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IP-3: I:mproved Cassava lbr die :Developin& Worlcf- Projectdescrlption ..... 
/ 

Objedive: To iUcrease aod stabilize cassava production in diverse enviromnents by deveioping 
implo'9ed geue pools in cooperation with national programs. 

Outputs: So mees of rcsistance or tolerance to majar pests. diseases ·and abiotic stresses. 

Soorces of desirable root qaality cbaraderisdcs. 
Gene pools for lowland humid. sub hum.id. semi-aruL higbland tropics and subtropics. 
Improved breeding methodoJogies. includíng furmer ParticiPatory approacbes. 
Networks and trained national personnel for effective dissem..ination of genetic material 

Benefits: New cassava varieties mainly benefit small-scale furmers by securing their food supply 
and raising their income. Improved germplasm also enab1es cassava processors to increase their 
profics and provides urban consumers witb cheaper, higher qualiry producrs. In Afiica and 
Amazonia. many of these benefics accrue to women. since they are mainly responsible tor 
producing, processing and marketing the crop. 

Strategy 
Since cassava is grown in diverse agroecosysterns. an importam task for international research is ro 
tailor improved germplasm to varied sets of conditions. Key traics are introduced or improved in 
cassava through a recurrent process of screening, selection and recombination at represemative 
sites. based on teedback from tarmers and colleagues at national programs within this srrategy, the 
main tasks of the project are to: 

• 

• 

• 

• 

Establish and maintain pest colonies. develop ways ro inoculare and culture pathogens . 
characterize germplasm for resistance ro biotic stresses. and screen ic for efticient use of 
nutriencs. 
Alter cyanogen content within gene pools ro suit different purposes. develop methods tor 
conrrolling postharvest deterioracion and genetically modify starch quality. 
E·:aluate. se lect and recombine elite genotypes tor specitic agroecosystems and incorpomte 
new screening mechods and che participation of end users into breeding se he mes. 
Gather feedback from the users of improved gene pools. organize training tor national 
prograrns in Latin America and A<iia. screngthen regional networks and disseminate scientitic 
info rmatio n. 

Duration: 5 years 
Cost and financing plan: US$ 590.3 LO. Sta.rting in 1997. 67% of the funds will come from 

CIA.Ts unrestricred core. and 33% from special projects. 
Collaborators: CORPOfCA: EMBRAPA: INIVIT (Cuba): INIA (Ecuador): FCRI (Thailand): 

IITA: NARS in Latín America and Asia. 
CG system linkages: Saving Biodiversity 50% 

Incre-JSing Productivity 30% 
Protecting the Environment l 0% 
Strenethenin!! NA.RS 10% 

Linkages to other projects 'át CIA T: PE- 1: SN-l: SN-2: SN-3: SB-l : and SB-2 
Donors: Ministry of .-\.griculture (Colombia): IFAD: Dr\i'ITDA Agropecuaria :Vfandioca. 

(Venezuela) 



IMPROVED CASSA VA FOR THE DEVELOPING WORLD 

The crop 

Cassava (Manihot escuienta Crantz) is a starchy root crop that has been cultivated in tropical 
America for more than 5,000 years. It was introduced to Africa and Asia by Portuguese 
explorers and traders during the 16 century. Cassava represents the alimentary basis for over 500 
million people in the tropics, and it is grown in over 90 countries. Most of the crop is produced 
by small-scale poor farmers in marginal regions using traditional farming methods. The crop is 
used both as food and feed, and it represents one of the few linkages for farmers in those regions 
to dynamic markets. 

Cassava is grown over 16 million hectares, with 50% in Africa; 30% in Asia and 20% in Latín 
America. Total root production is over 150 million; the five major producing coumries being: 
Brazil (24 million tons, Mt), Nigeria (21 Mt), Zaire (20 Mt), Thailand ( 19 Mt) and Indonesia (15 
Mt). The greatest consumption of cassava is in Africa, with an average 88 kg per capita (highest 
in Zaire with 387 kg per capita). Ofthe total world production, 80% is used domestically (61% 
food; 26% feed; 2% industrial uses and 11% waste). Cassava for feed is exported as chips, 
pellets or starch to developed countries. Cassava is mainly processed on a small scale in rural 
areas, generating considerable employment, and improving the economic status of socially 
depressed areas in the tropics. 

The cassava root contains between 30 and 40% dry matter (mostly carbohydrates); it is rich in 
vitamin C, Ca and K, and poor in proteins. In contrast, the leaves contain high levels ofprotein 
(8%-l O% of fresh weight). Cassava roots are eaten in different ways: boi led, baked, fried, as 
meal, flour, etc. Starch produced from cassava roots is al so used to make a variety of sweet and 
savory foods such as crackers, tapioca pearls, noodles, or cheese breads. In sorne parts of the 
world, cassava leaves are consumed as a vegetable. 

Cassava is known to produce well despite marginal conditions of soil and climate, dueto its 
extensive fibrous root system, the sensitivity of stomata to drier climates, its association with so il 
mychorrhizae and the capacity to recover foliage once it is lost. Cassava can be grown in 
environmems that receíve less than 600 mm to more than 3,000 mm/year of rain . Although 
cassava is typically a tropical lowland crop, it can be found up to 2000 masl. It does not tolerate 
frost or flooding well . The crop can be harvested from 7 months to 2 years after planting. It 
stores relatively well underground, and once it is harvested it has a very short shelf-life (3-7 
days), and must be consumed or processed immediately. 

Cassava is vegetatively propagated through stem cuttings; which allows to fix any gene 
combination that suits the farmer or the breeder. The most important source of genetic 
variability is through sexual recombination. Male and female flowers are separated in the same 
inflorescence (monoic), being a protogenic species. Each pollinated flower has the potential to 
produce 3 mature seeds. Natural pollination is done by bees. 



Although most ofthe genetic variability used in breeding prograrns comes from the cultivated 
cassava, there are more than 100 species within the genus Manihot, that can cross to cassava with 
different degrees of difficulties and contri bu te genes of interest to breeders. 

CIAT has a collection of close to 6000 cassava accessions formed by landraces from Latin 
America and Asia, elite clones selected by CIAT and liTA, and 29 wild Manihot species. This 
collection is maintained in the field and in vitro, and has been characterized using morphological, 
bíochemical and molecular descriptors. 

Achievements from CIAT's cassava research 

Sources of resistance or tolerance to majar pests, di se ases and abiotic stresses: 
• Genotypes combining high levels of resistance to bacterial blight and super elongation 

disease, with good agronomic performance selected in Eastem Colombia. 
• Complementary sources of resistance to different bacteria! blight pathotypes selected. 
• Genotypes with high levels of resistance to different pathogens causing root rots ha ve been 

selected, and are being used in crosses to pyramid those genes and for molecular mapping. 
• Highly heritable resistance to whiteflies has been detected and is being combined with 

desirable agronomic traits. 
• Reduced levels of whitefly oviposition is one of the resistance components consistently 

transferred to the progenies. 
• A RAP.O marker has been associated to whitefly resistance, and will aid in future breeding. 
• Sources of resistance to green mites, which are stable across evaluation sites ha ve been 

found. 

Sources of desirable root quality characteristics: 
• Cassava roots and lea ves ha ve been characterized as sources of micro-nutrients for marginal 

regions of the tropics. There is good potential for vitamins A and C in the roots and minerals 
in the leaves. 

• Genotypes with prolongued storability have been incorporated in crosses for future breeding 
and molecular mapping. 

• Cassava starch can be used in processes that require resistance to acid media and freezing. 
Cassava starch can compete well with maize starch in food and industrial processes. 

Gene poo/s for lowland semi-arid, sub-hum id, hum id, mid-a/titude, high/and tropics and sub­
tropics: 
• Between 1996-98 a total of458,027 recombinant seeds were produced; 253,148 were 

distributed to National Programs in Latín America and Asia and IIT A, the rest was used in 
our breeding process, or kept in storage. 

• An average superiority of 68 % of the best selected parents over check varieties was achieved 
across ecosystems during the last 3 years. Largest improvement obtained for the highland 
tropics ecosystem, followed by mid-altitude tropics and the acid soil savannas. 

• The significan! genetic improvement in cassava yielding ability at Rayong FCRC(Thailand) 
is due firstly to the enhanced biomass and secondly to the improved harvest index. 

lmproved breeding methodologies, includingfarmer participatory approaches: 
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• Gene ta ing to facilitate future cassava breeding is on its way for the following traits: 
~hitefly C!_nE roo~ rot r~sist~~ce, and reduced post harvest deterioration, using the molecular 
map developed at CIAT. - -·---

• Farmer participatory evaluation of advanced selection is an integral part of the cassava 
germplasm development schemes implemented in Northem Colombia and North-East Brazil. 

• 60 technicians in Brazil and Colombia have been trained in participatory breeding. 
• A software for the analysis of farmer participatory breeding data has been developed and 

made available to National Programs. 

Networks and trained national personnelfor effective dissemination of gene tic material: 
• Latin American and Asian networks of scientists ha ve been supported through the 

organization ofworkshops, local training and supply of improved germplasm. 
• 14 new var ieties released within the Latín American and Asían network, during 1995-98. 
• Improved varieties developed from CIAT's germplasm cover about 1,000,000 has in Latin 

America and Asia. 
• Benefits derived from improved CIAT's germplasm have accumulated to U$ 800 millions 

across continents, since the inception of our breeding program. 

The research strategy 

The major goal of our project is to contribute in increasing and stabilizing cassava production in 
diverse environments and for different markets, by developing improved gene pools in 
cooperation with national programs. The purpose of our project is to generate basic 
understanding, tools and improved cassava germplasm for sustainable enhancement of cassava 
production and the diversification of end-uses in relevant ecosystems. The most important 
ecosystems are: the semi-arid (below 800 mm/year, unimodal); the sub-humid (800- 1500 mm 
/year, bimodal rainfall distribution), the acid soil savannas ( 1500 - 3000 mm/year, short dry 
period, low pH). The humid tropical lowlands; the mid-altitude tropics; the high-altitude tropics 
and the subtropics represent ecosystems of secondary importance in terms of area and total 
production. The main selection activity is conducted in sites selected to represent the conditions 
of the target ecosystem. F or each of the zones we conduct a recurrent selection program, with a 
progressive set of stages as described in Figure l . 

As the breeding stages progress, we give emphasis to traits of lower heritability, because we 
have more planting material for each genotype, and the evaluation can be conducted in bigger 
plots with replications. Certain selection criteria are of general importance across ecosystem (i .e. 
yield potential, d tt.er content), while others are specific for each ecosystem (i .e. pest and 
ats"eáses . E 1te genotypes are used as parents to obtain recombinant seed that is used to initiate a 
new selection cycle, and also transferred to National Programs for their adaptive selection 
programs. Besides the selection of superior genotypes a major research priority is the 
development and use of research tools that will shorten the breeding cycle and increase its 
efficiency, such as molecular marker _assis~ec!_ selecti.Qn, and farmer participatory evaluation at 
early stages of the breeding cycle. New sources of resistan ce to major biótic a nd abioiic 
constraints, and favorable alleles for root quality traits are constantly being incorporated through 
recombination and selection. 
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Figure l . Basic cassava breeding scheme applied for each of the priority ecosystems. 

EvaJuated traits Stages aod time # of genotypes Selection intensity (%) 

Crossing of selected 
parental genotypes 

(2yr) 

Pest and disease resistance f¡ 5000 20 

(6 ¡o) 1 site 
1 plant 

Pest and disease resistance FtCt 4000 80-85 

T 
1 site 

1 plant 

+ harvest index, root dry Clona! evaluation 700 75-80 
matter and cyanide (1 yr) l-2 sites 
content, plant type • 6 plants 

+ root yield Preliminary yield trial 160 75-80 
(1 yr) 2-3 sites 

• 20 plants 

+ cooking quality Advanced yieJd trials 36 70-75 
(2 yrs) 2-3 sites 

25 plants 1 3 reps 

Regional triaJs Crossing blocks Participatory evaJuation Gennplasm collection 

Collaboration with Nationai Programs: CIAT has been actively involved with CORPOICA and 
CNPMF/EMBRAP A in the development and implementation of methodologies for the 
evaluation and selection of cassava germplasm with the participation of end-users . Also with 
CNPMFIEMBRAP A, a program has been developed for the development of cassava germplasm 
with adaptation to semi-arid conditions, and potential to be transferred to homologous conditions 
in Africa and Asia. In Thailand, CIA T works with FCRI, on the development and diffusion of 
improved cultivars that have imp~ed and diversified- the genetic base for cassava production in 
the region. This work has had a tremendous impact on cassava production in Asia with wide 
dissemination of improved varieties. CIAT and liT A ha ve active! y collaborated in the 
development and introduction of germplasm into Africa, combining elite Latín American 
genotypes with sources ofresistance to African Cassava Mosaic Disease. Recently, in Latín 
America, an active interaction with the prívate sector involved in starch and feed production has 
been initiated, to -learn more about their demands and tap new sources of financia! support. 
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In Asia and Latín America and the Caribbean, there are relatively few strong cassava breeding 
programs. Among them are El\IIBRAP A/CNPMF (Brazil), INIVIT (Cuba), CORPOICA 
(Colombia), FCRI (Thailand), and lAS (Vietnam). 

Current activities and results 

Our project has centered its activities around the consecution of the following three outputs: 

l . Genetic base of cassava and Manihot species evaluated and available for genetic 
improvement. 

2. Genetic stocks and improved gene pools developed and transferred to National Programs and 
liTA. 

3. National Programs in tropical and sub-tropical Latín America and Asia supported in adaptive 
selection and deployment of improved cassava varieties. 

The main activities developed during the last 3 years, along with the main results are: 

l . Genetic base of cassava and Manihot species evaluated and available for genetic improvement. 

Activities l Summary of results 
l. l. Germplasm characterized for reaction to cassava bacteria! blight (CBB); super-elongation disease (SED) and 
stem and root rot diseases (RR), resistance under field and reenhouse conditions 
• Evaluate cassava genotypes for CBB and 1254 genotypes evaluated for CBB and SED reaction. 526 in 

SED reaction in Villavicencio and Matazul Carimagua, 483 in Villavicencio and 245 in both sites. 62 clones 
found tolerant in Villavicencio and 7 1 in Carimagua: 3 7 clones 
were tolerant in both si tes, 5 of with 5 cycles of evaluation. 

• Evaluate cassava genotypes for RR reaction 
in the greenhouse 

• Evaluate 60 genotypes with different 
pathotypes of CBB causal agent. 

• Develop an efficient inoculation method to 
select for res1stance to RR Phytophthora 
spp. 

• On-farm evaluation of prornising genotypes 
in regions of Colombia where RR are 
endemic (Mitú. Santander de Quilichao) 

• Evaluate parental material. segregating and 
mapping progenies from contrasting 
genotypes under greenhouse conditions. 

16 out of 430 genotypes selected as resistant to Phytophthora 
drechsleri by stem inoculation of young plantlets in the 
greenhouse. Ten of them also have resistance to Phytophthora 
parasítica and Phytophthora cryptogea. 30 genotypes resistant 
to P. drechslerí by evaluation of roots from a group of 150 . 

103 genotypes evaluated. lO had intermedia te reaction to 10-1 2 
strains of Xanthomonas axonopodis pv. manihotis. 

Two root and stem inoculation techniques under greenhouse 
conditions for severa! Phytophthora species were developed and 
with high correlation with field resistance of cultivars. 

Mitú: 9 promising root rot resistant genotypes with different 
cyanide content were planted in 3 indigenous communities. to be 
compared with local varieties. lO varieties wcre planted in two 
govemmemal farms at Mitú. Santander de Quilichao: 16 
promising genotypes with resistance to RR planted in a naturally 
infested field with high incidence of Phytophthora . Local 
varieties were included as control. 

Prcliminary results indicate h..ighly significant differences 
between TSM 30572 (MNGA 2) and CM 2 177-2 by inoculation 
of the stems of young plantlets in the greenhouse with P. 
drechs/eri . 
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Activities 1 Summary of results 

• Evaluation of 1600 segregating progenies 297 genotypes showed low whitefly population and damage and 
and elite gennplasm for whitefly resistance will receive additional evaluation. 

• Yield depression in genotypes selected for 
whitefly resistance 

• Evaluation of gennplasm accessions, 
breeding lines and progenies for mites, 
stemborers and whitefly resistance at 
different breeding sites. 

• Evaluation of selected gennplasm for 
resistance to nútes. 

• Evaluation of selected germplasm for 
resistance to stemborers 

• Resistance mechanisms in selected cassava 
germplasm evaluated for nútes and whitefly 

• Evaluation of genetic diversity and 
heritability for vitamins and mineral content 
in cassava roots and foliage 

• Screening of elite genotypes for 
physiological post-harvest deterioration 

• Evaluation of starch content and granule 
morphology among elite germplasm and 
core collection entries. 

No significant depression observed for resistant genotypes. Up 
to 20% reduction due to whitefly incidence in susceptible ones. 

80% OAT's gennplasm collection evaluated for whitefly 
resistance at Palmira and Na taima; 11 O genotypes were selected 
as resistant Accessions Mper 335 and MEcu 74 selected as 
highly resistant to whiteflies. Progenies from MEcu 72 and 
Mbra 12 about to be released as new varieties in Colombia. 

4495 accessions evaluated for mite resistance in Palmira and 
Pivijay, 133 genotypes selected as resistant 

950 genotypes evaluated, 273 showed low damage (1ess than 1 
peñoration per stem) 

Oviposition by mites and whitflies is reduced by up to 60% in 
resistant cultivars 

Sources of high carotene and ascorbic acid content in the roots 
selected. Inheritance of carotene accumulation determined. 
Stability of carotene content after cooking and drying 
detennined. Variability in mineral content in roots and leaves 
studied. Higher concentrations of vitarnins and minerals in 
leaves justify its use as a food supplement 

GenotypeS with more than lO day shelf-life selected; traits 
associated to PPD can be used as indirect selection criteria. 

Genotypes with enhanced resistance to acid media and freezing, 
and high Pi-starch were selected. Genotypes with abnormal 
starch granule shapes will be studied in detail. 

2. Genetic stocks and improved gene pools developed and transferred to National Programs and liT A 

Activities 

• 

• Establishment of crossing blocks and 
production of recombinant seed from 
previously established blocks 

• Generation (in Thailand) and distribution of 
advanced breeding materials for Asían 
national ro 

We observed a superiority of 68 % of the best selected parents 
over check varieties. A group of 257 genotypes selected for 
recombination. Sources of resistance to pest and diseases as well 
as specific traits selected for the development of control crosses. 

458,027 recombinant seeds produced. Large proportion of our 
work shifted to specific traits, through the development of 
genetic stocks, and pre-breeding populations. 

Unrestricted support and collaboration from the Thai breeding 
program. Distribution of segregating progenies of high value for 
Asian National Programs. 
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Activities 1 Summary of results 
2.2. Selecúon of recombinant progenies for broad and specifíc adaptaúon within major agro-ecosystems (sub-hwnid: 
serni-arid: hi d and acid soil savanna). 
• Evaluaúon and selecúon ofbreeding 

materials at di.fferent stages 

• Mulúplicaúon of selected elite germplasm. 

2 .3. Distribuúon of improved germplasm to 
partners in Laún America and Asia. and to 
IITA. 

Largest irnprovement in relation to the local check variety 
observed for the highland tropics ecosystem, followed by mid­
alútude tropics and the acid soil savannas. 3 3 elite genotypes 
incorporated to the germplasm collecúon and available for 
interchange with Naúonal Programs. A network ofbreeding 
trials has been established and is conúnuously producing results. 

80 has have been dedicated to mulúplicaúon during the latest 3 
crop cycles. Continuous supply of prime quality planúng 
material to develo ment ro'ects throu out the coun 
Considerable improved geneúc diversity transferred to Naúonal 
Programs and other instituúons working on cassava. lncreased 
efficiency of Laún American germplasm introduction into 
Africa. bv the develo ment and shi ment of back cross seed. 

3 . Naúonal Programs in tropical and sub-tropical Latin America and Asia supponed in adaptive selection and 
deployment of improved cassava varieties. 

Activities 1 Summary of results 
3.1 Work together with National Programs in Laún America for the selection, multiplication and disseminaúon of 

elite cassava erm lasm 
• Suppon plaruúng and execution of project 

for germplasm development for semi-arid 
NE Brazil 

• Joint evaluation of cassava germplasm with 
CORPOICA in Northem Colombia 

• Cassava germplasm development for 
Colombian highlands in partnership with 
NGO 's 

• Search for financia! support for integrated 
projects in Paraguay and Cuba. where 
improved germplasm plays a central role 

• Integration of private sector in cassa\'a 
germplasm development project 

• Look for suppon to the Latín American 
Cassava Research Program 

• Panic1pate in the development of a cassava 
multiplication scheme in Nonhem 
Colombia. 

Participatory farmer evaluation of advanced genotypes as a 
routine procedure within the breeding scheme. A group of 
varieties preferred by farmers is Wlder multiplication and proposed 
for formal release. Germplasm transferred to Sub-Sahelian Africa. 

Genotypes selected with a 34% higher dry matter production 
potential than check varieties. A network of representative si tes 
for tesung genotypes in Northen Colombia has been established. 

Potential of cassava to compete with more industrial crops has 
been determined. Thirteen genotypes have been selected as the 
basis for next-year on-farm trials. 

Integrated research and developmcnt proposals developed and 
submitted to donors. Clase interaction with the National 
Programs established. 

A network of companics involved in feed and food industry 
devcloped for testing and multiplication of cassava germplasm. 

Contact made with institutions from the prívate sector (related to 
cassava processing). The idea is supportcd by public programs. 

A de-ccntralized seed multiplication program established in 
Northem Colombia. 1:800:000 high quali ty stakes produced for 
regional and experimental genotypes. Techmcians involved with 
multiplication plans were trained. 
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Activities 

• Participate in the release of new cassava 
varieties 

Summary of results 

7 new cassava varieties were released in Latin America An 
esti.mated area of 200,000 has in Latin America is planted to 
varieties derived from the germplasm maintained at CIAT. 

3.2 Support National Programs in Asia in adaptive selection, multiplication and d.iffusion of improved cassava 
germplasm 

• 

• 

• 

• 

• 

• 

Breeding for maximum productivity and 
adaptation under semi-arid and sub-hurnid 
conditions in Thailand 

Upgrading yield potentiaJ and adaptation of 
breeding populations together with NARs in 
Asia 

Multiplication; release and diffusion of 
improved varieties 

Adoption of cassava varieties and impact 
studies in selected countries. 

Local training of Asian cassava breeders 

Facilitate communication within the Asían 
cassava breeders network 

The significant genetic improvement in cassava yielding ability 
at Rayong FCRC is due firstly to the enhanced biornass and 
secondly to the elevated root dry matter content Although 
considerable improvement with the CIAT/Colombia materials 
has been made, the superiority of the Rayong materials has 
persisted. Five successful varieties have been released since 
1985 in Thailand; a new variety (CMR33-57-81) will be 
released in 1998. 

A total of 112,500 hybrid seeds have been contributed from the 
Rayong program. The genetic variability transferred from the 
center of origin to Asia, exceeds by far the genetic variability 
introduced spontaneously to Asia in the past 3 centuries. 

Three new clones (0MR33-17-5 and KM 95, SM 1157- 3 as 
KM 95-3 and SM 937-26) in Vietnam and 3 new clones 
(CMP62-l5 as VC6, CMP21-15 as VC7 and CM 3422- l as 
Lakan 4) were officially released, making the total number of 
CIA T -related cultivars in Asia raise to 31 (Thailand 7, Indonesia 
3, Philippines 10, Malaysia 2, China 4 and Vietnam 5). 

Total area planted with CIAT-related new cultivars between 
0.787 and 0.860 million ha in 5 countries (Thailand, Indonesia, 
Vietnam, Phillipines and China) in Asia. Total economic effects 
due to the superior yield and quality of new cultivars 
accumulated in the past 10 years is estimated to be U$ 693 
million in Asia 

Emphasis has shi.fted to on-site training. 44 Asian scienusts 
from 7 countries participated in a workshop at harvesung ume in 
Thailand. 

V Asían Cassava Research Workshop was held in the Chinese 
Academy ofTropical Agricultural Sciences; attended by 58 
cassava scientists from Asia and CIA T. Several Asían countries 
have strong programs in germplasm selection and dissemination. 
There is variability in the capacity of different institutions to 
progress in each of the stages that lead to the dissemination of 
successful cassava varieties (i.e. China and Indonesia). 
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Activities Summary of resu lts 

3.3 Develo ment andada tation of end-user 
• Support fanner participatory germplasm 

evaluation in NE and Southern Brazil. 
A network of ~O extension agents and scientist has been t:rained 
in the methodology and are active! y working. Manuals have 
been developed. 

• Work together with NGO's in Northem 
Cauca for the evaluation of improved 
cassava germplasm with farmers and 
processors 

• Start project on fanner participatory 
evaluation of early breeding cycles in 
Northem Colombia 

• Publish Cassava Participatory Breeding 
manual en English. 

• Prepared manuscripts for publication in 
journaJs 

The way ahead 

A group of 18 technicians from the public sector and NGO's 
trained on farmer participatory evaluation. 

Financia! support approved to stan working in October 1998. 
Multiplication of genotypes to incorporare in early on-farm 
evaluation. 

Translation in process. Data analysis package has been 
produced (diskette and manual are available). 

2 papers have been published in Brazil. and 2 more are in 
preparation for pÜblicatlon in inremarionaJ joumals. 

We will continue with the stream-line approach of: screening the available genetic base for 
useful genetic information, combine complementary sources into improved gene pools, and 
transfer those gene pools for adaptive selection with National Programs. We foresee a greater 
use oftools that will help us improved the efficiency of cassava germplasm development. 

Techniques implemented and tools developed for the assessment and more efficient use of the 
gene tic base of cassava 

Finalize the molecular map: The actual molecular map of cassava was developed on a progeny of 
90 individuals, work is on-going to complement the map through the extension to 150 recombinant 
progenies, necessary for studying quantitative traits. Back cross progenies from selected 
individuals in the mapping populations will be u sed to developed a B 1 C 1 map by transfer of 
framework. The project is active\ y involved together with CIA T' s project SB-2 in activities aimed 
at obtaining a highly saturated map, that will serve as the basis for tagging genes responsible fo r 
important processes, and implementing MM assisted selection. 

Development and application of advanced tools for molecular characterization : An effective 
implementation of MMAS and gene tagging will depend o n our ability to adapt and implement the 
most effective tools for molecular characterization, as well as probes related to biochemical 
process of prime importance in cassava. The major activities in the near future will be the 
selection and implementation of multi lex mi~ro satellüe analy?is _é!nd the acquisition and 
preparation of genes for important metabolic processes (i .e post harvest deterioration). lt is 
planned to develop additional micro satellites and DNA markers for cassava germplasm 
characterization, including probes from genes involved in important metabolic processes. 

9 



4 ' 

Implement molecular marker assisted selection: One of the majar objectives of adjusting 
molecular characterization techniques will be to incorporate them as one of the breeders' tools for 
more effective genetic enhancement. The obvious traits for which MMAS will be applied at the 
beginning are those for which we do not ha ve the proper screening environment (i. e. ACMV 
resistance), and those for which there is a screening procedure, but it is subjected to environmental 
influences and variable pressure from biotic sources (i.e. whitefly resistance, root rot), or it is too 
costly and restricted to a small number of genotypes at a time (i.e. starch amylose/amylopectin). 
Once MMAS is preved effective within the developed genetic stocks and the proper parental 
material is identified, it should be incorporated into the progenies that are the basis for the recurrent 
selection program, and fully implement MMAS as a breeder tool. 

Genetic base of cassava and Manihot species evaluated and available for cassava improvement 

Identify and study sources and mechanisms of useful genetic variability in cassava and Manihot 
species: Priority will be given to screening the core collection, and wild species collection as 
sources of useful genetic diversity. Once desirable traits are identified, mechanisms and processes 
responsible for the higher levels of expression of those traits will be studied in order to 
comprehend and manipulate them in a more effective way. The active input from Pathologists and 
Entomologists is expected to continue. The main gaps to fill will be in the areas ofPhysiology and 
Root Quality. There will be a need to search for altemative ways of keeping competence in these 
are as. 

Agronomic evaluation of mapping populations and genetic stocks: Interaction with other scientists 
will be crucial to set priority traits for gene tagging molecular assisted selection. A meaningful 
agronornic evaluation depends on the sites we can use for that purpose. The 3 main sites used for 
the recurrent selection program, may not be able to suit all the evaluation purposes in the best way. 
Field evaluation in additional sites is an expensive endeavor, therefore we should príoritize these 
activities in order to come up with the most effective way for testing. Molecular and phenotypic 
information will be integrated using the genetic map to localize important genes for each trait in · 
preparation for MMAS. 

Gene tic stocks and improved gene pools developed and transferred to NARs and AROs 

Development and maintenance of genetic stocks: Populations are developed by the recombination 
of contrasting genotypes for a particular trait (i.e. whytefly resistance) or sets of traits 
(physiological traits). The majar purpose of these stocks is to provide the basic material for 
heritability studies, gene tagging and studying of mechanisms of resistanceltolerance, efficiency, 
etc. 

Incorporation of wild germplasm into cassava: Although we have limited information on the 
potential of Manihot species as contributors of valuable genetic information, there are already a 
few well documented cases that will deserve our attention in terms of inter-specific crosses, and 
making that genetic information available to the breeding programs; escaping drought (Manihot 
spp, "manicobas"); leaf anatomical structure (Manihot rubricau/is); and waxy starch (Manihot 
crassisepala). Once we know more about the potential contribution of wild species for 
quantitative traits, a QTL breeding program can be initiated using a very broad base population. 
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Development of parental populations: The recombination of selected genotypes from the recurrent 
selection scheme, will not only provided initial material for the following selection cycle, but it 
will generate the populations that will be supplied to NARs. The recombination work should be 
expanded to incorporate a larger proportion of crosses between CIA T' s selected genotypes and 
genotypes of interest to NARs (i.e. landraces from Asia, ACMV resistant genotypes from liT A, 
etc.). 

Implementation of a recurrent selection program across ecosystems: 

Improved germplasm continuous to be the core of the project activity, and the most important link 
to National Programs. Presently, improved gene pools are developed for 6 of the 7 previously 
defined ecosystems where cassava bears importance: Sub-humid lowland tropics, Semi-arid 
lowland tropics, Acid soil savannas, Mid-altitude and Highland tropics and Sub-tropics. In the 
1998-200 l MTP reduced emphasis was assigned to breeding activities, with higher emphasis given 
to pre-breeding work. For this reason we propose to concentrate on the development of a low-land 
tropics improved populations through a recurrent selection process involving 3 sites: Santo Tomás 
(Sub-humid), Santander de Quilichao (Mid-altitude and acid soils) ; and Palmira (more fertile 
soils). The proposed scheme is based on a more systematic evaluation of a much reduced number 
of initial segregating progenies. Selected genotypes will be used to generate recombinant 
progenies to re-start the selection cycle, and they will al so be crossed to sources of local adaptation 
(i.e. Asian landraces, ACMV resistan! lines from IlT A, etc.) to generate at least 50,000 seeds/year 
intended for distribution to liTA and NARs. A similar scheme will be put in place for the mid­
altitude and highland tropics ecosystems combined. Germplasm development for the semi-arid is 
also considered in the special project financed by IF AD until 1998. 

Distribution of improved populations and/or genetic stocks to NARs and AROs: This constitutes 
the nexus of our institution to other programs in the developing world . Currently we are producing 
more than l 00,000. seéds/year for distribution. It is foreseen that the number will shrink to 50,000 
in the future due to a reduction in our breeding activities. Population development and seed 
distribution will be rationalized, given the enhanced capacity of sorne National Programs to 
produce their own segregating material. 

Relationship with National Programs in Latin America: This is the only outreach activity for Latin 
America, and it is based on a 3 -year special project financed by IF AD. This project is conducted in 
close collaboration with our Brazilian counterparts. and includes germplasm evaluation, selection 
and recombination, as well as farmer participatory evaluation of advanced selections; and supply of 
segregating progenies to other programs in homologous environments (i .e. liT A for semi-arid 
Africa). There is considerable interest from the prívate sector (mainly processors) to support 
cassava research (particularly the development and diffusion of new varieties). CIA T is working 
to build a Latin American consortium for cassava research. This will not only contribute research 
funds, but also bring new opportunities for the participation of end users in designing and 
executing research. 
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INTRODUCTION 

The majar goal of our project is to contri bu te in increasing and stabilizing cassava production in 
diverse environments and for different markets, by developing improved gene pools in 
cooperation with national programs. The purpose of our project is to generate basic 
understanding, tools and irnproved cassava germplasm for sustainable enhancement of cassava 
production and the diversification of end-uses in relevant ecosystems. The most important 
ecosystems are: the semi-arid (below 800 mrnlyear, unimodal); the sub-humid (800- 1500 mm 
/year, birnodal rainfall distribution), the acid soil savannas (1500- 3000 mrnlyear, short dry 
period. low pH). The humid tropicallowlands; the mid-altitude tropics; the high-altitude tropics 
and the subtropics represent ecosystems of secondary importance in terms of area and total 
production. The main selection activity is conducted in sites selected to represent the conditions 
of the target ecosystem. For each of the zones we conducta recurrent selection program. with a 
progressive set of stages. 

