hoefer DyNA Quant 200
flurometer (Pharmacia Biotech).

DNA amplifications. Eleven arbitrary 10-base oligonucleotide primers from Operon Technologies
[5-CAGGCCCTTC-3' (primer code A-01), 5'-TCGCTGCGGA-3' (AN-07), 5'-GGGAACCCGT-3'
(AN-06), 5'-CAAGCGTCAC-3' (AK-10), 5'-~AGCCGGGTAA-3' (AN-14), 5'-"AGTGTAGCCC-3'
(AK-12), 5'-TCGCAGCGAG-3' (AK-19), 5'- ACGGGTCAGA-3' (AJ-01), 5'-GAATGCGACC-3' (AJ-
04), 5'-CAGTTCCCGT-3' (AJ-12), and 5'-CAGCCGTTCC-3' (AJ-13)] were used for PCR
amplifications. PCR reactions (25 ul) contained 0.2 mM dNTPs, 3.75 mM MgCl, , 0.5 UM primers, I
unit of Taqg DNA Polymerase, 1X PCR buffer, and 20-60 ng of template DNA. Amplifications were
carried out in a Programmable Thermal Controller (MJ Research, Inc.) programmed with 45 cycles of a
1 min (2 min for the first cyle) denaturation step at 94 °C, annealing for 1 min at 35 °C, and primer
extension for 1 min (7 min in the final cycle) at 72 °C. The amplification products were separated by
electrophoresis in a 1.2% agarose gel (Bio-Rad), stained with ethidium bromide, and photographed
under UV lighting.

Cloning and sequencing of PCR products. An approximately 500 bp product, one of the amplified
fragments with arbitrary primer AK 10, and common to most of the endophyte isolates tested, was
recovered from the agarose gel using Wizardd DNA Clean-Up System (Promega, Madison, WI). This
fragment was ligated into linearized pGEMU -T vector (Promega) according to instructions by the
manufacturer. The ligation mixture was transformed into competent Escherichia coli DH5a, prepared
using standard calcium chloride procedure (Sambrook et al. 1989). Mini- plasmid preparations were
conducted from ampicillin-resistant blue white colonies (Sambrook et al. 1989) for further
confirmation. A positive clone was sequenced using the Dye Terminator Cycle Sequencing Kit and an
Applied Biosystems Prism 377 DNA sequencer (Perkin-Elmer Corporation, California), and edited
with Sequencher (Genecodes, Ann Arbor, MI).
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DNA hybridization An approximately 500-bp RAPD-PCR amplification product was recovered from
the gel and digoxigenin (DIG)-labeled using DIG high primer DNA labeling and detection system
(Roche, Mannheim, Germany). The system uses digoxigenin to label probes (random primed labeling)
for hybridization and chemiluminescence detection by enzyme immunoassay. For dot blot analysis, 5
Mg of denatured genomic DNA was placed on nylon membrane (Amersham, Little Chalfont) using a
vacuum dot blot microfiltration apparatus (Bio-Rad). Each well was washed with a 1.5 M NaCl
solution and the membrane rinsed in 2x SSC (0.3 M NacCl, 0.0.03 M sodium citrate). DNA was fixed to
the membrane by UV-crosslinking (UV Stratalinker 1800, Stratagene). All labeling, hybridization and
detection were performed according to the manufacturer’s instructions.

Synthesisof primers

Based on the sequence data, orders were placed to synthesize 7 primers with the following sequences:
5'- TTCGAATGATAAGGCAGATC- 3' (primer 1), 5'- CGTCATGACAGGAGTATAGG- 3' (primer
2), 5'- CGAGGAGCACTTTGCGGATG -3' (primer 3), 5'- ACGCATCCACTGTATGCTAC- 3'
(primer 4), 5'- TGAGAAGACCTCTTGTTATG- 3' (primer 5), 5'- GTCCAGCTGTCTCGTCACTA- 3'
(primer 6), 5’-GGAGTACATAGTTTCACCCG-3’ (primer 7), and synthesized by QIAGEN Operon
Technologies, Inc. (USA).

Results and Discussion

RAPD analysis. After preliminary testing of 3 of the A. implicatumisolates with 30 arbitrary 10-base
oligonucleotide primers, 11 primers were selected and used to evaluate all of the endophytic isolates
from species of Brachiaria. A total of 220 bands were generated with the 11 primers. Comparisons of
each banding profile for each primer were conducted on the basis of presence or absence (1/0) of
RAPD products of the same size. Matrices were generated and analyzed using NTSYS-pc, Dice
coefficient and UPGMA clustering method to produce a similarity dendrogram. The similarity
clustering showed that isolates EH45, EH19 and EH47 were clonal. The same conclusion was reached
using amplified fragment length polymorphism (AFLP) analysis (data not shown). Isolates EH32a and
EH32b were identical to each other. The two groups’ similarity coefficient was above 0.80. Isolates
EB6780 (201) and EB16845 (904) were identical and very similar to isolate EB606 with a coefficient
of more than 0.9. Isolates EB6780 (501), EB16845 (909) and EPinedo were distinct from each other
and from the rest of the isolates, with less than 40% similarity.

Dot blot analysis. The random 10-mer primer AK-10 produced products that were amplified by all
the tested isolates of A. implicatum, with a 500-bp product common to most of the isolates. This PCR
product was excised and eluted from the gel. In order to evaluate this fragment, dot blot analysis was
performed using this fragment as a probe. The results indicated that the fragment gave rise to a strong
signal with DNA from all endophyte isolates, but not from non-endophytic fungi associated with
Brachiaria or with RAPD amplified DNA from Brachiaria free of endophytic fungi. The non-
endophytic fungi selected and included in the test were Drechdera sp. and Rhizoctonia solani CIAT
6780. The fungus Drechslera sp. causes a leaf spot disease in species of Brachiaria in parts of
Colombia. R. solani is the causal agent of foliar blight disease of Brachiaria with wide distribution in
many areas of Brachiaria production. It is important to include these common pathogens of Brachiaria
in the test in order to make sure that the DNA fragment of interest does not hybridize with DNA from
these pathogens.

Polymerase chain reaction analysis. The selected PCR product was cloned in a pGEM®-T easy

vector, and sequenced (Figure 38) generating a clone coded AiAK10-500 (see materials and methods).
Based on the sequence of the clone, 7 primers were designed: P1 (5°-
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TTCGAATGATAAGGCAGATC-3"), P2 (5’-CGTCATGACAGGAGTATAGG-3’), P3 (5°-
CGAGGAGCACTTTGCGGATG-3), P4 (5-ACGCATCCACTGTATGCTAC-3’), P5 (5°-
TGAGAAGACCTCTTGTTATG-3), P6 (5’-GTCCAGCTGTCTCGTCACTA-3’), P7 (5°-
GGAGTACATAGTTTCACCCG-3"). It is important to note that primers P2, P4, and P6 are
complementary sequences to the regions indicated in the clone’s sequence (Figure 38), 5°-
CCTATACTCCTGTCATGACG-3’, 5’- GTAGCATACAGTGGATGCGT- 3", 5°-
TAGTGACGAGACAGCTGGAC- 3’, respectively. The seven primers were used, individually and in
pairs, for amplifications of genomic DNA from isolates of A. implicatum and pathogenic (Drechslera
spp, Rhizoctonia solani) and non-pathogenic fungi (Hyalodendron sp., Colletotrichum
gloeosporioides). The fungus Hyalodendron sp. was isolated from B. brizantha accession CIAT 26110.
C. gloeosporioides is non-pathogenic on Brachiaria sp., but it is the most important pathogen of
Sylosanthes guianensis, a forage legume. Brachiaria is sometimes grown in mixed stand with legumes
such as S, guianensisto enhance forage and soil quality. The bacterial pathogen Xanthomonas
campestris pv. graminis was also included in the test. This pathogen causes bacterial wilt disease in
species of Brachiaria.

CAAGCGTCACGGAGTACATAGTTTCACCCGGTGTTCGAATGATAAGGCAGATCCGAGGAG
CACTTTGCGGA CCGGAGGGGGGTTGTTGGAGTTACGCTGA
TCTCTATGAGCCCAGATTATTAGAGGAGGAGACGAGTTGGAAATTTGAGTCCCGTCGCCC
CTTCCCGACTTCTGACCAGACTGTGGTGACCACTTGCGCCTGCCATTGCCACCTGGCGTC
CCGACTGTTGCCAACCCAGTTTTCTTCCATGGCCGGCTATGCTCAGTCTTGCATTTGTGAG
AAAAGAAAGATCCTGCTCTCTATTCGTGCAGCGAAAAATGTTTGCGGAACCCCCTTTCACC
CCTTGGATGCCGATCCATGCGCGACTTCCTCTTGGTTGATCTAGCTGGTGTTATNCACATG
TCCCGATCTCGCCTTCTTGTACTAGTAGTGACGAGACAGCTGGACCGTAGCATACAGTGG
ATGCGT GTGACGCTTG

Figure 38. Sequence data and primer selection on clone AiAK10-500.
5'- TTCGAATGATAAGGCAGATC- 3' (P1), 5'- 5'-
CGAGGAGCACTTTGCGGATG -3' (P3), 5'- ACGCATCCACTGTATGCTAC- 3' (P4),

, 5'- GTCCAGCTGTCTCGTCACTA- 3' (P6), 5°-
GGAGTACATAGTTTCACCCG-3" (P7). Note that primers P2, P4, and P6 are complementary sequences to the
regions indicated in the clone’s sequence, ,5°-
GTAGCATACAGTGGATGCGT- 3’, 5’- TAGTGACGAGACAGCTGGAC- 3, respectively.

Of the primers synthesized and tested, the primer pair (P1/P4) amplified a single band of
approximately 500-bp in all examined isolates of A. implicatum (see Figure 35 under seed transmission
studies). This primer pair amplified no visible band from Drechslera sp., R. solani, isolates of X.
campestris pv. graminis or isolates of C. gloeosporioides. This indicates that the primer pair is useful
in identification and differentiation of A. implicatum from non-endophytic fungi quickly and reliably.

Detection of A. implicatum in infected species of Brachiaria. The validity of the polymerase chain
reaction (PCR) with primer pair P1 (5'- TTCGAATGATAAGGCAGATC- 3") /P4 (5'-

ACGCATCCACTGTATGCTAC- 3") for detection of A. implicatum in Brachiaria plants was further
tested. DNA isolated from plants naturally infected with A. implicatum was amplified with the primer
pair. Results showed that samples from all plants with A. implicatumhad a 500-bp amplified product.

No amplification product was detected with DNA extracted from Brachiaria tillers which originated
from a mother plant whose endophytic fungus was removed with the fungicide folicur (Figura 39).
This 500-bp fragment was also consistently amplified with DNA extracted from Brachiaria plants
successfully inoculated with the endophyte (Figure 40).
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Figure 39. Detection of Acremonium implicatum in Brachiaria plants using polymerase chain reaction (PCR)
with primer pair P1 (5'- TTCGAATGATAAGGCAGATC- 3") /P4 (5'- ACGCATCCACTGTATGCTAC- 3").
Lanes 1-8, DNA from endophyte-containing plants; lanes 9-16, DNA from endophyte-free plants. Endophyte-
containing plants were treated with the fungicide folicur in order to eliminate the endophyte and create
endophyte-free clones. Lane M, 100-bp ladder.
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Figure 40. Detection of Acremonium implicatum in naturally infected or artificially inoculated Brachiaria plants using
polymerase chain reaction (PCR) with primer pair Pl (5'- TTCGAATGATAAGGCAGATC- 3") /P4 (5-
ACGCATCCACTGTATGCTAC- 3'). DNA was isolated from both leaf sheaths (lanes 1,3,5,7,9,11,13,15) and leaf blades
(2,4,6,8,10,12,14,16). Lanes 1 and 2, DNA extracted from hybrid plant FM9503/S046/024 (19); lanes 3 and 4, from B.
brizantha CIAT 16320 (32a); lanes 5 and 6, from hybrid plant FM9503/S046/024 (45); lanes 7 and 8, hybrid SX99/2341 (47);
lanes 9 and 10, from B. brizantha CIAT 26110 (15); lanes 11and 12, from B. brizantha CIAT 6780 (56); lanes 13 and 14,
from B. brizantha CIAT 6780 (63); lanes 15 and 16, B. brizantha CIAT 6780 (111); lane M, 100-bp ladder. Plants B.
brizantha CIAT 26110 (15), B. brizantha CIAT 6780 (56), B. brizantha CIAT 6780 (63), and B. brizantha CIAT 6780 (111)
were artificially inoculated with A. implicatum. All others were naturally infected.

It appears that the endophyte is relatively more concentrated in leaf sheaths than in leaf blades of
Brachiaria. As a result, we have had more successes of isolating the fungus from leaf sheaths than
from leaf blades of infected plants, indicating that isolations are not always successful from any parts
of infected plants as the endophyte is unevenly distributed in the plant. This problem was solved by
using the primer pair P1/P4 in this PCR-based detection method. The 500-bp product was consistently
generated from both leaf blades and leaf sheaths of various genotypes of Brachiaria infected with A.
implicatum (Figure 40). These results were verified using tedious and repeated culturing and tissue
staining methods.
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The results presented in this paper clearly demonstrate that this PCR-based method is a reliable
technique to specifically detect genetically distinct A. implicatumisolates in Brachiaria as well as in
pure cultures. It also effectively differentiates A. implicatum from important Brachiaria pathogens such
as R. solani, Drechdera sp., and X. campestris pv. graminis and other non-pathogenic fungi associated
with Brachiaria, thus providing an accurate and quick identification of the endophytic fungus A.
implicatum because no amplified products were detected in these major fungi associated with
Brachiaria, thus reducing the need for skilled labor in fungal taxonomy.

This PCR-based method has several advantages: It is quick, enabling one person to screen more than
100 samples per day. It is sensitive which uses only small amount of sample from either leaf blades or
leaf sheaths. It is simple to apply and one does not have to have a special mycological taxonomic skill
to identify the presence of the endophyte. It is either the presence or absence of an amplified product
which determined the presence or absence of the endophyte.

Conclusion

An endophytic association of Acremonium implicatum with species of Brachiaria has been identified.
DNA from isolates of A. implicatum was amplified using the random amplified polymorphic DNA
(RAPD) technique with arbitrary 10-mer primers. A 500-bp polymerase chain reaction (PCR) product
amplified with primer OPAK 10 and common to most of the isolates of A. implicatum was selected for
further evaluation. The fragment was digoxygenin-labeled and used to probe a dot blot containing
genomic DNA of isolates of A. implicatum, non-endophytic fungi and species of Brachiaria. Strong
signals were obtained with DNA from A. implicatum isolates, but not with non-endophytic fungi or
species of Brachairia free from endophytes. This fragment was cloned and subsequently sequenced.
Based on this sequence data, two specific primers, P1 (5’-TTCGAATGATAAGGCAGATC-3’) and P4
(5’-ACGCATCCACTGTATGCTAC-3’) were synthesized. The primer pair amplifies a single
fragment of about 500-bp from DNA of isolates of A. implicatum whether from pure culture or in
association with Brachiaria plants. No amplification product was detected using DNA from
endophyte-free plants, pathogenic fungi, Xanthomonas campestris pv. graminis and non-pathogenic
fungi associated with Brachiaria. This assay allows precise and rapid detection of endophytes in
Brachiaria plants and permits differentiation between endophytic and non-endophytic fungi.

2.7.3 Effect of Acremonium implicatum on fungal pathogens
Contributors: Huang Dongyi (South China University of Tropical Agriculture), S. Kelemu (CIAT)

Isolates of Acremonium implicatum have endophytic associations with species of Brachiaria. One such
association resulted in resistance in Brachiaria to a leaf spot disease caused by Drechslera sp. (Kelemu
et al. 2001. An endophyte of the tropical forage grass Brachiaria brizantha: Isolating, identifying, and
characterizing the fungus, and determining its antimycotic properties. Canadian Journal of
Microbiology 47:55-62). The reactions of endophyte-containing and endophyte free plants to
Rhizoctonia solani, causal agent to rhizoctonia foliar blight disease of Brachiaria were studied.

Materialsand Methods

Fungal culture maintenance, growth conditions, and creation of endophyte-free plants are as described
by Kelemu et al. 2001 (Canadian Journal of Microbiology 47:55-62.) Genetically identical endophyte-
containing (45 plants) and endophyte-free (45 plants) plants were inoculated with mycelial discs of
Rhizoctonia solani (see exact method in this report on “Screening for resistance to rhizoctonia foliar
blight”).
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Disease evaluations were done at 7, 14 and 21 days after inoculations. The upward progressions of the
disease were measured in cm from the inoculation point.

Results and Discussion

In in vitro inhibition tests, most of the endophyte isolates inhibited the growth of Drechdera sp. and
R. solani inhibition zone of up to 13 mm, depending on the endophyte isolate. A. implicatumisolates
EB 6780(501) and EH 32a had the strongest growth inhibiting capacity to both Drechdera sp. and R.
solani. Some of the isolates have stronger inhibitory effects on the slower growing fungus Drechslera

than on R. solani.

Endophyte-containing and endophyte-free Brachiaria plants showed significant differences in their
reactions to R. solani at 7 days after inoculation with differences diminishing at 14 and 21 days after
inoculation (Figure 41) when plants were kept continuously in humidity chambers. The presence of
endophytes in Brachiaria reduces infection by up to 21% at the early stages of interaction. This may
be quite significant under field conditions where humidity conditions are not as optimum as were kept
in the glasshouse. It is important to indicate that there was correlation between in vitro and in vivo
tests, in that the isolates with strong in vitro inhibitory effects showed strong plant protection.
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Figure 41. Disease progression measured in endophyte-infected and endophyte-free plants of Brachiaria
brizantha inoculated with Rhizoctonia solani CIAT 6780. E+ H32: B. brizantha CIAT 16320 infected with
Acremonium implicatumisolate EH32a, E- H32: endophyte-free B. brizantha CIAT 16320; E+ P63: B. brizantha
CIAT 6780 infected with A. implicatumisolate EB 6780 (201), E- P63: endophyte-free B. brizantha CIAT 6780;
E+ P111: B. brizantha CIAT 6780 infected with A. implicatumisolate EB 6780(501), E- P111: endophyte-free B.
brizantha CIAT 6780.

Endophyte-containing plants had fewer and smaller lesions caused by Drechslera sp. than endophyte-
free plants (Kelemu et al. 2001. Canadian Journal of Microbiology 47:55-62). Drechdera grows
slower and it is a lot less aggressive than Rhizoctonia solani. The infection processes implemented by
the two fungi are also different. The difference between host resistance and susceptibility is the speed
and the quantity of defense arsenals produced. The defense produced by the endophyte in Brachiaria
may be sufficient enough to significantly reduce infection at early stages, but probably not at enough
pace as the aggressive growth of R. solani.
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As we indicated above, under field conditions it may be unlikely to have optimum conditions
(continuous high humidity, pathogen contact with every plant, etc) for such a prolonged time and as a
result the protection provided by A, implicatum may have a bigger effect than what was observed under
optimal glasshouse conditions. Field trials are in progress to examine the level of protection under
field conditions.

2.7.4 Drought tolerance in endophyte-infected plants under field conditions
Contributors: S. Kelemu, I. M. Rao, X. Bonilla, C. Zuleta, C. Plazas and J. Ricaurte (CIAT)
Rationale

Under severe drought stress conditions with soil-grown plants in the greenhouse, we showed that
endophyte infected plants maintained better leaf expansion and produced significantly greater leaf
biomass (IP-5 Annual Report, 1999; 2000). This year, to validate the findings from the greenhouse
study, we initiated a field study in the Llanos of Colombia to quantify the impact of endophytes in
improving drought tolerance and persistence in Brachiaria.

Materialsand Methods

A field trial was established at Matazul farm in May of 2002. The trial included 2 accessions of
Brachiaria brizantha (CIAT 6780 and CIAT 26110). Plantlets were propagated from the original
mother plant containing the endophyte Acremonium implicatum (J. Gilman and E. V. Abbott) W.
Gams. Half of these plants were treated with the fungicide (Folicur) to eliminate the endophyte
(method described in Kelemu et al. 2001. Canadian Journal of Microbiology 47:55-62) while the
remaining half was left untreated. The trial was planted as a randomized block in split-plot
arrangement with the presence or absence of endophytes as main plots and two accessions as subplots
with 3 replications. The plot size was 5 x 2 m.

The trial was established with low levels of initial fertilizer application (kg/ha: 20 P, 20 K, 33 Ca, 14
Mg, 10 S) that are recommended for establishment of grass alone pastures. A number of plant
attributes including forage yield, green leaf production, dry matter distribution and nutrient uptake will
be measured during wet and dry season for the next 3 years.

Results from this activity will be reported next year.