As the breeding stages progress. we give emphasis to traits of lower heritability, because we 
ha ve more planting material for each genotype. and the evaluation can be conducted in bigger 
plots with replications. Certain selection criteria are of general importance across ecosystem (i.e. 
yie ld potencial. dry matter content). while others are specific fo r each ecosystem (i.e. pest and 
diseases). Elite genotypes are used as parents to obtain recombinant seed that is used to initiate a 
new se lection cycle. and also transferred to National Programs for their adaptive selection 
programs. Besides the selection of superior genotypes a majar research priority is the 
development and use of research tools that will shorten the breeding cycle and increase its 
efficiency. such as molecular marker assisted selection, and farmer participatory evaluation at 
early stages of the breeding cycle. New sources of resistance to majar biotic and abiotic 
constraints. and favorab le alleles for root quality traits are constantly being incorporated through 
recombination and se lection. 

CIAT has been actively involved with CORPOICA and CNPMF/EMBRAPA in the development 
and implementation of methodologies for the evaluation and selection of cassava germplasm 
with the participation of end-users. Also with CNPMF/EMBRAP A. a project has been 
implemented for the development of cassava germplasm with adaptation to semi-arid conditions. 
In Thailand. CIAT works with FCRI. on the development and diffusion of improved cu ltivars 
that have diversified the genetic base for cassava production in the region. This work has had a 
tremendous impact on cassava production in Asia. CIAT and liTA have active ly collaborated in 
the development and introduction of germplasm into Africa. combining elite Latin American 
genotypes with sources of resistance to African Cassava Mosaic Disease. Recently. in Latín 
America. an active interaction with the privare sector involved in starch and feed production has 
been initiated. In Asia and Latín America and the Caribbean. there are relatively few strong 
cassava breeding programs. Among them are EMBRAPA/CNPMF (Brazil). INIVIT (Cuba). 
CORPOICA (Colombia). FCRI (Thailand). and lAS (Vietnam). 

This repott summarizes activities and resu lts obtained during the last 3 years. with greater 
emphasis nn the activities developed during the period 1997-98. 
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CIAT-PROJECT: IP-3 ll\IPROVEll CASSAVA FOR THE OEVELOPING WORLI1 

Narrativc summary 

Program gou/: To incrcasc w1l1 stahilitc 
cassava pnxluction in Jivcrsc 
cnvironmculs and lúr dillcrcnt markcts, hy 
tk vd oping i111provl.!d gl.!lh! pools in 
coopcration wil11 national progrwns 

Project¡nopose: To gcncralc hasic 
unllerst;mlling, I<Xlls and improvcd cassava 
gcrmpla::.m for sustainahle gcnctic 
improvcmcnl of cassava production and 
l11c di vcrsilicalion of cnd-u~es 

Out¡mts: 

-Genetic hase uf cassava ancll\lanihut 
spedes e\·aluated and availahle fur 
gcnetic imprtl\'cmcnt 

-Genetk stocks ancl impruved gene pools 
developed and transfcrred tu national 
prugrams 

-Natlunal prugram'i in tropical and sub­
tropical Latin America and Asia 
suppurted in adaptive selection and 
dcploymcnt nf impruved cassava 
varletles 

fllJIII IS .' 

Senior stalls: 
Suppon personncl : 
O peral ion al rcsoun:cs: 
Total: 

Core 
259, 140 

X7,523 
41 ,5 1ó 

3XX, I 7Y 

Spccial 

57,414 
Xó,7Xó 

144,200 

Ohjcctivcly vcrifiahlc indicaturs 

-Hcctares undcr improvcd varietics. 
-lmprovcmenl in economic retum by 

fanncrs growing improvcd varictics 
-Fluctuation in cassava yiclds ovcr 

ycars 

-Rclati vc improvcmcnt in l11e most 
relevan! trails 

-Preterencc by linal users (htnners 
;u¡d proccssors) 

-Broad-hasc network involving puhlic 
mlll pri vate sector 

Gcnotypes inn dilferent categories 
(Lolcr<uH.:c/ rcsist;mcc; quality, etc.) 

-Description of mcch;ulisms 
-Genelic disi<:UICeS 

-Numher of recomhin;ull sceds 
produced ;md II<msferred 

-Numher of elite genotypes selected 
-Populations rnaintained 
-Field lfials estahlished 

-Numher uf rec..:omhirumt sceds 
tnmsferred 

-Nurnhcr of farrncrs panicipating 
-Nurnher of varicties releascd 
-Arca undcr rclcascd varictics 
Senior StaiT: 2.20 
Suppon stall: 4.35 
Secrctarics: O. 70 
Ficld workcrs: ó.YO 

Means of verllkatlon 

-Projcct repon 
-Publica! ions 
-Counlfy wH.I regional 

production slatistics 
-Adoption w1d impacl studies 

-End-of-prqjecl repon 
-Publications in referce journals 
-Proceedings from network 

meeting 
-Adoption ;u¡d impact studies 

-Project repon 
-Publications in rcfcrce journals 

-CIA T' s main data-hase; lites on 
seed production a.nd shipmenl, 
<md elite genotypes 

-Field visits 
-Reports éUld puhlications 

-Projecl repon 
-Ficld day hrochures 
-Puhlications 
-Counlfy prodm:lion reporls 

-Budgct c..:ontrol spread-shcct 
-Projccl rcporls 

Critica} assumptlons beyond the 
control of the project team 
-Starch and dry cassava markelS continue 

with high dynamism 
-National programs are active and stroog 

in most importanl counlfies 
-Prívate sector actively involved in the 

diffusion of improved germplasm 
-Proper financial supporl 
-Active collaboration with NARs 
-Active collaboration with advanced 

research organizations 
-Support from public and prívate sector 
-Availability of representative sites 

-High heritabihty of traits 
-Sufticient genetic diversity towards 

desirable side 
-Adequate seleclion sites 

--Adequate interaction with other 
disciplinary scientists 

-Crossability wit11 wild species 
-Heritability of traits 
-Adequale lab-tield integration 

-Usefulness and relevance of new 
cultivars 

-Adequate slfengtJ¡ of NARs 
-Proper dissemination channels 

-Stable core support 
-Capacity to attract non-lfadilional 

donors 
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CIAT-JJIW.IfCJ': /f -3 /Mf/WV/:D CAS.\AVA FOR J'HE nEVELOPING II'ORLD 

Ye<tr 1998 
OutpuU Activities Res p. Time J F M A M J J A S o N D 

(%) 
l . Genetic base (!( cassam allif Manihot species evalwued and available .for 

cassm•a improvenrent 
1.1. C.crmplasm charactcrizcd l'or rcaction to cassava hactcrial hlight EA 50% 
(CBB); supcr-clongatiun discase (SEJ)) and stcm ancl root rot diseases 
(UR), rcsistance under field and greenhouse conditions 

• Evaluatc 250 genotypes for CBB éUld SED real:tion in Villavil:encio 
éUld Matazul 

• Evaluate 480 genotypes for RR reaction inthe greenhouse 

• Evaluatc 60 genotypes with diiTcrcnl pathotypes of Xwalunno11as 
axonopodis pv. manilwtis in the greenhouse 

• Rapid multiplic<ttion of promising genotypes for future experimems 

• Develop an eflicient inoculation method to selecl tor resist<mce to 
Plrywplalwm spp. 

• On-lann evt.~luation of promising genolypes in regions of Colomhia 
where RR <Ue endemic (Swuander de Quilíchao, Mitü) 

• Evaluate parental material <md segregatíng progenies from contrasting 
genotypes under grcenhousc conJitions, induding mapping progenies 

• Estahlish segregating progenies for lield evaluation 

1.2. Charactcrizatlun of cassava germplasm l'or resistanceltolerance tu AB 50% 
major pests 

• Evaluation 1600 dones Tolima <Uld CIAT for whitdly rcsistwH.:e 

• Regional yídd trials, whitcll y rcsist<Ull dones ;uld hybrids. Huila ami 
Tolima (witJl CORPOICA) 
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• Yicld dcprc~~ i on prom.i~ ing dones for whi telly resistance. Tolima 

• Evaluat ion of cassava gcnnplasm accessions, brceding lines and 
progeny for mitcs, stcmhorcrs (C/Jilomima c/arkei ), whitellics tuld 
other al Meta (Villavicencio), Costa (Pivijay), Tolirna and CIAT (witll 
Breeding progrwn ) 

• Evaluation of selcctctl gcrmplasm (525 dones) for resistance to mi tes 
(Pi vi,iay) 

• Evaluation of selectcd gerrnplasrn li>r resistw1ce to sternhorer C. c/arkei 

• Pl;ulling of :.clected germplasm for pest resist<mce; in crease materials 

• Resistance mechwlisms in selecteJ cassava germplasm evaluated for 
mi tes m1d whitellies 

1 

• Selected crosses between whitell y (MEcu 72 m1d mite (M Ven 125) 
resistan! dones 

1.3 Gt!rmplasm t!valuatlon for root ctuality tralts CI 5% 

• Evaluation of genetic diversity <UHJ heritahility for vit<Unins and 
mineral content in cassava roots and foliage 

• Screening of elite gcnotypes for physiological post-harvest 
detcrioration 

• Evaluation of starch content ;md grwmle morphology <unong elite 
germplasm ;mtl core collec.:tion en tries. 
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CIAT-PIW.IECT: l f-3 - - --- .-..--- IMPIWVEn CASSAVA FON THE VEVELOPING WORLLJ 

Time Year 1998 
Output/Activities Res p. (%) J F M A M J J A S o N D 
2. Genetic stocks mul ÍII IJl/'OI'ed gene poo/.1· developed allll rrw1.~Jerred ro CI 15% 

national progmlll.l' 

2.1 Prud uction ol' •·ccmuhinant seeds to re-initiatc hrccding e y ele and 
suppurt natiunal pro~ralll'i 

• Sclel.:tion of parental material hascd on prcvious cydc rcsulls, and the - -information ohtained from the previous outpul (rcsist<ulcc/tolerance, 
quali ty traits. 

• Establishment of crossing hlocks <Uld production of rewmhinillll seed 
from prcviously estahlished hlocks 

• Generation (in Thailand) illld distrihutinn of advw1ced hreeding 
materials for Asiwl national prmmuns 

2.2. Sclectiun of recomhlnant progenies for hroad and spcdfic 
adaptation within major agro-ccosystcms (suh-humid; scml-arid; 
hl~hland and acid sull savanna). 

• Evaluation ;md sclcction of hrccding matcrials at dilfcrcnt stages 

• Multiplication of selected elite gennplasm . 
2.3. Distrihutiun uf impruved germplasm tu partncrs in Latin America 

and Asia, and tu liTA. 
2.4. Prupagatiun uf mapping progenies, lntcr-specitic hyhrlds and 

~enetic stucks. 
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CIAT-PIW.IIX 'J': lf-3 /Mf/WVEI> CASSAVA FOR '/Ht: JJHVELOP/NG WORLD 

Time Year 1998 
Output/ Activitics Resp. (%) J F M A M 1 1 A S o N D 
3. Naliunal progrtlllls in trupical allll sub-tm pical úain America ami Asia 

supportetl in adaptil'e se/ectirm ami dep!oymenl uf improved cassava 
variet ies 

3.1 Work tugcthcr with Natiunal Progrmns in Lutin Amcrica for thc Cl 20% 
selcction, multiplication and dissemination uf elite cassava 
~ermplasm 

• Support pl;uming <Uid cxecution of pn~jcct for gennplasm development 
for scmi-arid NE Brazil 

• Joint cvaluation of cassava germplasm witl1 CORPOICA in Nortl1em 
Colombia 

• Cassava gcrmplasm Jcvelopmem for Colomhi<m highlands in 
partnership witl1 NGO's 

• Scarch for lin¡mcial support for integratcd prqjects in Paraguay <Uld 
Cuba, where improved germplasm plays a central role 

• lntegration of private sector in cassava gennplasm dcvclopment project 

• Look for support to tl1e Latin American Cassava Research Program 

• Part icipatc in tlle Jevelopment of a cassava multiplication schemc in 
Nonhen Colomhia 

• Participate in t11e release of 3 new cassava varieties 
3.2 Support Natiunal Programs in Asia in adaptive selection, KK 80% 
multiplication ami dill'usion of improvcd cassava gcrmphasm 
• Breeding for maximum proJuctivity and adaptation under semi-arid 

<md sub-humid conditions in ThailanJ 

• Upgrading yield potcntial w1d adaptat ion of hreeding populations 
togcther with NARs in Asia 
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• Multipli~:<tlion ; rdcasc anJ Jiffusion of improvcd variclics 

• Adoption of cassava varicties anJ impacl sl utlies in selected couJHiics . 

• Localtraining of Asían cassava hreedcrs 

• Faci lilale communication wiLhinLhc Asi<UI cassava brecders network 

3.3 Devélopment ancl adaptationof end-user participatory germplasm LAH 50% 
evahmtion and selection methodolul.!ies 

• Supporl fanner parlicipaiOry gcrmplasm cvalualion in NE <Uid 
Southcm Brazil. 

• Work togcLher with NGO's in Northem Cauca for the evalualion of 
improvcd cassava gennplasm with f¡mners anJ processors 

• Start projcct on lill'mer participalory evaluation of early brceding cycles 
in Northern Colomhia 

• Puhlish Cassava Participalory Brceding mwwal en English . 

• Prepared m.ulllscripts lor publication in joumals 
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Highlights 

• Eighty one cultivars of cassava identified as resistant to rnites (Mononychellus tanajoa) in 
two ecological zones. 

• Six additional cultivars identified as resistant to whiteflies (Aleurotrachelus socialis) . 
• For cassava, new sources of resistance to cassava bacteria! blight, superelongation disease, and 

Phytophthora root rots (RR) have been identified in the greenhouse and field. 
• With the participation of indigenous women, evaluations of cassava genotypes for resistance to 

RR were implemented in the Department of Vaupés, southeastern Colombia. 
• Evaluations by participating farmers of cassava genotypes for resistance to RR were 

implemented in the Department of Cauca (southwestern Colombia) and the State of Sergipe 
(Northeast Brazil). 

• Twenty-eight local varieties from Vaupés were introduced to CIAT, and evaluated for RR 
tolerance in the greenhouse. 

• A new method of rapid rnultiplication of cassava in an oasis substrate was developed to ensure 
rapid production of vigorous healthy planting material for experiments. 

• The screening methodology was modi.fied to permit the evaluation. in the greenhouse. of large 
numbers of cassava genotypes tor resistance to pathogens causing RR. 

• Recombinant progenies were obtained from crosses involving RR resistant and susceptible 
parental cassava materials. They were then evaluated for their reaction to high inoculum 
pressure, to map genetic tactors responsible tor resistance. 
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IMPROVED CASSA VA FOR THE DEVELOPING WORW 

OUTPUT 1: Genetic base of cassava and Manihot species evaluated and available for 
cassava improvement. 

Sub-output 1.1. Characterization of Cassava Germplasm for Resistance to Cassava Bacterial 
Blight (CBB), Superelongation Disease (SED), and Stem and Root Rot 
Diseases (RR) under 8oth Field and Greenhouse Conditions. 

Activity l. 1.1. Characterization of 250 Genotypes for Their Reaction to CBB and SED in 
Carimagua and Villavicencio, Department of Mera, Colombia. 

At "La Libertad" (Villavicencio) and Carimagua, 158 and 219 cassava genotypes. respective ly. 
were characterized for their reactions to CBB and SED under natural disease pressure formed by 
severa! pathotypes of each causal agent. These genotypes were evaluated tor at least two crop 
cycles. Of all the genotypes. 7% were identified as resistant to both diseases (Tab le 1.1.1.1). From 
the group of 67 varieties evaluated during ti ve crop cycles at Carimagua. tour clones were resistant 
to both diseases. No vruieties were resistant to both diseases in both evaluation sites, confirming the 
hypothesis that each pathogen is genetically diverse. 

In April, 246 cassava clones were planted at Matazul (Puerto López. Meta). which replaced the 
Carimagua site. At Villavicencio. 198 clones were also planted. 

Table l. l. l. l Cassava varieties. resistant to cassava bacteria! blight and superelongation 
disease. were evaluated during two to tive crop cycles at Carimagua and three 
c:z:cles at Villavicencio. DeEartment ofMeta. Colombia. 

Variety Crop cycles Root yield Variety Crop cycles Root yield 
(no.) (tlhar (no.) (t/hat 

Carimagua Carimagua (continued) 
CG 1367-l 5 32.5 SM 1459-2 4 32.2 
M BRA 703 4 14.0 SM 1468-5 4 37.5 
M BRA903 5 20.3 SM 1479-8 -l 5.3 
M BRA917 4 24.9 SM 1558-18 3 34.0 
M ECU 82 5 16.5 SM 1697-2 3 25.7 
M ESC-FLA 006 3 18. 1 SM 1821-7 2 47.4 
M ESC-FLA 007 4 36.8 SM 1826-0 2 29.9 
M ESC-FLA 02 1 3 24.4 
M ESC-FLA 039 3 23.9 
M ESC-FLA 075 3 34.7 Villavicencio 
SG 104-74 5 28.3 CM 2772-3 3 10.6 
SM 1144-4 4 37.8 MCOL 707 3 4.5 
SM 11 52-l3 4 35.3 M COL 2387 3 3X.5 
SM 1159-6 -l 17.1 M COL 2409 3 18.3 
SM 1215-1 4 40.3 MCOL 2538 3 5.2 

a. Last crop cycle. 



Activity 1.l.2. Characterization of 480 Genotypes for Their Reaction to Phytophthora Root Rot 
Diseases in the Greenhouse. 

Field evaluation of cassava varieties for resistance to root and stem rots is costly, and a high. 
uniform, inoculum pressure difficu1t to maintain. Young cassava sprouts were therefore grown in 
the greenhouse and inoculated by wounding. The p1ants were then incubated at high relative 
humidity to stimulate symptom development and evaluated 7, 14, 2 l. and 28 days after inocu1ation. 
Disease progress for each variety was recorded by means of graphs and values obtained by 
estimating the areas be1ow the curves. We carried out several experiments, using this technique. 

We selected 420 genotypes and characterized them for their reaction to a highly pathogenic 
isolate (Pl2) obtained from Brazil. In contrast to most inoculated varieties, 59 genotypes had 
mínima! lesion development and were thus considered to1erant (Table 1.1.1.2). 

Table l.l.1.2. Evaluation of 420 cassava genotypes for their reaction to the root rot pathogen. 
Phytophthora drechsleri. under greenhouse conditions. 

Genotypes 
Reaction No. % 

To1erant 59 14 
lntermediately tolerant 114 27 

lntermed iate 116 28 
Susceptible lOO 24 

Highly susceptible 31 7 

Total 420 100 

In a second trial. 60 genotypes were inoculated with tive isolates from different Phyrophthora 
species collected from imponant cassava-growing regions around Colombia: isolate P4. of the 
species P. parasirica: isolates 17 and 44 fi·om Barce lona (Department of Quindío): isolate 66 from 
Palmira (Valle): isolate 69 from Buenaventura (Valle). These last tour were P. drechsleri. As shown 
in Tables l.l.l.3 and 1.1.1.4. only 13 varieties were intermediately tolerant or tolerant to most of 
these isolates. panicularly M BRA 697. M BRA 78 1. M COL 306. and M COL !780. Field 
evaluations in the Depanments of Cauca and Vaupés (Colombia) were initiated to contirm tolerance 
under tield conditions. These 13 varieties were also planted at ICA's Palmira Experiment Station 
for seed increase. 



Table l.l.l.3. Cassava genotypes selected for tolerance of different Phyrophthora species in 
the I[eenhouse. 

Genotype Isolate• Tolerance of 
P12 P4 44 66 Z7 69 isolates (%) 

CM 523-7 MT MT MT T MT MT 17 
CM 5655-4 MT MT 1 T T T 50 
CM6370-2 MT MT MT MT T MT 17 
CM6740-7 T MT MT MT T MT 33 
CM 7951-5 MT MT T T MT 33 
MARG 13 1 MT T 1 T T 50 
M SRA 73 S S T T T T 67 
M SRA97 T MT T T T T 67 
M SRA 311 T T T MT T MT 67 
M SRA 383 MT MT T T T T 67 
M SRA46l 1 T T MT MT 33 
M SRA 697 T T T T MT T 83 
M SRA 781 MT T T T T T 83 
M SRA 819 T S MT MT T MT 33 
M SRA894 S MT T T MT T 50 
MCOL 72 T MT T T T MT 67 
MCOL306 T MT T T T T 83 

MCOL534A T 1 MT T MT 33 
MCOL 764 MT MT T T MT T 50 
MCOL 1468 MT MT MT MT T MT 17 
M COL 1505 MT MT MT T T MT 33 
MCOL 1566 S T MT 1 T MT 33 
MCOL 1684 MT MT T T T 1 50 
M COL 1780 T T T T T 83 
M COL 2025 MT T T T 50 
M COL 2550 MT MT T T T MT 50 
M COL2733 MT T MT MT MT 17 
MCR45 MT MT T T T T 67 
MDOM~ T T T T MT 67 
M ECU 31 T MT MT MT T MT 33 
M PER 183 MT MT MT T 1 17 
M PER 184 MT MT T MT T T 50 
M PER 221 T MT MT MT T MT 33 
M PER~38 T MT MT T T MT 50 
M PER~96 T MT MT T MT MT 33 
M PER542 T MT MT T MT MT 33 
M VEN 23 T T MT T T MT 67 
SM 526-3 T T T T MT MT 67 
SM 1 210~ MT MT MT MT 1 o 
SM 1219-9 MT MT MT T MT 17 

Virulencc (%) 43 20 50 63 73 35 
a. Origin of iso1ates: P12 (Srazil). P4 (Colombia): 27 and 44 (Quindío. Colombia): ó6 and 69 (V<ú1e. Colombia). 

Reat:tion to tbc discase: T = tolcmnt.: MT = intermediate1y to1er.mt: 1 = intermcdiate: S= sust:eptib1e. 

3 



Table 1.1.1.4. Characteristics of the 13 cassava genotypes that most tolerated Phytophthora root 
rots. 

Genotype Origin HCN content• Root color Root yieldb Reaction to otber diseasesc 

CBB SED 

M BRA 73 Brazil 7 White 14.3 5 5 

M BRA97 Brazil 8 White 18.1 5 3 

MBRA311 Brazil 8 Yellow 12.0 3 4 

M BRA383 Brazil 7 White 17.8 3 4 

M BRA697 BrclZ.il 7 White 13.5 

M BRA 781 Brazil 7 White 16.2 3 2 

MCOL 72 Colombia 6 White 13.9 5 3 

M COL 306 Colombia 6 White 6.7 2 2 

M COL 1780 Colombia 5 White 1.5 2 

MCR45 Costa Rica 7 Yellow 17.0 2 3 

MDOM 4 Dominican 5 Cream 13.0 2 
Repubüc 

M VEN 23 Venezuela 9 White 14.0 4 5 

SM 526-3 Colombia 7 Crea m 19.8 3.5 J 

a. Cyanide content: l = low: 9 = very high. 
b. Ton/ha. 
C. Scale: 1 = tolerant: 2 = moderately tolerant: 3 = intennediate: 4 = susceptible: 5 = highly 

susceptible. 
d. Not determined. 

Activitv 1.1.3. Churacreri:arion of 69 Genorypesfor rheir Reacrion ro Differenr CBB Parhorypes 
under Greenhou.\·e Conditions. 

We characterized 69 cassava genotypes for their reaction to CBB under greenhouse conditions. 
Young cassava plants were grown in the greenhouse. inoculated by stem puncture with an aliquot of 
bacteria! suspension at 1 X 10:< cfu/ml. Disease severity was recorded 7. 14. and 21 days after 
inoculation. Each variety was inoculated with 12 pathotypes of Xanthomonas axonopodis pv. 
munihoris. the causal agent of CBB. from difterent edaphodimatic zones in Colombia. Brazil. and 
Venezuela. All 12 isolates were highly vi.rulent: the five most vuulent being C IO 616. CIO 763. 
SantoTomás 1 B. CIO 277. and CIO 10. which were isolated from Mitú (Vaupés). Pueno López 
(Meta). Santo Tomás (Atlántico). Boca del Pozo (Monagas. Venezuela). and Bms ília (Goiás. 
Brazil). respectively. Seven cassava varieties were intermediately resistant to 7 or 8 of the 
pathotypes tested (Table 1.1.3.1 ). and se ven were susceptible to all pathotypes. 
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Table 1.1.3. 1. Disease reaction of cassava genotypes to 12 strains of Xanthomonas axonopodis pv. manihotil, the causal agent of cassava 
bacteria! b l i~ht. 

T01at 3 Clone FR6 lsolalcsc I+R(%)• 

v e Y2 Yl32 Y372 STIA STIB C24 1 C IO C261 C277 C285 C763 C616 R I S 
CG 165-7 S - 1 S S S S S S S S S S S o 1 11 8 
CG 1355-2 H S S S 1 1 S 1 S S S S S S o 3 9 25 
CM 305-4 1 - - S S S S S S S S S S - o o 10 o 
CM 1223- 1 H 1 S S S S S S S S S S S S o o 12 o 
CM 3372-4 H . S S S S S S S S 1 S 1 S o 2 10 17 
CM 4574-7 H H S 1 1 1 S 1 S S S S S S o 4 8 33 
CM 4772-4 . . 1 1 S S S 1 S 1 S S S S o 4 8 33 
CM 52g6-3 H H S S S S S S S S S S S 1 o 1 11 8 
CM 5655-4 . - S S S S S S S 1 S S S S o l 11 8 
CM 6306- 11 - . 1 1 S S 1 - S 1 o 4 3 57 
.CM 6370-2 1 . S S S 1 S S S 1 S S S S o 2 10 17 
CM 6438- 14 H R 1 1 S S S S 1 1 S 1 I 1 o 7 5 58 
CM 6740-7 . S 1 S S 1 S S 1 1 1 1 S S o 6 6 so 
CM 6858-3 - 1 1 S S 1 S 1 1 1 S S 1 S o 6 6 so 
CM692 1-3 H 1 S S S 1 S S S S S S S S o 1 11 8 
CM 7274- 1 H 1 S S S S S S S S S S S S o o 12 o 
CM 75 14-7 - R S S S 1 S S S 1 S S S S o 2 10 17 
CM 7772-2 . S 1 S S 1 S S S 1 1 S S S o 4 8 33 
CM 7772- 11 - S S S S S S S S S S S S S o o 12 o 
CM 78 11-1 5 - - 1 S - - S S S S o 1 5 17 
M ARG6 1 S S 1 S S S S 1 S 1 S S S o 3 9 25 
M BRA 13 - - S 1 1 S S S S 1 S 1 S S o 4 8 33 
M BRA 71 1 - S S S 1 S S S S S S S S o 1 11 8 
M BRA 237 1 S S S S 1 S S S 1 S S S S o 2 10 17 
M BRA 3 11 H . S S S 1 S S S S S S S S o 1 11 8 
M BRA 403 - S S S S 1 S S S S S S S S o 1 11 8 
M BRA 404 S S 1 1 S 1 S S S 1 1 1 S 1 o 7 5 58 
M BRA 435 - S S S S S S S S S S S S S o o 12 o 
M BRA466 . . 1 S S 1 S S 1 S S S S S o 3 9 25 
M BRA 474 1 1 S 1 S S S S S 1 S S S S o 2 10 17 
M BRA 489 . - S 1 1 1 1 1 1 1 S S S 1 o 8 4 67 
M BRA S02 - 1 S S S S S 1 1 S S 1 S S o 3 9 25 
M BRA 532 . . 1 1 S 1 S S S 1 1 S S S o S 7 42 
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f\1 BRA 53-t R 1 1 1 S S S S S 1 1 S 1 S () 5 7 42 
f\ 1 BRA 5XlJ R 1 S S 1 S S S S 1 1 S S S o 3 9 25 
l\1 BRA 5()0 - 1 1 S S S 1 S S S 1 S S S o 3 9 25 
f\1 BRA ólJ(} ."1· R 1 S 1 1 1 S 1 1 S R S S 1 6 5 58 
M BRA X52 R R S 1 S 1 1 1 S 1 S S S S o 5 7 42 
M BRA XXI \j . - 1 1 S 1 S S 1 1 1 1 I S o 8 4 67 
M BRA 104-t - - 1 S 1 S S 1 S 1 S S S S o 4 8 33 
M BRA 10-t:l - - S S S 1 S S S S S 1 1 S o 3 9 25 
t-.1 COL 72 R - S S S 1 S 1 S 1 S S S S o 3 9 25 
M COL 1505 S S S S S S S S S S S S S S o o 12 o 
M COL 2216 \ ' . - S S S 1 S S S R 1 S S 1 1 3 8 33 
M COL 2250 - - S S S 1 S 1 S 1 S S S S o 3 9 25 
M COL 2253 - - 1 S 1 S S 1 S 1 S S S S o 4 8 33 
M COL 2255 - - S S S 1 S S S 1 S S 1 S o 3 9 25 
M COL 2265 - - S S S 1 S S S S S S S S o 1 11 8 
M COL 2300 - - S S S 1 1 S S 1 S S S S () 3 9 25 
M CR45 - - 1 S 1 1 1 1 1 1 S 1 S S o 8 4 67 
MCUB 5 - 1 S S S S S 1 S S S S S S o 1 11 8 
M ECU 191 - - S S S 1 S S S S S S S S o 1 11 8 
M VEN25 S S S 1 S 1 S S S S S S 1 1 o 4 8 33 
SM 593-5 R S 1 S S R 1 S S 1 S R S S 2 3 7 42 
SM 627-5 R 1 S S S 1 S S S S 1 S S S o 2 10 17 
SM643- 17 - S S S S S S S S S S S S S o - 12 o 
SM 653- 14 - - S S S 1 S S S S S S S S o 1 11 8 
SM 71Y-6 - - S S S S S S S [ S S S S o 1 11 8 
SM 9W-25 - - S S 1 1 S S S 1 S S 1 S o 4 8 33 
SM 985-Y R - S S S S S S S S S S S S o o 12 o 
SM 1036-S R 1 S S S S S S S S S S S S o o 12 o 
SM 12 10-4 - - S S S S S S S 1 S S S S o 1 11 8 
SM l-t06- l - - S S S S S S S 1 S S S S o 1 11 8 
SM 1479-8 - R S S S S S 1 1 1 S S S S o 3 9 25 
SM 1483-1 - 1 S S S 1 S 1 S 1 S S S 1 o 4 8 33 
SM 1557- 17 - S S S S S S S S 1 S S S S o l 11 8 
SM 1694-2 - u S S S S S 1 1 R S S S S 1 2 9 25 
SM 1697-1 - - S S S 1 S 1 1 l S S S S o 4 8 33 
SM 7666-31 - - 1 S R S S S R S S S 2 1 7 30 
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Tutals 
Resist<Ull 27 IX o o o 2 o o o 3 o 2 o o 
lntenncJiatc l) 22 20 13 10 34 ~ 17 13 36 12 8 9 8 
Susceptible 17 33 41} 54 57 31 60 51 55 29 56 58 59 60 

Virulence (%) 71 81 85 46 88 75 81 43 82 85 87 88 

a. Disease reaction: R = resistant; I =intermediare ; S =susceptible. 
b. Fie ld reaction at different crop cycles between 1980 and 1997 in Villavicencio (V) and Carimagua (C) , respectively. 
c. lso lates: Villavicencio 2; Villavicenc io 132; Yillavicencio 372 ; Santo Tomás lA; Santo Tomás lB; CIO 421; CIO lO; CIO 261; 

CIO 277; CIO 285 ; CIO 763 ; CIO 6 16;- = not determined. 
d. Total of cassava genotypes that are resistant (R), intermediare (1), or susceptible (S). 
e. Perce ntage of resi.stant (R) and intermedia te (1) cassava genotype.s. 
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We obtained a correlation of +0.17 between the reaction obtained by inoculating with the three 
iso lates frorn Villavicencio in the greenhouse and the results of an evaluation of 14 varieties under 
natural disease pressure in the field, also at Villavicencio in 1997-1998. The correlation between the 
same isolates with 30 varieties at Carimagua was -0.01. The correlation between the isolate 
Villlavicencio 32 in the greenhouse and the results in the field in 1997 and 1998 was +0.44. 
Analysis of data frorn 1996-1997 showed similar results. Observed disease severity in the 
greenhouse was always greater than in the field, which conflfDlS the hypothesis of isolate escapes in 
the tield during different crop cycles. Controlling the uniformity of disease pressure and the high 
variability ofthe pathogen's virulence is difficult in the field. 

Activity 1.1.4. Modified Inoculation Methods for Screening Cassava Genotypes for Resistance 
to Root Rots. 

Effons were made to improve the methodology tor screening cassava getmplasm for resistance to 
root rots in the greenhouse. Modiíications included rnultiplying plantlets by using shon stakes. and 
moditiying both the inoculation technique and experimental design. 

Two growth media. a sterile so il mixture (sand to e la y loarn at propottions of l :3). and oasis 
substrate were compared tor the best germination rates and development of plantlets. Plantlets were 
obtained from stakes carrying one. two, or three buds and cut from varieties M ARG 9. CM 2177-2. 
and CG 1-37. No ditferences were observed in germination rates. Stakes carrying two or three buds 
grew signiticantly better in oasis than did those growing in media. but, although similar. were 
somewhat retarded when compared with plantlets grown from 15-cm stakes planted in the soil 
mixture. This knowledge should help improve efficiency and plant quality in future greenhouse 
experiments. 

lnstead of covering the fungal plug with vaseline, we used paratilm. which prevented the inoculum 
from falling down. 

Variabi lity was considerably reduced by establishing experimental blocks containing plants of 
similar height and introducing covariance analysis for plant height. 

Activitv l. 1.5. Evaluations qf Promising Cassava Genotypes in Regions where Root Rors Are 
Ende mi c. 

Collection of Germplasm in the Departments of Cauca and Vaupés 
(Colombia) and Sergipe State (Brazil). 

To evaluare cassava varieties for their to lerance of root and stem rot diseases and for their 
adaptation to local conditions. severa! on-farm trials were established in May and September 1998 
at Mondomo (Santander de Quilichan. Depattment of Cauca). Buenos Aires (Cauca). and Mitú 
(Vaupés). Table 1.1.5.1 summarizes the genotypes planted. 
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Table 1.1.5.1. Cassava genotypes that were successfully established in regions where root 
rots are endernic, Colombia. 

Genotype 
CG 165-7 

CG 402-11 

CM 523-7 

CM2177-2 

CM2772-3 

MARG6 

MARG9 

MBRA 71 

MBRA97 
M BRA311 

M BRA 315 

M BRA 383 

M BRA532 

M BRA 1044 

M BRA 1045 
MCOL 1522 

M COL206l 

MCOL2300 
MVEN25 

Wasoco 

Wasaí 

Reaction to Phytophthora spp.a 

Intermediate tolerance 

Intermediate tolerance 

Intermediare tolerance 

Tolerant 

Tolerant 

Susceptible 
lntermediate tolerance 

Intermediare tolerance 

Tolerant 
Tolerant 

Tolerant 

Tolerant 

Intermediare tolerance 
Intermediare tolerance 

Tolerant 
[nterrned iate to !eran ce 

To lerant 
Tolerant 

Tolerant 

Local variety 

Local variety 

Yuca de Abeja Local variety 

Yuca de Mirití Local variety 
Brava Blanca 

Dulce 
Abiyú 

Yuca de Lapa 
Santa Catalina 

Local variety 

Local variety 
Local variety 

Local variety 

Local variety 

Location 
SCA, SCE, C , PP, M 

Santander de Quilichao, SCA, C, PP 
SCA,PP, M 

M 
SCE, C, M 

SCE, C,M 
Santander de Quilichao 

SCA SCE, PP, M 
SCE,C, M 

Santander de Quilichao 

Santander de Quilichao 

Santander de Quilichao, Buenos Aires 

Santander de Quilichao. SCA PP 

Santander de Quilichao, SCA SCE. C. PP. M 

Santander de Quilichao 

Santander de Quilichao, Buenos Aires 

Santander de Quilichao 
Santander de Quilichao 

Santander de Quilichao, SCA SCE. C. PP. M 

SCA 

SCA 

e 
e 
SCE 
SCE. SCA 
pp 
pp 

e 
a. According to greenhouse evaluations after inoculation of young plantlets. 
b. Indigenous settlements near Mitú. Colombia; and SCA = Seima Cachivera: SCE = Seima 

Central: PP = Pueno Palomas; C = Cucura. in Brazil. 
M= model farm belonging to the Secretar·ía de Agricultura del Vaupés. Colombia. 

In co llaboration with EMBRAPA (Cruz das Almas, Bahia. Brazil), 1 O cassava genotypes were 
evaluated for resistance to root rots at severa! field locations in Brazil: Saco de Arei.ra and 
Cachoeira de Potes. Aquidabá: and Bom Sucesso and Simón Díaz (Sergipe). Of these varieties. 
in no s ite did root rots aftect 'Cedinha ' . In contrast. ' Pretinha' was the most susceptible. From 
infected plants. severa! Phyrophthora spp. and Fusarium spp. isolates were obtained. 
Pathogenicity was confirmed for Phytophthora i.solates. but not for Fusarium isolates. 



Twenty-eight local varieties from Vaupés (Colombia) were introduced to CIAT, and inoculated 
with five Phytophthora spp. and two Fusarium spp. isolates under greenhouse conditions (Tables 
1.1.5.2 and 1.1.5.3). Disease reaction was not high in the susceptible variety M T AI l. Stakes were 
scarce, and we could not inoculate all the varieties with all the isolates. 

Table 1.1.5.2 List of cassava varieties collected in the Department of Vaupés, Colombia 

Variety Local narne Root Variety Local name Root 
Color ( co ntinued) color 

Abiyú Abiyú Ducú Yellow Nopará Dupará White 
Bejuco Mijsín Ducú White Pintadillo Oreró Ducú cream 
Brava Blanca Whüe Santa Catalinaa Santa Catalina White 
Busá Busá Ducú Yellow Siringa Wasá Ducú White 
Butisé" Butisé Ducú White Totuma Wajato Ducú White 
Ca.rayurú Troña Ducú Yellow Tucunaré Bu u Yellow 
Rores Ori Ducú Yellow Wasaí Mijpi Ducú Yellow 
Guaracú Vojtéa Ducú White Wuasoco Tañimi Ducú White 
Hoja de Plátano Ojó puni Ducú White Yuca de Agua Ojeó Ducú White 
Ibacabá (Seje) Ñumú Ducú White Yuca de Gato Pisana Ducú Yellow 
Inayá Ijkii White Yuca de Mico Ajqué Ducú Yellow 
Lapa Amarilla Seme Ducú Yellow Yuca de Uva Wsé Ducú Yellow 
Lapa Blanca Seme Ducú White Yuca de Vara Yucu Ducú White 
Mirití Neé Ducú Yellow Zancudo Muejtá Ducú White 
a With Iow cyanide content. 

A greenhouse experiment was conducted to evaluate the eftect of low and high tertility soils on the 
severity of symptoms arising from two Phytophthora isolates. Soil samples were taken from Mitú 
(low fenility) and the CIAT greenhouse mixture (high tertility). lsolates Pl2 and 66 were inoculated 
onto cassava varieties M BRA 383. M CR 81, and HMC 1. which. according to previous resu lts. are 
tolerant. intermediare. and susceptible. respectively. No significant difterences were found between 
disease progress in the plants with these so il types. 
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Table 1.1.5.3. Evaluation oflocal varieties from Vaupés, inoculated with 
Phytophthora spp. and Fusarium spp. isolates. 

Variety Isolatea 

Pl2 66 TR 37 TR A9 TR 49 Mitú 9 TR A6 

Santa Catalina 
Yuca de Mico 
Wasaí 

1 T 
1 MT 
MT T 

Yuca de Vara MT MT 
Mirití S MT T T T T 
Busá 1 T 
Zancudo MT MT T T T T T 
Yuca de U va I I T T T T T 
Yuca de Gato MT MT 
Pintadillo MT MT T T T T 
Wuasoco I MT T T HS T T 
Flores MT MT T T T T T 
Inayá 1 MT T T 
Siringa MT T 
Tucunaré MT T 
Yuca de Agua T T T T 
Butisé MT T 
Ibacabá MT T T T 
Totuma MT T T T 
Lapa Blanca T T 
Carayurú 1 T T T 
Guaracú MT MT 
Hoja de Plátano - T T 
Bejuco T T 
a. Isolatcs are Phvtopluhora spp. = Pl2 (Brazil); 66 (Palmira. Colombia); TR AY, TR -+Y. TR A6 (Mitú. Colombia). 

Fusorium spp. = TR 37. Mitú Y (Mitú, Colombia). - = Not determined. 
T = tolera.tll: MT = moderately wlerant; 1 =intermediare; S= susceptible: HS = highly susceptible. 

Activity 1.1.6. Characrerizarion of Parents and Segregaring Progenies for rheir Reaction ro 
D~tferent Pathogens of Root Rots under Greenhouse Condirions. 
Esrahlishment qf Segregaring Progenies. 

Tn study the genetic stmcture of cassava varieties that to lerare root rots. inoculations were 
conducted in the greenhouse (plantlets) and laboratory (fragments of swollen root<;). The two 
pa.rents. CM 2 177-2 and M NGA 2. the progeny of which is mapped by mo lecular markers. were 
evaluated after inoculating yo ung plantlets with the foUowing fungi: Ph_vrophrhora spp .. Fusarium 
spp .. and Diplodia manihotis. When the two parental genotypes were inocu lated with P. drechsleri. 
signiticant differences in reaction were observed (T able l.\.6.1 ). Fusarium oxysporum (iso lates Fl. 
F7. F8. Fl 2. F\4. and F22). Fu.mrium spp. (F34. F52. F56. and F58). and Diplodia manihoris (D l. 
0 8. 045. 0 52. and 056) did not cause signiticant symptoms. 
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A selettion of the pro gen y of the cross CM 2177-2 x M NGA 2 showed differences in resistance to 
Phytophthora isolates P12 and 43 (Table 1.1.6.2). 

We also evaluated in the greenbouse, 31 genotypes for their reaction to five isolates of 
Phytophthora spp. Varieties M USA 2, M BRA 1045, CM 3372-4, and M COL 2025 proved 
tolerant of Pl2 and will be used to develop F1 populations. 

As soon as planting material becomes available, we will inoculate Phytophthora isolates onto 
progenies of crosses between contrasting varieties (M CR 81 x M BRA 1045 and CM 9600 x CM 
95820), using about 40 individuals each pro gen y. 

We evaluated 52 RAPD primers for DNA polymorphisms in two DNA bulks. One bulk was formed 
by M BRA 383. M BRA 697, amJ M COL 306. which tolerate six Phytophthora isolates. and the 
other bulk by M PER 359 and MBRA 894, which are susceptible to Phytophthora spp. We 
fo llowed the methodology describe u Gómez et al. (1996) 1• The polymorphisms tound could lead to 
the identification of markers associated with resistance to root rots caused by Ph.vtophthora spp. 
Evaluation of more primers is ongoing. 

l. Gómez R: Angel F; Bonierbalc M: Rodríguez F: Tohme J; Roca W. 1996. lnheritancc of r..Uldom <unplitied 
pol:.m orphic DNA markers in cassava (Manilwt esculenta Crantz). Genome 39: 1039-1043. 
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Table 1.1.6.1 Reaction oftwo cassava genotypes to Phytophthora spp. isolates. 

Isolate Origina lnoculated plant tissue and cassava variety~ 
S te m Root cylinder 

CM 2177-2 MNGA2 CM 2177-2 MNGA2 
P4 Colombia 1 MT 1 1 
P7 Colombia T MT 1 1 
Pl2 Brazil T 1 S S 
2 V T T MT 1 
4 V 1 T MT 1 
lO V MT T MT 1 
15 Q MT MT I I 
19 Q MT MT I I 
25 Q 1 T S S 
27 Q T T T I 
28 Q 1 T T MT 
29 Q T T MT 1 
35 Q T T MT S 
37 V MT T MT I 
39 Q MT T I S 
40 V 1 1 1 I 
44 Q 1 T MT I 
50 Q MT T AS I 
52 Q T T MT I 
59 B I MT MT S 
62 Q T MT T T 
66 V MT MT 1 I 
71 V T MT MT S 
73 Q I T I I 
75 e T T MT T 
76 A T MT S S 
77 A I MT MT I 
78 A MT MT AS AS 
79 A MT MT T AS 
80 A MT T T T 
97 e MT T I 
134 V T T MT 

a. V = Valle: Q = Quindío: B = Bolívar: A = Atlántico: C = Cauca (all depm1ments of 
Colombia). 

b. Reaction to the úisease: T = tolerant: MT = moderately tolerant: I = intermediate: S = 
susceptible. 
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Table 1.1.6.2. Evaluation of the reaction of a progeny from a cross between the 
cassava varieties CM 2177-2 and M NGA 2 to Phytophthora 
isolates of different ~enetic a![OUES· 

Genotype Isolatea 

27 44 66 69 P4 P12 

KI I MT T MT T MT 
K6 MT I MT I T T 

K7 T MT T MT MT MT 
K 15 T T T MT T MT 
K28 MT I T MT MT I 
K30 T MT T MT T MT 
K32 T S T I T S 
K33 T T T T T T 
K34 T T T T T MT 
K38 I MT MT MT T I 
K40 S T I I T I 
K41 T T I MT T MT 
K43 MT MT T T T MT 
K46 S MT MT 1 MT I 
K47 T T I 1 T MT 
K49 T T T T T T 
K 53 I T I T T I 
K 56 1 I T T MT T 
K 58 T MT T T T T 
K 59 T T I 1 T I 
K 61 T T T 1 T 1 

K 62 I 1 T MT T MT 
K63 T T T T T MT 

K 66 T MT T T T MT 
K ó9 MT MT T T T MT 

K 70 T MT T MT T MT 

K 71 T MT T T T MT 
K 72 T T T MT MT I 
K 74 T MT T MT T MT 

K 75 1 T T MT T MT 

K 77 T MT T MT T T 
K 78 S MT I 1 T MT 
K 79 T MT MT MT MT MT 

K 82 MT T S S T 1 
K 84 T T MT MT T T 

K 88 HS MT T 1 MT 1 

K 89 T S T 1 T S 
K 9 1 S 1 S MT T 1 
K92 T MT T MT T MT 

K 95 T T T MT MT MT 

K96 T T MT MT MT 1 
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K98 T T T T T Mf 
K99 Mf Mf T MT T Mf 
K 100 Mf S Mf MT Mf 1 
K 108 MT HS T S Mf 1 
K 110 MT 1 MT I Mf I 
K 118 T T T MT T MT 
K 119 MT MT T MT MT Mf 
K 120 T Mf T MT T MT 
K 121 1 Mf T MT Mf Mf 
K 122 T MT T MT MT MT 
K 124 T T S HS Mf I 
K 129 T T T MT T T 
K 130 MT T T MT T T 
K 132 T T T T MT MT 
K 136 T T MT T T S 
K 139 T T T MT MT T 

K 140 I T I I MT S 
K 141 T MT T MT T MT 
K 142 T I MT T T S 
K 143 T MT T MT T MT 
K 145 T MT T T T MT 

K 148 MT MT T MT MT I 

K 150 MT MT T T MT T 

a. Reaction to the disease: T = to 1erant; MT = moderately tolerant: I = 
intermediate: 
S= susceptible; HS = highly susceptible. 
Iso lates: P12 = Brazil; P4 =Colombia: 27 and 44 = Quindío (Colombia); 
66 and 69 =Valle (Colombia). 
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PUBLICATIONS IN 1998 

l. Papers Submitted to Refereed Journals (in alphabetical arder of author) 

Alvarez E: Cadena SF; Llano G. Evaluación de genotipos de yuca (Manihot esculenta Crantz) por 
su resistencia a diferentes cepas de Xantomonas axonopodis pv. manihotis. Fitopatología 
Brasilera. 

Alvarez E; Iglesias C: Barragán MI. Avances en la identificación de fuentes de resistencia a la 
pudrición radical causada por Phytophthora spp. en yuca (Manihot esculenta Crantz) 
Fitopatología Brasileira. 

BaiTagán MI; Alvarez E. Evaluación de la tolerancia a la pudrición radical causada por 
Phytophthora spp. en variedades de yuca (Manihot esculenta Crantz). bajo condiciones de 
invernadero. ASCOLFI Informa. 

Ba.ITagán MI: Alvarez E. Identiticación de fuentes de resistencia a la pudrición radical de yuca 
(Manihot esculenta Crantz). ASCOLFI Informa. 

2. Presentations for conferences and proceedings 

Alvarez E. Molecular breeding for resistance to Phytophthora spp. in Ca.ssa.va. Paper presented toa 
conference held at the Universidad Nacional de Colombia. Palmira. May 7. 

Banagán MI: Alvarez E. Evaluación de la tolerancia a la pudrición radical causada por 
Ph.yr.ophthora spp. en variedades de yuca Manih.ot esculenra Crantz. bajo condiciones de 
invernadero. ASCOLFI. Pasto. Colombia. May 29. (Abstract.) 

Banagán MI: Alvarez E. Identificación de fuentes de resistencia a la pudrición radical de yuca 
Manihot esculenta Crantz. ASCOLR. Pasto. Colombia. May 29. (Abstract.) 

II. THESES IN PROGRESS IN 1998 

Cadena SF. Estudio de virulencia de 12 cepas de Xanthomonas campescrü pv. manihotis en 
diferentes genotipos de yuca (Manihot esculenta Crantz). Universidad Nacional de 
Colo mbia-Palmira. 

Llano G. Identiiicación de genes de resistencia a Phyrophrhora spp. en yuca. mediante el uso de 
sondas heter61ogas. Universidad Nacional de Colombia-Palmira. 
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Loke JB. ldentifying and isolating major genes conferring resistance to causal agents of the root rots 
Phytophthora drechsleri, P. nicotianae, and P. cryptogea in a segregating population of 
cassava (Manihot esculenta Crantz). Universidad Nacional de Colombia-Palmira. 

Restrepo JA. Dinámica de las propiedades químicas del suelo y su relación con la resistencia de 
yuca (Manihot esculenta Crantz) a Phytophthora spp. mediante investigación participativa 
en comunidades indígenas de Mitú, Vaupés. Universidad Nacional de Colombia-Palmira 

m. LINKAGES WI1H OTHER CIA T PROJECTS AND WI1H CIA T'S PARTNER 
INSTITUTIONS 

• CIAT Projects PE-l. SB-1 , and SB-2 
• EMBRAPA, Cruz das Almas (Bahia, Brazil) 
• Universidad Nacional de Colombia-Palmira (Valle. Colombia) 
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IMPROVED CASSAVA FOR THE DEVELOPING WORW 

OUTPUT 1: Genetic base of cassava and Manihot species evaluated and available for 
cassava improvement. 

Sub-output 1.2. Characterization of ~a va germplasm for resistance/tolerance to 
major pests 

In traditional production systems, few options are available to resource-limited farmers for 
controlling pests. The CIAT cassava germplasm bank is nearly 6000 accessions and locally 
selected cultivars (land races) collected primarily in the neotropics. These traditional cultivars 
represent centuries of cassava cultivation in di verse habitats. having been selected by farmers 
o ver a long period in the presence of a high diversity of herbivores. These land races often 
possess traits that coníer low to moderate levels of resistance to multiple pests. This germplasm 
bank is constantly being evaluated for resistance to severa! arthropod pests that can cause yield 
losses in cassava. Evaluations are often done in more than one ecosystem. More recently 

_3.!}1PJmsis is being given to whitet1ies. mites and stemborers. --- -- . 

Activitv ! .2. !. Whiteflies: Germp/asm Evaluation ar CIAT-HQ and CORPOICA, Nataima. 

Cassava clones were evaluated at CIAT and Nataima. Tolima for resistance to the whitetly 
Aleurothrachellus socialis. Whitet1y populations at CIAT were moderate to high for the fourth 
consecutive year. Evaluations at CIAT during 1998 concentrated on cultivars that had been 
selected as promising for resistance during previous years at ICNNataima. 

Thlity two clones sown in 50 plant plots were evaluated using a 1 (low damage or low whitetly 
population level) to 6 (severe damage and high whitetly population) scale. Whitet1y population 
scales are based on counts of eggs. pupae and adults. The 32 clones evaluated consisted of 
!andrace varieties. hybrids and backcrosses and had previously shown good levels of resistance 
in screening trials in Tolima. Also included were tive regional or farmer varieties from the 
Tnlima area. 

Results show that 9 cultivars or 26.5% presented very low damage levels (l. Oto l.5) and 3 
cultivars had damage levels between l.6 to 2.5. The remaining 22 cultivars had damage leve ls 
between 2.6 and 5. The regional cultivars ti·om Tolima. Azucena. Ceiba Blanca. Almidona. 
Llanera Precoz. and Cuero de Marrano had damage and population ratings between 4 and 4.5. 
indicating that farmer varieties in the regions are susceptible to whitetlies and probably 
experiencing significant yield losses. 
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Tbe nine best cultivars were MEcu 64, MPer 335, MEcu 72 (alllandrace varieties), CM 8424-6, 
CM 8424-33, CM 8424-4, CG 489-34 and CG 489-4 (all hybrids). All had damage ratings of 
1.0, except MPer 415 and CG 489-34 with ratings of 1.5. MEcu 72 and CG 489-34 have 
consistently, over several years, maintained low damage ratings. The varieties MEcu 64 and 
MPer 335 ha ve excellent growth habits as well as low damage ratings and low whitefly 
populations. These two varieties will continue to be evaluated at CIAT and Tolima and should 
ínter into breeding schemes for improve whitefly resistant clones. 

From 1994 through 1996 whitefly (A. socialis) populations at Nataima, Tolima were lower than 
normal. Low whitetly populations provide inadequate selection pressure to insure reliable 
resistance evaluation. All evaluations done at Nataima are with natural tield populations of 
whitet1ies. 

During 1997- 1998. whitetly populations ha ve increased signiticantly allowing for more accurate 
germplasm evaluation. During the past year 1651 cassava clones. in observational tields. were 
planted and 1418 were evaluated. These clones were the Fl pro gen y frorn crosses of cassava 
clones prevíously selected for their resistance to whitet1ies. with clones with desirable agronomic 
characteristics. These crosses resulted in 17 families (Table 1.2.1.1). Four field evaluations 
were done over a period of severa! months, usíng a whitetly damage and populations scale. as 
prevíously descríbed. 

Results indicare that whitetly populations were high and there was good selection pressure . Of 
the 1418 clones evaluated. 938 ( 66.1%) had damage ratings abo ve 3. 6 and were eliminated as 
susceptible (Figure 1.2.1.1); 308 (22%) clones hadan intermediare damage evaluation (2.6 to 
3.5). The remaining 172 ( 12. 1%) clones had damage ratings below 2.6 and are considered as 
promising for resistance. 56 (3.9%) clones had damage ratings of 1 to 1.5. indicating possible 
high le veis of resistance. However one cycle (year) of field evaluation is not adequate to 
contidently ídentify resistance and these c lones will continue to be evaluated for at least 3 cycles 
(years). A 1.0 to 1.5 ratting signifies no damage symptoms and low whitetly population leve ls. 
The Familíes that most ti·equently occurred in chis group was CM 8984 with 9 se lections. and 
CM 8893 with 6 se lections. In both of these families the resistant parent was CG 489-34. 
indicating that this clone may good heritable resistant traits. 
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Table 1.2.1.1. Families of cassava clones formed from crosses of whitefly (A. socialis) 
resistant and susceptible cultivars. 

Farnily 
CM 3317 
CM 5438 
CM 7559 
CM 8884 
CM 8885 
CM 8887 
CM 8889 
CM 8891 
CM 8892 
CM 8893 
CM 8960 
CM 8961 
CM 8984 
CM 8990 
CM 8991 
CM 8995 
CM 8996 

Female 
MBra 12 (T) 
MBra 12 (T) 
MNGua-2 
CG 489-4 (R) 
CG489-4 (R) 
CG489-4 (R) 
CG 489-23 (R) 
MCol 1468 (S) 
MCol2246 
MCol2256 
MCol2246 
MCol2256 
MCol 1505 (S) 
MCol2026 
MCol2026 
MEcu 72 (R) 
MEcu 72 (R) 

R = whitet1y resistant cultivar 
T = whitetly tolerant cultivar 

Crosses 
M ale 

MColl468 (S) 
MCol 1505 (S) 
MBra 12 (T) 
MCol 1468 (S) 
MCo1 1505 (S) 
MCol2256 
MCol 1468 (S) 
CG 489-34 (R) 
GC 489-34 (R) 
CG 489-34 (R) 
MBra 12 (T) 
MBra 12 (T) 
CG 489-34 (R) 
CG 489-34 (R) 
MBra 12 (T) 
MCol 1468 (S) 
MCol2246 

S = whitetly susceptible cultivar 

IJI 500 
G> 
e 
o 400 ü 
ci 300 z 

200 

100 

o 
1-1 .5 1.6-2.5 2.6-3.5 

Damage grade 

Observation 
MCol1468 = CMC-40 

CG 489-4 = MEcu 72 x MBra 12 
CG 489-4 = MEcu 72 x MBra 12 
CG 489-4 = MEcu 72 x MBra 12 
CG489-23 = MEcu 72 x MBra 12 
CG 489-34 = MEcu 72 x MBra 12 
CG 489-34 = MEcu 72 x MBra 12 
CG 489-34 = MEcu 72 x MBra 12 

CG 489-34 = MEcu 72 x MBra 12 
CG 489-34 = MEcu 72 x MBra 12 

3.6-4.5 4.6-6 

Figure 1.2.1.1. Evaluations of Fl cassava clones ti·om crosses of whitet1y (A. socialis) resistant 
ano susceptible cultivars at CORPOICA. Nataima. Tolima ( 1997-1998). 
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Activity 1.2.2. Evaluation of selected genotypes at regional triallevel in CORPOICA, Nataima. 

Prior research has established that the cassava clones MEcu 72 is highly resistant to the whitefly, 
A. socialis, and the clone MBra 12 is "field resistant" or tolerant. Four progeny from a cross 
between these two clones were selected for resistance to whiteflies and good agronomic/cul.inary 
characteristics. CORPOICNNatima is presently evaluating tbese clones in a series of regional 
trials. This trial consists of 8 clones, the two parents MEcu 72 and MBra 12, four progeny CG 
489-34, CG 489-31. CG 489-23 and GC 489-4, the regional farmers cultivar (Aroma) and CMC-
40. a susceptible check. The trial was planted with two treatments. with and without pesticide 
(Dimethorate. 2-3cc/Lt. water), and 3 replications per treatment of each cultivar. This is the first 
of a series of trials ami was harvested during 1998. 

The results fi·om this triaL presented in Table 2, indicare that all of the whitetly res istant cultivars 
will yie ld greater than the farmers regional variety. Aroma. It can also be observed that the 
treated plots did not outyield the non-treated plots. with the exception of the regional variety. To 
a certain degree this was expected: previous trials with the resistant cultivars have given similar 
results. Resistance to whitetlies in these clones is high and whitetly populations se ldom reach a 
high enough leve! to cause yield reduction. In this trial. on on-treated plots. whitetly populations 
for MEcu 72 remained below 1.8. CG 489-34 = < 2.7, CG 489-31 = < 1.8. CG 489-4 = < 2.6 and 
CG 489-23 = < 2. 7: for CMC-40 populations rose to 4.5 and the regional cultivar, Aroma. to 4.1. 
Average damage ratings over 9 evaluations. on non-protected plots for MEcu 72 = 1.0. GC 489-
34 = 1.3. CG 489-3 1 = 1.0. CG 489-23 = 1.7. and CG 482-4 = 1.5; for MBra 12 = 2.7. CMC-40 
= 4.0 and Aroma= 3.7. CMC-40 and Aroma reached high damage ratings of 5.5 and 5.2 
respectively. 

These data indicare that whitetly populations and damage leve ls during the tria! were high 
enough to cause yield reduction. The fact that no yield losses occurred on MEcu 72. CG 4879-
23. CG 489-4. CG 489-31 and CG 489-34. can be explained by the high leve ls of whitetly 
resistance in these clones. MBra 12 is a c lone with good agronomic qualities and to lerance to 

severa! arthropod pests (whitetlies. mites. thrips) : it can usually yield well in-spite o f high pest 
pnpulations. CMC-40 is a whitetly susceptible clone. that in previous trials has often suffered 
considerable yie ld reduction. However. it is also a very vigorous cultivar that will yield well 
under fa vo rable environmenta l condition. especially if there is ample rainfall. lt was expected 
that CMC-40 would suffer greater yie ld losses in this tria!. As can be seen from the results the 
regional. farmers cultivar. Aroma. yie lded lowest of all the cultivars evaluated. ind icating that it 
is susceptib le to whitetly attack and will suffer yie ld losses. 

Dry matter content of the cultivars was not aftected by whitetly feedi.ng. although. in general. dry 
matter was low (Table 1.2.2.1). 
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Table 1.2.2.1. Regional trial, CORPOICA/Nataima. Evaluation of cassava cultivars resistant to 
whitetlies (A. socialis) , with and without pesticide treatment. 

Total Weight T/ha 
Clone Treated Non treated % Difference % Dry matter 

MEcu 72 30.7 A 3l.IA - 13 26.3 A 
MBra 12 20.3 AB 22.1 AB - 8.1 26.8 A 

CG 489- 23 24.5 AB 26.54 AB - 7.5 26.4 A 

CG 489- 3 1 25.8 AB 28.1 AB - 8.2 26.3 A 
CG 489-34 28.6 AB 32.5 A - 12.0 27.8 A 

CG 489-4 22.8 AB 28.9 AB -21.1 27.4 A 

CMC-40 18.5 AB 27.7 AB -33.2 28.3 A 
Regional * 14.6 B 9.5 B 34.9 27.7 A 

* Variety Aroma 
Differences in favor of Non-Treated 

Whitetly populations in the treated plots were higher than expected. and in so rne cases as high or 
higher than the non-treated plots. Nine eva1uations of whitet1y populations were made by 
CORPOICA throughout the course of the tria! and the average whitetly population on the treated 
plots was 2.0 and on the non-treated plots it was 2.03. This can he lp explain why there were not 
significant differences between the treated and non-treated plots. Possible explanation fo r high 
populations in the treated plots may be dueto whitetly resistance to the pesticide or migration nf 
white tlies from neighboring tie ld where no control was exercised. 

Activity 1.2.3. /dent(fica tion Of Genomic Regions Responsible For The Determination Of 
Whitefl.v Resisrance In Cassava. 

Whitetly (Aieurorrachelus socialis) is one of the most damaging pest and vector that atfects the 
agricultura! production in the world. There are almost 1200 species with a wide range of 
hostages like legumes. fruit crees and ornamentals where this insect causes big economic losses. 

In cassava (Manihor esc:ulenra Crantz). the principal sympto ms in the plantare: total chlorosis. 
the apical leaves turn curly. the basalleaves turn ye llow and dry. and it stops the developing nf 
the plant. The adule insects are found preferentially in the apical zones of the plant. where the y 
extracting large quant ities the sap nf the conductive vesse ls. causing a considerable damage by 
loss of vigour. with low yíeld in the production. The honeydew which excrete. as a result of the 
copious sap intake. serves as a substrate for sooty mold fungui. which can also damage hosts by 
blocking photosynthesis. 

One of the strategies implemented to control this pest. in addition to bio logical control and 
che mical control is the searching of genetic resistance. Thus. studies ha ve been done to detect 
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resistant and susceptible plants to whiteflie's attack whit the final goal to designa breeding 
program. 

lt has been reported (CIAT, 1995) the existence of different sources of resistance to Whitefly. 
The most important genotypes are: Mbra-12 and Ecu-72, those were used as parentals in the 
generation of new genotypes. The CG489-34 has shown the best resistant behavior. Also were 
selected the more susceptible genotypes: MCol 2026, MCol-1505. 

The goal of this project is to study and to screen plants with resistance to withefly in cassa va 
with molecular technics. 

Different breeding populatiops have been obtained from the resistant and susceptible genotypes 
as parentals: 

CG489-34 X Mcol-2026 = 131 individuals 
CG489-34 X Mcol-1505 = l08 individuals 
MBra-12 X Mcol-2026 = 135 individuals 

We selected the more contrasting individuals (resistant and susceptible ones) in the field for each 
family. DNA was extracted from the different individuals and each group with the parental was 
mixed in a bulk. 

We are us ing mo lecular screening (RFLPs and RAPOs) intended_to find markers associated to 
resistance and later we intended ro isolate the responsible genes. 

We ~tend to screen the parentallines and the bulk with AFLP markers. 

Parentals from each family were evaluated with RFLP markers from the cassava map (Fregene et 
aL 1997). Seventy rwo polymorphic probes were obtained. 