2.7.5 Search for new endophytesin Brachiaria and characterization.

Contributors: X. Bonilla and S. Kelemu

Slow-growing fungi were isolated from seeds of Brachiaria in an attempt to look for new isolates of
endophytic fungi. Seeds were surface sterilized using standard methods and plated on potato dextrose
agar (PDA). Three slow-growing fungi were isolated from seeds of CIAT 16809, CIAT 16457 and
CIAT 26745. DNA was isolated from these isolates using a protocol described by Doyle and Doyle
(1987. A rapid DNA isolation procedure for small quantities of fresh leaf tissue. Phytochem. Bull. 19:
11-15). (Figure 42).

The results showed that none of the three slow-growing fungi tested positive with the specific primers
used.
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Figure42. A) DNA extracted from slow-growing fungi asscociated with seeds of Brachiaria; B) PCR amplifications using
primers developed for specific detection of Acremonium.implicatum. Lanes 1-5, fungi isolated from seeds of CIAT 16809,
CIAT 164573, CIAT 26745, Acremonium implicatum 6780, negative control, respectively. M, 1Kb ladder.

Activity 2.8 Defineinteractions between host and pathogen in Arachis and Stylosanthes
Highlights

¢ One hundred sixty isolates of Colletotrichum gloeosporioides infecting Stylosanthes guianensis
were characterized.

2.8.1 Biodiverdty studies on the anthracnose pathogen of Stylosanthes
Contributors: Martin Rodriguez and Segenet Kelemu
Rationale

Anthracnose is a disease of economic importance on many economically important plants. The
pathogen, Colletotrichum gloeosporioides, is both complex and heterogeneous. After several years of
research on the anthracnose disease and the pathogen, which resulted in numerous publications,
training of several young scientists, and the identification of several anthracnose resistant materials, we
decided to conclude this work and shift our focus on other problems. What follows is a summary of
more findings.

Materialsand Methods

We have included and analyzed data on characterization of 160 isolates of Colletotrichum
gloeosporioides (more than 200 isolates characterized last year) bringing the total number of isolates to
366. The genetic variability of these isolates was determined by random amplified polymorphic DNA
(RAPD) and AFLP. The isolates were collected mostly in Colombia. Methods used for fungal culture
maintenance, DNA isolations and PCR amplification conditions, plant inoculations and evaluations,
and data analysis were as described earlier (IP-5 annual report 2001; Kelemu et al. 1996. Virulence
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spectrum of South American isolates of Colletotrichum gloeosporioides on selected Stylosanthes
guianensis genotypes. Plant Dis. 80:1355-1358; Kelemu et al. 1999. Genetic diversity in South
American Colletotrichum gloeosporioidesisolates from Stylosanthes guianensis, a tropical forage
legume. European Journal of Plant Pathology 105:261-272). Eleven differential hosts were used to
determine pathogenic variability. Comparisons of banding profiles for each primer were conducted on
the basis of presence or absence (1/0) of amplified products of the same size, scoring bands of the same
size as identical (eg. Figure 43). An example of AFLP gel picture (6 % polyacrylamide gel) is shown
in Figure 44.

M 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 M

Figure43. DNA from isolates of Colletotrichum gloeosporioides amplified with arbitrary primer AJ-4 (5’- GAATGCGACC
—-3”), lanes 1-17; M, 1kb DNA ladder (GIBCO); N, 100- bp EZ load marker (BIO-RAD).

1 23 4 5 6 7 8 9 10 11 12 13 14 15 16 171819 M

Figure44. AFLP profile, of isolates of Colletotrichum gloeosporioides, generated with combination of primers E-AC M-A,
lanes 1-19; M, size marker 30-330 AFLP DNA ladder (GIBCO).
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Results and Discussion

Based on their interactions with the differential hosts, the isolates of C. gloeosporioides were grouped
into 183 races. Eight of the isolates tested were incompatible with all of the 11 differentials. Isolates
16066 (Carimagua), 16405 (Brazil), 16097 (Caqueta) and 16095 (Caqueta) infected all the
differentials, with S guianensis accession CIAT 184 being the least susceptible. The same trend was
observed with Caquetan isolates 16114, 16166, 16098 and 16112, an isolate from Quilichao (16755),
and Carimaguan isolates 16212 and 16211 with the exception that the least susceptible of the
differentials was accession CIAT 18750.

Five isolates from Caqueta and two from Quilichao were pathogenic on all the differentials. The most
susceptible differential was CIAT 2312 followed by cultivar Endeavour. CIAT 2340 was the most
resistant followed by CIAT 1507.

No correlation between pathogenicity groups and groups based on AFLP and RAPD data was
observed. However, a high degree of variability was evident in all cases in the pathogen population
studied. There was a high degree of correlation (r = 80.7%) between AFLP and RAPD data.

Multiple correspondence analysis of the AFLP data produced 13 groups with an average similarity of
63% (Figure 45). Group 1 is the largest of the groups with 194 isolates with an average similarity of
35%. Group 2 has 32 isolates and it is a group consistently clustered together both with AFLP and
RAPD data and independent of the method of data analysis. All the isolates in this group with the
exception of one were collected from Quilichao. However, the average similarity of this group is only
49%. Groups 3 and 4 also consist of large numbers of isolates, whereas group 5 has only 5 isolates all
from Palmira and collected from one accession, but with a relatively low average similarity of 43%.
The rest of the groups, with the exception of group 9 (20 isolates), each contains only a few isolates
and with a tendency to be grouped by geographic origin.
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Figure45. Clusters of isolates of Colletotrichum gloeosporioides infecting Stylosanthes guianensis based on
multiple correspondence analysis of AFLP data.
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RAPDs. Multiple correspondence analysis of RAPD data clustered the isolates into 10 groups with an
average similarity of 65% (Figure 46). Group one, containing 205 isolates, is the largest of the groups
with an average similarity of 43%. Members of this group, with a few exceptions, correspond to those
of group 1 of the AFLP data. Group 2 consists of 38 isolates with an average similarity of 59%. This
group has also (with a few exceptions) the same isolates as group 2 of the AFLP data. Groups 3 and 4
consist of 11 and 71 isolates with average similarities of 73% and 67%, respectively. Groups 5-10
contain only a few isolates each.

The majority of the isolates were collected in Quilichao from a field with a wide range of Stylosanthes
genotypes. A wide genetic variability was observed among the isolates.

We separated the isolates based on the location they came from and analyzed the data. There were 18
isolates collected in Palmira, and interestingly these isolates formed groups based on collection year
(those collected in 1993 and those in 1994). All of these isolates with the exception of one were
collected from S guianensis CIAT 184. The 40 isolates collected in Caqueta showed the same trend,
isolates collected in 1994 grouping separately from those of 1995. The 162 isolates collected from
Quilichao were also grouped by collection year, especially those collected between 1994 and 1999.

In summary, there was no correlation between pathogenicity and AFLP or RAPDA data. This finding
is in agreement with our previous findings (Kelemu et al. 1999. Genetic diversity in South American
Colletotrichum gloeosporioides isolates from Stylosanthes guianensis, a tropical forage legume.
European Journal of Plant Pathology 105:261-272 ). The results of this study also further confirm our
previous findings that South American contains a diverse population of C. gloeosporioides. The
isolates collected in Caqueta showed the least variability in contrast to those collected in Quilichao.

This study concludes our research on anthracnose of Sylosanthes and a manuscript is in preparation.
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Figure 46. Clusters of isolates of Colletotrichum gloeosporioides infecting Stylosanthes guianensis based on
multiple correspondence analysis of RAPD data.
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2.8.2 Characterization of transgenic Stylosanthes plants with chitinase gene—T-3 gener ation
Contributors: Gustavo Segura and Segenet Kelemu
Rationale

Foliar blight disease, caused by Rhizoctonia solani Kiihn affects Stylosanthes spp. in regions where the
annual rainfall is more than 1500 mm. Under prolonged humidity, rotting and extensive foliar death
can result. No resistance is known in S guianensis. We reported (IP-5 Annual Report 2001) the
introduction of a rice-chitinase gene into S. guianensis accession CIAT 184 in order to enhance foliar
blight disease resistance. We evaluated segregants in T3 generation descending from a transgenic plant.

Materialsand Methods

Seeds collected from transgenic T2 plants with enhanced levels of resistance and with no resistance
(segregants with no chitinase gene) and planted in small pots. Twenty-five seeds collected from each
plant were planted separately maintaining individuality of the origin of the seeds. Plants were grown in
the greenhouse for 46 days, after which they were inoculated with agar discs containing fresh mycelia
of R solani. Agar discs were placed at the bottom part of stems just above the soil line and wrapped
with parafilm (Photo 11) and placed in a himidity chamber (Photo 11).

Photo 11. Incoulation of Stylosanthes guianensis plants with mycelial discs of Rhizoctonia solani (A), and
incolated plants in a humidity chamber (B).

Results were not available at the time of this report writing and will be reported in IP-5 Annual Report
2003.
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Output 3: Grass and legume genotypes with superior adaptation to edaphic and climatic
constraints are developed

Activity 3.1 Genotypes of Brachiaria, other grasses and Arachiswith adaptation to edaphic
factors

Highlights

¢ Showed for the first time that the surface charge density of root apices of aluminum resistant
Brachiaria decumbens acts as a generic mechanism to avoid uptake of phytotoxic aluminum and
other cationic toxicants.

e Phenotypic characterization of Brachiaria decumbens x Brachiaria ruziziensis population resulted
in identification of few hybrids superior to B. decumbens in production of fine roots in the
presence of toxic level of aluminum in solution.

¢ Using screening procedure to evaluate aluminum resistance, 2 sexual hybrids (SX 01NO3178 and
SX01NO7249) and one apomictic hybrid (BR99INO/4132) were identified with greater level of Al
resistance than that of the sexual parent, BRUZ/44-02.

* Showed that the Brachiaria hybrid, FM9503-S046-024 performed well into the third year after
establishment in the Llanos and its superior performance at 28 months after establishment was
associated with its ability to acquire greater amounts of nutrients, particularly Ca and Mg from low
fertility soil.

¢ Collaborative research conducted under controlled environmental conditions in a growth chamber
in Goettingen, Germany indicated that the Arachis pintoi accession CIAT 22159 is better adapted
to very low P supply in an oxisol when compared with the commercial cultivar, CIAT 17434.

* Results from a field study in the Piedmont showed that the Arachis pintoi accession CIAT 22159
is superior to the commercial cultivar (CIAT 17434) in terms of rapid establishment as well as
regrowth potential.

3.1.1 Edaphic adaptation of Brachiaria
Contributors: P. Wenzl, A.L. Chaves, M.E. Recio, J. Tohme and .M. Rao

Widespread adoption of Brachiaria cultivars depends on their efficiently acquiring nutrients,
particularly P, N, and Ca, from the soil and using them for growth. Identifying plant attributes that
confer adaptation to low-fertility acid soils is needed to rapidly develop cultivars through agronomic
evaluation and genetic improvement. Plant attributes appear to be linked to different strategies to
acquire and use nutrients. Understanding these linkages is fundamental in integrating plant attributes
into selection indices, which can then be used to develop rapid and reliable screening procedures for
germplasm evaluation and/or improvement.

As part of the restricted core project funded by BMZ-GTZ of Germany, we continued our efforts to
dissect the physiological and genetic components of aluminum resistance in Brachiaria.



- Exploring surface charge density of root apices as a potential factor contributing to
aluminum resistance of Brachiaria decumbens

Rationale

There is a pronounced difference in aluminum (Al) resistance between B. decumbens and

B. ruziziensis. Previous research has indicated that B. decumbens might exclude phytotoxic Al ions
from root apices using a mechanism that does not rely on external detoxification by organic acids
(Wenzl et al., 2001). Based on these results we hypothesized that a less negative (or even positive)
surface charge density of root apices could be a highly effective mechanism of non-metabolic Al
exclusion. According to this hypothesis, B. decumbens also should be more resistant to other toxicants
with different physicochemical properties (ion radius, etc.) as long as they are cations. Here we report
on experiments to evaluate the susceptibility of the two Brachiaria species to lanthanum (La>") and
other lanthanide ions using relative root elongation (RRE) of seedlings as a measure of resistance.

Materials and M ethods

Seeds of B. decumbens and B. ruziziensis were germinated in 200 pM CaCl, (pH 4.2) for 4 — 5 days.
Homogeneous seeds, with root lengths between 2 and 3 cm, were transferred to continuously aerated
solutions containing 200 uM CacCl, (pH 4.2) plus a lanthanide salt (chlorides of lanthanum, cerium or
ytterbium). The seedlings were left to grow in the glasshouse for 3 days. At harvest, root lengths were
measured and root elongation was calculated by subtracting the root length at transfer.

Results and Discussion

The results obtained with La’" show that Al-resistant B. decumbens is more resistant to La’" ions than
Al-sensitive B. ruziziensis (Figure 47). In all other plant species tested so far, genotypes differing in
their resistance to AI’” ions are equally sensitive to La’". Other lanthanide ions such as Yb*" and Ce’”
triggered a similar differential response (Figure 48).
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Figure 47. Relative root elongation (RRE) of Brachiaria decumbens and Brachiaria ruziziensis as
affected by La’" in the nutrient solution. The values shown are means + SE of 12 seedlings.

This is the first time that a general resistance to trivalent cationic toxicants has been observed in
plants. These findings are consistent with the possibility that the surface charge density of root apices
— the principal site of Al injury — acts as a generic mechanism to avoid uptake of phytotoxic cationic
toxicants. Yet the possibility remains that this ‘cross resistance’ is due to other factors. Further work is
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in progress to evaluate the significance of a surface-charge-based Al-resistance mechanism compared
with other mechanisms.
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Figure 48. Relative root elongation (RRE) of Brachiaria decumbens and Brachiaria ruziziensis as
affected by two different lanthanide cations in the nutrient solution. The values shown are means + SE of
12 seedlings.

Results from these experiments may provide insights to dissect Al resistance of B. decumbens into
physiological mechanisms. This may be particularly useful if genetic control of the trait turns out to be
complex (which may indeed be the case; see the section on “Identifying individuals with contrasting
aluminum resistance in a Brachiaria ruziziensis x Brachiaria decumbens hybrid population™).

— Evaluating traits contributing to acid-soil adaptation in a population of 274 Brachiaria
ruziziensis x Brachiaria decumbens hybrids

Contributors: M.E. Buitrago, M.E. Recio, A.L. Chaves, P. Wenzl, J. Tohme, J.W. Miles and .M.
Rao

Rationale

In a pilot experiment we found that hybrids of a Brachiaria ruziziensis x Brachiaria decumbens
population segregated for root-related characters that are relevant for the adaptation to acid soils.
These include ‘root growth potential’ (the ability to initiate and elongate roots in the absence of
externally supplied nutrients) and aluminum (Al) resistance (see the section on “Identifying
Individuals with Contrasting Aluminum Resistance in a Brachiaria ruziziensis x Brachiaria
decumbens Hybrid Population”). We therefore extended the ongoing phenotypic evaluation to the
complete hybrid population available at CIAT.

The results of this experiment are going to be useful in two ways. First, they will enable us to refine a
single-step screening procedure to rapidly discard genotypes not adapted to acid soils. Second, the
phenotypic data will provide a basis for the mapping of QTLs controlling physiological and
morphological characters associated with acid soil adaptation. The latter should provide an avenue
towards implementing marker-assisted selection for acid soil adaptation in the future.
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Materials and M ethods

Stem cuttings from hybrids of a Brachiaria ruziziensis x Brachiaria decumbens population were
rooted in a low ionic strength nutrient solution in the glasshouse for 9 days. Rooted stem cuttings from
each genotype were grouped into homogeneous pairs. One cutting of each pair was used to measure
root growth in the absence of Al (in 200uM CaCl,; pH 4.2), while the other was used to measure
growth in an identical solution, to which 200uM AICl; had been added. Treatment solutions were
changed every second day to minimize pH drifts. At harvest on day 21 after transfer to treatment
solutions, stems were separated from roots and dried to determine their dry weight. Roots were put
into a solution containing neutral red and methylene blue and left to stain for at least 24 h. After
rinsing with water, they were scanned on a flatbed scanner. The resulting images were analyzed with
WinRHIZO image analysis software to determine root length and average root diameter. This
experiment is still ongoing. So far, three growth cycles, each comprising up to three pairs of stem
cuttings per genotype (more for the two parents) have been fully analyzed.

Results and Discussion

An extensive root system that explores a large soil volume can take up relatively immobile nutrients
such as phosphorus more efficiently. It is an important trait permitting plants to grow on nutrient-
deficient acid soils. Adapted genotypes, therefore, should have long thin roots and cluster in the lower
right corner of a plot of root diameter (y axis) versus root length (x axis) (Figure 49). To produce such
a plot, root length and thickness data were log-transformed and adjusted for the effect of stem cutting
dry weight as described in the following section on “Identifying Individuals with Contrasting
Aluminum Resistance in a Brachiaria ruziziensis x Brachiaria decumbens Hybrid Population”. The
two sets of data were then plotted against each other, both for stem cuttings grown in absence and
presence of Al (Figure 49).

In the absence of Al, stem cuttings of hybrids had root lengths between 0.6 and 7.0 m. While the
poorly adapted parent (B.ruziziensis) was at the low end of the range, a significant number of hybrids
produced longer roots than well adapted B. decumbens (Figure 49, left panel). The two parents were
close to the two extremes of the range of root diameters, however (Figure 49, left panel). As expected,
in the presence of Al, root elongation was inhibited and roots became thicker (see differences in
population means in right vs. left panel of Figure 49).

Growing rooted stem cuttings in the Al treatment and choosing genotypes with long and thin roots
(Figure 49, right panel) could be an effective screen to discard non-adapted segregants in the
Brachiaria breeding program. It is, however, important to keep in mind that such a test simultaneously
screens for several desirable physiological attributes (root growth potential in the absence of external
nutrients + Al resistance + inherently thin roots). The genetic components controlling these characters,
however, may be scattered throughout different genotypes and could be lost if the test is applied too
stringently.

For these reasons, it would be desirable to isolate ‘physiological components’ contributing to root
growth in the Al treatment. Performing the same screen in the absence of Al provides access to the
component that allows plants to initiate and elongate roots in the absence of all nutrients but Ca in the
growth medium and to the component that is responsible for inherently thin roots (Figure 49, left
panel). A comparison, for each genotype, between root length in the presence and absence of Al
provides indirect access to the physiological component that governs Al resistance (see the section on
“Identifying individuals with contrasting aluminum resistance in a Brachiaria ruziziensis x Brachiaria
decumbens hybrid population™).
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We are continuing to accumulate data from additional growth cycles to increase the precision with
which we will be able to ‘dissect’ root growth into these physiological components. Subsequently, the
set of physiological data will be combined with genetic data to identify QTLs associated with these
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Figure 49. Comparison of root length and root diameter of rooted stem cuttings from a B. ruzZiziensisx
B. decumbens hybrid population grown in the absence (left panel) and presence of Al (right panel) in
solution. The values of the two pare nts are shown with large symbols (upper left, B. ruziziensis; lower
right, B. decumbens). The values of the hybrids are shown with small symbols. The error bars in the
upper right corner designate average standard errors for the two variables. Only hybrids for which at
least two independent measurements had been taken were included in this figure.
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- ldentifying individuals with contrasting aluminum resistancein a Brachiariaruzizienss x

Brachiaria decumbens hybrid population

Contributors: A. Arango, P. Wenzl, J. Tohme, J.W. Miles and I.M. Rao

Rationale

Previous experiments have established that there is a significant difference in aluminum (Al)

resistance between B. decumbens (resistant) and B. ruziziensis (sensitive) (Wenzl et al., 2001).
Because apomictically reproducing plants tend to be highly heterozygous, alleles conferring Al
resistance in apomictic B. decumbens are expected to segregate in a B. ruziziensis x B. decumbens
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hybrid population. The main objective of this work is to use this population to isolate genes whose
expression is associated with Al resistance.

Here we report on a physiological evaluation of 38 individuals of this hybrid population. They had
been selected, using data from preliminary experiments, to comprise both Al-resistant and sensitive
hybrids. Based on the results of this evaluation, two groups of contrasting individuals will be formed
to compare gene expression patterns in root apices, the presumed site of action of Al-resistance
mechanisms.

Materials and M ethods

Rooted stem cuttings of each genotype were grouped into homogeneous pairs. One stem cutting of
each pair was used to measure the root-elongation potential in a solution containing 200 uM CaCl,
(pH 4.2), the other was used to measure growth in an identical solution, to which 200 uM AICI; had
been added (for more details, see the above section on “Evaluating Acid-Soil Adaptation of 274
Brachiaria ruziziensis x Brachiaria decumbens Hybrids™). The experiment comprised ten independent
growth cycles, each with up to nine pairs of stem cuttings per genotype.

Results and Discussion

Inhibition of root elongation is a well-known symptom of Al toxicity. Addition of Al to the basal
solution containing only CaCl, had a pronounced effect on root elongation in most genotypes. Initial
analyses, however, indicated that the effect of Al was highly inconsistent, both within and between
blocks.

Several factors may have contributed to this variability. First, root elongation in a solution lacking all
nutrients but Ca largely depends on reserves (sugars, nutrients) present in stem cuttings. Those that
have a greater biomass, therefore, are expected to show superior root elongation in both treatments.
Second, previous results suggest that a good nutritional status increases the Al-resistance level of
Brachiaria species (Wenzl et al., 2002). This may enhance the positive effect of the stem cutting’s
biomass on root elongation in the Al treatment. Third, stem cuttings taken from plants with a good
nutritional status are likely to contain more nutrients per unit of biomass, thus potentially amplifying
the effect of the stem cutting’s biomass on root elongation in both treatments. These considerations
highlight the importance of adjusting root elongation data for stem cutting biomass and the nutritional
status of the donor plants — the latter presumably varying in an unpredictable manner among different
growth cycles.

All data were log-transformed because growth data tend to be log-normally distributed (Causton and
Venus, 1981). This improved normality in most cases, as judged by the Kolmogorov-Smirnov test.
Linear regression of root length and diameter on the dry weight of stem cuttings indicated a highly
significant effect for the former (P<107) but not the latter. At least 13 % (basal treatment) and 20 %
(Al treatment) of the variance of root length data could be accounted for by the variable dry weight of
stem cuttings. Root length data, therefore, were adjusted for the effect of the dry weight of stem
cuttings (using separate linear regressions for individual growth cycles, which slightly increased the
percentage of explained variance).

Adjusted root lengths of most genotypes fell within the range of 2.5 to 6.3 m per stem cutting (log
values between 0.4 and 0.8; Figure 50). Only B. ruziziensis (1.0 m) and hybrid No. 114 (0.7 m) had
much shorter roots. Interestingly, about half of the hybrids had longer roots than acid-soil adapted
parent B. decumbens. Given this inherent variability in root elongation potential, root elongation in the
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presence of Al is expected to be the result of a superimposition of two physiological components: the
ability to elongate roots in the absence of externally supplied nutrients plus Al resistance. While this
might be advantageous for rapidly discarding non-adapted genotypes in a breeding program, it makes
it necessary to isolate the component of overall performance in the Al treatment that is attributable to
Al resistance. This is because the planned experiments to isolate genes rely on the assumption that
sensitive genotypes do not express genes that confer Al resistance. Not dissecting the two components,
however, could result in a misclassification of genotypes expressing ‘Al-resistance’ genes as
‘sensitive’ because they lack the (presumable unrelated) ability to elongate roots in the absence of
nutrients.
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Figure 50. Log-transformed root lengths adjusted for the variable dry weight of stem cuttings.

Aluminum resistance, therefore, was quantified by comparing root elongation in the Al treatment with
root elongation in the basal treatment. For each pair of stem cuttings that had been split between the
two treatments, the difference between the log-transformed root lengths in the two treatments was
calculated (this is equivalent to computing the ratio of untransformed root lengths). The two poorly
elongating genotypes (114, 44-02) were excluded from this analysis because a too large fraction of
their final root length had already been present at the time of transferring stem cuttings into treatment
solutions. The average effect of Al on root elongation varied among growth cycles (33 to 60 %
inhibition), perhaps because of the differences in the nutrient status of the stem cuttings (see
discussion above). An adjustment for growth cycle-specific effects, which accounted for 13 % of the
variance of the difference between the log-transformed root lengths, was achieved by subtracting the
average difference in a particular growth cycle (i.e. the average effect of Al) from the individual
values computed for pairs of stem cuttings. The resulting value was called ‘Al resistance index’.

If Al resistance and the ability to elongate roots in the absence of external nutrients are separate
physiological components that segregate independently, then there should be no correlation between
Al resistance indices and the root elongation potential (the log-transformed root lengths in the absence
of Al).

Genotypes were organized according to their Al resistance index (Figure 52). Two independent
findings seem to confirm the validity of our approach to quantify Al resistance of stem cuttings. First,
the Al-resistant parent (B. decumbens) had the highest Al resistance index (the Al-sensitive parent
could not be scored due to its extremely poor root elongation in the basal treatment). Second,
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evaluation of a different Al toxicity symptom — the lateral swelling of roots — demonstrated that
roots of genotypes classified as Al resistant tended to swell less than those of Al-sensitive genotypes
(r =-0.88; Figure 52).

Figure 51 appears to confirm this assumption (r* = 0.02) and underscores the need to dissect the two
components for the purpose of associating gene expression patterns with either of the two component
traits.
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Figure51. Lack of relationship between Al resistance and root elongation potential. Al resistance index =
{log[root length in Al solution] — log[root length in basal solution]} — [average difference for a particular growth
cycle]. Root elongation in the absence of Al = log[root length in basal treatment]. All log-transformed root length
had been adjusted for the effect of stem cutting dry weight.
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Figure 52. Genotypes ordered according to their Al resistance index computed from root length data. A similar
index was computed using root thickness data and is included for comparison.
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Two groups of contrasting genotypes (4 — 6 each) will be chosen from the upper and lower end of the
range of Al resistance indices for subsequent experiments to associate gene expression patterns with
an Al-resistant phenotype.

—  Screening of improved tetraploid, sexual and apomictic Brachiaria hybridsfor resistanceto
aluminum

Contributors: 1. M. Rao, J. W. Miles, R. Garcia and J. Ricaurte (CIAT)
Rationale

For the last two years, we have implemented screening procedure to identify Al-resistant Brachiaria
hybrids that were preselected for spittlebug resistance. Last year, we have identified 2 sexual hybrids
(SX 2349 and SX 497) with greater level of Al resistance than that of the sexual parent, BRUZ/44-02.
With the partial support of BMZ-GTZ of Germany and Papalotla (seed company) of Mexico to the
Brachiaria improvement project, this year we evaluated Al resistance of the most promising sexual
Brachiaria hybrids that are resistant to spittlebug.

Materialsand M ethods

A total of 90 genotypes including 3 parents (B. decumbens CIAT 606, B. brizantha CIAT 6294 and B.
ruziziensis 44-02) were selected for evaluation of Al resistance. Among the 87 hybrids selected for
screening, 84 were sexuals and three were apomicts (CIAT 36062, BRO9NO/4132, FM9503-S046-
024). All the hybrids were resistant to spittlebug infestation and some sexuals were resistant to 3
species of spittlebug (C. Cardona, personal communication; also see Output 2 and Activity 2.3 of this
report). Stem-cuttings were rooted in a low ionic strength nutrient solution containing CaCl, (200uM),
selected for uniformity and transferred to a solution containing 200 uM CacCl, (pH 4.2) and exposed to
2 levels of AICI; (0 and 200uM). The solution was replaced every third day, and total root length and
root biomass were measured after 21 days of Al treatment. Root architecture was measured using
WINRHIZO software program (Figure 53). Results reported are mean values from 3 experiments. Data
from 2 additional experiments are being processed.

Results and Discussion

As observed before, results on total root length per plant after exposure to 21 days with or without
toxic level of Al in solution indicate that the parent B. decumbens CIAT 606 is outstanding in its level
of Al resistance (Figure 54). Among the 87 hybrids tested, 2 sexual hybrids (SX 01NO3178 and
SX01NO7249) and 1 apomictic hybrid (BR99NO/4132) showed greater level of Al resistance based
on total root length per plant (Figure 54). Among the two sexual hybrids, SX01NO3178 exhibited
coarse root system while SX01NO7249 had fine root system similar to that of the Al-resistant parent,
CIAT 606.

The level of Al resistance of these two sexuals was outstanding compared with that of the sexual
parent, BRUZ/44-02 (Figure 53). Another sexual hybrid SX01NO2025 also showed greater level of
Al resistance but in the absence of Al in solution, its total root length was moderate. It is important to
note that the total root length of the sexual hybrid, SX01NO3178 was superior to the parent CIAT 606
in the absence of Al in solution. Exposure to Al decreased the mean value of total root length of the 90
genotypes from 189 to 69 cm plant .
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Figure53. Root images of (a) aluminum resistant apomictic parent (CIAT 606) with fine root system; (b) aluminum sensitive
sexual parent (BRUZ/44-02) with coarse root system; (c¢) aluminum resistant sexual hybrid (SX01NO3178) with coarse root
system; and (d) aluminum resistant sexual hybrid (SX01NO7249) with fine root system. Roots were scanned after 21 days of
exposure to 200 uM aluminum chloride with 200 uM calcium chloride (pH 4.2) in solution.

One of the apomictic hybrids, FM9503-S046-024, that performed well in the field in the Llanos
showed less root elongation and produced coarse root system in the presence or absence of Al in
solution (Figures 54 and 55). This suggests that some vigorous hybrids may also adapt well to acid
soils with coarse root system similar to that observed with cultivar Mulato due to their greater ability
to acquire Ca and Mg from acid soils. But this type of hybrids may function better during dry season
and may require moderate level of soil fertility. The lack of fine root system in these hybrids may limit
their adaptation to highly infertile acid soil conditions.

Results on mean root diameter showed that the parent CIAT 606 had the lowest values under both with
and without Al treatments (Figure 55). Two sexual hybrids, SX01NO7249 and SX01NO4099, were
closer to the values of CIAT 606. One of the sexual hybrids, SX01NO2192, showed very high values
of mean root diameter of about 1 mm (coarse root system) under with and without Al in solution.The
mean values of root diameter decreased from 0.59 to 0.47 mm with the exposure to Al in nutrient
solution. The relationship between root length and root diameter without Al in nutrient solution
indicated that several sexual hybrids have mean root diameter values similar to CIAT 606 but total
root length of one sexual hybrid (SX01NO3178) and CIAT 606 were greater than the rest of the
genotypes tested (Figure 56). But in the presence Al in solution, CIAT 606 was outstanding in
combine total root length with lower values of mean root diameter (Figure 57). Several sexual hybrids
showed greater level of Al resistance than the three apomictic hybrids (CIAT 36062, BR99NO/4132,
FM9503-S046-024).
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Figure 54. Identification of Al resistant sexual hybrids of Brachiaria based on total root length . Hybrids that were superior
in root length with no or high Al in solution were identified in the upper box of the right hand side. Total root length was
measured after exposure to 0 or 200 uM AICl; with 200 pM  CaCl, (pH 4.2) for 21 days. SEM = standard error of the mean.
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Figure 55. Identification of Al resistant sexual hybrids of Brachiaria based on mean root diameter. Hybrids with lower
values of mean root diameter (fine roots) with no or high Al in solution were identified in the lower box of the left hand side.
Root diameter was measured after exposure to 0 or 200 pM AICl; with 200 uM CaCl, (pH 4.2) for 21 days. SEM = standard

error of the mean.
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Based on the results obtained from screening for resistance to 3 species of spittlebug and from this
study, a group of 22 sexuals (SX01NO67, 102, 159, 233, 263, 446, 465, 878, 1090, 1175, 1186, 1710,

2017, 2420, 2619, 3168, 3178, 3390, 3439, 3615, 4506, 4785, 4861) were used in the crossing block to
generate superior hybrids that combine desirable attributes.
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Figure 56. Relationship between total root length and mean root diameter of 90 genotypes of Brachiaria without the
presence of aluminum in solution. Hybrids that develop finer root system in the absence of Al in solution were identified in
the upper box of the left hand side. Total root length and mean root diameter were measured with exposure to 0 uM AICl;
with 200 uM CaCl, (pH 4.2) for 21 days. SEM = standard error of the mean.
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Figure 57. Relationship between total root length and mean root diameter of 90 genotypes of Brachiaria with the presence of
aluminum in solution. Hybrids that develop finer root system in the presence of Al in solution were identified in the upper
box of the left hand side. Total root length and mean root diameter were measured with exposure to 200 uM AICl; with 200
uM CaCl, (pH 4.2) for 21 days. SEM = standard error of the mean.
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We have identified 2 sexual hybrids (SX 01NO3178 and SX01NO7249) and one apomictic hybrid
(BR99NO/4132) with greater level of Al resistance than that of the sexual parent, BRUZ/44-02.

— ldentification of plant attributesfor persistence with low nutrient supply in hybridsand
accessions of Brachiaria

Contributors: I. M. Rao, J. W. Miles, C. Plazas, J. Ricaurte and R. Garcia (CIAT)
Rationale

A field study is in progress at Matazul Farm in the Llanos of Colombia. The main objective was to
identify genetic recombinants of Brachiaria with tolerance to low nutrient supply and evaluate plant
attributes that contribute to superior adaptation. Results obtained from this field study at 15 months
after establishment indicated that the superior performance of the Brachiaria hybrid, FM9503-S046-
024 was associated with its ability to acquire greater amounts of nutrients from low fertility soil. This
year we continued our work to monitor the performance of genetic recombinants in terms of their
growth and persistence under low fertility acid soil conditions.

Materials and M ethods

A field trial was established on a sandy loam oxisol at Matazul farm in the Llanos of Colombia in July,
1999. The trial comprises 12 entries, including six natural accessions (four parents) and six genetic
recombinants of Brachiaria. The trial was planted as a randomized block in split-plot arrangement
with two levels of initial fertilizer application (low: kg/ha of 20P, 20K, 33Ca, 14 Mg, 10S; and high:
80N, 50P, 100K, 66Ca, 28Mg, 20S and micronutrients) as main plots and genotypes as sub-plots. Live
and dead forage yield, shoot nutrient composition, and shoot nutrient uptake were measured at the end
of the wet season (November 2001), i.e., at 28 months after establishment. Maintenance fertlizer (half
the levels of initial application) was applied in July 2001.

Results and Discussion

As expected, application of high amounts of maintenance fertilizer at 2 years after establishment
improved forage yield of most of the genotypes compared with low fertilizer application (Table 33).
At 28 months after establishment, live forage yield with low fertilizer application ranged from 404 to
2264 kg/ha and the high values of forage yield were observed with three germplasm accessions (CIAT
26110, 26318 and 6294) and one spittlebug resistant genetic recombinant, FM9503-S046-024 (Table
33). This spittlebug resistant genetic recombinant not only showed rapid establishment but also
maintained greater level of forage production over time with low initial fertilizer application. It also
was very responsive to higher fertilizer application as revealed by live shoot biomass and total forage
yield. As expected, the performance of one of the parents, BRUZ/44-02 was very poor compared with
other parents and genetic recombinants. These results are similar to those observed at 15 months after
establishment (IP-5 Annual Report, 2001). The values of leaf to stem ratio were markedly superior
with the genetic recombinants than the parents and other germplasm accessions with both levels of
fertilizer application (Table 33). This is an important attribute for improving animal production
through Brachiaria breeding activities.

Among the genetic recombinants, FM9503-S046-024 was outstanding in production of green leaf
biomass with both low and high fertilizer application (Figure 58).
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Table 33. Genotypic variation as influenced by fertilizer application in live shoot biomass, leaf to stem
ratio and total forage yield of genetic recombinants, parents and other germplasm accessions of Brachiaria
grown in a sandy loam oxisol at Matazul, Colombia. Plant attributes were measured at 28 months after
establishment (November 2001) LSD values are at the 0.05 probability level.

Live shoot biomass Leaf to stem ratio Total forage yield
Low High Low High Low High
Fertilizer Fertilizer Fertilizer  Fertilizer Fertilizer Fertilizer
Genotype (kg/ha)
Recombinants:
BR97NO-0082 659 872 3.58 3.29 1079 1477
BR97NO-0383 907 795 1.85 3.88 1434 1445
BR97NO-0405 824 956 2.34 2.02 1542 1798
FM9201-1873 1144 1575 2.29 1.94 2451 2266
FM9301-1371 940 1139 4.53 3.54 1501 2328
FM9503-S046-024 1514 2112 1.96 1.93 2370 3257
Parents:
CIAT 606 812 1132 1.86 1.67 1272 1905
CIAT 6294 1787 1777 1.82 2.17 3087 3083
BRUZ/44-02 404 898 1.97 0.43 968 1284
CIAT 26646 1352 2092 2.07 1.98 1959 2655
Accessions:
CIAT 26110 2264 2473 2.38 2.26 3041 3201
CIAT 26318 1968 2423 1.84 1.78 2684 3120
Mean 1190 1483 2.37 2.24 1877 2265
LSD (P=0.05) 734 710 1173 1232
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Figure58. Genotypic variation as influenced by fertilizer application in dry matter distribution among leaves,
stems and dead biomass of genetic recombinants, parents and other germplasm accessions of Brachiaria grown
in a sandy loam oxisol at Matazul, Colombia. Plant attributes were measured at 28 months after establishment
(November 2001) LSD values are at the 0.05 probability level.

One of the germplasm accessions, CIAT 26110 was outstanding in its leaf biomass production and its
production was almost 2 times greater than that of the mean value of 12 genotypes tested. Results on
leaf and stem N content indicated that BRUZ/44-02 had greater amount of N per unit dry weight but
its ability to acquire N (shoot N uptake) was lowest compared with other parents and genetic
recombinants (Table 34).
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Table 34. Genotypic variation as influenced by fertilizer application in leaf N content, stem N content and
shoot N uptake of genetic recombinants, parents and other germplasm accessions of Brachiaria grown in a
sandy loam oxisol at Matazul, Colombia. Plant attributes were measured at 28 months after establishment
(November 2001). LSD values are at the 0.05 probability level.

Leaf N content Stem N content Shoot N uptake
Low High Low High Low High
Fertilizer  Fertilizer Fertilizer  Fertilizer Fertilizer Fertilizer
Genotype (%) (%) (kg/ha)

Recombinants:
BR97NO-0082 1.25 1.26 0.96 0.95 7.83 9.96
BR97NO-0383 1.28 1.36 0.96 1.13 10.62 8.53
BR97NO-0405 1.30 1.32 0.87 0.91 9.54 11.51
FM9201-1873 1.22 1.22 0.89 0.94 12.94 16.87
FM9301-1371 1.37 1.21 0.94 0.83 11.97 12.83
FM9503-S046-024 1.31 1.20 0.81 0.78 16.76 22.29
Parents:
CIAT 606 1.27 1.23 0.95 1.03 9.36 12.60
CIAT 6294 1.36 1.26 0.88 0.82 21.38 19.75
BRUZ/44-02 1.52 1.17 1.39 0.89 5.96 8.59
CIAT 26646 1.29 1.33 0.93 1.06 15.47 25.22
Accessions.
CIAT 26110 1.45 1.26 0.94 0.81 29.84 27.43
CIAT 26318 1.28 1.33 0.92 0.87 22.82 28.45
M ean 1.31 1.27 0.92 0.92 15.16 17.37
LSD (P=0.05) 0.19 NS 0.16 0.23 10.83 7.81

NS = not significant.

Shoot N uptake with low fertilizer application was greater for two accessions (CIAT 26110 and
26318), one parent (CIAT 6294) and one genetic recombinant (FM9503-S046-024). This genetic
recombinant was also outstanding in its ability to acquire greater amounts of P, K, Ca and Mg from
low fertilizer application when compared with other genetic recombinants (Tables 35 and 36; Figure
59). Among the parents, two accessions of B. Brizantha, CIAT 6294 and CIAT 26646 were superior in
nutrient acquisition from low and high fertilizer application (Figure 59). Shoot nutrient uptake by
CIAT 26110 was outstanding with both low and high fertilizer application (Figure 59).

Again the genetic recombinant, FM9503-S046-024 was outstanding in its ability to acquire greater
amounts of Ca from low and high fertilizer application. This ability to acquire greater amounts of Ca
from acid soil (Table 36) could not only contribute to its superior persistence on acid infertile soils but
also could contribute to greater forage quality and animal production.

It is important to note that live forage yield was associated with lower contents of stem Ca and K with
both low and high fertilizer application (Table 37). Live forage yield with low fertilizer application
showed a highly significant negative relationship (-0.53***) with stem Ca content. This observation
indicates that efficient mobilization of Ca from stems to leaves and efficient utilization of Ca for the
production of green forage are important physiological mechanisms for superior performance with low
fertilizer application. Results from this field study indicated that the Brachiaria hybrid, FM9503-
S046-024 was not only rapid in its establishment but also performed well into the third year after
establishment. Its superior performance at 28 months after establishment was associated with its
ability to acquire greater amounts of nutrients, particularly Ca and Mg from low fertility soil.
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Figure59. Genotypic variation as influenced by fertilizer application in nutrient (N, P, K, Ca, Mg) uptake of
genetic recombinants, parents and other germplasm accessions of Brachiaria grown in a sandy loam oxisol at
Matazul, Colombia. Plant attributes were measured at 28 months after establishment (November 2001) LSD
values are at the 0.05 probability level.