- - ---- ----
Sixty two_RAPps markers ha ve been screened wirh the bulks of the same tamilies. rhe primer 
OP.P3 showed a clear polymorphism between the susceptible and resisrant group. This marker is 
being evaluared wirh the who le population of each cross. ro confirm its associarion with rhe 
resistance. 

We pretend ro isolare and sequence the polymorphic bands and generare a Scar. It could be used 
to make diagnosis of resistant materials to discriminare rhe mosr promising ones to rhe breeding 
programs and the farmers. 

With the sequence of the genes of resistance we could establish homologies wirh the reponed 
ones to other crops. ro understand its expression patterns. 

The RFLP. RAPO. Microsarellires and AFLP markers will be used to generare a framework map 
and for rhe QTL analysis. 
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Activity 1.2.4. Whitefly Feeding Behavior. 

Cassava genotypes with resistance to whitetlies have been identified at CIAT. Resistant clone 
MEcu 72 shows high rnortality for both adult and immature whitet1ies, which may suggest less 
feeding on this genotype under natural conditions. It is necessary to identify whitetly feeding 
behavior on susceptible genotypes and to make cornparisons with MEcu 72 in order to better 
understand the rnechanisms of resistance. 

Electronic monitoring of insect feeding (EMIF) is a techníque that permits the identification and 
quantifi.cation of the teeding behaviors of hemipteran insects. By passing an electrical signa! toa 
test plant. and tethering an insect with atine gold wire. modifi.cations caused by stylet 
movements and teeding behaviors can be observed as waveforms. EMIF has extensive ly been 
used for the study of mechanisms of plant resistance to insects. CIAT presently owns two AC­
Electronic feeding monitors. and has access toa OC version of the system (EPG). The AC 
systems have been used with leathoppers (E. kraemeri) on beans, and the DC systems with 
cassava mealybugs. Preliminary observations with both systems suggested that an easy protocol 
could be deve loped for monitoring the whitet1y. In addition. CIAT technicians needed to be 
traíned in wiring techniques, operation of the system. computer display and data acquisition. 

Electronic Monitoring Methodology. The methodology devised for electronic monitoring of 
whitetl y teeding behavior inc ludes two maja r steps: a wiring technique to attach the thin wire to 
the mesonotum of an adult whitet1y. and the proper settings (ground voltages, signa! frequency) 
of the electronic monitoring system. 

The "normal" gold wire used with leathoppers (12.7 um) is too thick and stiff for the small 
whitet1y adults. A thinner wire needed to be obtained. Since purchase of a thinner wire was 
very difficult in the short period of time allowed for this project. thinning of the existing gold 
wire was necessary. Todo this a 10-20 cm piece of the thick wire is placed for 45 minina 
so lution of 3 mol Nitric acid and 9 mol Chlorhydric acid. This is a potent oxidizer that dissolves 
away part of the gold leaving a thinner wire while conserving its electricity conducting 
propetties. Pieces of this thin gold wire are attached with silver paint to a copper stub. 

Female whitetlies from a greenhouse colony are placed by mouth aspirator o n a vacuum stand 
and held in place by a very gentle vacuum. Several individuals can be placed simultaneously. 
With the help nf the copper stub. the thin gold wire is placed on the mesonotum of a temale. aml 
a very small drop of clectrically conducting silver paint is used to attach the wire to the insect. 
Ca re needs to be taken for not getting sil ver paint on the whitetly' s eyes or wings. This aftects 
their behaviors even more than the tethered condition. New insecrs need to be used should s ilver 
paint get o n their wings or eyes. 

Tethered whitetlies can be acclimated to the wire by placing them on a cassava leaf for 1 h. 
Before the electronic monitoring session begins. whitetlies are starved for 30 min. The copper 
stub holding the tethered whitetly is attached to the alligator clip on one of the input e lectrodes 
of the e lectronic monitor. 
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A constant signa!, 250 m V at 250 Hz was established as the best setting for Aleurotrachellus 
socialis. This signa! is transmitted via an electro de inserted in the substrate of a potted plant ( 4-8 
weeks old). Detached lea ves placed on a container ftlled with water and sealed with the output 
electro de of the electronic monitor also worked and showed better conductivity than the potted 
plants. However, the effects of detached lea ves vs. whole plants on whitetly feeding behavior 
needs to be evaluated further. 

Feeding Behavior. During probing stylet movements and other feeding behaviors induce 
changes to the constant signal. These modifi.cations, known as waveforms, are captured in a 
computer using an analog to digital converter board, displayed on the screen on a time scale. and 
stored for post-acquisition measurement and analysis. Once waveforms ha ve been correlated 
with specific be ha viors, quantification can be made on the frequency and duration of these 
behaviors. 

Waveforms produced by probing A. socialis on CMC-40 are shown in Figure 1.2.4.1. Due to 
time limitations it is impossible to correlate waveforms with specific behaviors for this whitetly 
species. However. Walker (1998) reports that several species of whitetlies share very much 
stereotypical styles of teeding and that waveforms pattems are very s imilar among them. Since 
waveforms shown are similar in appearance to the waveforms reported in the literature. we will 
describe these. All probes observed started with salivation waveforms corresponding to the 
intercellular path that the stylets follow in their way to the phloem. These waveforms are shown 
in figs la and le as "intercellular stylet path". They have also been correlated with the 
deposition of a salivary sheath. In sorne instances the stylets come across treachery elements in 
the xyle m and the whitetly ingests ti·om them (Fig. 1.2.4.1c). This particular waveform has not 
been completely correlated with. but there is evidence of ingestion. After reaching the phloem. 
normally whitet1ies go into continued ingestion. producing a tlat waveform whose beginning is 
illustrated toward the end of the trace in Figs. 1.2.4.1 b and 1.2.4. 1 c. 

A new waveform that has not previously been identified or associated with any behavior is 
shown in tig. 1 d. It would be expected that as more electronic monito ring of whitetly teeding 
more patterns would be identified and more corre lational work would be needed. Now that a 
methodology exists for the study of whitetly teeding behavior at CIAT. comparisons can be 
made among resistant and susceptible genotypes. 

Training. Two research assistants spent about lO h per week training in electronic monito ring 
nf insect teeding . They deve loped skills for whitetly wiring and for data display and acquisition. 
They a lso received extensive lecturing in the principies and applications of the techn ique. and in 
the basics of homopteran feeding behavior. 

( 
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Figure 1.2.4.1. Waveforms produced by probing Aleurotrachellus .wcialis on Cassava cv. 
CMC-40. A. and B. Single probe (stylet penetration). B and C. Single probe 
fo rms a second whitet1y. Note waveform identitied as possible xylem 
ingestion andan unknown waveform that has yet to be co rrelated with a 
feeding be ha vior. 

Activitv l.2.5. Screening cassava germplasm fo r resistance to mires. 

More than 5000 c lones trom the CIAT cassava germplasm bank ha ve been evaluated for 
resistance to mites. especiall y the cassava green mite (CGM) Mononychellus ranajoa. In recent 
years evaluations are being done both at CIAT and Pivijay. where mite populations are usually 
high due to the lo ng dry season and poor soils. 

During 199R. fifty two new hybrids were introduced into the CIAT germplasm bank and these 
were evaluated for mite damage. Most clones displayed very high damage leve ls and only th.ree 
had low to moderate mite attacks (2.0 to 3.0 on a 1 to 6 damage scale). The 3 clones SM 616-22. 
SM 11 X 1-3 and CM 6173-8 will be evaluated in another cyc le. 

More than 600 clones that have been se lected as promising for resistance in past evaluations 
were evaluated at both Pivijay and CIA T. 388 of these maintained a damage leve! between 2.0 
and 3.0. This represents about 7.8% nf the germplasm e valuared. These 38X clones were also 
evaluated during the past year at Pivijay and 8 1 or 1.6% maintained moderare le veis o f resistam:e 
at both CIAT and Pivijay (Table 1.2.5.1 ). All 8 1 have damage ratings between 2.0 and 3.0 at 
both evaluation sites and at least two evaluations at each site. These c lones will be further 
evaluated in another cycle. 
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Table 1.2.5.1. Cassava clones that show low mite damage when evaluated in two ecosystems. 
CIAT. Palmira and Pivijay. Magdalena. 

MBra 64 MColl373 MPer 611 
MBra 69 MColl432 MEcu 48 
MBra 1 10 MCol 1439 MEcu 58 
MBra 137 MCol 1856 MEcu 64 
MBra 173 MCol l926 MEcu 72 
MBra 225 MCol 1951 MEcu 87 
MBra 235 MCol2019 MEcu 97A 
MBra 245 MCol2058 MGua 7 
MBra 276 MCol2179 Mgua 86 
MBra 292 MCnr2477 MMex 59 
MBra 39 1 MCR6 MYen 54 
MBra -t.04 MCR 20 MVen 125 
MBra -+20 MPer 181 MYen 1-+ó 
MCoi52A MPer 266 MYen216 
MCol217 MPer 320 MYen 276 
MCni226B MPer 365 MYen 291 
MCol282 MPer 366 CG 5-99 
MCol336 MPer 394 CG 406-5 
MCo\344 MPer 4 15 CG 4~9-31 
MCol 51 O MPer 435 CG 489-57 
MCnl 54X MPer 461 CG 502-1 
MCol549 MPer 463 CG 1141-1 
MCnl 57ó MPer 464 SG 350-23 
MCol593 MPer 523 CG 698-3 
MCol826 MPer 560 CM 33~0-7 
MCol1219 MPer 562 CM 4574-7 
MCnl 1254 MPer 564 CM 6173-R 

Acti,·itv 1.2.6. Emluarion (~lCas.\W'a Cerinp/asmfor Rt'sisrmu:e ro rhe Sremhorer Chilomina 
clarkei. 

Numcrous ;uthroptH.l species have been reponed to teed on and damage stems and branchcs nf 
cassa\'<.L. Althnugh many species are world wide in distribution. literature repons indicare that 
they are more important in the neotropics. They are generally reponed as causing sporadic or 
localized damage. Hnwever in recent years. the lepidopteran stemborer. Chi/omina clarkei. has 
~.:aused wnsiderable crnp damage in severa! areas of Colombia. with > 7()()() ha under attack ami 
this is increasing. Bmers not nn ly reduce yie lds by 45-ó29'c. they also reduce the quantity and 
quality of stem curtings for planting materia l. Adult stembnrers are very mobile and difficult to 
kili and since the larvae mostly feed within the stems. pesticide is both impractical and costly. 
CORPO!CA. because nfpressure from farmers. has become increasingly concerned about this 
pest and requests CIATs assistance. Funding restriction has limited our ability w study this pest 
tn the extem needed. 
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In r-ecem years we ha ve responded to rhis problem by trying to identify cassava germplasm that 
might ha ve sorne resistance to the borer. We ha ve ta.ken advantage of plantings by the cassava 
germplasm project (Improved Ca.ssava tor the Developing World IP3) to evaluare a large number 
uf cassava clones at severa! sites where C. clarkei populations are high. 

During 1996-1997. 455 cassa va cultivars were evaluated at Pivijay. Magdalena. This region. for 
the past 3 to 4 years has had consistently high C. clarkei field populations. Evaluations are done 
by counting the number of .stemborer ho les and tunnels in cassava stems. The result of this 
evaluation is indicative of the leve! and extent of damage being caused by thi.s pest. One 
hundred percent of the cultivars evaluated had .stembarer damage (hales and tunnels) (Figure 
1.2.6. 1). Only ll cultivars had an average of one or less larval holes per plant. This cauld 
indicare a le ve! of resistance but more than one evaluation cycle will be required. One hundred 
and one cultivars (22.2%) had between 1 and 2.5 larval hales or low leve!.') of damage which 
wo u!d probably not result in yie ld !osses nor excessive damage to planting material. 

The largest number of clones 189 (41.5%) had from 2.6 to 5 hales: a small group of l 1 clones 
(2.4%) had more than 10 larval holes per plant. Sixty nine cultivars clied: this was probably due 
toa cnmbination of C. clarkei attack and envi.ronmental factor.s. Those cultivars with very low 
(< 2.5) hules per- plant wi ll be evaluated in su bsequent planting cyc!es. 

In rwo separare tria! at Pivijay du ring 1997 -9S (both were yield trials with 3 reaplications) a total 
of 9X cultivars were evaluated. All cultivars showed stemborer damage. Se venteen cu ltivars had 
up to one larval ho le per plant and no cult ivar had more than 5. indicating that C. clarkei 
populations were notas high as in previous evaluations. 

Media Luna Evaluations: During 1997-9X. 494 cassava cu ltivars were evaluated in germplasm 
eva luation trials at Yledia Luna (Magdalena). Three cultivars. CM4402-4. MCol 1237. :vlCR 
117. were undamaged and 16 aclclitional clones had less than 1 larval ho le per stem (Figure 
l.2.n.2). One-half. 247 clones (5017c) had between 2.6 to 5 holes per stem andan additional 33lk 
had more than 5 holes per plant. 

In a :.eparate tria ! nf 21 clones. 7 had less than 2.5 holes/plant. A third tria! nf 24 clones. 14 
clones had lcss rilan 2.5 holes/plant. 
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Figure 1.2.6.1. Populatio ns of Chilomina c/arkei (hales per plant) in 455 cassava clones 
evaluated at Pivijay. Magdalena ( 1996-97) . 
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figure 1.2.6.2. Evaluatio n of cassava cultivars for damage caused by the stemborer 
Clzilomina c/arkei, in Media Luna (Ma gdalena) (1 997-9H ). 
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IMPROVED CASSA VA FOR THE DEVELOPING WORLD 

OUTPUT 1: Genetic base of cassava and Manihot species evaluated and available for 
cassava improvement. 

Sub-output 1.3. Germplasm evaluation for root quality traits 

Activitv 1.3.1. Evaluarion of generic diversiry ami herirabilityfor vitamins and mineral conrenr 
in cassava roors andfoliage. 

Rationale: Most of the emphasis in relation ro cassava breeding has been centered around 
increasing root production and concentration of starch. Since cassava is a staple in regions 
where there are severe deficiencies of micro-nutrients: we could use the crop a'i a vehicle to 
deliver vitamins and minerals in higher concentrations. The nbjectives of this project are: a) to 
screen óOO cassava landraces from CIAT's germplasm collection for B-ca.rotene content in roots: b) 
to co1Telate 8-carntene content with root co lor: e) to study the genetics of B-carotene accumulation 
in ca'isava roots d) ro determine B-carotene losses and degradation in processed produces: e) to 
determine the effects of environmental variarion on B-ca.rotene content in se lected genotypes: and t) 
to evaluare the potential of ca'isava lea ves as a source of minerals and vitamins for human nutrition. 
The work ha-; been developed between l 995 and t998. with the financia! suppon of O ANIDA. 

Methods: The extraction procedure outlined by Safo-Katanga et al. ( 1 984) was adjusted by 
extracting root parenchyma with petro leum ether. A sample of 10 g was taken out nf the central 
pan of nne ront. taken at random from a plant 10 to 11 months after planting. A sub-set nf ó32 
accessions from the cassava germplasm co llection was evaluated to study the range of genetic 
vw·iability. Thrity-nine individuals from a cross between a ye llow-root (CM 2772-3) and a white­
ront genotype {CG 1372-6) were sampled together w ith the pw·enral material t(H· the inheritance 
study. The work nn c;mHene stabi lity in response m different processing methods was conducted on 
2X yellow-roor genotypes from the germplasm collectinn. grnwn with 2 replications. The 
treatments were: a) fresh. unprocessetl ront pw·encllyma as a control ( FRl: b) rout parenchyma 
cunked t(lr up to 30 minutes (CR): e) tlour nbtained by oven tlrying cassava chips antl milling 
(CFOl: antl dl tluur nbtained by sun drying cassava chips antl milling (CFS). B-carotene stability 
acruss 3 ditferent env ironments (Palmira. Yillavicencio and Media Luna \ was studieu un 1<-l high­
canHene genotypes. 

Dry and grinned samples of roots and lea ves were sent ro the Univ. of Ade laide t(lr the simultane11us 
analysis of several minerals. A samp ling studied wa-; conducted on 2 cultivw·s. over 2 reps. 
sampling 2 plants. 2 tissues (roots and lea ves). 2 samples per plant. and 2 type nf samples (grinned 
m whule sample ). A gruup u f 20 genotypes was evaluatetl tür mineral cuncentration both in ronts 
and leaves. t{) (\\)Wing. recnmrnendations from the sampling stuJ y. 
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Results: B-carotene. Although there is a clase relationship between the quantitative levels of 
carotene and the color of root parenchyma. the variability observed among genotypes with similar 
parenchymal color resulted in an overlap between white and cream roo ts. and between crearn and 
ye llow roots. Table 1.3.1.1 presents the mean values and standard deviations fo r groups of 
accessions classified according to root parenchymal co lor. Even those deep-yellow and orange 
roots showed a broad range of concentrarions. ti·om 0.6 ro 2.4 mg carotenes/ 100 g fresh roo t. 
Although it seems teasible to improve ~-carotene levels tlu·ough visual selection tor root color. there 
is a need tn rely on quantitative screening in order to increase the efficiency of the process. 

Tahlt! 1.3.1. 1. Average carmene concentralion in cassa,·a roots dassi tied according to root color. 

Root color 

Whítc 
Cre;un 
Y cl low 
Deep ycllow 
Or;mgc 

Numerical scale 

2 
3 
4 
5 

Carotene (mg!IIJ<)g) 

0.13 
O.JlJ 
0.5X 
!l.X5 
1.26 

St<m<furd Jc,·iation 

IUX 
0. 2X 
0. 2X 
n. 1 7 
O. 1 1 

It seems pnssible to se lect genotypes with 2 mg/g of carotene out of the availab le genetic variab ility. 
\Vhich sers a cnnsiderably higher upper limit than previous repon.s (Jos et al.. 1990: Moonhy l!t al.. 
1990). Given that the average daily requirements of vitamin A is around 3 mg (WHO. 1995): the 
cnnsumption nf 150 g of roots ti·om genotypes with such high concemration can supply this 
re4uirement. prnvided that the carotene is 1009c anu lable to the human organism. 

The 5 genntypes having the highest ~-caro tene cnncentration were cnllected in the Amazonian 
region M Brazil and Cnlombia. where ye llow parenchyma cultivars are prete1Ted by farmers. 

Across a tntal of 6.32 samples. a significant cOITelation (r=(UQ) between rnot color anu carotene 
cnntent. was Lleterm ined. Calculating r2

• we llave that ó7'/c of the total variability in carotene 
cnntent can be exp laineJ by the variability in ront color. Therefnre. it is possible tu impnwe 
camtene content by visual selection t(lr color intens ity. but there is still snme scnpe to impnl\·e 
selection efficiency by 4uantitative evaluation nf carntene content. 

. ..\ pre,·inus repun by Hershey and Ocampo ( I<JX9 ) estab lished that ront culor (white/cream/ye llnw ) 
was LletermineLI by a pania ll y Llo minant gene. The hypothesis of two genes with epistatic ettects 
cnntro ll ing ruot clllor. was stuLiie LI fro m a cross between a white-ruot anLI a yellow-ruot genotype. 
These genes were nll minateu as Y 1 with complete uominance. allov,:ing t\)r the transpon of carotene 
at high k,·e ls to the roots: and Y~ witll panial dominance ullowing túr the accumulatinn nf carotene 
111 the ronts. The genotype of the white-root parent was assumeLI to be y 1 y 1 Y~y2 • and the ~ellmv­
rnnt parent '-L" Y1y1 Y~ Y~. accmding tn the observed segregation in the F1. The expecteLI segregation 
frnm thnse genntypes was SOC/c white (y 1y,Y2_ ). 2SCK cream (Y 1 y 1 Y2y~) . and 25 CK yellmv 
C Y 1 y 1 Y:Y~) . AL·cort..ling to the Chi S4Uare test. the observeLI segregation has a prubability betv.:een 
XO and lJ()<;( of supponi ng the nriginal hypothesis. The parentlprogeny performance t(lr ruot color 
anJ carntene Ctlntent is presented in Table 1.3.1.2. Althnugh major genes dnminate the transpnn 
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and accumulation of carotene in the roots. the quantitative variability observed within root color 
dasses suggested that a number of genes with smaller effects are involved in the accumulation 
process. Therefore. there is good scope to achieve maximum Ievels of expression by a process of 
recurrent selection (Jos et al .. 1990). 
Tahle 1.3.1.2. Segregation for root color and carotene concenrraúon (fresh weigbt basis) in a <..Toss between 

conrrasting parent<t. 

Genotypes 
Number of individuals 

(Observed) 
Number of individuals 

(Expected) Carotene (m¡.!/100 !!) 

CM 277'2-3 (yellow) 
CG 137'2-6 (white) 

White 
Cream 
Yellow 

20 
10 
l) 

ll) .50 
Y.75 
Y.75 

0..+2 
0.08 

O.OY 
0.'28 
0.3X 

Tlle effects of different processing methodologies (FR (control). CR. CFO. and CFSl were studied 
in a group of 28 genotypes. On average. boiling (CR) reduced carorene content the least (34Sf l. 
tü llowed bv oven dried t1our (CFO) with a 44!k reduction. Sun dried tlour (CFS) reduced the 
carotene concemration to tlle lowest leve! (73% reduction). which seems to imply that carotenes are 
photo-labile. Although the COITelation among different processing methods across genotypes was 
significant (Table 1.3.1.3). the relative magnitude of the effect') (r\ indicares that the genotypes 
with the hi~hest carotene concentration in the fresh root controls are not the ones with the hi!!hest - -
concentration after processing. Therefore. after routine screening fo r high P-carotene in fresh roots. 
a test of stability after ditlerent processing methods should also be routinely canied out. 

Considerable amounts of carotenes were conservecJ after processing. panicular! y when oven drying 
was CaJTied out. These results aJ·e supponive of the tindings of McDowell and Oduro ( 19H 1 ). that 
gari obtained from ye llow-root cultivars. presente u cnncentrations of caJ·otene of up to l. 13 m g/ 100 . 
g. In relation tn the nutritional value of processed ca')sava fonds. it is also imponant to study how 
much caJ·otene left after processing is available to the human body. once the ca')sava product is 
cnnsumed. 

With regard ro srabil ity in ditkrent environmenrs. there were signiticant difterences (Pdl.OO 1) 
among e\·a tuatiun sites. Average carotene concentration foral\ the evaluated genntypes in the s ub­
humid ecosystem was doub le ( 1.63 mg/I OOg of roots) the nne nbserved in the more tenile mid­
altitude sire ((UQ mg/IOOg): with the acid-soil savanna ecnsystem falling in-between ( 1.35 
mg/1 OOgL Althnugh there were significant interactions with the site nf evaluatiun. testing in the sire 
with the greatest expressinn for the trait (sub-humid ecosystem) will result in a more precise 
screening. a broader expressinn range anda higher l1erirability than in the other environments. Sub­
llllm id tropics is the nmst impunant ecusystem t<1r cassava productiun in Africa and Latin-America. 

B-carotene cu ncentratiuns in leaf tissue ranged from as lnw as 15 mg/ 100 gr to a'> high as 105 
mg/ 100 gr. In userage. cassava lea ves can ha ve 30 times the carntene cnncentratinn fo und in the 
roots of yellow cassava. Selecting the genotypes with the highest cnncentratiun of carotenes in the 
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lea ves will allow to supply the daily requirements (between 3 and 4 mg) of vitamin A for an average 
person. with just 5 grams of fresh lea ves or 2 grams of dry leaf t1our. 

Tahlt! 1.3.1.3. Correlatiun (r) <unong processing melbodologies for carotene concentration within a group of 2X 
yellow-rool genmypes [control (FR), cooked parenchyma (CR), oven dried tlour (CFO) and sun 
dried tluor (CFS)l. 

FR CR CFO 

CR O.XO .. 

CFO 

CFS 0.5':1. n. 7ó •• o. /l) 

*. **: ' ignilie<ml aL5'1r <Uld 1% prohahiliLy. rc:-.pecúvcly 

Minerals. Results showeú that experimental erTor· can be reduced to reason<1ble levels (F fin ponleú 
samples acrnss plants and reps. still significant) by sampling 2 plant'i per replication and pooling at 
least 2 rnots per plant (previously washed and peeled) and 10 developed leaves from the upper third 
of the plant. This study also showed a high positive cotTelation between mineral concentration in 
roots and leaves nf the same genntype.s for Zn and Mn: while for Ca the cotTelatinn was highly 
negati,·e. For other minerals. variability in concentration was independent in rnnts and lea ves. 

< 

Applying the previously llescribed sampling pmcedure. a set nf 20 genotypes planted in -f. reps was 
sampled at 6 momh after planting ro e,·aluate the concentration of minerals in both leaves and roots 
(Data not shownl. The coetlicient of variation (CY9'c) was high fm the cnncen[l·ation nf Fe in 
lea,·es and for .VIn and Na in the nhH.S. Again. the .sampling pmce.ss avoided soil cnntaminatinn 
since the CY t\1r ronts wa.s lower than the CY t(n leave.s. Differences dueto genntypes (\·ar) were 
significant ( P«WS ) t\1r al! minerals evaluated in cas.sava ka ves. except t(H· Fe. [n the case n f 
minerals in tlle t'Oilts. al! but Fe. i'vln and B were significanr ( P«W5). Except fm Na and K. 
cnncentrati11n nf minerals in lea,·es is higher than in the roots. Fm Na ronts showed higher 
cnncemration. while t()r K the range was similar. CntTelation between lea\'es anu rnnts were not 
significant. althnugh they were al\vays positive w ith the exception of Ca. Snmehmv. against what 
was expected. cotTelatiuns among nutrients across leaves anu rnots was nnt significant. either. 
The.-.,e results appeared to indicare that we can imprO\·e the concentratinn nf each nutrient 
indepenuently nf the others. and in tllt! leaves indepenuently fro~ the roots. We will llave to 
carefully clmo~e the nutrients we wuulú like tn increaseu the concentration through genetic means. 
in múer tn maximize genetic gains in them. The limited \·ariabi lity nbsen·ed in Fe concentration. 
\\'ill re4uire tu study a brnader spectrum ofgenotypes including other Manihor specie.s. 

Acil ie \·ements: Snurces uf high c<mltene and LL'>curbic acid contem in the rnnts selected. 
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Inheritance of carotene accumulation determined 
Stability of carotene content after cooking and drying determined 
Yariability in mineral content in roots and leaves studied 
Higher concentrations of vitamins and minerals in leaves justify its use 
as a toad supplemem. 
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Act i vitv 1 . .3. "). Scref:'ning f~l el i re ;:enof)pf:'s fo r physio!ogical posr-lwn ·esr dereriomrion. 

Rationale: The shnn posr-harvest storage life of cassava roots is an intrins ic charucte ristic 
that affects the marketability of the product. Ronts ha ve to be consumed nr processed slmrtly 
a.fter har\'est. Post-harvest physio logical deterioration (PPO) begins as earl y as 24 huurs nf 
han·est. resulting in ront production and 4uality losses. high marketing margins and risks. and 
restricted manageme nt tlexibility for farmers. traders and processors. 

A limited amount nf genetic variability fo r PPD is available in cassava germplasm. providing 
4uantitati\'e genotypic ditlerences in the shel f-life nf cassava between very few days to one nr 
possibly two weeks. Hmvever. selectinn fm reduced PPD from existing ge netic variants in 
breeuing prngrams is se rio usly hampered by environmental effects and the complex inheritance 
nf se,·e ral tra its unc.J er s imu ltaneous impmvement. Ü)mmonly cul ti vatec.J cassava varieties ha ve 
shelf li,·es nf nnl y a few c.Jays. Although results fro m early research showed a e lose positive 
aSS\lciatinn be t\veen PPD and rno t dry matter coment. recent results fro m studies on a wic.Je r 
,gene tic range. failec.J to finc.J a significant assoc iation between those traits. 

The process nf PPD in cassava resembles wounc.J-healing responses found in other plant systems. 
Such t.lefensive responses are eventua ll y inhibitec.J by successful wounll repair in the majority of 
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the systems stud ied. However. this repair process is not successful in the harvested cassava 
storage root (except under certain storage conditions as described below). leading to the 
hyporhes is rhar um·estrained cascades of wound responses ultimate ly result in root deterioration. 

The objective of the present work is to associate PPD resistance/susceptib ility reactions to other 
root tra.its of accumulation of metabolites in the roots. in order to fac ilitare germplasm screening. 
gene identiíication and tagging. as we ll as increasing the effic iency of the breeding work. 

Methods: The work was developed at CIAT (Palmira) during the period September 1995 -
March 1 9n. Two screening trials were established with 16 and 63 e lite genotypes with 3 
replicat ions in plots of 25 plants. A random sample of 5 roots fro m each geno type was harvested 
and eva luated accn rd ing to the procedure described by Wheatley ( 1982). Distal and proximal 
extremes nf each root were cut in order to obtain a 15-cm piece. The distal pan of the roo t was 
cnvered with a plast ic fi lm and secured with a rubber band. Ronts were sto red in a cool shatled 
place and were evaluated at 5. 1 O and 15 days after harvest. Each roo t was cut into se ve n 2-cm 
,~;! ices . and each si ice was scored for PPD. Re lated root traits such as dry matter content (9é ) and 
cyanide were reco rded in both trials. and starch and sugar content was measured in the first tria !. 

Resul rs: In the screening of 1 ó genotypes run during the crop cycles 1995-96. PPD at 1 O 
and 15 days was correlated with starch cooking fac ili ty (FCC). starch instability (INE) and the 
ratio nf total sugars ( AZ) to starch concentration (AL) (Table 1.3.2.1 ). Pri ncipal component 
analysis cnnsitlering those traits as intlepentlent variables revealetl that the ratio A7J AL had the 
largest pnsitive re latinnship with PPD. The second largest component. but having a negat ive 
etfect nn PPD was starch cooking fac ility. which represents an intrinsic characteristic nf cassava 
starch. The evaluation of the same genotypes during the crop cycle !996-97 resulred in a 
sig ni ficant difference among genotypes at 5 and 10 DAH. but no difference was observed at 15 
DAH. Fm m this tria !. 3 genotypes with less than 20% PPD at 15 tlays were selected tn be used 
in crosses for buil tl ing up 

Table 1.3.2. 1. PPD reaction nf elite germpla.sm and re late<.! roo t and starch charac teristics. 

19<)5-96 )l)Y{).l)7 

HC::--.1 
IOI;tl PPD 15 + 

Genot\·res 
.. 

1 D~l ppm FCC !NE AZ/AL PPD I 5 Microh PPD5 

Cvl )(J65- 1 3X.l.J l).f 5.X 2-fl) 7.5 ,") 
-' - 54 12 

Cvl 61 llJ- 5 3X.4 J4l) (J .) 320 1 n.x 45 63 4X 
C.\1 /OX6-17 Yi.X 24X X.7 2lJO l) . 1 )l) :ílJ 40 
C\1 /4(J3- 2 ~5.3 102 X.2 205 6.\.1 25 )l) -W 
S:'-1 (JlJ( l- 6 3X.3 l XX 5. 7 2XlJ 6.7 23 23 2lJ 
S\1 106X- 4 3X A 75 X. 2 232 5.0 l) 24 JO 
S~ l 1 OXX- 1 3X. I 103 7.5 257 ó.ó 17 2X j"J 

S~ l 11 11- X 35.2 I XJ 7.X 2l l) n.lJ 2X 51 20 
Si\1 1 2XIl- 2 37.2 lXII 7.5 2-W 7.6 30 35 7ó 
S~ l 1 1 1 6- 3 ~7.5 57 X. 2 240 6.11 14 15 .., .... --
S:'-1 13(13- 3 36.5 l) 1 l) .1 262 ó.2 ó2 ()) 74 
S,\ 1 14/7-Jlj )7.0 llJX X. 2 2(J3 óA 20 42 ((} 

S1\ l 15n5-x "}.7.7 23X X. l 240 x.n 31 63 47 
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SM 15R8- 1 35.2 317 R.5 298 10.0 36 47 10 
SM 1600- 4 35.R 120 R.2 270 6.1 23 33 51 
MDOM 5 38.0 101) 10.5 205 7.3 21 62 8 
Avera!!e 37.0 \ 53 7.1) 255 7.4 30 -l5 33 

genetic stocks. Genotypes SM 1280-2 is mteresting, because it combines resistance to PPD and 
microbial deterioration. Corre lations among PPD for each of the evaluation dates was not 
significant. a.lthough the con·elation between 15 DAH in first crop cycle and 5 DAH second 
cycle was significant. These results show that PPD reaction is highly affected by the 
environment and that conditions for screening should be srandardized in order to allow fo r a 
better detection of favorable alle les. 