Table 35. Genotypic variation as influenced by fertilizer application in leaf P content, stem P content and
shoot P uptake of genetic recombinants, parents and other germplasm accessions of Brachiaria grown in a
sandy loam oxisol at Matazul, Colombia. Plant attributes were measured at 28 months after establishment
(November 2001). LSD values are at the 0.05 probability level.

Genotype Leaf P content Stem P content Shoot P uptake
Low High Low High Low High
Fertilizer Fertilizer Fertilizer Fertilizer Fertilizer Fertilizer
(%) (%) (kg/ha)
Recombinants:
BR97NO-0082 0.183 0.174 0.149 0.141 1.12 1.60
BR97NO-0383 0.178 0.146 0.145 0.14 1.39 1.13
BR97NO-0405 0.193 0.158 0.137 0.119 1.50 1.49
FM9201-1873 0.174 0.216 0.146 0.195 1.92 3.55
FM9301-1371 0.226 0.270 0.165 0.202 2.12 2.90
FM9503-S046-024 0.239 0.217 0.195 0.153 3.49 4.22
Parents:
CIAT 606 0.208 0.194 0.219 0.212 1.70 2.37
CIAT 6294 0.224 0.229 0.178 0.184 3.79 3.64
BRUZ/44-02 0.142 0.168 0.128 0.142 0.55 1.31
CIAT 26646 0.210 0.215 0.174 0.180 2.58 4.29
Accessions:
CIAT 26110 0.188 0.234 0.168 0.231 4.18 5.82
CIAT 26318 0.222 0.207 0.217 0.196 4.66 4.88
Mean 0.203 0.204 0.172 0.176 2.56 3.18
LSD (P=0.05) 0.08 0.077 0.063 0.086 2.07 2.13
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Table 36. Genotypic variation as influenced by fertilizer application in shoot K uptake, shoot Ca uptake and shoot Mg
uptake of genetic recombinants, parents and other germplasm accessions of Brachiaria grown in a sandy loam oxisol
at Matazul, Colombia. Plant attributes were measured at 28 months after establishment (November 2001). LSD values
are at the 0.05 probability level.

Genotype Shoot K uptake Shoot Ca uptake Shoot Mg uptake
Low High Low High Low High
Fertilizer ~ Fertilizer Fertilizer  Fertilizer Fertilizer Fertilizer
(kg/ha)
Recombinants.
BR97NO-0082 4.69 8.21 3.97 5.47 2.51 3.82
BR97NO-0383 7.53 5.51 4.03 4.67 3.09 4.59
BR97NO-0405 5.82 7.99 4.24 5.17 3.68 4.47
FM9201-1873 7.62 24.40 5.81 6.77 4.72 4.37
FM9301-1371 8.31 15.91 4.70 5.16 4.63 5.03
FM9503-S046-024 14.53 20.86 7.83 11.07 6.84 8.81
Parents:
CIAT 606 6.86 11.67 3.72 5.34 3.56 5.97
CIAT 6294 14.76 16.02 6.60 7.27 9.10 7.76
BRUZ/44-02 1.90 8.23 1.33 495 1.06 3.68
CIAT 26646 11.61 31.17 3.68 5.68 4.02 5.04
Accessions.
CIAT 26110 22.23 28.97 7.73 9.11 6.42 10.08
CIAT 26318 17.96 21.22 7.05 9.76 7.58 12.40
M ean 10.95 17.05 5.29 6.78 5.02 6.45
LSD (P=0.05) 10.96 18.72 3.18 3.61 4.29 4.20

Table 37. Correlation coefficients ( 1) between green forage yield (t/ha) and other shoot traits of
Brachiaria genotypes grown with low or high intial fertilizer application in a sandy loam oxisol in
Matazul, Colombia.

Shoot traits Low fertilizer High fertilizer
Total (live + dead) shoot biomass (t/ha) 0.95%** 0.89%#:**
Dead shoot biomass (t/ha) 0.69%** 0.38**
Leaf biomass (t/ha) 0.98%** 0.96%**
Stem biomass (t/ha) 0.97*** 0.91%**
Leaf N content (%) 0.18 -0.21
Leaf P content (%) 0.28 0.41%*
Leaf K content (%) 0.22 0.27
Leaf Ca content (%) -0.15 -0.35%*
Leaf Mg content (%) 0.06 -0.11
Leaf Al content (%) -0.22 -0.39%**
Stem N content (%) -0.26 -0.40%*
Stem P content (%) -0.24 -0.36*
Stem K content (%) -0.44** -0.36%*
Stem Ca content (%) -0.53%* -0.38**
Stem Mg content (%) -0.12 -0.38**
Stem Al content (%) -0.33* -0.33*
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-  Field evaluation of most promising hybrids of Brachiariain the Llanos of Colombia
Contributors: I. M. Rao, J. Miles, C. Plazas and J. Ricaurte (CIAT)
Rationale

Greenhouse and field screening of a large number of Brachiaria hybrids for their resistance to
spittlebug and adaptation to infertile acid soils resulted in identification of a few promising brachiaria
hybrids. We selected 4 of these hybrids for further field-testing in comparison with their parents. The
main objective is to evaluate growth and persistence with low nutrient supply in soil at Matazul farm
of the altillanura.

Materialsand M ethods

A field trial was established at Matazul farm on 31 May of 2001. The trial included 4 Brachiaria
hybrids (BR98NO/1251; BRO9INO/4015; BROINO/4132; FM9503-S046-024) along with 2 parents (B.
decumbens CIAT 606 and B. brizantha CIAT 6294). The trial was planted as a randomized block in
split-plot arrangement with two levels of initial fertilizer application (low: kg/ha of 20P, 20K, 33Ca,
14 Mg, 10S; and high: 80N, 50P, 100K, 66Ca, 28Mg, 20S and micronutrients) as main plots and
genotypes as sub-plots with 3 replications. The plot size was 5 x 2 m. A number of plant attributes
including forage yield, dry matter distribution and nutrient uptake were measured at 4 months after
establishment (September 2001).

Results

With high initial fertilizer application, one of the two parents B. brizantha cv. Marandu (CIAT 6294)
was outstanding in shoot biomass production (Figure 60). This result is expected because this parent is
very demanding in terms of its nutrient requirements and in general responds well to high initial
fertilizer application. Among the 4 hybrids tested, 4015 was outstanding in its adaptation to low intial
fertilizer application. It is important to note that one of the parents, B. decumbens was outstanding in
its level of adaptation to low fertilizer application (Figure 60).

o mmm HghF; LSOy o5=NS
O ) LowF.; LSDyp5=NS

5, j !j |,H |,H I

1 4015 4132 4624 624

Genotype

Figure 60. Genotypic variation as influenced by fertilizer application in shoot biomass production (forage yield)
of two parents (CIAT 606, 6294) and four genetic recombinants (1251, 4015, 4132, 4624) of Brachiaria grown
in a sandy loam oxisol at Matazul, Colombia. Plant attributes were measured at 4 months after establishment
(September 2001). LSD values are at the 0.05 probability level. NS = not significant.
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The performance of the 4 hybrids will be monitored for the next 2 years in comparison with the two
parents in terms of forage yield and nutrient acquisition.

— Participatory evaluation of Brachiaria hybridsin comparison with commercial cultivars
Contributors: P. Argel, A. Schmidt, M. Peters, J. Miles and I. M. Rao
Rationale

As part of the BMZ-GTZ project on developing aluminum resistant Brachiaria hybrids, this year we
initiated field studies in Costa Rica, Nicaragua and Honduras for evaluation of new hybrids of
Brachiaria along with commercial Brachiaria cultivars in participation with farmers. The main
objective of participatory evaluation was to expose the promising hybrids to farmers and generate
information on farmer selection criteria. This information is highly useful Brachiaria improvement
program to incorporate farmer perspectives on Brachiaria ideotypes for multiple use in crop-livestock
systems.

Materials and M ethods

Costa Rica - A field trial was established on 30 August 2002 in the area of Puriscal (Cantén Mora) in a
farm called E1 Rodeo. National staff responsible for managing the trial are Ing.Beatriz Sandoval and
Marco Lobo from MAG of Costa Rica. The design is a complete randomized block with 3 repts. The
plot size is 2 m long X 4 m wide. The texture of the soil is loamy with the following chemical
characteristics: pH 4.6, Al (0.8 ppm), Ca (6.2 cmol/kg), Mg (1.76.2 cmol/kg), K (0.46.2 cmol/kg), Zn
(0.6 mg/kg), Cu (5.0 mg/kg), Fe (52 mg/kg); OM (5.7%). The Brachiaria species planted had the
following CIAT numbers: 606, 26110, 26990, 26318, 26646, 6133, 36061, 6789, 36062, 26124 and
Mixe (no CIAT No). One month after planting this was respectively the number of plants per square
m: 3.1, 6.6, 1.3, 3.5, 3.5, 1.3, 4.9, 8.0, 0.9, 1.8 and 5.3. Among the 11 genotypes planted, CIAT 36061
and CIAT 36062 are apomictic hybrids. A number of plant attributes including forage yield, dry matter
distribution and nutrient uptake will be measured at the end of both wet and dry seasons of each year.

The trials were well established and the results will be reported next year.

3.1.2 Edaphic adaptation of Arachis pintoi

Deter mine genotypic variation in Arachis pintoi for toleranceto low P supply

Contributors: N. Castafeda, N. Claassen (University of Goettingen, Germany) and 1. M. Rao (CIAT)
Rationale

Phosphorus (P) supply in soil limits forage production in acid soils such as oxisols and ultisols, where
P is strongly fixed and largely unavailable for plant uptake. These soils may not be low in total P, but
most of it is present in a form of extremely low solubility (Fe/Al or Ca phosphate). This may result in
low P uptake and poor plant growth. The problem of low P uptake could be alleviated both by
identifying and/or developing plant species that are able to absorb P from low available P pools and

with application of small amounts of P fertilizer. Plant species and genotypes differ in their ability to
grow under low P supply conditions, i.e. they differ in their P efficiency.
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The P efficiency of one species or genotype relative to another may change depending on the binding
form of P in soil. Differences in P efficiency can arise in three ways: 1) efficiency with which P is
utilized in the plant to produce final yield. This is often called internal P requirement and is the P
concentration in the plant to produce for example 90% of maximum yield; 2) the uptake efficiency is
the ability of the root system to acquire P from soil and accumulate it in the shoots. This is given by
the amount of roots and the uptake per unit of root i.e. the influx; and 3) the shoot growth rate may
affect the P efficiency, i.e. a plant with a high potential growth rate may put a higher demand on the
root system for supplying the shoot with nutrients or may have a lower P concentration in the shoot
than a plant with low growth potential even though the uptake efficiency wase the same. Thus there
could be different causes for differences in P efficiency among species and genotypes.

Several researchers have proposed that differences in P uptake efficiency are based on size and type of
root system i.e. root length, root radius, root hair density as well as on rate of shoot growth, since the
latter imposes the demand for P on the root. Phosphorus uptake may also be influenced by chemical
changes in the rhizosphere due to root exudates, for example pH changes, organic acid etc.. The
solubilizing effect will depend on the binding form of P in soil. Al and Fe phosphate solubility
increases with increasing pH while the solubility of Ca phosphates, including phosphate rocks
decreases. Thus a plant species efficient to mobilize for example Fe/Al-P may not be efficient if Ca-P
predominates in the soil. Furthermore, the association of plants with vesicular-arbuscular mycorrhizae
improves P uptake form soil.

Field studies conducted in Caqueta, Colombia and greenhouse studies conducted at CIAT-Palmira
indicated significant genotypic variation in P acquisition and utilization in A. pintoi. In order to
identify P-efficient Arachis pintoi genotypes and to define specific mechanisms contributing to P
efficiency, a Ph. D. theis work is in progress at the University of Goettingen in collaboration with
CIAT. Two growth chamber studies were conducted and results from the first study to determine
genotypic differences among ten accessions of A. pintoi in P-acquisition and utilization from low P
soil are reported below. Results from the second study are being processed and will be reported next
year.

Material and Methods

A growth chamber trial was conducted at Institut for agricultural chemistry — Goettingen, Germany.
An Oxisol (clay 50%, organic carbon 0.35%, pHcacp 5.1, pHuoo 5.2, P-CAL 0.4 mg /100 g soil and P-
Bray II 1.4 mg/100 g soil, Fe/Al-P 788 mg kg™ and Ca-P 330 mg kg™'; in soil solution pH 5.2 and 13
ng P L") was used for evaluating the phosphorus efficiency of 10 accessions of A. pintoi (CIAT
17434, 18747, 22172, 18744, 18748, 22160, 22155, 18751, 18745, 22159) in a pot experiment.
Treatments were arranged in a randomised block design with a split-plot arrangement with 3 replications.
Three levels of P supply were used as main plots and 10 accessions of A. pintoi as sub-plots. For high P
supply treatment, only 4 accessions of A. pintoi (CIAT 17434, 18747, 22172, 18744) were included.
Among the 10 accessions tested, CIAT 17434 is a commercial forage cultivar in Latin America.

Plastic pots of 4 L capacity were filled with 2.7 kg air-dry soil at a bulk density of 1.2 g cm™. Three
levels of P supply (0, 10 and 400 mg kg ™) as Ca(H,PO,),.H,O were given. Basal nutrients were
applied (mg kg') to each pot: 100 N as Ca(NOs),, 50 K as K,SO,, 40 Mg as MgSO,, 0.2 B as H;BO;, 0.1
Mo as (NH4)sMo,0,4. Two weeks before sowing, water was added to get a moisture content of 25% w/w.
Seeds were sown directly in the pots. One pot for each P treatment was kept unplanted to measure soil
moisture evaporation losses from the pots. Plants were thinned at the earliest to maintain 4 plants in each
pot. The soil surface in each pot was covered with a layer of quartz sand (1 to 2 cm) to avoid the
formation of a superficial crust due to the watering. The pots were watered daily and water was added to
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maintain the soil with 60% of its water holding capacity. Pots were kept in a growth chamber, maintained
at 25°C, with a photon flux density of 300 pmol m™s™ and 80% relative humidity during 16 h day and at
20 °C and 70% relative humidity during 8 h night.

At harvest (90 days), quartz sand was removed form the soil surface and shoots were cut above the soil
surface. The dry weight of shoot was recorded. Roots were carefully separated by washing the soil on
a sieve with 200 um mesh width. Roots were cleaned of any foreign material, surface moisture was
removed by centrifuging and root fresh weight was determined. Subsamples of around 0.5 g were
preserved in 20% ethanol for root length measurements using line intersection method.

To determine P concentration in plant tissue, plant samples were wet digested in HNO; and P was
determined with Molybdate-Vanadium method. Shoot P uptake, P acquisition efficiency (mg of P
uptake in shoot biomass per unit root length), and P use efficiency (g of forage production per g of
total P acquisition) were determined. Data were subjected to an analysis of variance using the SAS
computer program. Least-significant differences were calculated by an F-test. A probability level of
0.05 was considered statistically significant.

Results and Discussion

With no external supply of P (P-0) to an infertile oxisol, the commercial cultivar (CIAT 17434) was
least productive in terms of shoot biomass compared with the other 9 accessions (Figure 61). Among
the 10 accessions, CIAT 22159 was outstanding in shoot biomass production. This observation is
consistent with the field observations made at Carimagua on a very infertile oxisol. At low level of P
supply (P-10), CIAT 22159 and 18744 were superior to other accessions. But at very high P supply (P-
400), the commercial cultivar (CIAT 17434) was outstanding indicating its greater demand for P
supply in soil.

Results on total root length showed that the superior performance of CIAT 22159 with no P supply
was related to its ability to produce fine root system (Figure 62). At low P supply, the differences
among 10 genotypes in total root length were small. But with high P supply, total root length of CIAT
18744 was markedly lower than that of CIAT 18747 and CIAT 17434 indicating its relative less
dependence on high P supply on soil and also greater efficiency in acquiring P per unit root length.
This was evident from the results shown in Figure 63 on shoot P uptake.

The differences in shoot P uptake between P-0 and P-10 treatments were small and CIAT 18744 was
outstanding in acquiring greater amounts of P from P-0 treatment. Shoot P uptake by CIAT 18744 was
greater at high P supply (P-400) and this was achieved with lower value of total root length indicating
its greater efficiency in acquiring P per unit root length (Figure 64). At low level of P supply (P-10),
CIAT 22159 showed greater ability to acquire P per unit root length.

This is an important attribute that could contribute to its superior field performance observed in
Carimagua in field trials.

P use efficiency, which is a measure of g of shoot biomass produced per mg of total P uptake, of the
commercial cultivar (CIAT 17434) with P-0 treatment was markedly lower than the other 9 accessions
(Figure 65). As expected, P use efficiency decreased markedly with increase in P supply to soil. The
greater values of P use efficiency were observed with CIAT 18751 and CIAT 22160 with P-0 and P-10
treatments, respectively.
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Figure 61. Genotypic variation as influenced by phosphorus supply (P-0, P-10 and P-400) in shoot biomass
(forage) production of 10 accessions of Arachis pintoi grown for 90 days in a clay loam oxisol in a growth
chamber. LSD values are at the 0.05 probability level.
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Figure 62. Genotypic variation as influenced by phosphorus supply (P-0, P-10 and P-400) in total root length of

10 accessions of Arachis pintoi grown for 90 days in a clay loam oxisol in a growth chamber. LSD values are at
the 0.05 probability level.
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Figure 63. Genotypic variation as influenced by phosphorus supply (P-0, P-10 and P-400) in shoot P uptake of
10 accessions of Arachis pintoi grown for 90 days in a clay loam oxisol in a growth chamber. LSD values are at
the 0.05 probability level.
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Figure 64. Genotypic variation as influenced by phosphorus supply (P-0, P-10 and P-400) in P acquisition
efficiency of 10 accessions of Arachis pintoi grown for 90 days in a clay loam oxisol in a growth chamber. LSD
values are at the 0.05 probability level.
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Figure 65. Genotypic variation as influenced by phosphorus supply (P-0, P-10 and P-400) in P use efficiency of
10 accessions of Arachis pintoi grown for 90 days in a clay loam oxisol in a growth chamber. LSD values are at
the 0.05 probability level.

This study conducted under controlled environmental conditions in a growth chamber indicated that
the commercial cultivar (CIAT 17434) is relatively less adapted to low P supply in soil. Results from
this study also confirmed the previous results obtained under field conditions that the accession CIAT
22159 is better adapted to very low P supply in oxisols.

—  Field evaluation of most promising accessions of Arachis pintoi in the Llanos of Colombia
Contributors: I. M. Rao, M. Peters, C. Plazas and J. Ricaurte
Rationale

Based on field studies conducted in Caqueta, Colombia and the data collected from multilocational
evaluation, we have assembled a set of 8 genotypes for further testing at two sites (Piedmont and
Altillanura) in the Llanos of Colombia. The site in Piedmont is close to La Libertad (CORPOICA
Experimental Station) and the soils in this region are relatively more fertile than in the Altillanura. The
site in Altillanura is at Matazul farm where the soils are relatively infertile (sandy loam). The main
objective of this work was to identify plant attributes related to superior adaptation of the most
promising accessions for the llanos of Colombia.

Materials and M ethods

A field trial was established in May, 2001. The trial was planted in Piedmont as monoculture. We
expect multiple use for this legume in the Piedmont area (e.g., cover legume in plantations). The trial
included 8 accessions of Arachis pintoi (CIAT 17434; 18744; 18747, 18748; 18751; 22159; 22160 and
22172). The trial was planted as randomized block in split-plot arrangement with two levels of initial
fertilizer application (low: kg/ha of 20P, 20K, 33Ca, 14 Mg, 10S; and high: 80N, 50P, 100K, 66Ca,
28Mg, 20S and micronutrients) as main plots and genotypes as sub-plots with 3 replications (Photo
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12). Genotypic differences in establishment were determined at 12 months after establishment and the
plots were standardized to evaluate regrowth potential at low and high initial fertilizer application.

High initial fertilizer Low initial fertilizer

Photo 12. Genotypic variation among 8 accessions of Arachis pintoi in response to initial level of high or low
amounts of fertilizer application.

Results

A visual assessment of vigor and soil cover was carried out at 140 days after establishment (Table 38).
Under both low and high initial fertilization, CIAT 18751 showed rapid establishment and vigor. But
the soil covering ability of the commercial check CIAT 17434 was greater than the other accessions
with high fertilizer application. Under low fertlizer application treatment, CIAT 18741 and CIAT
18751 were superior in soil covering ability than the other accessions.

Table 38. Differences among 8 accessions of Arachis pintoi in vigor (%) and
soil cover (%) at 140 days after establishment as influenced by initial level of
fertilizer application to a clay loam oxisol at La Libertad, Piedmont.