More recently the screening of a broader range of genotypes (63) revealed a cons iderable range 
of diversity (Table 1.3.2.2). but for certain genotypes PPD was masked by root rot symptoms. ft 
is impnnanr ro combine resistance to both PPD and root rot. in order to extend the shelf life of 
cassa,·a roots. and have a stable peti'ormance across years. tn this study. we observed a 
significanr positive correlation berween PPD and ~k roor dry matter (r= 0.55**). anda s ignificanr 
negati,·e cnrrelarion berween PPD and cyanide cnnrem (r= -0.-+3**). This is the tirst time that a 
signi ficant relationship with cyanide content is repo1ted. 

Table 1.3.2.2. Genorypes with extreme PPD reaction in evaluations after 1 and 2 week srorage 
( 1997). 

lnitial samplt! Aftt!r 1 Wt!t!k stor a!.!t! Al'tt!r 2 Wt!t!ks stor al!t! 
Total Tmal Tola! 

Gcnot\'J)e '1 DÑl HCN %DM HCN % PPO 'h D~l HCN % PPD 
High PPD 

CM (i7Xó- 4 37.2 11 2 3Y.7 1 ¡y 65.7 JI).-+ 104 72 .7 
CM X22-+- 2 4 1A 1-+ó 43.Y l)7 65.7 -W.Y 71 X4.3 
SM lJOlJ-25 45.1 XO 42.7 121) 71.7 42.4 X4 74.7 

Low PPD 

S1\l 1602-13 37.5 IXO 3lJ.3 IX7 2U.U }LJ.(i l ól 15.7 
Ñl BR.-\ 12 35.X 205 3n.6 233 19.3 JnA 2 11 15.11 
;-.,¡coL 1-+6.~ 32.5 ln3 32.n ló5 9.7 34.3 23X 15.3 
Sto. De,·. 5'; 2.3 3X u 55 IIU J.l -+X 1 I.X 

We. ha\·~ recently started a joim research prnject with the Universiry uf Bath which has the 
following 3 componenrs: 1) cONA c lones for a range uf genes known tn be invulved in wound­
respons~s in other plant systems wil l be iso lated fro m cassava. based un DNA homology amung 
functionall y conserveu genes. These. genes will then be assayed for their expression in 
cnntrasting cassa,·a genutypes anu co ntrnlled envirn nments affecting PPD. Simultaneously. the 
cD ·A clunes wi!! be includeu in the genetic map nf cassava and monitnred as candidate genes 
aff~cting PPD. th mugl1 quantitative trait ana lysis under representative tie iJ conditions. 

Genotypes with more than 10 day she lf-life selecreu 
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Activitv 1.3.3. Evaluarion r~f'srarch conrenr. qualiry al1(1 ¿:ranule morphology wnong elire 
germp/asm and con: col/ection enrries. 

Rationale: eassava represents an excellent so urce of starch in the trop ics. dueto its 
producrion efficiency. and the intrinsic characteristics nf the starch produced. e iAT has given 
emphasis to the se lel:t ion for higher starch content within cassava gene pools during the last 15 
years. As a result of that. a series of e lite genotypes with high concentration of starch are 
currenrly avai lab le at Nacional Program leve !. Not so much emphas is has bee n given to study 
and deve lop alternative so urces for starch quality. which l:é:tn open new avenues to bonst the 
demand fo r cassava. and creare new markets fo r fanners growing the l:rop in marginal regions. 
During tlle last 3 years we ha ve centered our eftó rts in 3 areas: a) increasing starch cnntent: b) 
characterizing starch qual ity within the existing range nf gene tic dive rsity fo r cassava: ande) 
creare new variants through genetic transformation. We will be reponing on the analysis nf 
starch resistance to di ffere nt treatments in a range nf genotypes. and the variability in starch 
granu le structure fnund in the cassava germplasm cu llection. 

:vteth tH.ls : o) Resisrance ro ocitf 111edia and.fi·ee::. ing. Srarch ti·om 9 genotypes was useu in this 
:-.tuúy. Thnse genotyp~s were se lected out nf a larger group. based nn the range of amylns~ 
cnnt~nt rWheatley ~tal.( 1992). The genotypes were: :VICOL lóX-+: C:'v! J31ló--+: :VIBRA ó2: 
\1MEX 5lJ: eG lJ 15-1: :VIVEN 77: MPER 19ó: \!!YEN 25 : and eG 1 ó5-7. Starch was extrac teJ 
manually. Gcls were pr~pareu as starch suspensions cnntaining 5lfé starch were prepareu in 
uisti lleJ water. with th~ aduition of souium benznate at 0. 11/'c. The suspensions were prepared in 
a Brabenue r viscnamylograph statting at 25C anu enúing at (O C. with an incremenc in 
temperature tlf 1.5 C/minu te. 

In order tn c\·aluate res istance to acidity: unce gels reached ambient temperatu re. rhey were 
aciúifíeu at pH 2.-+ with the aúd ition nf chlorhydric ac id 0.5 0/. and 35 mi of the ge l were stored 
in 50 mi centrifuge tubes. capped. anu at-+ e during 2. 4. 5 and ó weeks prinr to eva luation. 
Resistanl:e to freezi ng was ~valu ated in 50 mi centri fuge tubes. 40 mi of ge !s were storeú. 
cappeu. at - 20 e uuring l. 2.-+ and 6 weeks. prior to eva luatinn. 
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Syneresis was measured in lO mi centrifuge tubes. where 5 g of gel from each treatment were 
weighted. Syneresis was measured by the weight of liquid separated from the ge l after 
centrifuging at 1000 g during 15 minutes at 20 C. and it was expressed as percentage of the total 
weight. Prior to evaluare viscosity. gel samp les from the acidity tria! were left at ambient 
temperature. while those from the freezing study were left for l hour in a hot bath (30°C). 
Yiscosity was measured in a Brookfield visco meter. with a speed of 10 rpm at 25''C. The 
Brabender vi.scoamylograph was useli to evaluate reo1ogica1 properties of the ge ls. Amylose was 
evaluated with the cholorirnetric method 6647 of l. S. O ( 1987). 

h) Swrch ¡.:ranule shape. A total of 4420 genotypes from the global cassava germplasm 
collection were screened under microscope. after staining with a 0.:2~ solution of lugo l (ICI). 
Those genotypes presenting abnormal granule structure or associations amo ng granules. were 
separated for further studies. 

e) Starch phosphorilation. Fony cassava genotypes were analyzed for the ir content of Glucose-
6-P. at the Royal University of Denmark (KVL). 

Results: a) Res isrance. Table 1.3.3.1 shows the functional prnperties nf the starches 
evaluated. There were significant ditferences among genotypes in re lation to amylose coment. 
with MMEX 59 having the lowest conce ntratio n ( 1 O AS 'k) and MYEN 77( 12.50Ck ). CG 165-7 
( 1 2.30~) and MYEN 25 ( 12.20Ck) having the largest va lues. Gels were c lear and showed low 
resistance to cooking. Gelatinization temperatures ranged between 63.:2 and 69.4 C. Maximum 
viscosity varied between 440 and ó 1 O UB. 

Table 1.3.3.1. Physico-che mica l propetties of cassava starch 

Gcntoypc A rnylose % T gclatinizalion(" C) V maximurn(UB) 

MCOL lóX4 II.OY (±0.10) 114.3 5 10 

CM 3JOtí--+ 1 O.X7 (±0. 14) 115.2 5 15 

MBRA 162 1 l .lJO {±0.25) tí3.ó 520 

i\ 1~1 EX 5lJ 1 o .S:! ( ±! u.n tí3.6 5lJO 

CG lJ 15-1 11.-+J (±O.OlJl ó6.3 552 

,'viVEN 77 12.52 {±0.14) 67.X -JI)() 

~lPER 1% 11 .37 (±0.20) ()1) .-+ -+40 

:\!COL 2-+X5 1 1.52 (±0.05) tí-+.3 (¡ 1 () 

tviVEN 25 12.25 {±!l.05) ó-+. X 5-+5 

CG ICl5-7 12.35 (±(l.l ()) ófi.3 51X 
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In acid medium starches should preserve its physical appearance. structure and viscosity during 
processing and storage. like in the case of thickening agems for sauces. Results from this study 
showed that cassava starches presented an increase in viscosity after the second week of storage. 
with the tendenc y to stabilize after that. with the exception of starch from MMEX 59 and MCOL 
1684 (Figu re 1.3.3.1). Gels did not show changes in their structure. and no liquid was released 
(syneresis) during the different petiods of storage. 

30 t--------.""'·:-:: . .,-::-_______ ----:7'_ .. :::.:.····························--······.;<; 

~ 2St--------~-~"~''-·,~, ,~~--~~'-· ·_' _•_~~~~----~ 

~ 20 t====~~~~~~~- ~·w§···§~/~, ~~~~-~~~-~-~~~ ~ 15 .... ·~ ~ -

~ 1 0 +-----"~,~~~~·.~~~~-'' ____ .. _ ... _ .. ______ ·_w_····_···_· _________ ~ 

Figure 1.3.3.1. 
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-+-MCOL 1684 
..... , .. ::·····MME X 59 

........¡.- MPER 196 

--a-cM 3306-4 
___._ CG 915-1 
- MVEN 25 

MBRA 162 
~MVEN 77 
----"'"···- cG 165-7 

6 

Cassava starch ge l viscosity during storage in acid medium. 

In Figure 1.3.3.2. changes in viscosity during sro rage of gels at -20 C can be observed. During 
the ti rst week of storage. al samples s howed a reductio n in viscosity. with MYEN 77 and CG 
165-7 presenring the greatest reduction ( 11 .7 cp and 10 cp respective ly) . and showing syne res is 
at wceks 4 and ó. After 4 weeks in storage syneresis for MYEN 77 and CG 1 65-7 was 4 .4 % and 
13.7 c'c-. while after 6 weeks. it was 4.3% and 22.8lk. respective /y. Results demonstrated a 
re latinnship between amylose content and the retrogradation process (syneresis). Starch 
prmluced from MPER 19ó and MYEN 25 presented the greatest stability during sto rage time . 

Figure 1.3.3.2. 

~MCOL 1684 
····':·.·.····· MM EX 59 

·-+--MPER 196 

............. CM 3306-4 

---CG 915-1 
- M V EN 25 
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····««·····cG 165-7 

Cassava starch ge l viscos ity during freezing at -20"C. 

..J.() 



b) Granule shape. A total of 20 genotypes were detected with abnormalities in starch granule 
shape or in strange associations amo ng granu les: CG 26-12: MCoi 31 : MCol 1489: MCol 1700: 
MCo l 2197: MEcu 51: MEcu 74: MEcu 191: Mind l 1: MMex 77: MPar79: MPar 12: MPar 
137: MPer 279: MPer 401: MPer 540: MVen 21 and MVen 327. This abnormality can result 
from different causes: among them mutations in the ratio of amylose/amylopectin. differential re­
growth dueto defoliation or lodging. etc. The genotypes will be multiplied this year for fmther 
studies o f starch functional and chemical properties. 

e) Srarch phosphorilation. Root and tubers usually ha ve higher Ievels of starch phosphorilation 
than cereals. The range found in cassava (0.61 to 3.60 nmol Glc6P/mg starch) is very interesting 
to stan an improvement process through se lection and recombination (Figure 1.3.3.3). 
However. it is considerably lower than the range a!Jeady reponed fo r potato starch (5.0 to 30.0 
nmol GlcóP/ mg starch). lt is interesting to notice that the 2 genotypes with the highest Pi le vel 
(SM X53-7 and CM 743X-I) are ti·om the highlands. Starch synthesized in the high land 
ecosystem has particular quality traits dueto the lower average temperature under which it is 
accumu lated. We are going to use these 2 genotypes as parent lines ro generare reco mbinant 
progenies and seek for transgressive segregation to r Pi-starch concentration. KVL has 
deve loped a screening methodology fo r breeders to incorporare Pi-swrch as a selection criteria. 
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Figure 1.3.3.3. Starch phosphorilation in different cassa\·a ge nlltypes. 

..J. I 



Achievemems: 
Gcno types with enhanced resistance to acid media and freezing 
conditions have been se lected. 
Ca.ssava germp lasm base has been screened fo r starch granule 
abnormalit ies. Genotypes with abnormal shapes and conglomerated 
structure will be studied in detail. 
Parental material was selected ro develop recombinant progenies fo r 
the se lection of high Pi-starch concentration in cassava. 

OUTPUT 2: Genetic stocks and improved gene pools developed and transferred to 
na tional programs. 

Sub-output 2.1. Production of recombinant seeds to re- initiate breeding cycles and 
support nationaf programs. 

Activitv 2. 1. 1. Seil:crion r~lparenral marerial based on prn·ious cycle resu/rs. anrf rhe 
in(onnarion obrainerl.fimn rh e pre\·ious ourpur (resisrancelroleranct'. c¡ualiry 
rrairs). 

Rationale: T lle se /ection o f parenrs w build popuhnions fo r future breeding work represents 
the core nf nur improvement ctf orts. since it will determine the genetic progress we will achieve 
in the fu ture. T here are two types of populations deve loped: open pnllinated and contro l 
crosses. We usuall y used open pollination (po lycrosses) ro deve lop populations for target 
ecosystems. \Ve ha ve cnnsistently deve loped polycrosses for the sub-humid tropics. acid so il 
savannas. semi-arid tropics. mid-a lti tude and highland trop ics. and sub-tropics. In the case o f 
controlled crnsses. we used them to develop progenies for specific traits. special studies nr the 
combinatinn nf eli te experimental material with loca l landraces that need to be improved. 

M ethods: Genotypes that have been selected nver 2 cnnsecuti ,·e years in ad vanced yield 
trials are nnly ~elected to panicipate as parents for the fo llowing generation. A mong those 
genotypes. we o...elect thuse with outstanding per fo rmance fnr the mnst impnrtant agronnmic 
traits .. -\fter the analysis of variance is comlucted wirh data across 2 years. tlmse genotypes 
e.xceeding at leJst une standard deviation from the nveru fl mean are considered as parents t(l r rhe 
ne.xt gener~Hion. Sumetimes we also include landraces or already re leased culti vars that can 
contribute specia l feaw res tu the progenies generated. 

The infonnat inn pn n·ided by Patho log ists. Entomulogists and Qual ity Specialists in re lat ion tu 
spurce~ nf re~istance or specia l rrai ts is used to se lect genntypes for control crusses. These 
unmul cro.'>Sc.\ are dcvelopcd upnn srec ific re4uests frnm ational Programs that want thei r 
main landrace 1lr released variety crnssed to genntypes wi th spec ific traits: or re4uests frnm 
C IA.T s scientists that wanr tu pyramid ge nes. m deve lnp segregating pmgenies fnr gene tagging. 

Results: Tuble 2.1.1.1. presents the most impon ant parents se lected for the deve lnpment 
of gene ponls rargeted ro specific ecosystems. and their performance in relatinn to check lncal nr 
released \'arieties. That d i tle r~nce mu lt iplied by the heritabil it y of the traits represents the 
genetic prngre.o...s for next generation. W_e can5~e that we ha,·e been very successfu l in selecting 
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Table 2.1.1.1. Agronomic performance of best parental material selected for each of the 
ecosystems we work in Colombia (1995-97). 

Var ietv 

Suh-humid 

Ront yield 
tlha 

% from % from 
check % drv ma tter check 

Dry matter 
yield tlha 

% from 
check 

CM 75 14- X 21.05 152.43 34.54 ':J':J.60 7.27 151.81 
CM 8027- 3 21.86 158.2Y 34.1Y 98.5Y 7.47 156.05 
SM 1411- 5 23.0Y 167.20 34.1 3 Y8.41 7.88 164.55 
SM 1433- 4 21.80 157.86 34.83 100.43 7.5Y 158.54 
SM 1438- 2 21.3 1 154.31 35.78 103.1 7 7.62 15Y.20 

;j:,:::::g,w,::::t:t41MI:m:::::(:::::,::::::::::::::::;r:t~~~~~:::I::::::':,:::r:'::,:,::::::::::1P:P1m::{:::::::::::::::r:::::::::::':oo~9~r::r::=:-;::::::::::::::riiW.ioofiBt:':::::::==:::::r,~7WJ':::::::n:t:::;:::::m,::::::J~~;~~::u,'::Y: 

Acid soi1 savannas 

CM6740- 7 22.17 
CM 7073- 7 20.88 
SM 1438- 21.50 
SM 16lJ7- 26.10 
MCOL 22Y8 21.70 

::¡:::¡:¡::¡:;::::'¡:~M?'$23M}:f:t:::;:,:;::- - --·:-'•:iitt{j@~}:::::;:::;,:,, 

Mid-a1titude trllph:s 

CM 5655- 4 34.7?. 
CM ó740- 7 2lJ.28 
CM 75 14- 7 30.38 
St-.1 15ó5- 17 37.33 
SM 1741- 1 32 .40 

--MCOI:. 146$?: ': : ::-.:: .,,.::=:: Zli5.J::::: : . .:=:u::: 

Hi¡.:hla nd tropics 

Cvl 743X- 1 27.65 
SM {)()()_ ( l) IX.l3 
SM 6 1 (Í- ')') 25. 13 
St\-1 707- 17 25.30 
S1\l lC3- 7 ..,, --___ )) 

COL 1522 :' l3.J3\.'. 

137.53 36.20 y y .42 
12Y.53 36. 18 YY.37 
133.37 35.23 %. 76 
161.<} 1 35.00 %. 13 
134.62 35.60 lJ7.78 

8.03 
7.55 
7.57 
1.). 14 
7.73 

.-=::tíñt$ii®t:::::::::::::::::,;,,:,.::,::: 1$~4:t;:::,_:: . ,:;~::=::::=::=::'r®.~!~tn::-::,_ :: ·: :=:,:::=m:::: s~$::1:':'=:::::::: .. , 

161.26 38. 10 12 1.03 13.23 
136.00 36.68 1 16.52 10.74 
14 1. 1 1 42. 12 1 33.~0 12.80 
173.3Y 35.65 1 13.25 13.3 1 
150.-+Y 3X.Y3 123.67 12.ó l 

·:moJ)QJ .. 3i.t#&r· ·=.·=~ . ..::. JOOJ~r,:: ,, 
·'· ··?{~17:8\:: 

207.43 J4.(lJ 107.5lJ 1.).41 
136.01 36.08 114.07 6.54 
I XX.52 33.55 106.07 8.43 
I XlJ.XO 32.42 1 02.41.) 
16lJ. I 7 34.20 IOX. I J 
-ióo:oo 3Ú'63 IOOJ)(j'.::. 

136. 7--l 
128.71 
12lJ.05 
155.~ 

13 1.62 
:, ,Jt®.ioo-

I Y5. IX 
158.4lí 
I XX.XO 
1%.35 
IX6. (() 
lQ(MO 

223.1 7 
155. 1--l 
( l)l)_l) 7 

l lJ4.37 
1 X2.lJ 1 
lOO~(}(} 

nutstano i ng ge nnt ypes for al! tlle ecosystems but in particular for the h ig h !ano ano mio-alt itmle 
r~:~~J:ICS. 

In re latinn to the selection llf parenrs for spec ific traits. ouring the last 3 years we ha,·e 
incmporatetl gennrypes that excel fm the ir: res istance to green mires. bacteria! blight. white t1y 
ano ront rots. ll igll concenrration of carotenes antl root ory matter. low co ncenrration o f cyani tle. 
sllon stature . excellent cooking qua lity. ano broao aoaptation. A total of 3..¡.3 ge notypes se lecteu 
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for their performance in specífic traits ha ve taken pan of our control crosses during the last 3 
years. This group represent a broad and se lected genetic base to re-stan our selection process for 
specific traits. incorporare genes fo r specific traits into popular varieties in different countries. 
and diversify the genetic base for resistance and other traits. 

Achievements: 
An average 68% genetic advantage of the best selected parents over 
check varieties. 
A group of 257 genotypes selected to participare in the generation of 
recombinant progenies that will serve as the basis for future se lection 
cycles at CIAT and National Program leve !. 
Snurces of resistance to pest and diseases as well as specific traits 
selected for the development of contro l crosses. 

Acrivirv "·l."· Esrablishmenr q{ cmssin;; blocks ami pmducrion t4' recombinanr seed.fimn 
¡Jre\·iouslY eswhlished hlocks. 

Rationak : Pnpulations develnped fnr specific ecosystems represent the basis fnr nur 
conperation with :--.Tational Programs and IIT A. T he development of genetic stocks is gaining 
imponance through the years. Genetic stocks are produced based on the recombination of a set 
of genotypes that excel for a panicular trait. and we would like to upgrade that trait beyond its 
natural range of variatinn (i.e. look for transgress ive segregation in broader adaptation). Stocks 
developed for inheritance studies nr to suppon mo lecu lar mapping nf specific trairs are 
cunstructed by the recombination of contrasting genotypes ( i.e. cyanide inheritance). Often 
times our aim is ro pyramid genes responsible for different sources nf resistance ( i.e. bacteria! 
blighn. As we shift our emphasis frnm applied breeding to more basic research supponing 
breeding ( i.e. mnkcular marker assisted selec tion) genetic stocks wi ll beco me e ven more 
imponant. Parental population development in the tüture will concentrare mnre in targering 
specific crnsses between genotypes selected by NARS ami comp lementary sources of genetic 
infnrmatinn from our genetic enhancement program nr our global germplasm collection. 

:'vlethods: F11r polycrosses we use the uesign developeu by Wright 1 ~ó5 fnr polycrosses in 
túrage species. Fnr rhis rype nf design there is a need tll ha\·e a number of clones equal toa 
prime number minus une (i.e. 12. 16. 1 X. ere.). The design allows fur each genotype to ha\·e the 
same probability u f be ing surruunded by any other genotype uf the se lected group. Knnwledge 
nn tlovv~ring capac ity is impmtam in ort.ler tu se lecta group uf materials with synchronized 
nmv~ring. When rhere are um-;it.lerable ditlerences we ha ve ro implement delayeJ planting 
and/ur pruning 11f the mnst earlier tlmvering genotype-'>. At harvest the seed from different plants 
nf the same genotype are combineJ together anJ named as a half-sib famil y (S i\tl ). 

Fm Cll!Hrol crosses. we plant 1 O tll 20 plants depenJing nn the tlowering capac ity uf the 
genutype in question. Each tlower has the potential to produce J seeds. but in average we nbtain 
no mme than 1 seeJ per cross. Jue ro the sensitivi ty nf the stigma rn the manipu lation during 
po llination. SeeJs from the same crnss are mixeJ togerher anJ name as a full -si b famil y (C :VI) 



Results: A total of 458.027 recombinant seeds were produced during the period 1999-98 
(Table 2.1.2.1). Parental populations aimed at specific ecosystems of continents represented 
77% of the total seed produced. Genetic stocks are being built for traits of high priority in our 
project. In the case of Africa and ACMV resistance. we are developing "backcross·· populations 
between Fl crosses (African x Latin American). anda different African parent. The strategy is 
to ha ve progenies with 75% African background. Stocks for root quality traits represem a large 

Table 2.1.2.1. Recombinant seed produced within the project (Oct 1995 - Oct. 1998). 

Parental population Controlled crosses Polv-crosses Total 
Broad adaptation 10,758 26.601 33.359 

A frica 11.039 90.474 102.1-1-3 

Asia X,630 H.630 

Dwarf plant type 1.4~4 51ó 2 .00() 

Resistance to: 
Bact. Bli!!ht 3.699 3.699 
White tlies 4.677 -1-. 677 
Root rot 390 390 
Post harvest deterioration 2.007 2.007 

Cooking quality 2.203 7.3H5 9.5HH 

Cyanide cnntent 2.406 2.406 

High carorene content 4.444 4.444 

Root yie Id potential 1.067 !.()6 7 

Crosses to wi ld species -1-.054 4.054 

Mnl. map pnpulation 3.36X 3.36X 

Adaptatin n to a c id so i ls 2.30 l 2.30 l 

T etraploid cassava 609 609 

Sub-humid tropics 260 32.411 32.ó7 1 

Acid sn il savannas 1.025 52.25ó 53.1 X 1 

Mid-a ltirude tropics 11.156 3X.I7X 49.334 

Hig hland trop ics 3350 73.506 76.95ó 

Sub-trnpics IX.276 IX.27ó 

Se mi-arid trop ics X-1-7 -1-1.920 -1-2.X ó7 
Total: 79.774 3X1.523 458.027 
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proponion of our efforts. In the case of cooking quality. phosphorilated starch and carotene 
cnntent. we ha ve crossed genotypes with the highest performance. with the purpose of selecting 
transgressive segregants within the progenies. For cyanide. white tlies. post harvest deterioration 
ano bacteria! blight we have crossed genotypes representing the extremes in performance in 
order to map ano tag the genetic facto rs responsible for the inheritance of those traits. In the case 
nf dwarf genotypes we are developing a population with combining genetic facto rs deterrnining 
short plant type. in order to stan breeding for other agronomic traits with that population. 

Ac hievements: 
Considerable amount of recombinant seeds produced. 
Large proponion of our work shifted to specific traits. through the 
deve!opmenr of genetic swcks. and pre-breeding pnpulations. 
More targeted crosses with landraces bui!d during this period. upon 
request from National Programs. 

Acti\·itv..,. 1.3. Cenerarion (in Thai/and) ami disrriburion of" admnced hreeding marerials fo r 
Asian Narional Programs. 

Rationale: Breeding for Asia has mainly centered aro und the issue uf increased producti\·ity 
nf dry matter per hectare. Yield and ront dry matter concentration ha ve been the primary traits 
for se!ection. with almost none emphasis given to pests and diseases. nr cooking quality. The 
work developed in Asia for 15 years. has revealed the possibility to select fo r broader adaptatinn 
nf genotypes. We ha ve the case of Rayong 60 and Kasetsart 50 with good performance in a 
range of Asían co untries. [n nrder to exp loit those two facts plus the need to explore those 
genotypes in the pipe-line of the Thai breeding program. a considerable imporrance has been 
given to the production of recnmbinant seed in Thailand. and the transfer of recombinant 
fam ilies to otl1er co untries in Asia. 

\llethnds: The same approaches as the unes implemented at Clr\T-HQ (pnlycrosses and 
contrnlkd crosse.-.) llave been implemented in Thailand. but a greater propnninn nf segregating 
progenies from cnntrolled crosses is usua ll y produced. 

Result!-.: Cluse to 1 ()().()()() were produced duQ.og the last 3 years nf activities. Thirty 
pe rcent nf that seed was transferred ro -+ Natinnal Programs in the region and ro CIA T/HQ 
iTahle 2. 1.3. 1 ). The retirement uf lHir cassava breeder statinned in Thailand. may resr rict in the 
futu re. tl1is type nf cn llaboratinn. from the Thai program. Althnugh it will take longer fnr nther 
:--.lational Programs ro recei\·e material.-; fmm Thai land. in the futu re we fmesee tllat the tlux of 
impn)\·eu germplasm between CIAT-HQ and the Thai breeding program wi ll continue. and ir 
\vil! be through us that uther 1 atiunal Programs will receive progenies invol\·ing the latest 
selections in Thailand. 

L"nrestricted suppun and co llabmation from the Thai breeding 
program. 
Use uf the most elite genntypes in crosses 
Distribution of segregating progenies of lligh value for Asian National 
Programs. 



Table 2.1.3.1. Cassava Fl hybrid seeds fro m CIAT/Thailand. distributed to Asían programs 
(1995-97). 

Country 1995 1996 1997 Total 
Indonesia 2.805 !.718 2.300 6.823 

China 2.330 2.292 1.500 6.122 

Vietnam 2.740 3.309 2.940 8.989 

Philippines 1. 190 1.350 1.100 3.640 

CIAT/Co lombia 2. 158 2.575 -l.733 
Total 11.223 8.669 10.415 30.307 

Sub-output 2.2. Selection of recombinant progenies for broad and specific adaptation 
within major agro-ecosystems (sub-humid: semj-arid; highland and 
acid soil savanna). 

Activity '~.2. l. Evaluarion and selection (~l hreeding material.\· at d(fferenr stages. 

Rationale: Our strategy fo r cassava germplasm development is centered on the de ve lopment 
of improved gene pools for specific edapho-climatic zones with imponance for cassava 
production. as detined in Table 2.2.1.1. The mosr relevant ecosystems are the semi-arid and 
sub-humid tropics. fnr which we tlevote the majo ri ty of our efforts. The main se lection activity 
is conducted in sites se lected to rep resent the conditions of the target ecosystem. For every 
genotype that is tested in those sites we keep a copy at CIAT. CIAT-HQ is conside re<..! to be free 
of bacteria! blight and some important viruses. and we want to maintain that conditiun. In case 
we do nnt keep a copy of ~ac h genotype. we would ha veto pass each nf them through 
quarantine. which usua lly takes mure than ayear. 

lethnt.ls: For each nf the zones we cnnduct a recurrent selection program. with a 
progressi\·e set of stages as described in Figure 2.2.1.1.. As the st:.1ges prngress. we give more 
emphasis tn traits of lower he ritabil ity. because we ha ve mnre planting material fnr each 
genntype. and the evaluat ion can be cnnducted in bigger plots witll rep licatinns. Cenain 
selection criteria are uf general impurtance across ecosystem (i.e. yield potentia l. dry matter 
content l. while others are specific for each ecosystem ( i.e . pest and diseases). 

Prng~ nies ge nerated fro m the crossing blncks (F I) are plante<..! in screen ho uses and transp lanted 
tn the field afte r 2 months at CIAT. Ató months atter planting. 2 stakes are harvested from eac h 
plant and given a consecurive number ;,¡ccording ro the plant. One of rhe sta.kes is planteo at 
CIA T. the uther nne is p lanted at the m a in se lection si te ( F 1 C 1 ). Selection is conducred at 
han·est nn individual plants ar tht:! main se lection site. Planti ng material taken from the se lecred 
genntypes. at CIA T. is used m establish a 1w n repl icated ó-plant plot both at CIAT and at the 
main selectiun site (C ional evaluation stage). E\'aluation is done using the central .3 plants. 
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Selections are transferred to the fo llowing stage (preliminary yield trial) and planted in non 
replicated 20-plant plots. Evaluation is done in the central 6 plants. and selections are passed to 

the advanced yie ld trials at 1 or 2 sites. with 3 replications of 25-plant plots. Genotypes selected 
over 2 consecutive years at the advanced yield tria! leve! are consider as "elite genotypes" and 
incorporated in the germplasm co llection and the crossing blocks. Since each year we initiate a 
new breeding cycle. we have all the stages simultaneously being conducted in each site. 

Table 2.2.1.1. Main ecosystems for cassava production. representative production regions and 
main breeding sites. 

Description 

Sub~humid tropics (800-
1500 mm /year. bimodal 
rainfall distribution) 

Acid soil sa vannas ( 1500 
- .3000 mm/year. shon dry 
period. low pH) 

Humid tropicallowlands 
(above 3000 mm/year. no 
e lear dry period) 

Mid-altitude tropics 
(ROO- 1-l-00 mas 1) 

High-altitude tropics 
( 1400-2 ()()() m as 1 ) 

Subtropics (latitudes 
higher than the trnpics ) 

Semiarid (below SOO 
mnl/year. unimoda]) 

Representative Countries/Regions 

Culombia (Atlantic Coast & Santanderes): 
NE Brazil: NE Thailand: Domin. Rep.: N. 
Venezuela: Mexico (Yucatan Península): 
subhumid belt of Africa: 

Plains of Colombia & Venezuela: Brazil 
(Cen ado): Mexico (Tabasco): Cuba: W 
Africa savannas: Philippines: Panama (Ocu) 

Amazon basin (Brazil. Colombia. Pem): West 
Java & Sumau·a: Malaysia: S. Vietnam: 
Equatorial West Africa 

Andean zone: central Brazilian 
hi!lhlands: mid-altitude areas nf Ní!leria. 

~ ~ 

Cameroon. East Africa 

Andean zone: Rwanda: Burundi 

S Brazil: Argentina: China: N Vietnam: 
Cuba: Paraguay: S Africa 

NE Brazil: NE Colombia: (Guajira) semiarid 
belt of West Africa: Tanzania: Mozambique: 
Ecuador (Coast) 

Main Sites for 
Breeding Work 

Media Luna 
Santo Tomás: 
Betulia 

Villavicencio 
Matazul 
Sder de Quilichao 

Villavicencio 

Palmira 
Sder de Quilichao 

Popayán 
Mondomo 

Sta Cat 
( Brazil) 

Guajira 
Sto Tnmas 
NE Brazil 

Resulrs: In order tn summarize results from the last 3 years nf work. we present the 5 best 
selectinns from rile clona! evaluation. preliminary and advanced yie ld trials. fnr the cycle 1997-
<JX: the tri al mean. mean uf the check varieties and mean of all se lectinns. for each uf the 
ecosystems that we wnrk in Cnlombia rTahles 2.2.1.2. 2.2.1.3. 2.2.1.4). Mnre than 100 breeding 
trials \\·ere conducted during the 3 crop cycles fmm 1995 until <JX. Cumparing among breeding 
stages. we can nbserve that for the must importunE targeULajUd.ry.matter.x~ld). the genetic 
progress (ditlerence between mean nf se lections and tria! mean) is greater as we advance in the 



Figure 2.2.1.1. 

Evaluated traito; 

Pest ami <.l isease resistance 

Pes! an<.l di~ease resistancc 

+ harve:-.1 index. roo! dry 
maucr and cyani<.le 
cnntent. plant type 

+ root yicld 

+ cooking quality 

Rt!l-!itmal trials 

Basic cassava breeding scheme applied for each of the priority 
ecosystems. 

Stages and time 

Crossing of selected 
parental genotypes 

(2 :;-ars) 

Ft 
(6 ¡o) 
FtCt 

T 
Clona! evaluation 

( 1 yr) 

• Preliminary yield trial 
( 1 vr) 

• Advanced yield trials 
(1 jTS) 

Cn>:'sing hlucks 

# of genotypes 

5000 
1 site 

1 plant 

4000 
1 ~ire 

1 pi<Ull 

700 
1-2 sites 
6 planL'> 

160 
2-3 sites 
20 planL-. 

36 
2-3 sitcs 

25 planL-. 1 3 rcp:-

Partkipatory evalua tion 

Selection intensity (%) 

20 

XO-X5 

75-XO 

75 -XO 

70-75 

(-; t!rmplasm collectíon 

breed ing cyc le. Dry matter yield is the resultant from a relative ly low heritabi lity trait (root 
yield) andan intermediare to high lleritability trait (ront dry matter o/c ). The more we advance in 
tlle breedi ng cyck we ha\'e bigger plots. more repetitions w ithin sites. and more sites uf 
evaluation : therefnre it is expected tl1at the experimental error wi ll be reduced. and the genetic 
progress enhanced. 

Tlle largest improvement in relation to tlle local check variety can be observed fnr tlle highland 
tropics ecusystem. fo llmved by mid-altitulle trnpics and the acid soil savannas. Tlle mid-altiwde 
site represents better soi l cnnditions compared to the others. tllat is retlec ted in a higher average 
performance for most nf the breeding stages reponed. On the other hand the respo nse to 
selection depends more on the available genetic diversity and the pnssibi lity to combine trai ts 
thar resu lt in higher yield potential. 



Table 2.2.1.2. Agronomic performance for the best 5 genotypes selected at the clona! evaluation 
srage in each of the ecosystems. along with the check variety mean and the trial 
mean. 

Parents Root % Root Dry matter Harv~t 

Genotype Female Mal e yield tlha dry matter yield tlha index HCN 

Suh-humid tropics 

CM 751X· X MCOL 1505 CM 3299-4 31.5 34. 1 10.74 0.6Y ~ 

CM X71Jó- MCOL I734 SM 494- 2 33.9 37.4 12.65 0.5Y y 

CM XX03- 1 MBRA IOX CM 523- 7 37.X 34.2 l2.Y3 0.60 6 
CM XX03- 7 MBRA IOX CM 523- 7 32.0 35.7 11.44 0.57 X 
SM 2277-14 SG 536- 1 31.3 3Y.5 12.35 () .60 3 

CG 11 ~1- 1 2U~ 37.7 X.22 0.4Y 5 
Trial me;n1 21.0 34.3 7.15 0.54 7.-1 
Mean or ~clcctions 21.3 r ., _) __ 7.4X 0.55 7.3 

A. cid soil savannas 

SM 1652-21 Gvl 3372- 4 3X.O 35.5 13.4X ()_(ll) l) 

SM lóX2-2Y CM 33XO- 7 36.7 30.7 1 1.2ó 0.55 y 

SM IX12-X3 SG X04- 5 31.5 33.0 10.-10 0.52 7 
SM 2211- 7 Cvl 57XlJ- 1 35.7 32.~ 11.70 0.5X 7 
SM 22XX- 3 C:VI 7YXó- 13 2Y .lJ 34.1 10.23 0.4Y l) 

CM 523- 7 20.0 32.Y 5.YY 0.-IX X 
Tria! me<m 21.2 32 .--l ó.XlJ 0.50 7.ó 
Mean of ,c(cct ion :-. 22.X 33.lJ 7.71 0.5 1 7.6 

.l1id-a/titude lmpics 

CM X777- 3 C:Vl ó02X- l SG 536- 1 35.4 40.2 14.24 0.5 1 y 

Ci'vl X7X7- 5 SG (()5- 1 1 SG 536- 1 ~0.6 35.0 14.22 {)_()() l) 

Si'vl 2275- 1 C\1 602X- 1 42 .5 37.7 16.0 1 0.54 l) 

S~l 2276- 5 CT 5-5 53.X 33.3 17.lJ2 O.óó lJ 

Sf\1 22-;-- . 6 SG 536- 1 3X.5 3ó.(Í 1-U 2 0.54 7 
1\IBRA 12 3X.6 35.X 12 .Y5 0.47 7 
Tria( mc;UI 23.2 3ó.5 X.5fl 0.54 7.1! 
1\ kan ni ,c(cction' 25 .3 37.7 lJ.50 0.56 7 .O 

Highland fropics 

Cf\1 X654- 1 SG 63 X- h Si'vl 424- 2 W.6 33.Y 13.43 0.6:> 2 

Cl\-1 X(154- 6 SG 63X- ó S~ l 424- 2 3~.5 33.2 l tl.7X 0.5() 2 
5~12123-7 CG 402-11 \"l ., - __ .) 3ó.O ll .ól O. 7 1 6 
S 1\1 2 l 36- 1 7 ~ICOL 2016 3 1.2 35. 1 1 ()_y_¡ 0.57 2 
S~ 1 2232- () S~l 523- 1 26.0 37_() lJ_77 0.55 2 
CG -102-11 llJ.-1 32.-1 ó.2X 0.57 (1 

Tn;d mc;ul llJ. 1 33.1 6.37 0.53 3.X 
l\ kan ot 'ckctton~ 23.lJ 34.2 X.l6 0.55 3.6 
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Table 2.2.1.3. Agronomic performance for the best 5 genotypes se lected at the preliminary yield 
tria! stage in each of the ecosystems. along with the check variety mean and the 
tria! mean. 

Paren t., Root % Root Dry matter Harvest 
Gtmotype Female M ale yield tlha dry matter yield tlha index HCN 

Suh-hwnid tropics 

SM 1516- 7 CG 1220- 2 31.5 32.2 10.13 0.62 y 

SM 15 17- Y CG 1320- 10 31.5 34.3 )().71} 0.52 5 
SM 2077- 1 C'vl 3YY2- Y 2Y A 34.1 10.03 0.6Y y 

SM 20':.10- 7 CM 5577- 1 3S.3 31. 1 11.53 0.6':.1 l) 

SM 2095- 12 SG 7X7- 10 33.3 33.5 11.16 OJí 1 L) 

CG 1141 - 1 24.4 35. 2 X.óY 0.5X X 

Tria\ mc~m 24.4 33. 1 X.O 1 0.5X 7.6 

Mean of selections 25.6 33.lJ ){.() ) 0.57 1.7 

A cid .wil savannas 

SM 143X-IX CG 1005- 2 30.2 34.':1 10.55 0.6X X 

SM 1223-24 CM 2174-7 27.':1 3ó.ó 10.23 O.ó 1 ñ 

SM 1234-llJ CM 2LJó7- X 34.X J I. X 1 1.05 O. 75 X 

SM 1363- 11 SG 4LJ5- I Y 30.X 37.0 11.40 O.M 7 

SM 22 1 LJ-Il SM 4Y4- 2 32.3 35.2 11 .36 0.5X 7 

CM 523- 7 21.4 3ó.X 7.7X 0.53 7 

Tria\ me<ul 21.4 33.0 7.10 0.57 7.5 

Mean of sdeclions ,., - -_ ).) 34.2 X.óX 0.5Y 7.X 

.'11 id -a 1 ti tu de t ro pi es 

SM 150LJ- X CG l) J0-3 2X.X 32 .4 lJ.35 0.57 ó 

Sf\.1 1521- 7 CM 32YY- 4 2ó.3 Jó.O lJAX 0.5ó 4 

SM 16LJ0-22 M BRA 5 23.3 33.0 7 .ólJ ()AX X 

SM 17/N-5 1 MCOL 1505 3 1.0 31. 1 1J.63 0.47 () 

s~vl 1 X55- 15 C~l 523- 7 23.5 1- --).) X.35 0.4X 7 

~~ BR.-\ 12 23. 1 31.7 7.32 0.45 .'< 

Tn;ll rn ~; UI J4.n .:n.4 4.XX OAO n.ñ 

¡\)can ni ~dcction :-. 16.5 34.ó s.ns 0.44 h.5 

Hi¡.:hland tropics 

S1\ 1 1712- 5 SG 427-(14 15.X 37.0 5.Xó 0.55 J 

S~l 1 X47-32 MCOL 1522 1 5.0 32.X 4.lJ 1 0.47 4 

Si\1 11!.\5- 14 CG 50 1- 2 2X.ó 30.5 x.n 0.55 X 

Si\1 JlJJ7- 7 CG 123 1- 3 22.6 34.LJ 7.1<7 ().50 X 

Si\ll lJlJ1-I C\1 44XX- 4 17.X 2':.1.7 s . .:m 0.6 1 l) 

CG -W2-II 17 .lJ 32.6 5.76 ().(1() 7 

Tria! m.:;u1 10.3 31.4 J. 2Y 0.43 5.2 
[\lean of sdcct ion:-. 14.5 33.ó 4.X:2 0.47 5.0 
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Table 2.2. 1.4. Agronomic performance for the best 5 genotypes selected at the advanced yield 
uial stage in each of the ecosystems. along with the check variety mean and the 
trial mean. 

Par cnt'i Root % Root Dry mattcr Harvcst 

Gcnotypc Fcmale M a le yield tlha dry matter yield t/ha index H CN 

Suh-hwnid tropics 

CM fi 1X2- X MCOL 2215 MCR 2 28.8 36.6 IO.lJ x.o 
SM 1427- 1 CM 3lJlJ7- 1 32.R 33.2 11.4 Y.O 
SiVI 151 1- 6 CG y 15- 1 34.5 35.8 12.3 R.5 
SiVI 15ó5- 17 MCOL 1505 36.Y 30.3 11.4 7.0 
Si\-! [657-12 c~r ../.20Y- 3 34.0 J3.fi 12. 1 lJ.O 
CG 11../.1 - 1 1 y .lJ 3ó.O 7.5 7.5 
Tna l mc;ul :2../. .ó 3../. .0 X.../. o.n../. 7.3 

.\kan of 'dection.' 27.5 3../. .lJ lJ.X O.óó 7.5 

A cid .mil .mvanuas 

C.\1 7073- 7 Ci\1 2777- X .\!VEN 77 21. ../. 35.3 X. !X 0.5../. 6.0 
SM IX1:2-5ó SG XO../.- 5 21.6 34.../. X.27 n.5n lJ.O 
SM I X5lJ-26 C.\ 1 276ó- 5 25.0 31.6 X.Oó 0.52 6.0 
SM 1 X61-l X C~l 2lJ52- 1 25 .X J4. X X.3Y O.ó6 7.5 
SM 1 Xó2-25 C:\1 Y372- ../. 2J.X 33.X X. ll 0.57 X.5 
Ci\.1 523- 7 2../..../. 35.3 X.../.1 0.60 7.5 
Trial mc;ul ! X.fl 32.ó ó.OX 0.5../. 7.../. 
,\lean or :--dcct ion:-- 20.2 3../..5 7.23 0.55 7.5 

.Hid-a!tittufe tmpic:s 

S~ l 1557- 17 C.\1 ../.72lJ- ../. 36. 1 3X.3 13.1C O.óO ñ.n 
S.\1 1(,()2- 1:> C.\1 4XlJ- 1 33.Y 3ó.7 12 . ../.ú 0.63 5.5 
S1\ r 1 ó../.2-22 CG tjlJ(l. 6 JY.2 3X.7 15. 14 0.55 3 .O 
Sl\1 1 (,lJO- 13 1\ IBR.-\ 5 :O.lJ 

..,_ -

.ll.:"' 12.75 0.5X 4.5 
S.\1 17../.1-1 1\1 P.-\R 5lJ 31.5 3X.Y 1:2.2X O.ó../. 6.5 

~ I BR.-\ 1:2 1../..7 37.3 - -., ).) _ 0.35 X.O 
Tnal mc; ul 21.4 3().Ó 7.XX tU O 5.X 
.\k;nl 111 'clcctHlll :-- 25. 1 3X.O lJ.53 0.53 5.7 

Highland tropics 

C\1 CN'2- 1 CG 50 1- 2 C:Vl 1 OlJ(). 52 2../. .(1 36.7 1). 00 tl.-+7 5.1) 
Sl\ 1 352- 1 .\ ICOL 2tl J(, 25.ó 3../..2 lUQ 0.41 3.0 
S:'- 1 (, 1 (l- 2 2 .\ !COL 1522 22.0 32.3 7. ll) tl.3X 2.0 
S\1 7tl7- 17 CG .+1!2-1 1 2X.7 31.5 lJ. 13 0.50 1 .O 
.\!COL 2741> 2../..2 30.7 7 . ../.0 tlAX 4.0 

CG ../.02-1 1 2X .3 JO.ó X.67 OAA 1 .O 
Tnal uli:;Ul 13.5 32.3 -+.53 tl.JX .., -__ ;-. 

\k; ll llll '-:kct llllb llJ . 1 3-U ó.-+7 ll.-+5 2.6 
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A list of 33 elite c lones selected during this period is presented in Table 2.2.1.5. This elite 
clones has been incorporated to the germplasm collection to ensure their long-term maintenance. 
Most of them are taking part of crossing blocks to generare new sets of recombinant progenies. 
They are also being cultured in vitro. in order to have them available to National Programs that 
would like to test them under their local conditions. 

Table 2.2.1.5. Elite genotypes incorporated into the cassava germplasm co llection during 1996-
98. 

Genotvpe 
CM 6698- 3 
CM 6952- 1 
CM 7514-7 
CM 7686- S 
CM 7951- S 
CM 8024- 2 
CM 8027- 3 
SM 853-21 
SM X56-ll 
SM 929- 3 
SM 909-25 
SM 1002- 1 
SM 1219- 9 
SM 1406- 1 
SM 1407- 3 
SMI411-5 
SM 1427- 1 
SM 1433- -+ 
SM 1-+35- 1 
SM 143X- 2 
SM 1479- X 
SM 14X3- 1 
SM 1511- 6 
SMI5ó2- ll 
SM ió l9-3 
SM 1624-2 
SM 1627-ló 
SM 1 67-+- 1 
SM 1697- 1 
M BRA 466 
M BRA -+X9 
~¡ BRA 502 
M COL 2329 

Achie ve rnents: 

Parents Main adaptation Secondary adap. 
Female Mal e zone zone 
MBRA 12 CM 2772-3 Mid-altitude Sub-humid 
CG 501- 2 CM 1090- 2 Highlands 
CM 3299- -l c. 3306- 4 Mid-altitude 
CM 3320--+ CM 2174-7 Mid-altitude Sub-hum id 
MBRA 12 CM 2766- S M id-alt itudc:: 
CM 3555- 6 MBRA 12 Mid-altitude 
CM 3555- 6 MMAL 2 Sub-hum id 
CG 358- 3 High!and 
CG 402-1! Highland 
CG 358- 3 Highland 
CM 2mn -101 Mid-altitude Acid savannas 
M COL 141 3 Highland 
CG 1450- 4 Mid-altitude Acid savannas 
CG 1-37 Mid-altitude Sub-hum id 
CG 489-34 Mid-altitude 
CG 1141- 1 Sub-humid 
CM 3997- 1 Sub-hum id 
M BRA 191 Sub-hum id 
\11 COL 1505 Sub-hum id 
M TAl X Sub-hum id 
M BRA S Mid-altitude Acid savannas 
SG 104-264 Acid savannas 
CG 915- 1 Sub-hum id 
CM 5735- 3 Acid sa \·annas 
M BRA 222 Sub- humid 
M BRA 255 Sub-hum id 
M BRA 293 Sub-humid 
CM 523- 7 Acid savannas 
SG 106-59 Acid sa van nas 

Ac id savannas 
Acid sa vannas 
Acid savannas 
Acid sa \·annas 

Considerable genetic prngress realized in comparison with the mean nf 
check varieties. 
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33 elite genotypes incorporated to the germplasm coUection and 
available for inrerchange with National Programs 
A network of breeding trials has been established and is continuously 
producing resu lts. 
An open ended recurrent se lection scheme has been put in place in 
Colombia. 

Activitv ..., . ..., .2. Multiplication t4 selected elite germplasm. 

Rationale: The demand for elite germp lasm is always high becau.se it repre.sents the basis fo r 
research in other t.liscip lines. on-farm testing and regional trials in Colombia. Asit.le from 
maintaining aU elite genotypes in the germplasm collection. a group nf high priority genotypes is 
kept in plots nf at least 50 plants. The ones with the highest t.lemand are mu ltiplied more 
e:xtensive ly. reaching plor.s of up to 1 ha. Our project has been able to supply cuttings tn other 
scientists at CJAT. and to insritutions throughout Colombia. 

Table_. 

Genotypes 
CG 11-t.l- 1 
C M 507-37 
C M 523- 7 
C M21 77-2 
C M 330ó--+ 
C M -+365- 3 
C\1 5n55- -+ 
CM 6370- 2 
CM 67-+0- 7 
e 1 75 1-+- 7 
SM ó-U-17 
S M A53- l-+ 
S M 71 SI- ó 
S M 90lJ- ~5 

SM 121 O- -+ 
SM I -Ul6- 1 
SM 1557- 17 
MCOL 1505 
:VICL"B 7-+ 
:VIPER 1 XJ 
Total: 

Genotypes distributed tn panner institutions in Cnlombia since October 1997. 

# of stakes Institution 1 

9.500 Public 1 prívate 
2.500 Public 
15.000 Pub 1 ic 1 pri vate 
2.500 Public 
1 0.1 ()() Public 
1.1 no Public 1 privare 

20.000 Prívate 
20.000 Prívate 
1 0.00() Privare 
20. 0()() Privare 
20.000 Privare 
20.000 Prívate 
20.000 Privare 
20.000 Privare 
20.0()() Privare 
20. 00() Prívate 
20.()()() Pri vare 
1). 1 ()0 Public 1 privare 
2.500 Privare 
1 o. 1 00 Public 1 privare 

2-t.S .000 

Puhlic=l~ I AT .-'\ <munJLiral cx tcn:-ion :-cn ·iccl: CORPOICA (national rcscarcll in:-tillllionl: :-ccrc tanc:- o l 
;¡gn culturc in d illcrc nl Dcraruncnl:-. Privatc = coorcrati vc:-: ~tan:h factorics: fccd indu:-lfiC~. 



Methods: Multiplication plots are established as blocks of 50 or more plams. They are 
given the best possible management in terms of ero p. pest and disease management. The 
objective is to obtain planting material of prime quality. There are 2 ways to deliver the planting 
material: one is as 1 m pieces. which gives more security in case there is a dry period ahead and 
the material needs to be stored: and :20 cm pieces. ready to plant. We recover the production and 
shipment cost through a basic price. 

Results: In Table 2.2.2.1 we ha ve a detail of the genotypes with the greatest vo lume 
produce and shipped to associated scientists and partner institutions during the later year. Tl1e 
most imponant purpose for the seed supplied has been to establish basic multiplication seed lots. 
fo llowed by the establishment of regional trials and basic research experiments. Although we do 
not run this acti vity as a commercial one. it generares considerable resources both from the 
sel ling of planring material as we ll as from the se lling uf roots: aUowing LISto supporr pan of the 
personne l we emp loy in research. This multip lication act ivity is essential for the diffus inn of OLir 
best genotypes. 

Ac hievements: 
An area of abou t 80 has ha ve been dedicat~d ro multiplication during 
the latest 3 crop cycles. 
Continuo Lis supply of prime quality planting mate rial ro deve lopment 
projects throughout the counrry. 

Sub-output 2.3. 

Generation of funds that he lp LIS SL1ppott research. 

Distribution of improved germplasm to partners in Latín America. 
Asia and to liT A. 

Rationale: This const itutes the main linkage ro breeders in National Programs. Thro Ligh the 
seed or in-vin·o material we transfer the genetic progress nbtained from OLir main breeding 
ac tiv ity. As we wi ll see later. there have bee n severa! new cassava varieties se lected out M 
germplasm distributed by CIAT. In the case of Asia and Africa. cassava originated from a very 
restricted genet ic base. originally introducet.l from Latín America. Our main purpose fo r the 
transferem;e nf imprnveu germplasm is not only to enhance the prot.luctiviry but also ro inc re;.¡se 
the genetic t.l ive rsity at the fielt.l leve!. in orde r ro pre,·enr major disasters associated ro narrmv 
genet ic bases. 

ÜLir seet.l sh ipments are sent Llpun req uest. Previn Lisly. public insti nnions were the major 
recipient uf uur recombinant seet.ls. DLiring the later ye:1rs. requests fro m privare sector ha ve 
increase cunsit.lerably. as we ll as req Liest fro m at.lvancet.l research nrganizat ions work ing on 
cassa,·a biotechnulugy in Eurnpe or Nonh America. 

Methut.ls: The shipments are preparet.l acco rt.ling to the request ant.l the infrastructure of the 
institu tiuns recei,·ing the seet.l . Mnst nf the seet.l s hi pments are between 1.500 ant.l 3.000 seeus. 
a ltlmugh programs .S LICh as the Brazi lian and T ha i. usual ly receivet.l between 5.000 ant.l 10.000. 
\Vhile liT A. recei,·es abll\'e ~).000 seet.ls. In the case uf in-vitro shipments. we sent.l 5 tube.'> pcr 
gennrype. ant.l thc number nf genntypes almost never exceed :25. We .send information about the 
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families or genotypes that have been prepa.red: and request to have fee-back data on the 
pertormance of the germplasm introduced in order to plan better future shipments. 

Results: A total of 253.148 seeds corresponding to 2115 fami1ies and 580 genotypes in-
vi tro were Jistributed during the period 1995-98 from CIAT-HQ to our partners in Latín 
America. Asia. IIT A and advanced research or~anizatio ns (Table 2.3.1.1.). The salient feature 

'-

of the shipments has been the massive introduction of germplasm to Africa (TITA). representing 
50.-l- % of the total shipmenrs. Previously we used to send F1 crosses between Latin American 
germplasm and elite genotypes ti·om IITA selected mainly to r their resisrance to Ati·ican Cassava 
Mosaic Virus (ACMV). The frequency of se lections for resistant progenies was considerably 
lnw in the Fl's. although it was higher than the freque ncy of se lections within progenies of pure 
Latín American origin. rn 1995. after ajoint CIAT-IITA meeting. it was decided that in order to 
increase the frequency nf resistant genotypes within segregating progenies. BC 1 fam ilies. instead 
nf Fl 's should be introduced. Our interest in increasing the frequency of resistant genotypes is 
ro allow a more proper selection for other imponant traits that the Latín American germplasm 
can cnntribute to Africa (i.e. low cyanide. high dry matter content. good conking qual ity. etc. ). 
Susceptibil ity to AC IV has covered up all the potential genetic contribution nf Latín American 
germplasm in the past. 

Table 2.3.1.1. Germplasm distributed ro different resean.:h programs in the world (September 
1995 - Sepc 1997). 

1 

Genotypes in- Crosses Seeds in the 
Continents 
L1tin America 

ln-vitro 
H ,·brid seed 

Asia 
ln- vitm 
Hvbrid seeJ 

A frica 
H ,·brid seed 

Europe + USA 
l n-\"Í trn 
1-1 ,·brid seed 

Tota l 
ln-\·itm 
H \'brid seed 

A eh ie ,·e me nts: 

vitro (fa milies) Plants (in-vitro) shipment 

375 IHX5 
434 39.600 

-l-1 202 
129X XS. X 15 

37<) 127.533 

!50 9XO 
..¡. 200 

566 3067 
2115 253.1-l-X 

Cnnsiderable i mpnm~d genetic di"ersity transferred tn National 
Prng rams and nther institutions work ing nn cassa,·a. 
l ncre:.~sed etfic iency of Latín American ge rmplasm introduction to 
Africa. thru ugh the de\'elopment and shipmem nf back cross seed. 
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Sub-output 2.4. Propagation of mapping progenies, inter-specific hybrids and gene tic 
stocks. 

Rationale: Given the experience our group has in the managernent of seedling nurseries and 
multiplication of genotypes. we provide service to other projects in related to the development 
and use of the molecular map. gene tagging and introgression of wild gerrnplasrn. By doing so. 
we promote the integration of advanced tools into our breeding efforts. 

Methods: After obtaining the recombinant seeds. we grow the F 1 nursery for l year. in 
arder to obtain well de ve loped plants that can produce lO shon cuttings. Depend ing on the 
project we proceed to multiply each genotype in the progeny using all the cuttings. or we handle 
half of the cuttings to the scientist interested in evaluating the progeny. and maintain the other 
half for multiplication. After the tírst mu ltip lication we usually give all the resulting material to 
the interested scientist. 

Results: The molecular map was originally developed on a pro gen y of 90 genotypes from 
the family CM 7857 . resulting from a cross between MNGA :2 (TMS 300572) and C:'vl 2177-2 
(ICA-Cebucán). This cross was designed within our project. taking into consideration the 
genetic distance berween the parents. and the fact that both parents complernented each nther for 
traits nf irnportance ( i.e. resistance to ACMV. bacteria! bught. and majar pests. cooking t.¡uality. 
etc. ). The progeny was later on extended to 150 individuals in order to get a greater nrder nf 
saturation in the map. The whole family is being multíp lied and evaluated at CIAT. Santander 
de Quilichao and Villavicencio. Some of the traits for which we are evaluating the progeny 
include: reaction to bacteria! blight. super-elongation. thrips. root ro ts. post harvest 
deterioration. root dry matter content. cooking quality. root yield. cyanide. We hope that for 
some of those traits we can detect specific regions of the genome in between molecular markers 
with a large effect upon the trait (QTL"s). which can then be used within our breedi ng scheme to 
follo w tlmse genes. 

Some of the genetic stocks we are rnultiplying at the moment include populations fnr: wh ite tl y: 
root rot and bacteria! blight resistance. cnoking qua lity. post-harvest de terioration. cyanide 
cnntent and carotene content. All tllose genetic stocks were developed with the aim to tag 
specific regions of the genome directly in volved in the genetic determination of those traits. 

With respect to wild Manihot - cassava crosses. we are developing fam ilies with parental 
material selected tHit llf a recent genetic dive rsity study using AFLP"s and micro-satellites. 
Genotypes from the species M. carrhu;.:t'nl!nsis. M. hruchy/oba. and M. aescu/~f"olia are being 
crossed to se lectetl cassa\·a genotypes. The purpose nf these crosses is tn identify regions of the 
genome from wild spec ies that can contribute to enhance root yieltl potential ano quality. We are 
aiming at exp lllring the cn ncept that wiltl species can comribute positive QTL"s for traits that can 
not be assessed directly in the wiltl species per se. 

A eh ie ve me nts: 
Genntypes with in target families multiplietJ for basic research projects. 
Integration with projects in the area of biotechnology. 
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OUTPUT 3: National Programs in tropical and sub-tropical Latin America and Asia 
supported in adaptive selection and deployment of improved cassava 
varieties. 

Sub-output 3.1. 

Activitv 3. l. l. 

Work together with National Programs in Latin America for the 
selection, multiplication and dissemination of elite cassava germplasm 

Supporr p/anning and execution of projectfor germplasm development for 
semi-arid NE Brazil 

Ratinnale: Cassava production is one of the few alternatives to sustain the living of small 
farmers in semi-arid regions. That is a result of the capacity of the crop to survive and produce 
re latively well under severe water stress conditions. when other crops fail. Ouring pro longed 
periods of drought in NE Brazil. cassava has been the only source of carbohydrates and proteins 
bnth for human and animal consumption. Sources of cassava germplasm with improved 
tolerance to drought. representa very va luab le resource for homolngous regions in the world 
where human population is expanding into marginal areas to r agricul ture . particular/y in semi­
arid Sub-saharan ureas. 

Within the :--JE- region o f Brazil. a very broad genetic base for adaptation to semi-arid 
conditions was detected among cassava germplasm accessions. T he explo itation of such wide 
genetic diversity for the deve lopment of improved genotypes for production under homologous 
conditinns represents an attractive approach to increase productivity and amel iorate quality nf 
cassava in the region. because of its low adoption cost and low impact to the environment. 

Cassava germp lasm evaluation conducted during rhe period 1991-97 in four sites within the 
se mi-arid ecosystem in NE Brazil. has resulted in the se lection of genotypes w ith improved 
water use efficiency. That improvement is a consequence o f a greater capacity to extraer water 
stored in the soi l. and the possibility of producing larger amounts nf dry matter per unit of 
extracted water. Resistance ro mites. alsn constituted a major selection criteria. given the 
imponance M such biological co nstraint to cassava productio n. As a result of those act ivities. a 
genetic base for tüture improvement of the crop in semi-arid regions was estab lished. At the 
same time. those genotypes combining al l desirable agrnnomic traits ha ve the potential to be 
used by farmers in the target region in the near futu re. 

Staning in 1997. a second phase fnr the project was financed by lFAD. The main objecri,·es 
nf the pmject are: to maximize tlle prnductinn pntential o f selected genotypes tl1rnugh the 
nptimizatin n n f cu ltural practices: w intensi fy the adnption and ditlusinn nf imprnved genntypes 
wirh rhe act ive participation nf farmers: and to generare new genotypes thrnugh the pmcess o f 
recnmbination amnng cn rnp lementary parents and se lectinn in segregaring progenies. 

The initial 5-year phase nf rhis prnject was sta1ted in 1990 as apure breeding pmject. and ir has 
evnh·ed through the years to becnme a more integrated. on-farm. pwticipatory project t(Jr the 
Ue\·elopment of the cmp in semi-arid reg inns. 
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Methods: The original work started with the evaluation of 1008 accessions from the cassava 
germplasm collection held at CNPMF (Bahía- Brazil). Genotypes selected for their broad and 
specitic adaptation took pan of the on-farm evaluation. An average test will include 9 introduced 
genotypes anda local check variety. Also, selections from the original evaluated germplasm 
constituted the basis for recombination and generation of segregating progenies that served as the 
basis to build a breeding scheme for the semi-arid ecosystem. 

Re.sult.s: In 3 years ( 1994-97). participatory farmer evaluation became the core of the project. with 
experimental station breeding activities feeding into it. Alter analyzing information ti·om 2-3 cycles 
nf panicipatory evaluation there is a list of general fa.rmer selection criteria (Table 3.1.1.1.). which 
may ha ve sorne resemblance to what we breeders usual! y look in experimental station uials (i.e. 
productivity. although expressed in different tetms). but refers more to specific concerns from the 
farmers. Complementary criteria. indude sorne that are location specific. like white roots for 
Araripina farmers: or good fo liage production for fatmers in Quixadá. who use it to teed animals 
during the dry .season. Now that we ha ve a pretty consistent li.st. we will concentrare in those 
criteria and .simplify the field book. in order ro make the process of pat1icipatory evaluation a more 
etfic ient one. 

Table 3.1.1.1. Farmer selectinn criteria identified through the participatory re.sean.:h approach. 
and incorporated into the formal cassava breeúing process. 

Main selection criteria 

l. Gcrmination ability 
2. Concentration starch and quality of "farinha·· 
3. Number of enlargeú ront.s 
-l. Prnduction of planting material 

Complementary selection criteria 

l. Harvesting facility 
2. Peeling facility 
.3. Absence of root constrictions 
..l. Absem:e of root peduncle 
5. Externa! root color (white in Araripina) 
6. Root parenchyma color (wllite ) 
7. Root HC01 content 
X. Erect plant type. with late branching. medium to low plant height 
<J. Number of stems per plant (2 a 3) 
10. Fuliage yie ld . gomlleaf retentiun (Quixadá) 

One of the teatures that our methodology l1as distinguisheú it.self from others in the w·ea of 
panicipatory research. is the capacity w analyze the informatíon anú proviúe teeúback ro the 
breeders in terms that are simi lar to the unes they use. The cumulatíve probability of having a 

5<) 



patticular genotype in a given frumer preference arder (Figure 3.1.1.1.), is a practica! way of 
visualizing how the mateiials are pertorming in a given ru·ea. 