Germplasm High Fertilizer Low fertilizer
accession Vigor Soil cover Vigor Soil cover
17434 4.0 93 3.6 90
18744 3.6 75 3.6 98
18747 3.6 75 3.6 100
18748 4.0 83 3.0 83
18751 4.3 90 4.0 100
22159 3.3 68 3.0 73
22160 33 45 3.0 60
22172 3.0 75 3.0 82
M ean 3.6 76 3.4 86

Vigor: 1 = poor; 5 = excellent.

At 12 months after establishment of the trial, the response to initial fertilizer application was greater
with the commercial check, CIAT 17434 (Figure 66). But the 7 out of the total 8 accessions performed
better than the commercial check with both low and high initial fertilizer application. Three months
after standardization of plots (at 12 months after establishment), two genotypes CIAT 18744 and
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CIAT 22159 were outstanding in their potential for regrowth with low initial fertilizer application
(Figure 67).
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Figure 66. Genotypic variation in forage yield of 8 accessions of Arachis pintoi at 12 months after establishment
(June 5, 2002) in forage yield (kg/ha) as influenced by initial level of fertilizer application to a clay loam oxisol at
La Libertad, Piedmont.
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Figure 67. Genotypic variation in regrowth potential (forage yield) of 8 accessions of Arachis pintoi in forage
yield (kg/ha) as influenced by initial level of fertilizer application to a clay loam oxisol at La Libertad, Piedmont.
Measurements were made at 79 days after standardization of plots (August 22, 2002). Standardization was done at
12 months after establishment.
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A number of plant attributes including forage yield, dry matter distribution and nutrient uptake are
being monitored.

This field study indicated that the Arachis pintoi accession CIAT 22159 is superior to the commercial
cultivar (CIAT 17434) in terms of rapid establishment as well as regrowth potential.

Activity 3.2 Identify genotypes of grasses and legumeswith dry season tolerance
Highlights

e Showed that the superior dry season performance of B. Brizantha cv. Toledo (CIAT 26110) which
maintained high proportion of green leaves during moderate dry season in the Llanos of Colombia
was associated with greater acquisition of nutrients from drying soil.

¢ Selected accession of sorghum developed by ICRISAT that feed more total forage in a subhumid
environment than local checks used for silage production.

3.21 Drought tolerance of Brachiaria

Deter mination of the genotypic variation in dry season tolerancein Brachiaria accessions and
genetic recombinantsin the Llanos of Colombia

Contributors: I. M. Rao, J. W. Miles, C. Plazas, J. Ricaurte and R. Garcia (CIAT)
Rationale

A major limitation to livestock productivity in subhumid regions of tropical America is quantity and
quality of dry season feed. A field study is in progress at Matazul Farm in the Llanos of Colombia.
The main objective was to evaluate genotypic differences in dry season (4 months of moderate
drought stress) tolerance of most promising genetic recombinants of Brachiaria. Results from this
field study for the past 2 years indicated that the superior performance of the Brachiaria hybrid,
FM9503-S046-024 which maintained greater proportion of green leaves during moderate dry season in
the Llanos of Colombia, was associated with lower levels of K and N content in green leaves. This
year, we continued our efforts to monitor the dry season performance into third year after
establishment.

Materials and M ethods

A field trial was established on a sandy loam oxisol at Matazul farm in the Llanos of Colombia in July,
1999. The trial comprises 12 entries, including six natural accessions (four parents) and six genetic
recombinants of Brachiaria. Among the germplasm accessions, CIAT 26110 was identified from
previous work in Atenas, Costa Rica as an outstanding genotype for tolerance to long dry season (up to
6 months). The trial was planted as a randomized block in split-plot arrangement with two levels of
initial fertilizer application (low: kg/ha of 20 P, 20 K, 33 Ca, 14 Mg, 10 S; and high: 80 N, 50 P, 100
K, 66 Ca, 28 Mg, 20 S and micronutrients) as main plots and genotypes as sub-plots. Live and dead
forage yield, shoot nutrient composition, and shoot nutrient uptake were measured at the end of the dry
season (33 months after establishment; April 2002). Maintenance fertlizer (half the levels of initial
application) was applied at the beginning of the wet season of 2001 (April 2001).
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Results and Discussion

Because of the application of maintenance fertilizer, forage yields with high fertilizer treatment were
greater than those with low fertilizer treatment (Table 39). At 33 months after establishment (4
months after dry sseason), live forage yield with low fertilizer application ranged from 0 to 1834 kg/ha
and the highest value of forage yield was observed with a germplasm accession CIAT 26110. This
accession was released in Costa Rica as cultivar Toledo and is known for its dry season tolerance.
Among the 4 parents, B. decumbens cv. Basilisk (CIAT 606) was outstanding in live forage and dead
biomass production with high fertilizer application. A spittlebug resistant Brachiaria genetic
recombinant, FM9503-S046-024 was superior to other hybrids in terms of greater live shoot biomass
and total shoot biomass, particularly with high fertilizer application. As expected, the performance of
one of the parents, BRUZ/44-02 was very poor compared with other parents and genetic recombinants
as it produced almost no live forage after dry season. The leaf to stem ratio values of two genetic
recombinanats (BR97NO-0082 and FM9301-1371) were markedly superior to other genotypes.

Table 39. Genotypic variation as influenced by fertilizer application in live shoot biomass, dead shoot
biomass and total forage yield of genetic recombinants, parents and other germplasm accessions of
Brachiaria grown in a sandy loam oxisol at Matazul, Colombia. Plant attributes were measured at 33
months after establishment (at the end of the dry season — April 2002). LSD values are at the 0.05
probability level.

Genotype Live shoot biomass Leaf to stem ratio Total forage yield
Low High Low High Low High
Fertilizer Fertilizer Fertilizer Fertilizer Fertilizer Fertilizer
(kg/ha)

Recombinants:
BR97NO-0082 745 771 4.82 6.14 1506 1654
BR97NO-0383 710 972 2.88 2.84 1382 1938
BR97NO-0405 765 858 1.92 1.58 1711 1847
FM9201-1873 516 1142 2.77 2.53 1407 2256
FM9301-1371 701 848 6.79 4.01 1433 2718
FM9503-S046-024 705 1348 4.42 2.00 1762 4092
Parents:
CIAT 606 622 2444 1.37 1.53 2086 8264
CIAT 6294 776 1077 3.24 2.51 2022 2603
BRUZ/44-02 0 0 0 0 0 0
CIAT 26646 931 1126 2.51 1.81 2173 2460
Accessions:
CIAT 26110 1834 2069 2.17 2.22 2778 3445
CIAT 26318 974 1278 2.09 1.98 2323 2683
Mean 773 1161 2.92 2.43 1715 2830
LSD (P=0.05) 361 1300 843 4721

The superior performance of B. brizantha cv. Toledo (CIAT 26110) with low fertilizer application was
mainly attributed to its ability to produce green leaf biomass during dry season (Figure 68). Results on
leaf and stem N content indicated that differences among genetic recombinants, parents and
accessions were not significant with either low or high fertilizer application (Table 40). But shoot N
uptake with low fertilizer application was markedly greater for CIAT 26110 (Table 40; Figure 69).
With high fertilizer application, CIAT 606 was outstanding in shoot N uptake. Shoot uptake of P, K,
Ca and Mg were also greater with CIAT 26110 (Tables 41 and 42; Figure 69). Among the parents,
CIAT 606 was superior in P, K, Ca and Mg acquisition from high fertilizer application.

120



3000
| OW FERTILIZER —

a mm Dead ; LSD,,, = 638

@ 2500 9 [ Stems; LSD, o5 = 147 ||

= [ Leaves; LSD, ;5 = 262 |

(=2}

< 2000 1

[%2]

% 1500 [
€

2

< 1000 1

o

o

< 500 9

0

LU SR S BN GGt RSN
SR B I i S
Genotypes

Shoot biomass (kg ha™)

10000
HIGH FERTILIZER

M Dead ; LSD, o = 3506

8000 9
[~ Stems; LSDq, =500 ||
[ Leaves; LSD, o =819 |

6000 9

4000 9

2000 9

»
o

QS B
NaY
)
Q),ﬁo

]
QY o

© A > oo b
S AP CIIR U | g
VAR A Y

Genotypes

°

o'

Figure 68. Genotypic variation as influenced by fertilizer application in dry matter distribution among green

leaves, stems and dead biomass of genetic recombinants, parents and other germplasm accessions of Brachiaria
grown in a sandy loam oxisol at Matazul, Colombia. Plant attributes were measured at 33 months after
establishment (at the end of the dry season — April 2002). LSD values are at the 0.05 probability level.
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Figure 69. Genotypic variation as influenced by fertilizer application in nutrient (N, P, K, Ca, Mg) uptake of
genetic recombinants, parents and other germplasm accessions of Brachiaria grown in a sandy loam oxisol at
Matazul, Colombia. Plant attributes were measured at 33 months after establishment (at the end of the dry season

— April 2002). LSD values are at the 0.05 probability level.

Correlation analysis between green leaf biomass produced in the dry season and other shoot attributes
indicated that superior performance with low and high fertilizer application was associated with
greater stem biomass indicating the importance of stem reserves for production of green leaf biomass

(Table 43). No significant association was observed between green leaf biomass and level of nutrients

in green leaves.

Results from this field study indicated that the superior performance of the germplasm accession CIAT
26110 which maintained greater proportion of green leaves during moderate dry season in the llanos of
Colombia, was associated with greater acquisition of nutrients under water deficit conditions.
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Table 40. Genotypic variation as influenced by fertilizer application in leaf N content, stem N content and shoot N uptake
of genetic recombinants, parents and other germplasm accessions of Brachiaria grown in a sandy loam oxisol at Matazul,
Colombia. Plant attributes were measured at 33 months after establishment (at the end of the dry season - April 2002).
LSD values are at the 0.05 probability level.

Genotype Leaf N content Stem N content Shoot N uptake
Low High Low High Low High
Fertilizer  Fertilizer Fertilizer  Fertilizer Fertilizer  Fertilizer
(%) (Y0) wmmmmmmmee - (kg/ha) -----
Recombinants:
BR97NO-0082 1.51 1.26 1.34 0.88 11.07 9.02
BR97NO-0383 1.47 1.34 1.05 0.79 8.98 11.68
BR97NO-0405 1.51 1.53 1.04 0.79 1014 10.47
FM9201-1873 1.52 1.33 1.06 1.08 6.68 12.58
FM9301-1371 1.63 1.47 1.33 1.01 10.92 11.56
FM9503-S046-024 1.45 1.29 1.11 0.82 9.77 15.26
Parents:
CIAT 606 1.72 1.41 1.07 1.01 8.25 36.88
CIAT 6294 1.47 1.12 0.92 0.89 10.48 11.47
BRUZ/44-02 ND ND ND ND ND ND
CIAT 26646 1.64 1.31 0.89 0.9 13.38 13.0
Accessions:
CIAT 26110 1.58 1.28 1.13 0.79 26.01 23.28
CIAT 26318 1.65 1.31 0.91 0.82 13.29 14.78
M ean 1.56 1.33 1.08 0.89 11.73 15.45
LSD (P=0.05) NS NS 0.26 NS 5.46 23.1

ND = not determined due to small size of the sample; NS = not significant.

Table41. Genotypic variation as influenced by fertilizer application in leaf P content, stem P content and shoot P
uptake of genetic recombinants, parents and other germplasm accessions of Brachiaria grown in a sandy loam oxisol at
Matazul, Colombia. Plant attributes were measured at 33 months after establishment (at the end of the dry season -
April 2002). LSD values are at the 0.05 probability level.

Genotype Leaf P content Stem P content Shoot P uptake
Low High Low High Low High
Fertilizer  Fertilizer Fertilizer  Fertilizer Fertilizer  Fertilizer
(%) (%) (kg/ha)
Recombinants:
BR97NO-0082 0.16 0.16 0.136 0.124 1.12 1.15
BR97NO-0383 0.12 0.16 0.097 0.119 0.86 1.45
BR97NO-0405 0.15 0.17 0.096 0.098 1.07 1.30
FM9201-1873 0.13 0.17 0.103 0.135 0.65 2.12
FM9301-1371 0.18 0.23 0.153 0.188 1.34 1.83
FM9503-S046-024 0.16 0.20 0.132 0.112 1.06 2.31
Parents:
CIAT 606 0.21 0.17 0.139 0.116 1.12 3.27
CIAT 6294 0.19 0.17 0.155 0.132 1.39 1.71
BRUZ/44-02 ND ND ND ND ND ND
CIAT 26646 0.17 0.17 0.098 0.103 1.41 1.69
Accessions:
CIAT 26110 0.14 0.17 0.138 0.172 2.55 3.31
CIAT 26318 0.18 0.17 0.128 0.112 1.73 1.95
Mean 0.16 0.18 0.126 0.128 1.30 2.01
LSD (P=0.05) 0.042 NS 0.046 0.058 0.68 1.79

ND = not determined due to small size of the sample; NS = not significant.

122



Table 42. Genotypic variation as influenced by fertilizer application in shoot K uptake, shoot Ca uptake and shoot Mg
uptake of genetic recombinants, parents and other germplasm accessions of Brachiaria grown in a sandy loam oxisol
at Matazul, Colombia. Plant attributes were measured at 33 months after establishment (at the end of the dry season -
April 2002). LSD values are at the 0.05 probability level.

Genotype Shoot K uptake Shoot Ca uptake Shoot Mg uptake
Low High Low High Low High
Fertilizer  Fertilizer Fertilizer ~ Fertilizer Fertilizer ~ Fertilizer
(kg/ha)

Recombinants:
BR97NO-0082 14.83 12.69 2.91 3.68 1.94 2.95
BR97NO-0383 8.88 13.20 3.08 5.14 2.76 4.39
BR97NO-0405 9.76 8.92 3.40 4.71 2.71 4.14
FM9201-1873 6.23 18.29 2.01 4.26 1.72 3.64
FM9301-1371 11.16 17.85 2.91 3.27 2.88 3.30
FM9503-S046-024 10.49 20.65 2.54 5.43 2.24 5.11
Parents:
CIAT 606 9.61 31.63 1.99 7.64 1.95 10.50
CIAT 6294 12.05 13.75 2.13 3.89 2.32 4.05
BRUZ/44-02 ND ND ND ND ND ND
CIAT 26646 11.48 13.26 2.51 2.99 2.12 2.76
Accessions.
CIAT 26110 26.47 30.46 5.84 6.40 4.10 5.59
CIAT 26318 11.22 13.89 3.12 3.85 3.07 4.66
M ean 11.85 17.69 2.95 4.66 2.53 4.64
LSD (P=0.05) 6.180 18.09 1.819 3.614 1.732 5.592

ND = not determined due to small size of the sample.

Table 43. Correlation coefficients (r) between green leaf biomass (t/ha) and
other shoot traits of Brachiaria genotypes grown with low or high fertilizer
application in a sandy loam oxisol in Matazul, Colombia.

Shoot traits Low fertilizer =~ High fertilizer
Live forage yield (t/ha) 0.97%** 0.99
Total forage yield (live + dead) (t/ha) 0.79%** 0.89%%**
Dead biomass (t/ha) 0.41** (0.82%H*
Stem biomass (t/ha) 0.77%** 0.93 %%

Leaf N content (%) -0.26 0.27

Leaf P content (%) 0.14 -0.10

Leaf K content (%) 0.02 -0.09

Leaf Ca content (%) -0.13 -0.32*

* kx xx% Significant at the 0.05, 0.01 and 0.001 probability levels, respectively.

Dry season tolerance of most promising hybrids of Brachiaria in the Llanos of Colombia
Contributors: 1. M. Rao, J. Miles, C. Plazas and J. Ricaurte (CIAT)

Rationale

Previous research indicated that the superior performance of the Brachiaria hybrid, FM9503-S046-

024 which maintained greater proportion of green leaves during moderate dry season in the llanos of
Colombia, was associated with lower levels of K and N content in green leaves. The main objective of
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this field study was to evaluate dry season tolerance of the more recent hybrids of Brachiaria in
comparison with their parents when grown with low nutrient supply in soil at Matazul farm of the
altillanura.

Materials and M ethods

A field trial was established at Matazul farm on 31 May of 2001. The trial included 4 Brachiaria
hybrids (BRISNO/1251; BROINO/4015; BROINO/4132; FM9503-S046-024) along with 2 parents (B.
decumbens CIAT 606 and B. brizantha CIAT 6294). The trial was planted as a randomized block in
split-plot arrangement with two levels of initial fertilizer application (low: kg/ha of 20P, 20K, 33Ca,
14 Mg, 10S; and high: 80N, 50P, 100K, 66Ca, 28Mg, 20S and micronutrients) as main plots and
genotypes as sub-plots with 3 replications. The plot size was 5 x 2 m.

A number of plant attributes including forage yield, dry matter distribution and nutrient uptake were
measured at the end of dry season (April 2002; 4 months of moderate drought stress), i.e., at 11
months after establishment of the trial. The trial was managed with strong and frequent mob grazing at
2 months interval.

Results

At 11 months after establishment (4 months after dry sseason), live forage yield with low fertilizer
application ranged from 900 to 1400 kg/ha and the highest value of forage yield was observed with the
hybrid 4624 (Figure 70). Differences in dry matter distribution among the hybrids and parents
indicated that the hybrid 4624 was superior to other hybrids in terms of green leaf production with
both low and high initial fertilizer application.

This is consistent with our previous results obtained for the past 3 years from another trial at the same
location. It is important to note that one of the parents, CIAT 606, which is very well-known for its
adaptation to low fertility soils, produced greater dead biomass under both low and high initial
fertilizer application. This could be an important attribute for recycling of nutrients that contribute to
superior persistence under low fertility conditions but may not be a desirable attribute for improved
animal performance. The dry matter distribution pattern of the hybrid 4015 was in contrast with that of
the parent CIAT 606. This hybrid produced very little dead biomass and a greater proportion of
aboveground biomass was in green leaves. Another hybrid, 4132 had markedly lower stem biomass
compared with green leaf biomass.

The hybrid 4624 was also outstanding in its ability to acquire nutrients, particularly N and Ca with
both low and high application of fertilizer (Figure 71).

Results on nutrient uptake also showed that CIAT 6294, which is known for its moderate level of
adaptation to infertile acid soils, was inferior to the 4 hybrids tested in terms of its ability to acquire

nutrients, particularly N.

The results obtained on green leaf and stem N and P contents also indicate the superior nutritional
quality of the hybrid 1251 under both high and low intial fertilizer application (Figures 72 and 73).

The dry season performance of the 4 hybrids will be monitored for the next 2 years in comparison with
the two parents in terms of forage yield and nutrient acquisition.
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Figure 70. Genotypic variation as influenced by fertilizer application in dry matter distribution among green
leaves, stems and dead biomass of two parents (606, 6294) and 4 genetic recombinants (1251, 4015, 4132, 4624)
of Brachiaria grown in a sandy loam oxisol at Matazul, Colombia. Plant attributes were measured at 11 months
after establishment (at the end of the dry season — April 2002). LSD values are at the 0.05 probability level.
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Figure 71. Genotypic variation as influenced by fertilizer application in nutrient (N, P, K, Ca, Mg) uptake of
two parents (606, 6294) and 4 genetic recombinants (1251, 4015, 4132, 4624) of Brachiaria grown in a sandy
loam oxisol at Matazul, Colombia. Plant attributes were measured at 11 months after establishment (at the end of
the dry season — April 2002). LSD values are at the 0.05 probability level. NS = not significant.
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Figure 72. Genotypic variation as influenced by fertilizer application in nitrogen (N) content of leaves and stems
of two parents (606, 6294) and 4 genetic recombinants (1251, 4015, 4132, 4624) of Brachiaria grown in a sandy
loam oxisol at Matazul, Colombia. Plant attributes were measured at 11 months after establishment (at the end of
the dry season — April 2002). LSD values are at the 0.05 probability level.
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Figure 73. Genotypic variation as influenced by fertilizer application in phosphorus (P) content of leaves and
stems of two parents (606, 6294) and 4 genetic recombinants (1251, 4015, 4132, 4624) of Brachiaria grown in a
sandy loam oxisol at Matazul, Colombia. Plant attributes were measured at 11 months after establishment (at the
end of the dry season — April 2002). LSD values are at the 0.05 probability level.
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3.2.2 Field studiesto determine DM yields and quality of forage sorghum lines and pear| millet
in a subhumid environment of Costa Rica.

Contributors: Carlos Boschini (UCR), Pedro J. Argel and Guillermo Pérez (CIAT)
Rationale

Sorghum is widely used either as forage or as grain for both animal and human consumption.
However, the genus is highly variable in terms of plant morphology, flowering time, tolerance to pest
and diseases, drought tolerance, grain and forage yields. Commercial lines of forage sorghum are
presently under use, particularly in the subhumid tropics, for making silage, for direct grazing or as cut
and carry material. New lines are also available from breeding programs carried out elsewhere, thus it
is worth to investigate the adaptation and potential yield of these germplasm as compared with more
traditional lines.