1 . 1 

1.0 

0 .9 

0.8 

·"ª' 
0.7 

15 0.6 
ct3 
~ 0 .5 e a... 0 .4 

0 .3 

0.2 

O. 1 

0 .0 
P 1 P2 P3 P4 P5 P6 P7 P8 P9 P10 

Preference 

*BGM 0549 *BGM 0538 +BG M 0537 ~~BGM 0491 *BGM 0076 

Figure 3.1. 1.1. Farmer preterence for broad-adaptation genotypes evaluated in semi-ario NE Brazil 
during 199-+-97. 

Thi.s year we explored a new avenue fo r farmer panicipatory evaluation. We invited a 
group of expen farmer.s to the experimental .site in Quixadá. for them to se lect. from un intermediare 
.stage tria!. those genotype.s that wi ll be evaluated on their farms the t(lllowing crop cycle. They 
consistentl y .selected genorypes with good prnduction potential at 1 ó-mo harve.st (Table 3.1.1.2. ). 

Tn hle 3. 1.1.2. Genntypes from regional yield tria! se lecteli by farmer.s at the Exp. Station m 
Quixadá-CE 

Genotype.s Ront vie ld (t/ha) Fnlia!!e vieltl (t/ha) .. . Root dry matter cnntent ( CK) 

BGMOXI2 23.7 16.2 33.R 
BGM OX3-+ 30.5 19.X 30.-+ 
BGM OX-+ 1 2 1.1 15.9 3 1 .O 
BGM 1012 26.-+ 20.9 2lJ.5 
BGM OX51 20.-+ 13.6 32.7 
BGM OlJ2-+ IX .3 19.3 2-+.ó 
BGM 1030 2X .-+ 13.X 26.9 

Lncalcheck 12.5 14.2 29.-+ 
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Sorne of them were selected for having good dry matter content according to their testing 
methodology (chewing: nail: cracking the roots. etc.). Our objective is to pettect this methodology 
in order to gain efticiency in our breeding efforts for the semi-arid. 

The project trained 24 extension agents and tield technicians within the PROSERT AO 
project in Sergipe. That personnel is in charge of evaluating sources of res istance to root rots in 
conjunction with desi.rability for farmers. We have also trained 5 CNPMFs .scientists in data 
analysis and interpretation from participatory evaluation trials. Through the teedback 
information each scientist can take decisions on which technology component should be 
substituted and which introduced. 

Our close interaction with other IFAD-funded project (PROSERT ÁO) is based on farmer 
participatory evaluation of genetic materials generated within our project. and alternative crop 
management techno logies generated at CNPMF. Pannerships such as this one. will broaden the 
scope of our project. and ensure that both the genetic material and the methodolngy generated 
with in the project wi ll diffuse and have the expected economic impact. 

Breeding activities have been re-structured. Previous ly al! breeding stages were 
conducted in the 4 experimental sites Otaberaba. Araripina. Petrolina and Quixadá). Since I<J<J7. 
early generations (Fl C 1) are only evaluated in Quixadá and Ararip ina: intermediare generations 
(clona! and preliminary yie ld trials). are evaluated in those two sites plus Itaberaba: and at final 
evaluation stages Petrolina is also co nsidered. Most advanced trials are harvested at 16 to 1 R­
mo: whi le early and intermediare stages are harvest at 12-mo. In the case of Araripina. greate r 
imponance has been given to the evaluatinn and se lectinn of white-root genotypes with better 
plant type and root dry matter cnntent than the local check rTrouxinha ). Improvement in roor 
yield at Araripina. for examp le. ranged fi·om 25 Ck to 1 OOik depending on rile year. when all 
se lections are considered: although the top S white- root se lections ranged from 44<fé in 
preliminary yield tria l to 158% in clona! evaluation trial. One of the main objectives tilr the 
t()llowing year is to study the homology of rhose regions with others in NE Brazil with the use 11f 

GIS tec hnology. in nrder ro k.now the possibi lities for funher diffusion ofrhose genotypes. 
(Probably good if we include scheme. plus a summary of results) . 

The transkr nf e lose ro 70.000 rewmbinant progenies represent the main linkage with 
Africa. Thanks to the IFAD-financed projec t. the generic base fo r the genetic imprm·ement of 
cassa \ 'U in A frica has been considerably expamled. 

Genotypes se k cted by farmers :.1re alre:.tdy under acti\·e multipl icHiun by farmers and by 
Srate institutions ( like EPACE in Ceará). Tlwse mate rials wi ll be utficially recnmmended :.tnLI 
released in 1 9<J~. 

Plaming material multiplicatinn is having a central role ro play in the Lliffusion and 
auoprion of varieties se lected by farmers. The project is :Jct i\·ely seeking partnership wi th other 
projects and institutional dfnrts to ensure that the se lected materia! is rapidly propagareu. Some 
11f the genutypes under cunsideration llave bee n selected under extrernely dry co nditions. and can 
ha\·e a tremendnus cuntribut ions for regiuns rhat are periouicLJ.IIy affected by weather phenornena 
such as ··El :"-Jiñu·· . 

ól 



Achievements: 
Panicipatory farmer evaluation of advanced genotypes as a routine 
procedure within the breeding scheme. 
Knowledge on selection criteria used by farmers to accept or reject new 
varieties. 
Improved knowledge on cassava production and processing systems in 
the semi-w·id. 
A group of scientists trained in panicipatory methodologies. 
A group of vw-ieties prefeiTed by fw-mers and under multiplication. 
An dfective interaction wirh other projecrs in the region (like 
PROSERT ÁO). 
Germplasm transfen·ed to Sub-sahelian Africa. 

Acti,·irv 3.1.2. Joinr emluarion qf"cassam ;:ermplasm wirh CORPOICA in Norrhem Colombia. 

Rationale: The objective ofrhis projecr was to evaluare. select and diffuse cassava genotypes for 
industrial uses (starch or dry cassava production). wirh high dry maner yield potential under an 
opt imized crop managemenr. 

Methods: For rwo cnnsecutive crop cycles we evaluated 20 genorypes ( 16 experimental clones 
and 4 of the besr check varieties) in 4 sites in the Nonhern pan uf Colombia: Media Luna and 
Caracnlí (ponr. sandy soils): Repelt>n Ch igh terrility: clay/loam soils. with irrigation): and Betulia 
(intermediare ferti liry. sandy/lnam soils). The majoriry nfexperimental clones included in this 
study had high cyan ide amllnr white ronts. characterisr ics that made them unsuitable for the fresh 
market. and more favorab le for industri al production. 

Results: In spite nf the difterence in snil fertility and availability nf water for the differem sites. 
there was a considerable similarity in terms nf production potentii.ll among sites (6.39 to 7. 7-+ t/ha 
nf dry maner). Four nf the 1 ()experimental clones were independently selected in all sites acruss 
the 2 ye:.1rs: while 5 clones were se lecred in 3 of the-+ sites (Tahle 3.1.2.1.). Those 9 genotypes 
are the unes being actively multiplied for furthe r field testing. and evaluation of t!nd-product 
4uality (starch nr chips! with rile industry sector. On average a genetic gain nf 35 e;~ \vas 
nbsen·ed when t.:n mparing rhe 9 selected genotypes with the check varieties inc luded in the 
c\·a luation. lmpnl\'ement in rnot yie ld Wi.lS the main respnnsib le fnr that generic gain. since Jry 
maner concentratinn re maineJ simi lar to the check varieties. 

Ac h ie ,.e me nts: 
Genntypes selected with a 3-+ck higher dry llli.ltter production potential 
than check vari eties. 
A netwmk of representative sites for testing genot) pes anoss ~onhern 
Colombia hüs been established. 



Table 3.1.2.1. Average agronomic performance for cassava genotypes in 4 sites of Northern 
Colombia. 

Genotvpe 
CM 4365-3 
CM 61X2- X 
CM 6754- X 
CM 675X- 3 
CM7514-X 
CM S027- 3 
CT 20- 2 
MBRA 3X4 
SM 643-17 
SM 1201-5 
SM 1257- 7 
SMI411-5 
SM 1427- 1 
SM 143 1- 2 
SM 1433- 4 
SM 143X-2 
MCOL 1505 
MCOL 2215 
CG 1141- 1 
CM3306- 4 

Overall mc<.m 

Check me;m 

Sdection mc<.Ul (lJ) 
L.S.D. (0.051 

Acti vi tv .3. 1.3. 

Selected in: 

Root Harvest Dry mauer % Dry Med. 
vield tlha index vield tlba matter Cv-dllide Car. Luna Rep. 

21.4 0.56 7.12 34.9 7.0 l 1 1 
20.6 0.5R 7.41 36. 1 7.4 1 
22.5 0.58 7.24 32.3 8.7 1 1 
32.6 0.53 6.38 32. 1 6.X 1 1 
23.2 0.54 lU 7 35. 1 6.7 1 1 1 
1X.3 0.45 6.23 33.3 X.8 1 1 
17.4 0.47 5.81 32.2 6.5 1 
23.6 0.53 X. 10 33.4 5.1 1 1 
16.7 0.44 6.37 36.2 :u 1 
20.3 0.47 7.07 35.0 7.4 1 1 
14.3 0.41 5.0Y 35.7 5.2 
26.3 0.54 l} .00 34.3 R.X 1 1 1 
23.1 0.56 7.14 30.8 X.Y 1 
27.1 OAY l} . 71 32.Y XA 1 1 
20.Y OAY 7.3Y 34.5 6.2 1 1 1 
22.4 0.53 7.X6 35.3 X.lJ 1 1 1 
17.0 0.46 5.66 33.3 6.3 
15.0 0.41 5.5Y 34.X 4.7 
IY.2 0.4l) 6.65 34.4 6.5 
16.1 0.4Y 5.73 35.4 5.X 

20.lJ 0.50 6.lJY 34.1 7. 1 

1ó.X 0.46 5.Y 1 34.5 5.X 

23.1 0.52 7.% 34.2 7.5 
3.7X 0.04 1.3X 1.05 O.Y5 

Cassal'(l germplasm developmenrfor Colombian mid-alrirude ami 
hi;..:hlands in parrnership 11·irh NCO's a!1(/ privare seuor. 

Be t. 

1 
1 

1 

1 

1 

1 

1 
1 
1 

:VIost llf our ctfmts in relation to cassava germplasm development have been concentrated on 
marginal ecosystems (i.e. semi-arid: low-tert il ity so i ls. etc.). Although cassava is considered i.l 

resilient crop in terms nf adaptability tn those marginal conditions. it is a species with an 
acellent capaci ty to respond tn added inputs (water. tertilizer. etc.). In fact. under the most 
favorab le condi tions. cassava is only out-perfo rmed by sugar cane in tenns of prnductinn of 
mega-Gtlories per unit of area (ref.). Although we do not target our breeding to the favorable 
corHJitions in Palmira. all genotypes that are evaluated in sites representing tlle target ecosystems 
are maintained at CIA T. and get to be evaluated. 

:'vletll\lds: a) Frnm evaluations in Palmira. we selected 1 ó genotypes witll the greatest dry matter 
yield per hectare and evaluate them togetller with-+ check varieties for 2 years ( 1995-97) at 3 
ditferent sites in the Departme nt M Valle del C.tuca (Palmira. Buga and Ginebra). Plots 
cnnsisted of 25 plants with 4 replic;..tt ions. Han ·est was done at 11 months after planting. b) For 
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the mid-altitude evaluation we included 4 genotypes that ha ve been declared elite for the region. 
based on severa! years of experimental evaluation. A total of 17 on-farm evaluation trials ha ve 
been established. with non replicated 50-plam plots. The on-farm trials are still to be harvested. 
In order to select genotypes for future on-farm trials. an advanced yield tria! was established in 
the region. including 29 of the most elite genotypes. 

Results: a) As a result of that evatuation 9 genotypes were selected (Table 3.1.3.1.) and 7 were 
substituted for the t997-9R evatuation. The average yield of the 9 se lected genotypes across 
years was 10.64 t/ha of dry manee. which represents a 46.2 % greater production potential than 
the best se1ections in the Nonhern part of the country (see Section 3.1.2.). We concluded rhat it 
was possible to select cassava genotypes with production potential greater than 12 t/ha of dry 
matter. which represent around 13.5 t/ha of grains in one year. Under this condit ions cassava can 
ha ve a cn mpetitive margin with higher va1ue crops such as sugar cane. particularly for the starch 

Table 3.1.3.1. Average agronomic performance for cassava genotypes in 3 sites nfYal le del 
Cauca Department ( 1995-97). 

Ront vie1d Harvest Dry matte r 
Genotvpe 1 t/ha index vie1d t/ha 00 Drv matter Cvanide 
CM 5655-4 31.6 0.66 11 .56 36.() ó.X 
CM 6370- 2 29.2 0.64 1 O. 15 34.3 7.0 
CM 67~U-7 27.3 0.56 10.27 3ó.7 5.1 
CM 7514- 7 2X.I 0.64 11.79 .+o. ó 5.3 
CM 7951- 5 27.4 0.67 1 1.1 6 37.3 7.2 
SM 643-1 7 22.7 0.52 8.82 3X.9 4.5 
SM 653- 14 26.8 0.56 9.94 3X.9 4.6 
SM 7 19- 6 25.1 0.56 <.J.3A 37.4 ? -__ ) 

SM 909-25 31.3 0.69 12.51 37.5 4.X 
SM 11W- ~ 27.5 0.6 1 10.95 39.6 5.5 
SM 1119- 9 3 1.0 0.66 1 l. !lX 36. 1 X.2 
SM 1-Uló- 1 23.3 0.54 X.XO .37.0 5.3 
SM 1407-3 27.6 0.55 XAO 34.7 5.6 
SM 1557-17 :2 X. 7 0.62 1 O. 12 36.0 .+.X 
SM 1565-17 3-+.4 O.óX 1 I.XO 34.9 6.4 
SM 17~1- 1 33.0 0.69 13.62 37.9 ó.l 
CM 523- 7 25.5 0.56 X.9!l 3X.I 6.0 
:'viB R.-\ 12 l lJ. (1 0.5ó 7.61 33.X 5.5 
\ICOL 146X 20.5 ()_4<) 6.66 31.X .+.X 
\-ICOL 1 SOS 22.4 0.54 X.-+7 36.6 6.3 
()q~rall mean 2X.4 O. 60 1 !l. 60 37.1 5.ó 

Check mean 22.0 0.54 7.9 1 35. 1 5.7 

Selectiun mean (9) 30.2 0.65 1 l.ó.+ 37 .4 6.2 

Sc k ctct.l ~cnotypc~ in ho lt.l 



production market. Five hectares of multiplication for the 9 selected materials have been 
established. Based on the results from the following evaluatio n cycle a reduce group of 
genotypes will be recommended for the prívate secto r interested in promoting them. 

b) Also in the mid-altitude to highland ecosystems. we ha ve established a network offarmer 
panicipatory evaluation of cassava varieties. including 17 sites. The financia! support for this 

Table 3.1.3.2. Average agronomic performance for cassava geno types evaluated in Satander de 
Quilichao- Nonhern Cauca (1997-98). 

Root yield Harvest Dry matter % Dry Cooking 
Genotype1 Uha index vield Uha matter Cyanide qualitv 
MBRA 383 38.0 0.46 12.7 33.5 2.0 1 
CM 507-37 30.0 0.58 7.-l 24.6 6.5 -+ 
CM 849- 1 3 1.0 OAR 1 O. 1 32.7 6.5 5 
CM 2967- X 16.9 0.36 5.7 33.9 2.0 3 
CM 5655- 4 29.X 0.49 9.6 32.1 3.5 5 
CM 6370- 2 25.2 0.52 7.1 28.2 .., ~ __ ) 3 
C:vt 6740- 7 22. 1 0.36 5.R 3 1.0 1 ~ __ ) 1 

CM 7514-7 25.0 0.44 Sl.4 37.6 1 ~ __ ) 5 
CM 7951-5 44.2 0.62 15. 1 34.1 7.5 1 
SM 643-17 15.2 0.26 5.5 36. 1 5.5 5 
SM 653-14 25.5 0.46 Sl. 1 35.6 2.0 5 
SM 71Sl- 6 1 ~.5 0.39 6. 1 32.8 2.0 S 
SM 909-25 27.7 0.49 9.5 34.3 2.0 1 

SM 1210- .¡ 27.5 0.4() 9.9 35.9 2.0 3 
SM 1219- 9 39.0 0.53 12.6 32.3 4.5 1 
SM 1406- 1 2X.I 0.43 9.2 32.8 3.0 3 
SM 1460- 1 3l.X 0.49 10.2 32.2 5.0 3 
SM 14óX- 9 26.3 0.46 X.3 3 1.5 5.5 3 
SM 1543-1(l 32.X 0.53 10.4 31.7 7.0 4 
SM 1557-17 34.:2 0.56 1 1.3 32.9 3.5 1 
SM 1557-27 24.9 0.-+4 7.7 31. 1 6.0 1 
SM 1606-16 24.3 0.40 7YJ 32.5 6.5 1 

SM 1741- 1 39.6 0.59 13.5 34.2 3.5 1 
MBRA 12 2H.7 OAX X.ó 30. 1 5.0 5 
MCOL 146X 27.2 0.49 X.Sl 32.X 3.5 1 

:'viCIL 16X4 23.0 0.52 6.4 27.7 7.5 5 
ICOL 1505 22.4 0.52 7.1 31.9 4.5 5 

C\I 523- 7 27.9 0.53 9.2 33.0 3.0 1 
H:'v!C 1 7.2 (J.I5 2.0 27.0 2.0 5 
Overal l mean 27.4 0.47 9.02 32.3 .¡_ 1 3. 1 

Check mean 22.7 0.45 7.24 30.4 4.3 3.X 

Sekction mean Y2.Sl 0.51 1 1.30 33.9 3.9 2.X 
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activity is provided by the Ministry of Agriculture of Colombia. Our main partner is FIDAR. a 
we ll recognize NGO in the highland region. The evaluation included genotypes selected for 
their resistance to bacteria! blight. and production potential under highland environment; along 
with the local check varieties. We ha ve only harvested l experimental and one on-farm tria! at 
the moment. since the crop cycle exceeds 12 months. Results from tbis evaluation wil l allow to 
co llect info rmation on farmer selection criteria in the region. main crop management practices. 
and to determine the range of adaptation of the pre-selected genotypes. We are also multiplying 
those genotypes in a rder to have enough planting material fo r further diffusion. once final 
se lection by farmers is made. 

Ylost of the genotypes evaluated at the experimental station leve!. coincided with those that too k 
pan on the se lection trials for yie ld potential in high fertility soils. The soils in the experimental 
station were acid (pH 3.7) but with high concentration of organic matter (9.2%). Seven ofthe 13 
selected genotypes coincided with se lections made in the more tertile soils (Table 3.1.3.2.). It is 
therefore possible tose leer to r broader adaptation genotypes to r the Southern part of Colombia 
within the mid-altitude ecosystem. 

Achievements: 
Nine genotypes se lected for further multipl ication and testing under 
favorab le so il and cl imate conditions. 
Potencial of cassava to compete with more industria l crops has been 
determined. 
A network of on- farm trials has been established in Northern Cauca. 
Thineen genotypes have been selected as the basis fo r next-year on­
farm trials. 

Act ivity 3. 1.4. St:arch for/inancial supporrfor inre;{rared prqjecrs in Paraguay ami Cuba. 
11-here improved germplasm plays a cenrral role. 

During the course uf 1997-98 projects in vo lving cassava activities llave been developed with 
Paraguay and Cuba. The projects are titled: 
l. Sustainable deve lnpment and va lorization of cassava in Paraguay: Integration of user­

nriented crop production. plant pro tectin n and post harvest processing. 
Ecologic:.llly sustainable plant protectinn and post harvest processing of cassava in Cuba. 

Bnth projects \ve re initiateu and re4 uested by nur (CIAT) collaborators in each of the two 
cnuntries. As can be nnted frnm rhe tit les both projects inc lude a production and post harvest 
cumponent. In the production component. emphasis is given to germplasm se lection. crop 
management and integrated pest management. In addit ion bo th projects include train ing ami the 
use nf fa rmer part icipatory methods. institutional strengthening. and identification and 
implementatinn of cassava value-aduing inrerventions. 

The Paraguay prnject has been se nt co IFAD for funding consideration: the Cuba project has 
been sent ro IF:-\D and IDRC. Bot ll funui ng nrga ni zatinns have inúicateu their interest in the 
projects. 
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Activity 3. 1.5. lntegration of privare sector in cassava germplasm development projects. 

Rationale: A greater proponía n of our time is being invested in building linkages with the 
prívate secto r involveti in processing and comrnercialization of cassava. Our aim is to develop 
cassava germplasm that can better link small poor farrners to markets in expans io n. When we 
talk about panicipatory research. we usually refer to the involvement of farmers in the research 
process. It is also important to get other users involved in the process of selection and final 
evaluation (starch processo rs. feeti industry, toad industry. e tc.). A good proponion of the work 
reporteo for improving protiuction potential in Northem Colombia and Valle de l Cauca has been 
contiucted in association with starch processors. In the case of the teeti industry. Colo mbia is 
imp01ting mo re than 90% of the energy co mponent that goes into animal teed. Cassava has an 
exce llent potential to substitute a great pan of it. The same s ituation can be founti in o ther 
tropical co untries. Theretore. our work has centereti on improving the competitive capacity of 
tiry cassava in animal teeti. through the deve lopment anti tiiffusio n of improveti germplasm anti 
the optimization of protiuction practices. 

In relation to the tooti market: cassava is being useti as the raw material for a variety of 
processeti footis (frozen. croquettes. etc.). We ha ve staned a collaboration with a majo r 
company in that area. for the evaluation anti selection of cassava genotypes with improveti anti 
stable productivity and quality. We inte nti to draw lessons fro m those projects that can be 
applied to o ther regio ns in the tropics: both for the interaction with the privare sector as well as 
fo r the germplasm tieve loped. 

Methods: One of o ur assistants has been hired untier a common funti contributed by FENAVI 
(National Chicken Growers Federation). ACOPOR (Colombian Pork Growers Association) and 
CONGELAG RO (frozen foods). Elite germplasm is being testeo in sites that have been 
prin ritized by the chicken and pork industry (Valle del Cauca. Tolima. Cund inamarca. Meta. 
Santander) and the food industry (Quindío). Small multiplicatio n lo ts with genotypes already 
se lected as e lite materials in previous years have been estab lished as bas ic seed lo ts. O ur 
assista nt also provides tec hnical suppon to all the partners invo lved in this project. 

Results: The project staned in January 19lJX. A total of 95 has ha ve been estab lished as 
multiplication. The interaction has involved X compan ies re lated to teed prntiuction. anda 
company involved in food processing. Three regional trials invo lving 75. -lX and 30 genotypes 
have been establis hed in Valle del Cauca. Tolima and Quindío. Altlmugh there are no concrete 
results tn re pon: the enthusiasm of the prí vate sector in volved in this project. is an impottant 
asset to capitalize upo n. Germ plasm generated within this project will be free ly availab le to 
interested institution within and omside Co lo mbia. 

Acllie,·ements: 
Ne twork u f regional trials established. 
Basic seed multiplication estab lished. 
A network of compan ies in vo lved in feed and food industry developed 
t(lr the testing and multiplication of cassava germplasm. 
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Activitv 3. L.6. Latin American Research Program. 

Rationale: CIAT has been one of the leading institutions in cassava research. Throughout the 
last 5 years. that leadership has been weaken due to tinancial constraints. In Latin Arnerica there 
severa! institutions involved in cassava research and development. with different emphasis and 
strengths. There is also considerable interest by the governrnents and privare sector to suppo11 
research in cassava. The objective of this activity is to support cassava research and 
development through a consortium of institutions in Latin Arnerica. These institutions will 
invest and active ly participare in rhe development and execution of the research agenda. 

Methods: Based on the previous successful history of CIAT in relation to improved cassava 
germplasm development and the development of associated production and processing 
technology: we ha ve initiated a process to increase the leve! of interaction with institutions 
interested in cassava research and development. throughout Latín America. 

Results: We receive considerable support from the Ministry of Agriculture in Colombia. through 
its Cassava Modernization Plan (PMD). During the last 3 years. they have contributed more than 
U$ 300.000 suppnning our activities in the sub-humid ecosystem (Nonhern Co lombia). The 
Culombian prívate sector is supporting our resean.:h in 1998. We have also boosted our 
interactinn in research with public and privare institutions. During 1998 we have established 
cnntacts with public and privare sector in Venezuela. Paraguay. Brazil. and Nicaragua. 

Our goal is to root the idea nf a Latín American cassava fund and research program within the 
most imponam countries and institutions: so they become the main driving fo rce behind the 
definition nf the research agenda. its financing and execution. There is a need to work with the 
must imporrant institutions within each co untry in arder to define a mechanism of rep resentation 
to the fund. and for the detinition of research priorities. In the case of germplasm development 
and diffusinn there will be a need to identify an institution with in-vitrn culture facilities and with 
certain research infrastructure ro mount an evaluation program. from which the materials can 
tlow ro lHher institutions in the country. All that work is planed for the year ahead. 

Achievements: 
First contact made with institutions from the prívate sector (mainly 
relared to processing of cassava). 
Suppon to the idea of a Latin American fund. expressed by public 
programs. 

Acti\·itv .l1 .7. Panici¡wre in rhe de1·e/opmenr r~t' a cassa\·a mulriplicwion .H:heme in Norrhem 
Colo111hia 

Ratio na le: The a\·ailability and LJUality uf planting material will determine the rate of 
diffusinn and the production potential of improved cassava germplasm. When we talk about 
LJUality of planting material in cassava. we refer to two aspects: phytosanitary and physiolngical 
LJUality. Therefme. the production of planting materials in areas that are free from the most 
imponant pests and diseases. as well as the management of the tield lots in terms of the contml 
uf the biotic constraints and the improvement in so il tertility. play a very impoltant ro le in 
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assuring an effective irnpact from our projects in cassava germplasm development. That is the 
reason why CIAT got invo lved in a project ro build a de-centralized multiplication scheme for 
cassava. aiming at learning the most and developing methodologies that can be adapted and 
applied in other tropical countries. The main o bjectives of this project financed by the Ministry 
of Agriculture of Colombia were: a) to select appropriate cassava varieties ro include in the 
multiplication scheme: b) to select proper multiplication sites and partner institutions: e) to 
organize the establishment of multiplication tields. their management. harvesting and distribution 
system for the planting material: and d) to train farmers and technicians in the management of 
seed lots. 

Methods: The proposed se heme to be established is presented in Figure 3.1. 7.1. In order to 
build it from existing material we establ ished certitied seed lots with 3 released varieties: 2 
regional varieties and 1 pre-release genotype. with planting material originating in selected tields 
(free from majar pests and diseases. and with good production potential). Regis ter seed lots 
were established with 16 elite experimental clones. so rne of which ha ve been selected under on­
farm evaluation trials. These two stages we re conducted in 7 sites in Notthern Colombia. 
covering an area of 22 has. Basic seed lots were established with planting material from the 3 
released and 2 reg ional varieties at CIAT derived from indexed in-vitro plants: to ensure the 
supply of clean material into future generations. Also at CIAT. we established plots o f elite with 
planting material derived from plants in exce llent phytosanitary and physiological status. 

Cenified 

Figure 3.1. 7.1. 
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De-centralized scheme for the production and distribution nf cassava 
planting material. 
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Results: A total of 22 hectares were produced as high quality planting material with released 
varieties and elite experimental genotypes (Table 3.1.7.1.). From that area we selected 
l :800.000 high-quality vegetative seeds. In arder to re-establish multiplication lots for the 
production of high-quality seed. we used 400.000 stakes. The rest was distributed for 
commercial multiplication in projects managed by trained technicians. One of the problems 
affecting cassava planting material production and distribution is the lack of synchrony between 
l) ptimal root harvesting and planting times. In the target region, cassava is harvested between 
December and March. Planting is done in the months of May and June: therefore farmers 
usually ha ve ro store planting material. or set aside a proportion of the planting to be used as 
so urce of stakes. Quality of the roots deteriorares (reduced starch content) after the onse t of the 
ra ins in April. Mo.st of the multip lication lots were established on farmers fields. under the 
agreement that the project will cover al! expenses until harvest: they will seU the roots and the 
project will hamlle the planting material that was generated. The only poss ibility for se lling the 
rnots was a starch factory. which closed in mid-May. Therefore. we had ro harvest all lots and 
store the planting material. On top of this the rains were very erratic and below average. 
delaying plaming. About 209'c of the planting material was lost dueto storage and delayed 
planting . 

. -\t CIAT-Palmira. we established 150 plants for each of the 3 re leased and 2 regional varie ties. 
nriginal ly from in- vitro cultured indexed plants. Also. l hectare nf basic multiplication was 
established with elite experimental genorypes that may become new released varieties in the near 
future. 

A total of 35 technicians working in different public and privare inst itutions as we ll as in t GO s 
were trainet.l in the area of seed mu ltip lication. conditioning and distribution. The course and 
fo llow up was conducted in the target region : ancl has improved the rechnicalleve l of regio nal 
institutions ro execure projects related ro cassava seed multiplication. It also provided an 
exce llent opponunity ro stan deve loping a network of people in vo lved in seed multiplicatinn: 
through which we can test and diffuse our germplas m. 

Within this project we have alsu service uther areas outside the target region: like the 
Departme nts uf Amiuquia and Cesar. In all reg ions. rhe availability of good qua lity planting 
material is see n as a limitation ro implement any de ve lopme nt plan arou nd cassava. This project 
has served as a sraning point anda learn ing ground frn m which other institutions can take the 
lead. Afte r lt>lJ X there will be enough planting material m establi sh XOO hectares of co mmerc ial 
seed productio n. Therefore. after 3 years M project avai lability of seed wi ll not be a strong 
lirn itation for the plans ro promote cassava both for the feeú and starch industries. 
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Table 3.1. 7.1. Multiplication lots established in Northern Colombia within a de-centralized 
system. ( 1996-97). 

Site/Type of seed Genotype Are a Development Phy tosanytary 
(has) status 

1) Sabanas de !CA-Negrita 0.90 The lot had to be re-planted Early symptoms of 
Pedro (Sucrel !CA-Costeña 1.10 because of bad quatity o f bacteria! blight. 

Venezolana 1.10 original seed. Thereafter. then disappea.red 
Certitied P-1 2 0.90 excellent developme nt 
:2) BeiUiia (Sucre) IC.l\-Negrita 0.50 The lot had to be re-planteó Early symptoms o f 

!CA-Costeña 1.00 because o f bad quality o f bacteria[ bl ight. 

Certitied P-1 2 1.00 original seed. Thereafter. then clisappeared 
Brasil era 1.00 excelle nt developmcnt 
CM 4365- 3 0.50 
CM61 19-5 0.50 
SM 1433- 4 0.50 

3) Repelón Cvl 3 306- 19 ó.OO About 1 ()~", nf the lor was lnst Excell cnt 
(Atl ánt ico) dueto salinity prohlems 

Certitied 
4 ) Pita lito !CA-Negrita O. 15 Excellent Jevelopmcnt E xce!lcnt 

(Atlántico) ICA-Costeña O. 20 
Venezolana O. 1:2 

Certitied CM ..j.X43- 1 O. 12 
C M 49 10- 1 O. 13 
CG 455- 1 0.07 
M TAl X O. 1 1 
MVEN 25 O. 1 1 

5) Caracolí !CA-Negrita O. 12 Excellcnt J evelopment Exccllent 
(Atlá ntico) !CA-Cos teña O. 12 

Venezolana O. 12 
Certitied C M 4X..j.3- 1 0. 12 

CM 40 10- 1 O. 15 
CG 455- 1 O. 1 1 
MTAI X O. 1 1 
!'vi VE)~ 25 O. 15 

Ó) SantP T um:.b !CA-Negrita 0.50 Exccll ent Jcvc lop rnent Exccllcnt 
( Atlánticnl ICA-Cns tcr1a O. 75 

Yenerolana rus 
Re;.!is te red Ath-anccd 1.40 

cxperi 1ncntal 
clones 

7) i\lk dia Lu na !CA-Negrit a rus Exccll cnt dcvelopmcnt Exccllcnl 
rMagdalcna l IC A-Cnstcria 0.45 

Y cnezolana 0.20 
Certitied Ad vanccd O.l)O 

cxpcrirnc mal 
el unes 

Total : 22.00 
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Ac hievements: 
A de-centralized plaming material rnultiplication program has been 
established in Northern Colombia. 
A total of 1 :800:000 high quality stakes were produced from regional 
varieties and experimental genotypes. 
Most of the technicians invo lved with cassava multiplication plans 
were trained. 
A network of institutions and technicians has been established. which 
will facilitare germplasm evaluation and diffusion. 