Materialsand M ethods

Thirteen lines of forage sorghum (Sorghum almum) and 9 lines of pearl millet (Pennisetum
thyphoides) originated from ICRISAT, were planted for evaluation in a randomized block design with
three replicates at Atenas, Costa Rica. Planting distance were respectively 0.50 m between rows and
0.25 m between plants for a plant density of 160,000 plants per ha. The sorghum established normally
but the pearl millet failed to establish due to poor quality of the seed. The site is located in a subhumid
environment with a total annual rainfall of 1600 mm, and 5 to 6 months dry from December to May.
The soils are Inceptisol of medium fertility with pH 5.0, and low both in P and Al content. The
experiment was planted in September 2001 and harvested 98 days later when the panicles were at
milking stage. Panicle and tiller number as well as DM yields of leaves, stems and panicles were
recorded. The samples were dried in an air forced oven set at 60 °C for 72 hours, and then grounded to
less than 5-mm particles. Crude protein content (CP) by the Micro-Kjeldahl method, and acid
detergent fibre (ADF) by Goering and van Soest method, were determined.

Results and Discussion

All lines of sorghum established well and seedling emergence had a mean of 73% (range 92 to 49) a
week after planting. One month later, plant height reached a mean of 33 ¢cm (range 27 to 38 cm), and
two months later a mean of 175 cm (range 156 to 194 cm). At this date the more vigorous lines were
respectively the numbers 496, 591, 635, 879 and 649-1. Panicle emergence was not uniform and
extended from 22 November (lines 979 and 897) through 13 December.

No significant pests or diseases were recorded during the evaluation period, apart of a low incidence
of leaf spots caused by Helminthosporium spp., particularly in the local check (called Sorgo negro).

Dry Matter yields. There were significant differences (P<0.05) between sorghum lines in DM yields
for the components of leaves, stems and panicle as shown in Table 44. This affected total DM yield
and a group of at least nine accessions had a total yield superior to 300 g/plant (approximately 48 ton
per ha of DM), although the accessions 635 and 634-1 had an estimated yield over 61 ton of DM/ha.
These latter accessions had either intermediate or small size panicles as compare to the accession 591
and 897.

Following harvest in December plants were subject to a severe dry period of about 5 months. With the
initiation of rains there were significant differences among the accessions in re-growth, which is a
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highly valuable agronomic characteristic given that sorghum is planted in many subhumid areas of the
region with prolonged dry seasons.

In general, all accessions suffered some degree of plant mortality; however, the accessions 897 and
879 produced more shoots than the others — respectively 27 and 23 new shoots out of 108 plants
initially planted. It is interesting to note that these accessions had the lowest DM yield, but for an
unknown reason they tolerated better the dry season than the other accessions in this particular site.
The accession 635 (which was a high yielding accession) produced 16 new shoots following the rains,
while 634-1 produced only 6 plants. The local check (Sorgo negro) was also poor to re-growth; this
variety had low yield, particularly referred to stems and panicles, as compared to other accessions.

Table 44. Dry matter yields of leaves, stems and panicles 98 days after planting of
ICRISAT sorghum lines established for evaluation in Atenas, Costa Rica.

Accession DM yield (g/plant)

ICIRISAT No. Leaves Stems Panicles Total
635 39.2ab* 320.3a 29.1 be 388.6
634-1 44.1a 3242 a 13.5d 381.8
591 38.1 ab 283.9 ab 492 a 371.2
613 43.2 ab 306.1a 21.7 cd 371.1
496 36.8 ab 290.1 ab 26.1 bed 353.0
639 37.6 ab 283.1 ab 28.9 be 349.6
638 34.0 bc 273.1 ab 29.7 be 336.8
623 42.2 ab 287.4 ab 16.8 cd 346.3
645 26.3 cd 256.0 abc 17.6 cd 299.9
649-1 26.4 cd 225.5 bed 25.3 bed 277.3
610 42.4 ab 197.6 cde 12.4d 252.5
Local check 34.7 abc 182.6 de 154 cd 232.8
879 24.0 de 1502 ¢ 233 cd 197.5
897 16.7 ¢ 809 f 38.7 ab 136.2

*Within each column means followed by the same letter are not statistically different (P<0.05)

Forage quality. The crude protein (CP) and fiber (ADF) in sorghum lines evaluated, are shown in
Table 45. As expected, leaves had more concentration of CP than stems and panicles but CP
percentages did not vary greatly among leaves, stems and panicle components of different accession,
as observed by the low standard deviation. However, there was a clear tendency, particularly in
leaves, of more CP concentration in low yielding lines such as the Check and accessions 879 and 897
(Table 44). It is worth indicating again that these accessions produced the larger number of re-growths
following the dry period. On the other hand, within the top yielding accessions the accession 634-1
had one of the highest CP contents in the leaves, which makes this an interesting line for future
evaluation.

The ADF fraction, which is composed of a hemicelulose, is highly correlated with forage digestibility.
The ADF mean was slightly higher in stems (46.4%) than in leaves (41.1%) and panicles (31.2), but
are within the values observed for this type of forage. Ten of the best lines are presently under seed
multiplication increases for further evaluation. In general, our results indicate that there is great scope
for seeding high yielding sorghum was developed by ICRISAT for silage production in the subhumid
environment of Central America.
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Table 45. Quality component of forage sorghum lines established for evaluation in Atenas, Costa
Rica (samples taken 98 days after planting).

Accession CP (%) ADF (%)
ICRISAT No. Leaves Stems Panicles Leaves Stems Panicles
635 11.5 2.4 10.6 41.6 42.7 31.3
634-1 13.6 3.0 9.7 39.3 40.7 37.7
591 11.8 2.3 34 44.1 42.9 31.6
613 11.3 4.1 10.1 45.5 51.6 30.6
496 12.1 4.6 10.1 40.4 47.4 29.7
639 12.7 2.4 10.5 40.4 434 29.2
638 11.2 3.1 10.3 40.0 47.1 314
623 11.0 3.5 9.1 46.5 49.8 42.4
645 10.4 4.0 9.1 41.2 44.6 22.0
649-1 12.6 2.8 10.2 41.8 43.0 27.8
610 10.8 3.6 9.0 42.7 452 36.5
Check 15.0 3.6 9.2 38.0 48.6 36.2
879 16.8 4.4 10.1 36.8 48.9 28.6
897 15.2 4.1 10.0 37.7 53.4 22.6
Mean 12.6 34 9.4 41.1 46.4 31.2
Sd 1.9 0.8 1.8 2.9 3.8 5.6

3.2.3 Participatory evaluation of multipurpose legumesfor enhanced tolerance to drought
(cover, feed, green manure)

Contributors: Axel Schmidt (IP-5, PE-2, PE-3), Steve Hughes (SARDI, Australia), Michael Peters
(IP-5), Edmundo Barrios (PE-2), Luis Alfredo Hernandez (SN-3), Clark Davies (IP-5), Pedro Pablo
Orozco (PE-2)

Rationale

Farmers’ adaptive capacity to cope with increasing drought incidents in Central America depends to
large extent on the availability of drought tolerant crops and forages. Limited through 6-7 months of
dry season (November to May/June), smallholders in the hillsides of Nicaragua (750-1100 mm/a) are
looking for crop varieties and forage species which safeguard their harvests and permit to feed animals
during the dry season. Multipurpose legumes adapted to these dry conditions can play a significant
role in enhancing livestock feed during the dry season and, if integrated in cropping systems, they may
also improve soil fertility through nitrogen fixation and suppress weeds when used as cover crops
(mulch).

Species requiring smaller amounts of water for considerable biomass production (feed, cover, green
manure) might even offer the possibility to extent the growing season beyond the two traditional
growing periods “primera” from May/June to September and “postrera” from September to
November. To match farmers’ demand for such plant materials, it is necessary to screen available
germplasm for adaptation to local conditions and for plant characteristics which allow for the
integrations of these species into the traditional maize-beans cropping system. In order to improve
adoption such germplasm evaluation and selection should be based on farmers’ criteria and in
collaboration with them.
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Material and Methods

In collaboration with the South Australian Research and Development Institute (SARDI) and its
Australian Medicago Genetic Resource Centre, a set of 30 annual legume species were selected for an
adaptation experiment at the SOL SECO site (the Spanish acronym for Supermarket of technologies
for hillsides — dry) in San Dionisio, Matagalpa, Nicaragua. The site is known by local farmers as the
driest place in San Dionisio and is shared by other CIAT projects and national collaborators for the
screening of different crops for drought tolerance (e.g. beans, grain/forage sorghum). The legume
germplasm includes a variety of Trifolium, Medicago, and Lotus species mostly from the
Mediterranean region (Table 46). The selection criteria were: low water requirement, fast growth and
soil cover, annual growth cycle, ease of establishment, late flowering and no seed shattering.

Table 46. Data passport of germplasm from ICARDA

SARDI Precip.
Acc. No. Genus Species Alt. Lat. Long. (mm/a) QOrigin
367 Trifolium purpureum 60 33°54°’N  35°28°E 890 Lebanon
118°13°
687 Trifolium hirtum 300 32°33’S  E Australia
1011 Trifolium vesiculosum Italy
3400 Medicago arabica USA
4715 Trifolium clypeatum 36°N 27°E Greece
5036 Tetragonolobus  purpureus 45°30°N  73°36°W Canada
5045 Trigonella balansae Sweden
6125 Trifolium apertum 50 45°02’N  39°00’E Russia
8687 Lotus peregrinus 140 32°42’N  35°12’E Israel
12701 Lotus edulis 700 36°30°N  03°45E 650 Algeria
12953 Lotus maroccanus 91 34°03’ N 06°33°W 425 Morocco
14935 Trifolium spumosum 400 37°N 30°E Turkey
17357 Trifolium diffusum USA
22575 Hymenocarpos  circinnatus 150 39°41’N 19°45’E 1100 Greece
24228 Hedysarum carnosum 200 35°50°N  09°12°E 300 Tunisia
24578 Trifolium isthmocar pum 250 34°05°N  05°00°W  750-1000 Morocco
32202 Trigonella Calliceras Canada
32233 Medicago scutellata Australia
32506 Hedysarum coronarium Morocco
32511 Tetragonolobus  palaestinus Spain
33621 Trifolium alexandrinum Australia
33816 Vicia sativa Australia
33842 Lotus ornithopodioides Czechoslovakia
33884 Trifolium incarnatum Unknown
34647 Medicago polymorpha Turkey
35361 Hedysarum flexuosum 35°48° N 05°45°W  750-1000 Morocco
35644 Trifolium salmoneum 120 35°07° N 35°38°E 400 Israel
36323 Medicago polymorpha Australia
36400 Trifolium sguarrosum Unknown
36441 Trifolium michelianum Bulgaria

The experiment was reestablished in 2002 since the first establishment failed due to the unusually
early beginning of the dry season in October 2001. The experiment was designed as randomized
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blocks with 3 replicates. Seeds were pregerminated and seedlings transplanted in the 4.5 m x 1.5 m
plots at the end of September with an overall planting distance of 0.5 m between plants.

Periodical evaluations (every two weeks) take into account: field emergence, plant height, ground
cover, drought tolerance, flowering patterns, biomass production, seed production, incidents of pests
and diseases, and for farmer selected species forage quality parameters. Evaluations will be carried out
until the onset of the next wet season in 2003. At the beginning, in the middle and at the end of the dry
season a selected group of experienced farmers will be invited to evaluate the materials in order to
access farmers’ selection criteria and determine a set of accessions for further evaluation in larger
plots in 2003.

Expected results

It is anticipated that farmers’ select a number of approximately 10 accessions for further evaluation.
Their selection criteria will be documented. In connection with agronomic data, we expect to develop
with farmer participation a plant prototype for legume species tolerant to drought conditions and
suitable for integration into traditional cropping systems. Such plant type could have a higher
probability for adoption since they meet farmers’ criteria. The agronomic data will facilitate the search
for this new germplasm at genetic resource units like the Australian Medicago Genetic Resource
Centre at SARDI or ICARDA.

Activity 3.3 Shrub legumes with adaptation to drought and cool temperatures
Highlights

* Accessions of Cratylia argentea with superior productivity and higher digestibility relative to C.
argentea cv. Veraniega were identified.

* Identified genetic variability plant attributes and for forage quality parameters in Flemingia
macrophylla.

» Described phenology of Flemingia macrophylla and Cratylia argentea.

3.3.1 Geneticdiversity in the multipurpose shrub legumes Flemingia macrophylla and Cratylia
argentea

Contributors: M. Andersson (University of Hohenheim), M. Peters (CIAT), J. Tohme (CIAT), R.
Schultze-Kraft (University of Hohenheim), L.H. Franco (CIAT), P. Avila (CIAT), G. Gallego (CIAT),
statistician G. Ramirez (CIAT)

Rationale

The work of CIAT on shrub legumes emphasizes the development of materials to be utilized as feed
supplement during extended dry seasons. Tropical shrub legumes of high quality for better soils are
readily available, but germplasm with similar characteristics adapted to acid, infertile soils is scarce.
Flemingia macrophylla and Cratylia argentea have shown promising results in such environments and
hence work on these genera is part of the overall germplasm strategy of the CIAT Forages team.

C. argentea is increasingly adopted and utilized, particularly in the seasonally dry hillsides of Central
America, and more recently in the Llanos of Colombia. However, most research and development is
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based on only few accessions and hence activities to acquire and test novel germplasm of C. argentea
are of high priority. F. macrophylla also is a highly promising shrub legume with excellent adaptation
to infertile soils. In contrast to C. argentea, whose adaptation is limited to an altitude below 1200
masl, F. macrophylla can successfully be grown up to altitudes of 2000 masl. However, the potential
utilization of F. macrophylla is so far limited by the poor quality and acceptability of the few
evaluated accessions.

The project aims to investigate the genetic diversity within collections of F. macrophylla and C.
argentea with three main objectives. Firstly, to identify new, superior forage genotypes based on
conventional germplasm characterization/evaluation procedures (morphological and agronomic traits,
forage quality parameters, including [IVDMD and tannin contents). Secondly, to optimize the use and
management, including conservation, of the collections. For this, different approaches to identify core
collections for each species will be tested and compared based on, respectively: (a) genetic diversity
assessment by agronomic characterization/evaluation; (b) germplasm origin information; and (¢)
molecular markers (AFLPs). Thirdly, to create a planning basis for future germplasm collections with
respect to methodology, geographical focus and genetic erosion hazards.

Material and Methods

Agronomic characterization and evaluation: Space-planted, single-row plots in RCB design with three
replications were established in Quilichao in March 1999 (Cratylia argentea, 39 accessions) and
March 2000 (Flemingia macrophylla, 73 accessions). Additionally two replications were sown for
seed production and morphological observations. The following parameters were measured in the
trials: vigor, height and diameter, regrowth, incidence of diseases, pests and mineral deficiencies, and
dry matter yield during wet and dry seasons. For the analysis of nutritive value, crude protein content
and in vitro dry matter digestibility (IVDMD) of the entire collections were analyzed. For the
morphological evaluation, qualitative and quantitative parameters were measured, such as days to first
flower, days to first seed, flower color, flowers per inflorescence, flowering intensity, pod pubescence,
seeds per pod, seed color, leaf area, peduncle length, etc.

For F. macrophylla, a more detailed analysis of nutritive value (crude protein and in vitro digestibility)
was conducted with a representative subset (25 accessions) which included high, intermediate and low
nutritive value accessions. The analysis comprised fiber (NDF, ADF, N-ADF), and condensed and
hydrolysable tannin contents. Additionally, another subset of 10 accessions (9 high-quality

accessions: 18437, 18438, 21083, 21090, 21092, 21241, 21580, 22082, 22327, and 17403) was
sampled 2, 4, and 8 weeks after cutting, to investigate the effect of age on digestibility as well as on
protein, fiber and tannin content.

Based on variation on morphological, agronomic and forage quality parameters of all accessions, a
core collection will be created using multivariate statistic tools (Principal Component Analysis and
Cluster Analysis).

Analysis of origin information: Based on ecogeographical information of accession origins, a core
collection will be created, hypothesizing that geographic distance and environmental differences are
related to genetic diversity. The analysis will be conducted with FloraMap ™, a GIS tool developed by
CIAT, which allows the production of climate probability models using Principal Component Analysis
(PCA) and Cluster Analysis.
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Genetic analysis by molecular markers (AFLPS): The genetic analysis of the collection of C.
argentea and F. macrophylla is conducted using the AFLP molecular marker technique. Based on the
results a core collection will be created, using multivariate statistic tools (PCA and Cluster Analysis).

Data analysis and synthesis: Individual and combined data analyses of all generated information will
be performed, including the use of GIS tools and multivariate statistics. In the analysis of each of the
different approaches (agronomic characterization, origin information, molecular marker analysis),
PCA and Cluster Analysis are utilized to create core collections. Eventual correlation between the
different approaches and clusters obtained is evaluated. The resulting concept is expected to help
deciding which of the three methods or which combination is most appropriate (time and cost
efficient) to create a core collection, depending on availability of time and financial resources (e.g., if
an agronomic evaluation of the entire collection is not feasible because of time constraints, a core
collection may be created using origin information and/or molecular marker analysis).

Based on molecular marker similarities and GIS analysis, we hope to make suggestions on future
collections in areas with particularly high diversity, and on sampling strategies (i.e. frequency).
Duplicates accessions in the world collections will also be identified.

Results and Discussion

Agronomic characterization and evaluation: Three and two evaluations per season were carried out
for Cratylia argentea and Flemingia macrophylla, respectively. Results indicated considerable
phenotypic and agronomic variation in the collections. Data for C. argentea and F. macrophylla are
presented in Tables 47 and 48, respectively.

For C. argentea, the in vitro digestibility (IVDMD) varied between 61 and 67% and crude protein
(CP) content between 19 and 23%. Mean dry matter production was 219 and 202 g/plant in the wet
and dry season, respectively. The higher dry season yields indicate good adaptation of C. argentea to
dry conditions and its sensitivity to moisture excess. Results also showed that CIAT accessions 18674,
22406, 22408, 22409, 22375 and 18957 had the highest dry matter yields ranging from 247 to 319
g/plant. Productivity of these accessions was higher than yields of the material advanced to cultivar in
Costa Rica (and soon in Colombia) - an accession mix of CIAT 18516/18668. In addition to the higher
yield, accessions 22408 and 22409 also had higher digestibility values (67% and 66%) in comparison
to CIAT 18516/18668 (63%).

For F. macrophylla, IVDMD varied from 33 to 53% and CP content from 15 to 24%. Mean dry matter
production was 208 g/plant in the wet and 118 g/plant in the dry season. In comparison to the results
obtained for C. argentea the lower yield and lower productivity in the dry season may indicate a lower
drought tolerance of F. macrophylla. The most productive accessions were CPI 104890, CIAT 7184,
21090, 21241, 21248, 21249, 21519, 21529 and 21580 with a total dry matter production >300 g/plant.
Among the materials with dry matter yields higher than 200 g/plant, CIAT accessions 18437, 20622,
20631, 20744, 21083, 21090, 21241 had high digestibility values (>45%). These accessions are
superior compared to CIAT 17403, which yielded 208 g dry matter/plant and has a digestibility of
40%.

Based on forage quality results (IVDMD and CP) a representative subset of F. macrophylla (CIAT
17403, 17407, 18437, 18438, 19457, 20065, 20616, 20621, 20622, 20744, 20975, 20976, 21083,
21087, 21090, 21092, 21249, 21529, 21580, 21982, 21990, 21992, 22082, J0O1 --total of 25
accessions of which 10 are erect, 11 semi erect, and 4 prostrate) were chosen for subsequent analysis
of NDF, ADF, condensed and hydrolysable tannin content.
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Results on fiber analysis in F. macrophylla showed that the NDF, ADF and N-ADF content is higher
in the dry season than in the wet season. The N-ADF fraction (N not available) was nearly identical
for all accessions, as was NDF in the dry season (Table 49).

Table 47. Agronomic evaluation of a collection of Cratylia argentea in Quilichao. Data of six evaluation cuts
(three in the dry season and three in the wet season). Grey underlaid: Accessions with dry matter yields higher
than accession mix CIAT 18516/18668 (material advanced for cultivar release in Costa Rica and Colombia).

Regrowing Mean dry matter yields Crude
Treatment Height Diameter points Wet Dry Mean IVDMD  protein
No. CIAT (cm) (cm) (No.) (g/pl) (%) (%)
18516 118 103 20 247 238 243 63.35 22.16
18667 119 99 18 218 208 213 63.73 21.34
18668 108 107 18 203 217 210 63.25 21.90
18671 120 102 19 239 190 214 63.56 20.99
18672 102 85 14 185 150 167 60.50 21.10
18674 122 114 23 329 310 319 63.72 21.87
18675 117 95 16 226 208 217 62.68 20.55
18676 115 93 16 231 193 212 61.00 20.42
18957 118 102 18 251 244 247 62.49 21.06
22373 117 91 17 203 207 205 62.82 20.71
22374 124 104 18 247 234 241 64.89 20.96
22375 130 98 18 255 255 255 65.04 22.41
22376 105 78 12 155 146 150 62.51 19.78
22378 109 83 13 155 144 149 61.32 20.65
22379 118 92 16 231 205 218 63.92 20.64
22380 117 93 13 201 166 184 62.23 21.24
22381 111 88 13 178 149 163 63.04 20.59
22382 118 91 14 203 219 211 63.61 21.14
22383 109 95 14 197 163 180 62.00 20.47
22384 120 89 11 210 154 182 64.02 20.45
22386 121 86 13 195 177 186 65.28 20.03
22387 118 91 13 193 185 189 62.22 19.99
22390 104 94 14 174 158 166 64.30 20.07
22391 116 99 16 218 195 207 64.29 20.59
22392 121 88 15 176 150 163 63.96 22.37
22393 117 95 19 203 201 202 63.39 21.96
22394 117 88 15 181 165 173 64.36 22.35
22396 109 80 11 159 149 154 63.89 23.00
22399 109 89 14 160 147 153 66.19 20.93
22400 126 99 18 230 228 229 62.48 21.72
22404 120 97 15 212 226 219 65.68 21.97
22405 120 97 17 235 223 229 64.41 21.52
22406 119 112 22 297 271 284 63.25 21.07
22407 122 99 18 233 220 226 65.62 21.21
22408 129 105 18 278 277 278 67.25 21.54
22409 116 111 18 260 270 265 65.98 22.34
22410 125 96 18 237 214 225 63.07 20.75
22411 109 90 15 193 186 190 64.40 20.31
22412 121 93 13 234 231 233 63.58 19.06
Mean 116 95 16 219 202 211 62.9 21.1
Range 102-130  78-114 11-23 155-329  144-310  149-319 61-67 19-23
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Table 48. Agronomic evaluation of a collection of Flemingia macrophylla in Quilichao. Data of four
evaluation cuts (two in the dry season and two in the wet season). Growth habit: e = erect, s = semi erect,
p = prostrate. Grey underlaid: Accessions with digestibility >45% and dry matter yield >200 g/plant.

Treatment  Height  Diameter Refcr)(i):t/;ng Wl\:tean drgrr;latter yll\ile(ilsn IVDMD lfff”zltlgifl
o
No. CIAT (cm) (cm) (No.) @D (%) %)
801 (e) 122 91 28 344 180 262 41.81 24.20
7184 (e) 116 98 34 357 266 312 40.01 22.72
17400 (s) 60 93 32 236 108 172 38.26 22.95
17403 (s) 68 98 34 262 153 208 40.29 22.05
17404 (s) 59 85 33 188 113 151 38.58 21.97
17405 (s) 59 79 30 188 131 160 40.63 21.50
17407 (s) 78 100 37 298 181 240 38.15 20.26
17409 (s) 57 104 36 295 157 226 38.22 20.85
17411 (s) 58 89 34 217 173 195 39.51 21.27
17412 (s) 76 98 41 267 167 217 40.37 20.84
17413 (s) 62 95 35 212 127 169 38.82 20.94
18048 (s) 32 48 23 55 26 41 45.05 20.42
18437 (s) 57 99 39 239 159 200 50.04 22.48
18438 (s) 66 79 40 204 84 144 53.41 21.65
18440 (s) 59 85 32 222 112 167 33.16 21.13
19453 (e) 95 71 18 162 93 128 42.44 21.60
19454 (e) 105 85 22 243 134 188 43.29 20.66
19457 (e) 112 86 25 215 175 195 39.10 21.56
19797 (s) 56 84 22 183 105 144 41.40 21.12
19798 (s) 61 93 27 228 153 190 43.27 21.39
19799 (s) 63 84 26 191 122 156 42.01 21.25
19800 (s) 70 92 35 208 150 179 37.21 21.33
19801 (s) 79 92 40 251 151 201 37.63 22.09
19824 (e) 64 96 36 237 164 200 42.10 22.21
20065 (p) 18 19 5 5 2 3 42.19 21.11
20616 (s) 70 104 37 292 149 221 38.79 21.94
20617 (s) 74 90 29 210 123 166 33.92 21.03
20618 (s) 72 91 31 209 136 172 35.62 21.74
20621 (e) 70 78 30 142 118 130 35.97 21.99
20622 (e) 142 90 29 323 223 273 45.36 22.35
20624 (s) 65 100 35 269 177 223 34.71 20.72
20625 (e) 122 87 25 305 185 245 44.28 23.30
20626 (e) 113 91 29 269 214 241 43.68 22.82
20631 (e) 110 89 24 321 204 262 45.22 21.84
20744 (e) 116 89 27 296 180 238 45.42 22.93
20972 (p) 26 54 32 62 36 49 41.45 21.14
20973 (p) 28 44 18 66 26 46 35.64 19.93
20975 (s) 48 77 41 134 71 103 46.32 20.09
20976 (s) 44 54 25 66 59 63 42.87 19.88
20977 (s) 30 32 9 18 12 15 43.21 19.13
20978 (s) 47 50 21 64 29 46 44.53 20.55
20979 (s) 48 77 41 142 78 110 39.89 20.60
20980 (s) 44 55 29 94 46 70 43.68 20.29
20982 (s) 50 62 28 89 57 73 43.33 19.64
Continues..................
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Table 48. Agronomic evaluation of a collection of Flemingia macrophylla in Quilichao. Data of four evaluation
cuts (two in the dry season and two in the wet season). Growth habit: e = erect, s = semi erect, p = prostrate. Grey
underlaid: Accessions with digestibility >45% and dry matter yield >200 g/plant.

Continuation.....
Treatment  Height  Diameter Refcr)(i):t/;ng Mean dry matter yields IVDMD rggig;
No.CIAT  (cm) (cm) o Wet Dry  Memn (%) o
21079 (e) 44 76 41 168 63 115 40.52 20.01
21080 (s) 38 58 13 94 32 63 39.49 17.20
21083 (e) 102 92 42 317 145 231 50.10 19.97
21086 (s) 26 44 9 43 30 36 37.13 15.11
21087 (s) 59 61 45 144 73 109 45.92 21.29
21090 (s) 93 112 59 520 201 361 49.81 19.73
21092 (s) 74 82 24 214 136 175 51.53 18.89
21241 (e) 131 95 26 362 195 278 45.30 22.20
21248 (e) 126 101 32 406 248 327 39.38 21.79
21249 (e) 127 106 34 508 257 382 41.42 21.71
21519 (e) 124 99 28 359 193 276 42.93 22.26
21529 (e) 128 98 31 420 200 310 43.31 22.24
21580 (e) 131 104 36 586 272 429 42.76 21.03
21982 (p) 21 58 35 98 30 64 41.74 21.52
21990 (p) 37 67 50 117 51 84 37.92 18.65
21991 (p) 31 53 25 64 29 46 39.35 21.00
21992 (p) 31 54 27 66 33 49 46.22 18.85
21993 (s) 40 71 40 117 59 88 43.17 20.02
21994 (p) 26 49 13 42 25 33 37.10 16.90
21995 (p) 32 56 32 77 27 52 38.12 19.80
21996 (p) 22 41 15 25 14 20 42.28 20.00
22058 (e) 81 59 12 135 86 111 38.15 18.69
22082 (s) 77 91 63 274 116 195 43.56 19.81
22087 (p) 24 46 16 44 14 29 42.33 18.12
22090 (s) 41 43 11 36 10 23 37.05 17.72
22285 (s) 46 73 46 144 62 103 38.20 19.72
22327 (s) 36 58 29 76 44 60 46.31 18.67
C10489 (e) 99 95 35 376 196 286 39.82 22.94
115146 (¢) 105 82 26 343 179 261 42.98 23.77
JOO1 (e) 120 88 31 315 175 245 41.64 23.52
Mean 69 78 30 208 118 163 41.06 20.91
Range 18-142 19-112 5-63 5-586 2-272 3-429 33-53 15-24

Table 49. Fiber content of a representative subset (25 accessions) of Flemingia macrophylla. Data of three
evaluation cuts (two in the wet season and one in the dry season). IVDMD = in vitro dry matter digestibility,
NDF = neutral detergent fiber, ADF = acid detergent fiber, N-ADF = nitrogen bound to acid detergent fiber.

Forage quality v{}VDMD (%) NDF (%) ADF (%) N-ADF (%)
et Dry Wet Dry Wet Dry Wet Dry
High 51.9 49.1 36.3 41.8 26.6 27.4 1.2 1.5
Medium 45.6 423 37.8 41.6 29.4 29.9 1.2 1.6
Low 40.7 36.9 39.2 41.6 29.6 30.5 1.3 1.7
Mean 45.1 41.7 38.0 41.6 28.9 29.6 1.2 1.6
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A subset of 10 high-quality accessions of F. macrophylla was analyzed for forage quality (IVDMD,
CP, fiber and tannin content) after 2, 4, 6 and 8 weeks of regrowth in the wet season. The IVDMD, CP
and fiber content varied with time. Fiber content (ADF and NDF) seemed to be related with [IVDMD
and generally had its highest values after six weeks of regrowth. The crude protein content exhibited
little variation (Figure 74).
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Figure 74. Variability in IVDMD, crude protein and fiber content of 10 high-quality accessions of Flemingia
macrophylla after 2, 4, 6 and 8 weeks of regrowth. IVDMD = in vitro dry matter digestibility, CP = crude protein,
ADF = acid detergent fiber, NDF = neutral detergent fiber

Morphological characterization and evaluation: The phenology study is not yet completed, but
available data allows some preliminary assessment using principal component analysis (PCA).

For Cratylia argentea, the parameters included so far are: days to first flower, days to 50% flowering,
volubility, flowering intensity, flowers per node, length of inflorescence and inflorescence peduncle,
pods per plant, seeds per pod, pod pubescence, length and width of pod, g/100 seeds, leaflet area, and
data of a visual evaluation after 8 weeks of regrowth (height, diameter, vigor, plagues, diseases).
Principal component analysis revealed correlations between days to first flower and 50% flowering (=
0.96); between flowering intensity and flowers per node (r =0.60); between seeds per pod and pod
length and width (r =0.57); between pod width and g/100 seeds (r= 0.60); and between plant height
and leaf area (r= 0.52).
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Cluster analysis (UPGMA) resulted in nine groups of C. argentea, but groups were quite non -
homogeneous and there were no conspicuous characteristics to clearly distinguish and describe them.
Six groups contained only one accession, among them CIAT 18516 of the accession mix released as
cultivar Veraniega in Costa Rica. The first group contained 11 accessions, which were precocious
(time to first ripe seed after establishment: 368 days), had low volubility and low pod pubescence. The
second group of 19 accessions took on average three weeks longer to first seed production, had higher
volubility and higher pod pubescence. Group three included two accessions with very low flowering
intensity and on average only one flower per node. Accession 18672 as group four had an especially
low leaflet area (148 cm®), while accession 22387 as group five had the highest leaflet area of the
whole collection (394 cm®) and a great plant height as well (168 cm). Accession 18671 in group six
had the longest inflorescences (53 cm), the longest pods (16 cm), highest number of seeds per pod (7)
and of pods per plant (387). Accession 22400 as group seven had very light seeds (22 g/100 seeds),
while 18516 as group eight had the highest seed weight (38 g/100 seeds). The last group was made up
by accession 22393, which was taller than most other accessions (158 cm).

For Flemingia macrophylla, the parameters included were: days to first flower, days to 50%
flowering, length of inflorescence peduncle, flower color, length of bracts, seed color, inflorescence
branching (terminal/axillar), flowering intensity, leaf(let) area, leaf peduncle length and —pubescence,
and data of a visual evaluation after 8 weeks of regrowth (height, diameter, vigor, plagues, diseases).
PCA performed with the agronomic data of 71 accessions of F. macrophylla revealed high correlations
between seed color, length of the inflorescence peduncle, inflorescence branching and height, as well
as between days to first flower and days to 50% flowering (>70%).

Cluster analysis (UPGMA) resulted in eight groups of F. macrophylla. The first group contained 18
of the 19 erect growing accessions, which were characterized by their tall height (160 to 290 cm), and
by a terminal, pedunculate and branched, raceme-like inflorescence with light rose-colored flowers
(Photo 13) and black seeds. The average leaflet area was 40 cm® with an average peduncle length of 5
cm. The remaining erect-growing accession (No. 21249), with the same growth and inflorescence
characteristics, was in a group of its own, distinguished by lower vigor and high disease attack. Group
3 (20 accessions) was composed nearly exclusively of semi-erect accessions with an average height of
134 cm and diameter of 205 cm. This group also included two prostrate accessions (19797, 20624)
because of their extensive height and diameter.

Photo 13. Inflorescence of the erect growth type of F. macrophylla.
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The inflorescences of these accessions were axillary and sessile, with dark pink flowers in dense,
cylindrical racemes (Photo 14) with brown and mottled seeds. Accession No. 18437 with the same
characteristics fell into a separate, fourth group of its own because of higher disease attack, as well as
No. 21090, due to very late flowering (355 days till 50% flowering). The remaining 26 semi erect and
prostrate accessions, with the same inflorescence characteristics as mentioned before but with a lower
average height (86 cm) and diameter (137 cm), fell into a sixth, large group. Groups seven and eight
were different to all other accessions with respect to the bracts and bracteoles. Generally in F.
macrophylla the bracts and bracteoles are shorter than the inflorescence.

Photo 14. Inflorescence of the semi erect and prostrate growth type of F. macrophylla.

In some accessions the bracts and bracteoles were longer than the inflorescence (Photo 15), and as a
result these accessions fell into two distinct groups: Group seven with accessions 21080, 21994, 22058
and group eight with accession 21086. These accessions also had conspicuously larger leaves (average
leaflet area was 68 cm’, while the average of the whole collection was 34 cm”) which resemble
tobacco leaves. This growing type therefore was named “tobacco”, in contrast to the three other

9% ¢

growth types mentioned above: “erect”, “semi erect” and “prostrate”.

Photo 15. Inflorescence of the “tobacco” growth type of F. macrophylla.
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Genetic analysis by molecular markers (AFLPS): Efforts made in genetic analysis showed as a
preliminary result that common manual DNA extraction methods do not work well with F.
macrophylla and C. argentea. The modified protocol, which was used to extract DNA, showed
promising results at the beginning. But later frequent degradation, contamination and partial digestion
occurred, due to secondary plant compounds, probably polyphenols. In preliminary trials with a
commercial extraction kit instead, the DNA purity was higher and so far problems occurred neither in
digestion nor in amplification.

3.3.2 Agronomic characterization of a collection of Rhynchosia schomburgkii

Contributors: M. Peters, P. Avila, L.H. Franco, B. Hincapié, and G. Ramirez (CIAT)

Rationale

From the evaluation of a range shrub legume with tolerance to cool temperatures Rhynchosia
schomburgkii emerged as one of the most promising species for higher altitude hillsides. Thus, we

were interested in characterizing its agronomic performance and potential feed value and palatability
of this species to see it potential for crop and livestock uses (Photo 16).

Materials and Methods
A total of 13 accessions of Rhynchosia schomburgkii, mostly originating from Colombia, were planted

at Quilichao. Plants were transplanted into single-row plots, with 4 replications. Dry matter yield,
drought tolerance and forage quality are the main parameters being measured.
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Results and discussion

In 2002 the experiment was finalized completing analysis of palatability of R. schomburgkii by cattle.
Earlier observations had indicated some acceptance of the fodder by cattle. However, results from the
cafeteria trial this year indicated that R. schomburgkii was rejected by cattle. Hence this plant species
may be an option for green manure and fallow improvement, but not as cattle feed. Table 50 shows
data on forage quality, updated with digestibility and crude protein data for the 2™ dry season, for
reference.

Table 50. Fodder quality of accessions of a collection of Rhynchosia schomburgkii
under minimum and maximum precipitation, Quilichao

Season
. Minimum Maximum

Accession Tannins

IVDMD CcP IVDMD CP Soluble Bound
8582 44 21 41 21 4.81 0.78
19235 42 21 40 21 3.68 0.40
20800 42 21 38 21 2.49 0.84
17918 44 19 45 19 3.06 0.73
20456 44 19 46 21 3.31 0.68
22134 41 19 41 20 3.69 4.55
7389 41 20 42 21 2.95 0.67
7810 41 20 41 20 5.23 0.72
18490 40 20 49 21 3.44 0.92
918 36 19 36 21 5.85 0.72
LSD(P<0.05) NS NS 5.5 NS

Activity 3.4 Selection of legumesfor multipurpose usein different agr o-ecosystems and
production systems

Highlights

e Accessions of Vigna unguiculata (cowpea) with good performance across sites in Central America
Haiti, and Colombia identified.

» Lablab purpureus (lablab) accessions with adaptation to acid and alkaline soils identified.
» Forage quality of Lablab purpureus was high but influenced by soil fertility of the location.

3.4.1 Evaluation of a core collection of Vigna unguiculata for multipur pose usesin Colombia,
Nicaragua and Honduras

Contributors: M. Peters, Luis H. Franco, A. Schmidt, H. Cruz Flores, P. Avila, B. Hincapié, G.
Ramirez, (CIAT), and B.B. Singh (IITA, Nigeria)

Rationale
Cowpea (Vigna unguiculata) is utilized in the subhumid/semi-arid tropics of West Africa and India as

a source of food and feed for livestock, but the utilization of cowpea in Latin America is so far limited.
We visualize that, cowpea could be an alternative crop for the second planting season in the central
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hillsides region of Nicaragua and Honduras where the legume could provide not only higher grain
yields as compared to common beans, but could also allow for a third crop in November/December in
order to provide hay as animal feed in the dry season or contribute to soil fertility enhancement for the
following maize crop. Cowpea could also be used for hay, silage and feed meal, production, which in
turn could be an option for income generation by smallholder livestock and non-livestock owners.

Adaptation to climatic and edaphic conditions, especially to water stress, are prerequisites for a
successful development of a cowpea option for the traditional maize-bean cropping systems in Central
America. It remains to be seen if cultural traditions allow for the inclusion of cowpeas in the daily
menu of people in Central America.

A) Evaluation of cowpea in Quilichao and Palmira, Colombia

In 2001/2002, a selected set of cowpea accessions from IITA were sown in the same season in
Quilichao and Palmira to compare the effect of climate and soil on performance and to identify
accessions with broad adaptation, which is key for Central American Hillsides with highly variable
soil and climatic conditions (Photo 17).

Photo 17. Cowpea Vigna unguiculata at Quilichao.

Materials and M ethods

Of the original collection of 15 cowpea accessions obtained from Dr. B.B. Singh, cowpea breeder of
IITA and complemented with two local accessions from Colombia (cultivar Sinu) and Brazil (cultivar
Verde Brasil), accessions IT86D-715, IT86D-716, IT89KD 288, IT6D-733, IT86D-719, IT95K-1088-2
and IT95K-1088-4 were selected on the basis of dry matter yield and adaptation.
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Accessions were evaluated for forage yield and their value as green manure with yield of maize after
incorporation of the green manure. Materials sown in 2002 were incorporated at different
physiological stages:

1. Incorporation before initiation of flowering 7 to 8 weeks after planting;

2. Same as 1, but removing the aerial part (simulating use as feed or for sale) and only

incorporating root biomass;
3. Removing green pods (for human nutrition) and incorporating the residue;
4. Removing grains (for human nutrition) and incorporating the residue.

In Palmira another stage similar to 4 was included, but removing the whole aerial part (grains for
human nutrition and standing hay as feed) and only incorporating roots (data forthcoming). Maize was
sown to observe the effect of green manure on grain yield as a result of incorporation of the cowpea at
different physiological stages.

Results and Discussion

As reported in the 2001, establishment of the cowpea accessions was slower in Palmira than in
Quilichao, due to higher incidence of insects and weeds. The higher pressure of weeds and insects
negatively influenced the DM yields obtained in Palmira. In Table 51, we show DM yields of the
cowpea accessions in Quilichao before incorporating in the soil. No significant differences were
observed between accessions, but differences between treatments were significant (P<0.05) as
expected. The highest cowpea DM yields (2724 kg/ha) was measured for treatment 1 (green manure
incorporated before flowering) while the lowest DM yields were recorded when harvesting of grains
was allowed and the plant had dried up (treatment 4). Due to prolonged drought it was not possible to
harvest the grain.

Table51. Dry matter yield (kg/ha) of cowpea green manure herbage before soil incorporation in Quilichao,
2002

Cowpea herbage (kg/ha)

Treatment Mean
Accessions 1 2 3 4
IT95K-1088/2 3265 1953 2567 1907 2423
IT86D-715 2890 1560 2367 2173 2248
IT89KD-288 2412 1993 2747 1687 2210
IT6D-733 2676 2060 2607 1307 2162
IT95K-1088/4 2377 1800 2313 1967 2114
Mean 2724 1873 2520 1808

LSD (P<0.05) between treatments (accessions combined) = 655.3 kg/ha; LSD (P<0.05) between accessions
(treatments combined) = 507.9 kg/ha

In contrast to Quilichao, differences in DM yields between accessions (P<0.01) and harvest treatment
(P<0.05) were measured in Palmira (Table 52), but no interaction between accessions and treatments
was observed. Accession I[IT§89KD-288 had the highest DM yield and yield was lowest in treatment 4,
as plants had dried up by then. In contrast to Quilichao, there was a tendency for accessions to regrow
after senescence, indicating a weak indeterminate growth habit if environmental conditions are
favorable.
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Table 52. Dry matter yield (kg/ha) of cowpea green manure herbage before soil incorporation in Palmira,
2002

Cowpea Herbage
Treatment
Accessions 1 2 3 4 Mean
IT89KD-288 2767 2513 2487 2133 2475
IT86D-716 1533 1473 1633 927 1392
IT86D-719 2547 2353 2133 2027 2265
IT95K-1088/2 2147 1900 1773 1707 1882
IT95K-1088/4 1947 2233 1907 1307 1848
Mean 2188 2095 1987 1620

LSD (P<0.05) between treatments (accessions combined) = 655.3 kg/ha; LSD (P<0.05) between accessions
(treatments combined) = 507.9 kg/ha

B) Evaluation of cowpeain Nicaragua

Materials and Methods

In Nicaragua and Honduras a core collection of 19 accessions of Vigna unguiculata (Table 53) was
established. In Nicaragua, this collection was located at the SOL SECO site (the Spanish acronym for
Supermarket of technologies for hillsides — dry) in San Dionisio, Matagalpa, Nicaragua. The
accessions were replicated three times in a randomized block design. Plots measured 5 x 2.5 m and
seeds were sown at a distance of 0.25 m within a row and 0.5 m between rows. Measurements include
seed emergence, ground cover, plant height, plant vigour, biomass/grain production flowering patterns,
and incidence of pest and disease. Local farmers are being invited to participate in the evaluation of
the core collections and soil fertility enhancement effects will be measured through the planting of a
maize crop at the onset of the next wet season and comparing maize yields with N-fertilized plots.

Table53. Accessions of Vigna unguiculata sown in San Dionisio/Nicaragua and
Yorito/Honduras and Nicaragua as green manures for maize-based systems; Lablab
purpureus DICTA was sown in Honduras only as a local check.

Accessions Accessions

Vigna unguiculata IT86D-277/2 Vigna unguiculata IT86D-715
Vigna unguiculata IT90K-284/2 Vigna unguiculata IT96D-740
Vigna unguiculata IT89KD-391 Vigna unguiculata IT95K-1088/4
Vigna unguiculata IT86D-716 Vigna unguiculata IT89KD-288
Vigna unguiculata IT93K-503/1 Vigna unguiculata IT93K-573/5
Vigna unguiculata IT93K-637/1 Vigna unguiculata CIDDICO1
Vigna unguiculata IT86D-719 Vigna unguiculata CIDDICO2
Vigna unguiculata IT95K-1088/2 Vigna unguiculata CIDDICO3
Vigna unguiculata IT6D-733 Lablab purpureus DICTA

Results and Discussion
No significant differences (P>0.05) were observed between cowpea accessions in terms of DM yield

and grain yield. Mean DM yield was 1790 kg/ha and mean grain yield 170 kg/ha. Accessions with
highest DM yields were 637/1, 284/2, 719 and local varieties Café¢ and Rojo. Highest grain yields were
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obtained for accessions 716, Rojo, 288, 391 and 719 with more than 200 Kg/ha; Rojo (a local check)
was one of the best accessions both in terms of DM yield and grain yield (Table 54).

Table 54. Dry matter yields and grain (kg/ha) of cowpea before soil incorporation in Nicaragua.

Biomass Grain yield Biomass Grain yield

Cowpea cowpea Cowpea cowpea
Accessions DM kg/ha kg/ha Accessions DM kg/ha kg/ha
637/1 3156 133 1088/4 1677 153
284/2 2315 182 1088/2 1645 135
719 2237 200 573/5 1481 153
Café 2117 167 733 1478 173
Rojo 2021 212 716 1477 234
Control 1965 196 715 1397 165
740 1953 125 288 1376 202
Blanco 1872 128 27772 1256 164
Negro 1825 161 503/1 1073 144
391 1683 200 1088/4 1677 153
LSD (Biomass Cowpea) = 1102; LSD (Grain yield cowpea) = 105.1

C) Evaluation of cowpeain Honduras

In 2001, an experiment was established in the SOL Yorito site to evaluate a core collection of cowpea
(IP-5 Annual Report 2001). In this case the experiment was complemented with the inclusion of
Lablab purpureus DICTA as a control. In Yorito, the focus is again on selecting cowpeas as green
manures in maize-based systems for soils with neutral to alkaline pH. The maize crop sown after the
green manure in 2001 was destroyed by a storm and hence the trial was replanted in 2002. Dry matter
yields for the evaluation in 2002 in comparison to 2001 are presented in Table 55. Yields of DM in
2002 were substantially higher than in the previous year with a mean of 7545 kg/ha. Accessions with
highest DM yields were IT90K-284/2, 9611, CIDDICO,, 391 and 1088/4 with more than 9 t/ha DM,
harvested 9 to 10 weeks after planting.

Table 55. Dry matter yields of Vigna unguiculata (cowpea) genotypes before soil incorporation before a maize crop in Yorito,
Honduras. 2001 — 2002

Soil cover (%) DM yield kg/ha Soil cover (%) DM yield kg/ha

. 2001 2002 2001 2002 Accessions 2001 2002 2001 2002
Accessions
CIDICCO3 93 85 6212 8718 IT6D-733 50 58 3827 5349
IT90K-284/2 90 97 6123 12132 IT93K-503/1 60 67 3672 4484
9611 - 88 - 11440 CIDICCO2 78 95 3521 10724
CIDICCOL1 83 68 5282 5010 IT93K-573/5 50 68 2926 6866
Lablab purpureus 85 78 5230 7368 IT89KD-391 43 90 2867 10158
DICTA
IT96D-740 72 48 5112 3229 IT89KD-288 53 80 2734 8085
IT93K-637/1 72 88 5101 8397 IT86D-719 38 65 2381 7422
IT86D-716 67 58 4944 8138 IT86D-715 37 43 2175 5110
IT95K-1088/2 72 72 4042 7992 IT90K-277/2 33 60 1754 6370
IT95K-1088/4 68 70 3923 9208
LSD (P<0.05) 2014 4243
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3.4.2 Evaluation of a core collection of Cowpea (Vigna unguiculata) for multipurpose usein
Atenas, Costa Rica

Contributors: Pedro J. Argel and Guillermo Pérez (CIAT)
Rationale

Some Cowpea lines are used as source of food in Caribbean and Latin American countries, but this
plant has also the potential to improve the soil as green manure and as feed for livestock, particularly
in countries like Haiti that have a predominance of subsistence farmers in hillside landscapes.

The development of Cowpea lines adapted to soil and climatic conditions, particularly to water stress,
are prerequisites to select and offer farmers new options of this legume to fit into their production
systems; and thus options are available given the wide variability found within the species.

M ethods

Fifteen accessions of Cowpea originated from IITA were planted for evaluation in a randomized
complete block design replicated three times at Atenas, Costa Rica. Plot size was 2.5 m wide x 4.0 m
long, and half of the plot was left to measure grain yield, while in the other half, seedling emergence,
plant vigor, plant cover, flowering initiation, DM yields and the incidence of pest and diseases were
measured. The site is located in a subhumid environment with a total annual rainfall of 1600 mm, and
5 to 6 months dry from December to May. The soils are Inceptisol of medium fertility with pH 5.0,
and low P and low aluminum content. The experiment was planted at the end of July and harvested for
DM yields 62 days after; grain was harvested 80 days after planting.

Results and Discussion

All accessions established well in Atenas. Seedling emergence was good and we had a mean of 9
plants per m” (range 6 to 10) two weeks after planting. Plant vigor was also high and one month later
plant height had a mean of 22.3 cm (range 19 to 31). One of the most vigorous accessions was IT95K-
1088/2, followed by IT89KD-391, IT90K-284/2 and IT96D-740. Flower initiation was not uniform
between accessions; the earliest accession to flower was IT93K-637/1 while the accession IT86D-716
was still vegetative 80 days after planting. There was a low incidence of leaf eater insects and fungal
foliage diseases.

There were significant differences (P<0.05) between accessions for both grain and DM foliage yields
(Table 56). The accession IT96D-740 produced the highest grain and herbage yields, followed by the
accession IT93K-503/1. Other outstanding accession was IT90K-277/2 particularly for the high foliage
yield, while the accessions ITS9KD-288, IT96D-759 and IT95K-1088/4 were among the poorest in
both grain and herbage yields. Seed color varied between accessions and ranged form reddish (IT95K-
1088/4), to cream (ITS9KD-391) and white (IT96D-740). The latter line also produce smaller seeds.

The highest yielding line (IT96D-740) produced a type of grain similar to the Cowpea traditional lines
available in the Caribbean and some Latin American countries, namely white grain with a hilum black
spot, and may be of interest to investigate further to compare with traditional lines. This line, as well
as the more promising accessions, are under seed multiplication to support future testing elsewhere.
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Table56. Grain and dry matter yields of Cowpea lines
established in Atenas, Costa Rica

Accession Yields (kg/ha)

Grain DM herbage
1T96D-740 3698.7 a* 47289 a
1T93K-503/1 2580.7 ab 2644.5 abced
IT90K-277/2 2216.0 be 4080.4 ab
IT89KD-391 2182.7 be 3522.0 abc
IT86D-716 2168.0 be 2885.0 abed
IT86D-715 1830.0 bed 2275.7 bed
1T90K-284/2 1681.3 bed 2322.3 bed
1T93K-637/1 1556.0 bed 1420.4 cd
1T93K-573/5 1500.0 bed 940.9 bed
IT95K-1088/2 1429.3 bed 1947.9 bed
IT6D-733 1258.0 bed 1555.5 cd
IT86D-719 1235.3 bed 2872.7 abed
IT89KD-288 948.0 cd 950.9 d
1T96D-759 842.7 cd 1592.5 cd
1T95K-1088/4 756.0 d 1071.3 d

*Within columns means followed by the same letter are
not statistically different (P<0.05)

3.4.3 Evaluation of a core collection of Lablab purpureus for multipurpose uses (Quilichao and
Palmira)

Contributors: M. Peters, L. H. Franco, B. Hincapié, and G. Ramirez (CIAT)
Rationale

Lablab purpureusis a free seeding, fast growing or short-term perennial legume, with widespread use
through the tropics as a fodder plant. In Africa the use of Lablab for human consumption is also
common. The origin of the Lablab germplasm currently utilized is mainly Eastern/Southern Africa and
Asia. In addition, it is well documented that Lablab purpureus is best adapted to areas with rainfall
regimes of 750-2000 mm/year. This species grows in a variety of soils, but the ideal pH for growing
Lablab is reported to be between 5.0 and 7.5.

In order to evaluate the potential of Lablab in tropical America, we obtained a collection available at
ILRI/CSIRO. Our main objective with the collection is to select accessions with broad adaptation to
different soils and climate conditions in tropical America. However, of immediate interest is to
evaluate the Lablab collection in acid and neutral soils to define niches of Lablab for green manure
and fodder (especially for hay and silage or deferred feed), with emphasis on Central America where
soils are highly variable in pH.

Materials and Methods
A total of 44 accessions of Lablab purpureus were initially sown on an acid soil (pH 4.0) in the
Quilichao Research Station for seed multiplication. In 2001, 42 and 25 accessions were planted for

agronomic evaluation in neutral (Palmira) (Photo 18), and acid soil (Quilichao), respectively. From
this collection accessions (including the cultivars Rongai, Highworth, Endurance and Koala) were
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selected based on vigor, cover and DM yield for 2™ phase (2002) evaluations in Palmira and
Quilichao, respectively.

Photo 18. Lablab purpureus at Palmira.

Results and Discussion

In Quilichao (acid soils) the Lablab purpureus accessions I-11630, CPI 106471, 1-14441 y 1-14442
had the most rapid establishment, with more than 90% soil cover and vigor ratings of 4 to 5 twelve
weeks after planting (Table 57). Most accessions had soil covers superior to 60%.

Highest DM yields were obtained for accessions 1-6533, CP1 67639, CPI1 34777 and CPI 106471,
while lowest yields were recorded for accessions 76996, CQ-2975 and 106494. In comparison to
2001, yields in 2002 were slightly reduced, due to early initiation of the dry season.

As in 2001, in Palmira (alkaline soils) vigor and yields of Lablab were higher than in Quilichao.
Significant differences (P<0.05) in DM yields between accessions were also observed. Most
accessions rapidly covered the soil, with 83% of accessions having soil covers above 90% twelve
weeks after planting; this indicates a high ability of Lablab to compete with weeds.

Accessions of L. purpureus best adapted to soils in Palmira were CPI 34777, CPI 106471, CIAT
21603, CPI 52535, Highworth, I-11635, I-11635, L-987, 1-14437, I-11630, CPI 81626, CQ-2975,
29398, 29398, Rongai, [-14441 and 1-6533, with DM yields superior to the average of the collection
(3918 kg/ha) (Table 58). Among the cultivars, Highworth and Rongai performed best while Koala and
Endurance had very low DM yields.
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Table57. DM yield (kg/ha), vigour and soil cover (%)

of Lablab purpureus accessions in Quilichao, 2002

Table 58. Dry matter yield (kg/ha), vigour and soil cover

(%) of Lablab purpureus accessions in Palmira, 2002.

Vigour Soil cover DM yield . Soil cover DM yield
Accessions (%) (kg/ha) Vigour (%) (kg/ha)
las 12 Weeks Accessions la5 12 Weeks
1-6533 3 75 2300 CPI 34777 5 100 5293
CPI 67639 3 77 2013 CPI 106471 5 100 5053
CPI1 34777 3 77 1973 CIAT 21603 5 100 4853
CPI 106471 5 95 1953 CPI 52535 5 100 4733
CPI 36903 3 67 1933 Highworth 5 97 4620
I-11632 3 80 1873 I-11635 3 87 4480
CPI 52535 3 73 1873 L-987 5 100 4227
[-14441 4 92 1853 1-14437 4 100 4413
Koala 2 67 1853 [-11630 5 100 4353
1-14437 4 88 1807 CPI 81626 3 93 4213
I-11630 5 98 1780 CQ-2975 5 100 4187
1-14442 5 92 1753 CPI 29398 4 97 4167
Rongai 4 85 1733 Rongai 4 100 4113
CIAT 21603 4 77 1667 1-14441 5 96 4040
1-14411 4 85 1653 1-6533 4 97 4033
Highworth 4 83 1640 CPI 52544 4 97 3840
CPI 76998 4 77 1633 CPI 35894 3 90 3713
Endurance 3 75 1527 CPI 67369 4 93 3673
CPI1 106548 3 48 1353 CPI 76998 4 100 3613
CPI1 81626 3 62 1293 CPI 100602 4 97 3513
CPI1 99985 3 75 1287 I-14411 5 100 3460
CPI 106494 3 72 1067 CPI 99985 3 93 3387
CQ-2975 3 65 1013 I-11613 4 90 3220
CPI 76996 3 65 953 CPI 106548 4 87 3200
CPI 96924 3 63 3160
LSD (P<0.05) 1100 CPI 36903 4 97 3093
Koala 3 80 3067
1-14442 4 100 3067
Endurance 3 80 2653
LSD P<0.05) 1505

Accessions of Lablab harvested in Palmira had higher quality than accessions harvested in Quilichao.
While in Palmira digestibility’s (IVDMD) and crude protein (CP) content varied between 81-86% and

22-28%, respectively, for Quilichao corresponding values were 73-83% and 18-25%, respectively
(Tble 59). Overall, the forage quality of Lablab purpureus was very high.

Table59. Forage quality of a collection of Lablab purpureus evaluated in Quilichao and Palmira, 2002

IVDMD CP NDF
%
Accession Quilichao Palmira Quilichao Palmira Quilichao Palmira
1-6533 79.1 85.8 25.0 25.6 19.4 20.4
I-14411 76.5 82.1 25.2 27.0 19.5 19.0
1-14437 76.0 84.3 22.6 26.9 21.8 22.4
1-14441 80.1 81.9 22.5 26.7 21.2 19.7
114442 78.2 82.0 23.8 27.9 19.3 17.9
CPI 18626 79.6 86.3 20.0 23.0 20.5 18.6
CIAT 21603 79.2 83.3 23.0 26.3 21.2 20.3
Continues..............
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Table59. Forage quality of a collection of Lablab purpureus evaluated in Quilichao and Palmira, 2002.
Continuation..............

IVDM CP NDF
%

Accession Quilichao Palmira Quilichao Palmira Quilichao Palmira
CQ-2975 81.6 84.3 18.3 26.5 25.3 19.9
CPI 34777 79.3 81.6 19.7 * 18.9 20.7
CPI 36903 81.5 82.7 18.4 25.8 19.5 18.3
CPI 52535 81.9 82.7 18.9 25.0 23.3 21.3
CPI 67639 83.0 84.1 20.2 26.4 20.4 20.5
CPI 76996 80.0 22.4 21.1

CPI 79998 82.1 82.6 21.7 27.0 21.2 20.6
CPI 99985 81.7 83.5 25.5 26.3. 25.3 19.6
CPI 106471 80.5 84.5 254 24.2 15.8 20.7
CPI 106494 77.3 . 24.3 19.5

CPI 106548 80.7 82.8 23.1 26.4 22.1 20.8
1-11630 80.6 83.1 21.9 26.8 23.5 20.5
I-11632 80.8 22.7 15.8

Koala 72.9 84.3 21.6 23.2 19.7 21.3
Rongai 80.7 83.8 22.3 25.3 21.8 21.2
Endurance 80.4 83.1 20.1 24.8 28.3 26.2
Highworth 81.6 82.1 22.1 254 18.2 18.7
I-11613 85.0 26.4 19.5
I-11615 83.9 23.6 17.8
CPI 29398 84.3 26.1 20.5
CPI 35894 85.4 22.1 21.3
CPI 52544 85.3 26.8 21.7
CPI 96924 86.1 21.7 19.7
CPI 100602 84.0 27.8 20.5
L-987 84.0 24.3 21.5

*Data lost will be repeated. Plank spaces correspond to accessions not common across sites

3.4.4 Genotype by Environment trial with Mucuna, with focus on L-Dopa content
Contributors: L. H. Franco, M. Peters, B. Hincapié, G. Ramirez, CIEPCA/IITA
Rationale

Further progress on developing food and feed uses for Mucuna is restricted by the current confusion in
Mucuna taxonomy, by the lack of characterization of different Mucuna accessions, and by our poor
understanding of the relative impact of genotype and environment on various characteristics of
Mucuna. Of particular interest is the impact of genotype and environment on the content of L-dopa, as
Mucuna’s high content of L-dopa is perhaps the greatest bottleneck to its increased utilization as a
food and feed.

To determine with certainty the comparative importance of genotype and environment, the same
genotypes need to be grown in various environments.

The project reported here is undertaken as a part of the larger project that aims to increase Mucuna’s
potential as a food and feed crop, which is coordinated by CIEPCA/IITA (Center for Cover Crops
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Information and Seed Exchange in Africa/International Institute of Tropical Agriculture). The study
includes measurement of L-dopa levels in eight (8) Mucuna accessions grown in nine (9) locations, in
latitude from 18° S to 38° N, during the year 2001-2002. This experiment is a continuation of a
smaller pilot study conducted during the year 2000-2001 when four (4) accessions were grown in six
(6) locations. Therefore the specific objectives of this study are: 1) to estimate L-dopa concentration in
Mucuna’s seed, leaf, stem, and root parts, and 2) to assess variability in these plant parts of Mucuna
grown at different latitudes.

Materials and M ethods

Eight accessions of Mucuna sp., obtained from CIEPCA, are being evaluated in a randomized
complete block design with two replicates. Plots consisted of a single plant, typically supported by a
2.5 m high metal (or wooden) frame, 1 m” at the base. A corridor of 1.5 m between trellises was left,
as Mucuna tends to spread very aggressively. The trial is being conducted in 9 locations that vary in
latitude between 18°S and 38°N (Table 60 and Photo 19).

Table 60. Location, institutions, collaborators, and latitudes of the G X E trial.

Country Latitude Collaborating institution
Zimbabwe 18°S Univers