Activitv 3.1.R. Pcmicipare in rhe release qf 3 new cassava varieties 

Ratinnale: Our main responsibility at CIAT is to developed improved populat ions with an 
~nhanced fre4uency nf favo rable alleles for each of the major ecosystems in which we work. 
Those pnpulations are then transferred to institutions in ational Programs either through 
recnmbinant progenies generated by intercrossing selected parents. or the direct transter of the 
se lec ted genotypes vía in-vin·o culture. Breeders at National Program proceed to evaluare and 
se lect locally adapted genotypes for future release to fanners. Together with certain programs 
( Brazil. Co lombia and Cuba) we ha ve been implement ing fa rmer participatory evaluation t'or 
final stages of the breeding cyc le in order to ensure that the released material is highly accepted 
by final users. 

:VIethnds: The main source of germp lasm fo r the selected and release cassava varieties 
during the period 1996-9X. we re populations transferred as recombinant progenies. The nther 
source nf genetic dive rsity wi thin joint projects with National Programs were ~~t:TI_RI~sm 
introductions from other regions (i.e. Brazil). ln the fi.rst case the programs usually proceed 
through the follmving scheme: Fl seedl ing nursery (single plant): clona! eval uat ion (non­
rep licated 5-1 o plant plot). preli minary evaluation ( 1-2 reps. nf 20-25 plants). ad vanced yie ld 
trials (3--+ reps. 1-2 sites. 1-2 years. 25-36 plants) . regional and/or on-farm tria ls (multiple site. 
larger plots ). 

Results: During 1996-lJX a totalnf7 new cassava varieties were re leaseu in Latin America. 
The main trait for sekct ion has bee n productivity and 4uality. althtlugh 2 varieties were released 
beca use , lf their resistance m specific patiHlgens (Table 3. UU.) 



Table 3.1.8.1. Cassava varieties re leased in Latin Ame rica from CIA T' s improved germplasm 
during 1996-98. 

Parentage 
Country Variety Female M a le Maintrai ts Year of 

parent parent release 
Brazil Tianguá SM 975 Resistance to witches- 1996 

broom disease 

Caitité CM 523- 7 CM 825- 3 Higher yield. higher dry 1997 
matter content 

Bibiana MCOL 1684 MYEN 52 Root-rot resistance 1997 

Rosa~' BGM 260 Cooking quality 199R 

Amansa burro* BGM 549 Drought resistance. 199X 
fo lia2:e prnduction 

Colombia CM 3306-19* CM 523-7 MCOL 22 High yie ld potential : 191.)X 
preference bv farmers 

Cuba INIVIT Y -93-4 CM 4574-7 High yield potential and 1997 
stabilitv 

•
1'Varicúes sclectetl wi t.h auivc participaúon of fanncrs 

There is an estimated area of 200.000 has in Latín America planted to varieties derived frnm the 
germplasm maintained at CIAT. We have wnrk very clo.se ly with the Brazilian. Colombian and 
Cuban programs. and that is the reasnn why those countries have released the majority of 
varieties in the whn le history of our program. Paraguay is one country where cassava is 
t!Xtre mely important and we have not had co nsistent interaction in the are nf germplasm 
intrnductinn and select ion. We hope to improve that situation in the near tüture. 

Sub-output 3.2. Support National Programs in Asia in ndaptive selection, 
multiplication and diffusion of improved cassava germplasm. 

Acti\'itv .3.2. 1. Bre~ttfingfor maximu111 prot!ucri\·iry 011(/ adaprarion untler semi-arid afl(/ su!J­
Iwmid condirions in Tlwiland. 

Our operatinn Jt the Thai/CIAT cn llaborative cassava bret!ding program at Rayong Field Crnp 
Rt!search Center nffers arare aamp le in crop breeding. where the major physio logical yield 
cnmponents. such JS binmass and harvest indexare quamitative ly measured at e\·ery stage M 
evaluation/selection. Follnwing the populatinn mean ofwho le entries ata cenain evaluation 
stage year after year leads toa reliab le assessment nf the se lection progress 11\'er a period nf time. 
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Changes in the mean of the clonal population being evaluated at the advanced stage of regional 
trials appears to be the best indicator of our selection progress as a who le. This is primarily 
beca use at this stage a good number of the most advanced materials are evaluated in a multi­
location scheme and the clona! enuies represent not only the leve! of selection accomplishment 
at the moment. but also the possible change that can take place in near future once these entries 
are released. Genotypes being evaluated at this stage are usually included a<; parentallines. 
representing the leve! nf breeding materials (hybrid seeds) our CIAT/Thai program offers to 
other national programs. We can reasonable assume that the mean of this population represems 
the leve! of breeding population in each year. 

A.n at.lditional at.l vantage nf ta.king population means rather than the yielt.l data of the best 
pettormer is ro minimize the error factor. The very high yield of a top pettormer could not be 
usually repeatet.l. because the major pottion of phenotypic value WJS of non-genetic nature. 

There is a highly visible improvement in the actual dry ront yield of the breeding population in 
rhe past 15 years (Figure 3.2.1.1.). This significant yield increase (by more than ISO 'k ) must 
ha ve been attaineó not only by the genetic effects but also by the impmvemem in field 
management of the yield trials during the same period. Therefore. the comparison of the 
pnpulatinn mean with the mean of the control (Rayong l) tives a more accurate picture. From 
th is comparison we can clearly see that there has been a highly convincing genetic improvement 
in the dry root yie ld leve! of breeding populations (Figure 3.2.1.2.). Of the total genetic 
improvemem. about two thirds corresponded to the improvemem in fresh root yield (Figure 
3.2.1.3. ): anda smaller bur very significant proponion (close ro one third) corresponded to the 
improvement in root dry matter content (Figure 3.2.1.4.). 
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Figure 3.2.l.ó. Change in relati ve mean harvest index (% of common control cu ltivar. 
Rayo ng 1) nf all c lona! enu·ies in regional trials in all locations (evaluation 
stage V ) during 19R2 - 1996 in Thailand. 

Fresh ront yield is a resultant from the product between total biomass and harvest index. where 
the former represents the integrated assimilation act ivity of the plant. while the latter represents 
the di vis ion n f the assimilated mass into economically utilizable products. Of the improvement 
in fresh root yield. a major pan (25 to 309'c) corresponded to he improvement in biomass (Figure 
3.2.1.5.) and only a minor pan (5 to 1 O'k) corresponded to the improvement in harvest index 
( f igure 3.2.1.6.). We can safely conclude that the significant genetic improvement in ca.ssava 
yielding abil ity that has taken place in the pa.st 15 years at Rayong FCRC is due tlrstly to the 
enhanced bin mass and secondl y to the elevated ront dry matter content. This is in a good 
cnntrast to the earlier population improvement at CIAT/Colombia during he 1970's where the 
ele,·ated harvest index was the predominant factor. 

Fi\·e successfu l cultivars have been released in the past 13 years and another new culti var 
(Cv!R33-57-X 1) will be released in 1 lJ9Xl. The yie ld data of these cultivar.s frnm the regiona l 
yield trials in three years and the year of their release c learly testify the history nf our yie ld 
breed ing in Thai land (Figure 3.2.1.7.). 
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Figure 3.2. 1. 7. Biomass and harvest index of officially recommended cassava cultivars in 
ThaiJand in relation to the year of their release. 

A comparison among an old table culti var (Hanatee). the leading local cultivar (Rayong l ). 5 
released cultivars anda most advanced elite clone (CMR33-57-8l) firmly testi fy the progress we 
ha ve made. and suggest a possibi lity of further improvement (Table 3.2.1.1. ). The overaiJ yield 
.superiority of C\1R33-57-8 l is c lear. but its root dry matter contenr. is snmehow far from w hat 
we wished. The result of standard yield tria!. which consisted of clones deri ved frnm a breeding 
population (CMR 3ó) derived 3 years later than CMR33. appeared to be promising in combining 
high fresh yield with high dry matter content beyond the leve! n f Kasetsart 50 (Table 3.2.1.2. l. 

Table 3.2. 1.1. Yie ld pert(Jrmance llf ó new cultivars and 2 traditional cultivars in regional tria !.-; 
in Thailand. harvested in 3 cropping seasons from 1994 to 1997 (Mean \·alues 
fro m7 reninnal trials. -

Y .:ar of Dry mol Frc~h root Roo! dry Bimnass Haf\·c~l 

Varict \. Paren!~ rclca.'-C vieltl 1/ha vieltl llha mallcr ·~ 1/ ha tnlk'( 

C~IR 33-57-X 1 RAl V OJI!.! 1 X RAl V() JI!.! 5 llJlJX 13.0 3X.7 33.7 62.0 o.n3 
R;1von !.! 5 27-77-10 x Ravon!.! 3 llJIJ5 11.5 33.-l 3-l.J 5XA 0.5X 

Ka:-.c l~an 50 Ravon !.! 1 x Ra von!.! lJO l iJlJ3 11.7 33 .7 3-l.X óO. l 0.57 

Ra von !.! l)l) Gv!C 7ó x V-l3 l l)IJ I 11.2 3 1.X 35.-l 53.0 ll. (Í(} 

Ravon!.! nO .\ kol 1 6X-l x Ra m n !.! 1 l lJX7 10.5 3 1.1 33.2 55.5 0.5ó 

Ramn!.! 3 .\ !me'( 5 '( t-.hcn 307 l lJX-l Y.3 26.1 '- -.') .) -l5 .0 n.sx 
RavlHl!.! 1 Lcatlin !.! local vanctv 1).-l 21) .6 31.7 5X.n 0.5 1 

Hanatcc T radi l ional varictv 5.X I X.3 3 1.7 -l3.ó OA2 



Table 3.2.1.2. Results from standard yield trials (mean of3 locations) in Thailand in 1996/97. 

Dry root Fresh root % dry root Biomass Harvest 
Genotvpes Parent<> vield t/ha vield t/ha matter t/ha index 
Sdected clones 

CMR 36-3 1-3R I Rayong 5 x OMR 2Y-20-118 13.4 36.8 36.3 54.8 0.68 
CMR 36-54-40 CMR 30-71-25 X CM 32YY-15 13..+ 38.2 34.5 54.~ 0.71 
OvlR 36-30-329 Rayong 5 x Ka.setsart 50 13.3 35 ..+ 37.2 58.4 0.6 1 
CMR 36-90-2 Kaset<>art 50 x Rayong 5 13.0 35.5 36.0 54.7 0.65 
CMR 36-7 1-33 CMR 31-19-23 x Kasetsart 50 12.9 36.6 34.8 51.5 0.72 
CMR 36-55-166 CMR 30-71-25 x Ravon!! 5 12.6 36.6 34.3 ~8..+ 0.76 
Rdeased cultivars 

Ka:-etsart 50 Rayons 1 x Rayong 90 12.5 34..+ 36.2 51. Y 0.67 
R.t\'011!! 5 27-77-1 O x Ra von!! 3 12..+ 34.7 34.9 -lX.3 0.72 
Control variety 

Ravnn!! 1 10.0 30. 1 32.3 51.5 0.59 

lt was clearl y noticeable lO years ago that CIAT/Colombia hybrids did not offer the same 
selection npponun ity as Rayong hybrids for the conditions in Thailand (Table 3.2.1.3). While 
considerable improvement with the CIAT/Co lombia materials has been made. the Rayong 
materials were also improved and the superiority of the Rayong materials has persisted up to 
nl)W. althnugh ata lower rate. In the mean time. it became clear that the Rayong materials 

oftered better selection opponunities in other national breeding program.s in Asia as wel l. As a 
result. the percentage of .se lection within Rayong materials has been always significantly higher 
than that with CIAT/Colombia materials. Most Rayong hybrids come from cross parents 
selected locally fro m CIAT/Co lombia hybrids: thus. the difference between CIAT/Colombia and 
Raynng hybrids is indebted to the effect nf Rayo ng selection on cross parents. 
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Tahlc 3.2.1.3. Comparisnn between Rayo ng (Thai/CIATJ and CIAT/Colombia genntypes in single- row trial at Rayong, Thailanu , 
nver 1 :2 years. 

1 <JXó/X7' 1991/92 1995/% - 1996/9i 

Rayoug C'I AT g.: nnl ) pL'~ Rayong CI AT gcnotypcs Rayon,g C'fAT gcnotypcs Rayong C 1 A T gcnol ypcs 
Charactcr gcuot ypc~ ('1. ol' R;ryong) )!C1Hli )' )1CS ( 'í{ ol' Rayou!!.) )!C1H li )' (1 CS ('A· ol' Rayon!!) gcnotypcs (% o!' Rayong) 

Dry rool yi.: ld ( kg /pb nt ) 1. 10 (l. X0(7~ ) O. X-1 O.(iX(X 1) l. I X I .OX(92) 0.77 O. 70(<J 1) 

Frc~h mol yicld <kg/plaJr t) 3. 21 2.-1-1 (76) 2. 53 2. 1 <J(X7) 3.62 3..44(95) 2.55 2.39(94) 

'/, dry mallcr contcnt ~--~.~ .12.lJ(% ) 33 . 1 30.9 (93) 32.7 3 1.6(97) 30.3 29.2(97) 

B iom as~ ( t/ha) 5.7 1 -U I(X-1) -1 .20 -1 .08(97) 5.X2 5.<J 7( 103) 3.n 3.79(97) 

lbr\'C~ I indcx 0.56 0 .5 1 (90) O.óO 0.5-I(X<J) (l.(i2 0 .5lWJ3) 0 .65 0 .63(97) 

Phull typc rating
3 3..42 2.X7<X-I) 3.9Y 3. 35(84) 4.23 3 .56(~-1) 

Gcrminat ion/~urv i va l ol' 
pfan(ill !! ~ lakcs ( '11 )~ 72.() 45 .3(62) X3 .4 75.3(<J0) 9 1.5 82.8(90) - - - -· ~ ---- - --

1 ~'lc;UI ol' all en tries in ~in glc-row Liials ( 122X Rayong :Uid 735 CIAT gcnol ypcs pr 19X6/X7, allll 1 ó% Rayong and 62 1 C l AT dones ror 1991192). 
2mcw1 of pr imar y sckctions in singlc-row tr ials (3 7X Rayong cu1d 104 CI AT genotypes pr IY<J5/96, and 309 Rayong cuH1 66 CIAT d ones l'or IY%/97) . 
3 1 = vcry poor, 5=vcry favorable 
~Data l'rom prdim inar y yicld tr ia l o!' thc li>llowing ycar. 
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Our 14 years of ubservations on our multistage breeding program in Thailand has yielded 3 MS 
thesis. l Ph.D. thesis and 1 academic article in Crop Science. as well as the following 
cunclusions: 

l . Broad-sense heritability and phenotypic con·e lations obtained at a given se lection stage 
may lead ro eiTOneous se lection schemes. 

2. Regression across evaluarían srages gives the most useful informarían. 
3. In early evaluarían stages. eliminating inferior phenotypes is more beneticial rhan 

se lecring superior phenorypes. 
4. Selection for roor dry matter conrent can be conducted without serious effects on other 

yie ld componenrs. 
5. Harvesr index has consisrently high heritabiliry ar each evaluation stage. w hile bio mass 

and yie ld have low herirability. 
6. Genotype by evaluation stage interacrion for root yield is greatesr between single-row 

tria! anú plot trial. while that of harvest inúex L-; much smaller. Selecrion at single-row 
trial. usual! y the second stage uf evaluation. is most crucial to the final success uf 
selection fo r higher yielú. 

7. lndi.rect select ion for yield thruugh harvest index is more etfective than direct selection 
by yield itse l f. especially in rhe early evaluatiun stages. 

Acti vitv 3.2.2. Upgradin;; yield porenrial and adaprarion c~l hreedin~-: popularions ro~-:erher wirh 
NA Rs in Asia. 

During the past 22 years a tota l of -+85.717 hybrid seeds ha ve been distributed from 
CIAT/Cnlombia to national breeding programs in Asia. of which Thailand receiveú the largest 
share of 177.33 1 seeús (Table 2.1.3.1.). A total nf 1 12.500 hybrid seeds ha ve been contri bu red 
from the Rayong program ro other national programs in Asia anú CIAT/Colombia from 1985 
u nti 1 1 Sl<J7. 

Asiúe frnm maintaining a world cassava collection of more than 6.000 accessions at CIAT in 
Colombia. we ha ve <.listributeú more than half a mili ion genotypes in the form of hybri<.l see <.ls 
prnúuced with widely varie<.l parental accessions. to Asian natinnal cassava breeding programs 
o ver the past 20 years. The total amount nf genetic variability thus transterred from the center of 
migin antl diversification to Asia. c::xcec::<.ls by far the genetic variability introduced spontaneously 
to Asia in the past J centuries. Much of this genetic vari abil ity is being active! y urilize<.l at many 
cassa,·a research stLttions Ltll over Asia. Furthermore. in releasing many new cultivars. we are 
acruaiÍy incrc::;.¡s ing thc:: <Ji,·ers ity llf cultivars in farmers· fields in many parts of Asia: contrary to 

the general be lief that tl1c:: dissemination of internationally deve lopeú new cu ltivars el im inares 
Inca! genetic úi\'ersity. When we Jiscuss about rhe biodiver.sity llf crops. we tenú to regard only 
the exist ing landrace.s an<.l the accc::ssions in germplasm colkctions. anú overlook the genetic 
material.-; actuall y being utilized by many functiona l breeding programs. Genetic variability not 
in a utilizable from has a ,·cry IO\V potential for benefiting <.:assava producers. Germplasm 
materials within easy reach n f practicing breeúer.s. whether they are institutional nr spontaneous. 
pnn·iue the real potc::ntiLtl. Our objecti,·e has bec::n to enhance both the quantity and the quality of 
genetic variability utilizable tu natinnal breeúing prngrams. 
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Activity 3.2.2. Multiplication, release and diffusion of improved varieties. 

Three new clones (0MR33-17-5 and KM 95. SM 1157-3 as KM 95-3 and SM 937-26) in 
Vietnam and 3 new clones (CMP62-l5 as VC6. CMP21 - l5 as VC7 and CM 3422- 1 as Lakan 4) 
were officially released. making the total nurnber of CIAT-related cultivars in Asia raise to 31 
(Thailand 7. Indonesia 3. Philippines 10. Malaysia 2. China 4 and Vietnam 5). 

According to the latest statistics and estimations of the Department of Agricultura! Extension of 
Thailand. the area planted with CIAT-related new cassava cultivars reached 0.622 million ha. or 
64.4% ofthe total cassava area in the 1996/97 planting season in Thailand (Figure 3.2.2.1. 
Table 3.2.2.1. Following the data by Thai Tapioca Association. in which the data estimation 
indudes an extrapolation from the percent area planted with new cultivars and the total national 
acreage. gives 0.695 million ha for the area planted with new cultivars. Similarly. the area for 
new cultivars is estimated to be 0.136 million ha in Lampung. Sumatra. Indonesia (an 
~xtrapolat ion from the percent adoption and the total cassava area in Lampung alone provided by 
U mas Jayas Farms. the figure may be a gross underestimate for the total of Indonesia) and 21.3 
thousand ha in South Vietnam (given by the addition of each province. provided by the IAS) 
(Table 3.2.2.2. ). This and additional smaller areas in other countries result in a total area planted 
with CIAT-related new cultivars between 0.787 and 0.860 million ha in 5 cnuntries (Thailand. 
Indonesia. Vietnam. Phillipines and China) in Asia. 

All these varietal dissemination follow the scheme of small farmers producing cassava to be 
processed for starch or animal seeds by medium to large scale factories. One notable exception 
is the varieta1 dissemination to a mass of small farmers in North Vietnam. where the planted area 
is expressed in m2 rather than hectares. and the yield advantage of new cultivars is used for 
increasing the number of pigs and poultry in each famil y. 

As a consequence of these. we can now clearly see a significant increase of mean cassava yield 
at the country (Thailand. Fig. 3.2.2.2) and the provincial (Dong Nai. South Vietnam. Fig. 
3.2.2.3. ) levels. The mean yield increase in Thailand coincided timely with the recent 
gO\·e rnment policy of maintaining the total production by reducing cassava urea and elevating 
the m~an yield. In South Vietnam. the sharp mean yield increase was accompanied by the 
simultaneous increase in planted urea. which resulted in a sudden glut ofcassava roots beyond 
the process ing capacity of factories. causing a price decrease this year. a process the newly 
emerged market system wou ld llave to handle for future good. In 1 orth Vietnam. we have 
recorded the etfects nf new cassava cultivars throughout all the le veis frnm family to hamlet to 
village ro district. W~ now ha ve hard data ro show the eftect of new cassava culti vars on yield 
increase <Hall le ve ls. 

Acti,·it v .3.1.-L Adoprion olcas.w1·a l'((rieril:'s al1(/ impacr srutlit!s in selt!cred cmmn"it!s. 

As the basis fnr me:.~suring the econnmic effects generated by new cassava cultivars. we used the 
sa les va lue of rhe auditional prouucts directly attributable to the adnptinn nf new cultivars. 
Value uf sales includes production cnsts and net protlts. The gross production costs are mude up 
uf expend itures for labor. e4uipment. supplies. mainte nance and depreciation. For regular 



Tahlc 3.2.2.1. Yicld advantage ofnew cassava varieties anu monetary gain caused by their <H.Ju rtion in Thailan<..l <..luring 1996/97. 

Total additional sale valucd 
Yidd dill~r~tu.:~ from th.: Monctary g.a in pcr unit duc to adoption of ncw 

traditional culti \·ar Rayon!.! 1 in : arca ovcr Rayon!.! 1 in 1
: varicti.:s in : 

foró h root Root ~larch Fr..:~h r<K1l 'i; :-.tard1 Frcsh rnnt '1. starch Arca plantcd in Frcsh rool Starch 
Var icti c~ vicld t/ha 1 cout.:ut ( ',; )e yidd t/ha COIII CII I yicld t/ha COIII CIII l lJY6Ni ( 1 ()(}() has) yicld ($ 1 000) ($ 1 (){)()) 

Rayong 1 16.5 l ó. l -- -- -- -- 344 -- --

Rayoug .1 1-U 22.0 -2.0 5.1J -60 lXX ..f -2-f() 752 

Rayong 60 17.7 17 .O 1.2 O.lJ 36 35 201 7,236 7,035 

Rayong l)(J IX.5 22.7 2.0 6.6 60 269 139 8,3-fO 37,391 

Ka~c t sart 50 l lJ . 7 l lJ .X 3.2 3.7 Y6 160 149 14,304 23,g4Q 

Ravon!.! 5 l lJ.X llJ .O 3.3 :u l)lJ 1-f..f 129 12,77 1 1g,576 
Total : 42,411 l0,594 

11'd can from on -1¡1flll yidd trials conductcd in X pruvinccs in JlJlJ..f flJ5 ami \lJlJS/lJó; Rayl)ng 1 16.5 t/ha frcsh root yicltl antl16.1% starch contcnt. 
1t>kcut from reg ional ytdd triab in 7 locations in l lJlJ..ffl.J5, Jct t~rt niucd by Rcinmcum scalc. 
3Bascd on thc low llJ97 pricc; :i> 30/t lúr frc~h roots allll S 220/t for starch. 
~ Data hy Dcpartmcnt of Agricultura! E:-.tcnsion. 
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Tahlc .L~.2.2. Y1d d ad,·;ullag.: ot u.:" l'a~~a, ·a \'ari c ll c~ ;md IIIOIIL'tary gain l·aused hy thcir adoption in -t A~ia11 COIIIll rie~ out~idc Thailand during 1 9~ófl.J7. 

Y 1l'ld dll krc1H.:e fn un thc Total additional ~a le 

tr;1dition;ll culti var t-. lonet¡¡ry gaiu pcr uuit va!uctl duc 10 adoplilHI of 

R.:g 1 on/n n1ntr\' Ra yong 1 in: arca m·cr Ra}uug 1 in 1
: 

Fr.:~ li root Root ~ l ;1rch J-'r·..:~h rool '!t ~ tarch Frc~h root 'A ~tan·h 

yidd t/ha 1 COIII Cnl (' ~ ) ! yidd t/ha contcnt yicld t/ha l'OIIt Cnl 

Sum ;11 r;1 1 Tradi tional :w.2 I X. I 

l m lonc~ ia Adira -t ~X.2 23.-l N.O 5.3 2-HJ 32lJ 

South V1ctu;u11 Traditioual 12.0 20. () 

Kl\1 óO 20.0 23.0 X.O 3.0 2-tO 132 

Kl\ J IJ _.t 22.0 23.0 1 0.0 3.0 300 1-15 

North \'ictnman Traditional l-t .3 17.~ 

Kl\1 60 l lJA 2lJ.ó 5.1 1.7 153 73 

Kl\ l lJ-t JI) .lJ JO. 7 5.ó 2.X !óX 122 

1\ lindanao 1 Tradi tioual 1 ().() llJ .O 

Ph i l i ppi nc~ ve 5 16.0 l lJ .O 6.0 o IXO () 

Negro~. Bohnr Tr<~di tion¡¡l 10.0 llJ .O 

1 Philippiuc~ La ka u 15.0 22.0 5.0 3.0 150 l)l) 

Guangxi 1 China Tradi tional 17.-t 25.ó 

Ncw culti var~ 20.0 2lJ. 7 2.ó -U 7X (!{() 

Total 
- - -- -- -

1l\ kan:- rrom l¡¡rgc plut yield Lriab in lndonc:-.ia:-.. 1\ lc;ub from 1111-fann yidd 1 riab in Vi.:tn¡un, Phi 1 i ppinc:-. allll China. 
~ l\ki llh from rcgion;ll yicld triab. Dctcrmincd by Rcinmtulll ~ca le 
1 Ba~cd on the low I'JlJ7 Tl1;11 pricc: ~.10/t lilr fn:~h root~ ami ::-. 220/t tor :-.larch . 

ncw varictics in: 

Arca plantcd Fresh root 
i 11 llJ%fl.J 7~ yicld ($ Stan:h 

( 1 000 has) 1 ()()()) ($ 1 ()()()) 

IJó 32.,ó-t0 44,744 

ló.5 3,9ó0 2, 178 

4.X 1 ,-t-tO ó96 

0.27 -ti 20 

O.OX 13 10 

5.5 l)l)() () 

1.5 225 149 

0.06 5 ll 

39,3 1-1 47 ,808 
- - -· ·-- ~ --

• Data for lndon..:~1a gi\'cn a:- 115' t, of thc I'Jl):íflJCl r1gure gi ,·.:n by UJF, hy llong Loe Ag. Re:-. Cc111er 111 South Vietnam, by BT AFRC and RCRC in North 
Vicw;un. hy PRCRTC iu 1hc Philippinc.,. ;mJ by GSCR I in China. 

--
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figure 3.2.2.1. Change in arca planteo wirh t.lifferem cassava cult i vars in the rec..:ent 12 years in 
Thailand (Data source: Department of Agricultura) Extcns io n. Thailand). 
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Figure 3.2.2.4. Aúúitio nal ~conn mic effects generateú by the aúoptinn nf new cassa\·a 
cultivars in Thailanú in the past 10 years. 
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commercial operations, net protit rather than the value of sales may be more critical. However. 
in the national development context, value of sales may be more important indicator of the socio­
economic benefits. as it represents employment. purchasing power and the availability of useful 
products. 

To concentrare in most direct monetary effects and avoid possible duplicares. we used only two 
measures for the economic gain. additional (or reduced) tield production of fresh cassava roots 
dueto the higher (or lower) yield of new cultivars and additional factory starch (or chips) 
production due to the higher starch (o r dry matter) content of new cultivars compared with the 
traditional cultivars. The addit ional factory protit generated by the gross additional availability 
of raw materials is not accounted fo r. Jet alone the additional production of numerous secondary 
products. This. the real gross additional economic effects are much more than the ones described 
in these simple analyses. 

For the yield and starch content advantage (o r disadvantage) conten·ed by the adoption of new 
cu ltivars. we used the means of many on-farm trials. The abso lute yield figures represent what 
average farmers would be able to obtain in their fields and the yield difference from the 
traditional cultivar. which actually matters more. would represent what they could benetit from 
planting new cultivars in a wide range nf farming conditions. For on-f<u·m price of fresh cassava 
rnots and factory starch price. we u sed the low price in Thailand fo r 1996/97. 

Cassava market for starch process ing is rapid ly expanding in Asia. It must be reasonably safe to 
assume that the additional prnductions herein rep011ed led to the additinnal cash incomes in their 
near entirety and the adoption of new high yielding cultivars is an indirect proof for this. The 
subsequent analyses prove that cassava is clearly an attractive means for small farmers to 
improve their cash income. 

In Thailand. where the varietal adnption staned with Rayong 3 (higher starch content. but lower 
fresh yield). the farmers ha ve been actually losing money by the sa les of fres h roots until 
recently when new culti vars with bnth high fresh yield and starch content staneu to replace 
Rayong 3 (Figure 3.2.2.4. ). The additional eco no m ic effects caused by the higher starch cnntent 
has been highly significant. Until recently. virtually all the economic benefits have been due to 
the higher starch cnntent of new cultivars. The additional value due to the adoption of new 
cultivars is est imated to be -l-2.-J. million US uollars in fresh ront production and X7.6 mil lion in 
starch production for the 1996/97 season in Thailand (Table 3.2.2.1.. Figure 3.2.2.4). 

In Indonesia. the advantage of new cultivars is clearly in both fresh yield and starch content: 
rhus. the additinnal fresh root yielus in the fields anu the additional starch prnduction in the 
factories. both induced substantial economic gains. 32.6 and -l-4.7 million US Jollars. 
respecti,·ely (Table 3.2.2.2 .. Figure 3.2.2.5. ). 

In Vie tnam. more mnney has been made by the sa les of planting sta.kes of new cultivars than 
fresh root han·ests and higher starch cnntent. in the previous years. However. the benefits 
causeu by the auuitinnal fresh ront production and the additional st:.trch prnduction will soon 
nutstrip the stake sale from the llJlJ6/97 season (Figure 3.2.2.6. ). 
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Throughout all these processes. the advantage of higher starch content was highly significant. It 
is the higher starch content rather than the higher fresh yield of new cultivars that accelerated the 
adoption of new cultivars. The total economic effects due to the superior yield and quality of 
new cultivars accumulated in the past 10 years is estimated to be 693 rnillion US dollars in Asia 
(Figure 3.2.2.7.). 
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Figure 3.2.2.7. Total additional economic effects. accumulated ami annual. generated by 
the adoption of new cassava cultivars in 5 countries in Asia in the past lO 
years. 

In this repon. we primarily analyze the ecnnomic effects caused by the add itional yield leve! and 
additinnal starch content nf the CIAT-re lated new culivars. Yet. when we consider all the 
hisrnry of cassava processing industry in Asia. the establishment and development l)f large 
cassava product market by the Thai entrepreneurs and the se lection of cultivar Raynng l. which 
has been the back bone ofThai cassava production. are the most significant fac tors. The 
monetary contri butions of these must be in the bil lions of US do llars. The greatnes.s nf Rayong l 
is not limited tn rhe immense ly successful fie ld production in the past 2 nr 3 decades. but also 
extended tn the rnle nf effecti ve cmss parents as it produced Rayong óO and Kasetsart 50 among 
others thmug l1 hybridizing with the introduced parents from CIA T. Colombia. The contribution 
of Thai farmers who se lec red Rayong 1 should be remembered. 

Virtually a ll the cassava production takes place in small farmer.s· field s and all the harvests are 
so Id ro the pmcessors in Thai land. 1 n Vietnam a !so. all the cassa va is produced by small fa rmers. 
and in South Vietnam those advanced cas.sava farmers who llave adopted the new culti vars sell 
,-inually all the han ·ests to the processors. fn Indonesia and Philippines. so rne fie ld productions 
are hand led by large plantations: ye t. the majority of production takes place in small farmer's 
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fields. Thus. we can assume that virrually aJl the additional economic effects generated by the 
higher fresh root yield of new cultivars are entering directly to the pockets of smaU tarmers. 

On the other hand. how much of the additional protit generated by the higher starch content of 
new cultivars is shared by the farmers depends on what differential prices starch factories (or 
chipping plants) pay to the farmers. If the factory pays the same price for roots of different 
starch content (in other words. does not honor or recognize the breeders · and farmers' effons to 
produce higher quality products) al! the additional protit would be absorbed by the tactory. 

A recent price se heme ata sta.rch factory in Rayong. Thailand. indicares that more than a half of 
the cost of starch is the cost of ti·esh cassava e ven with cassava roots of high starch content. 
suggesting that in general a fair price is paid to the producers. More interesting is what 
proponinn nf additional starch amount produced by the higher starch content is compensated 
back ro the farmers. Since the factory can benefit from the increased amount nf final product. its 
business can still be viable even if the factory fully ( IOO<k ) compensares farmers for the higher 
starch cnntenr. Most large factories are returning 55 to 100% of the va lue of additional starch 
production caused by higher starch cnntent of the raw material to the tarmers. All in al!. th~ 
scheme is not out rightly unfair to the farmers. We can safely assume that a substantial pnnion. 
more than half. of the 693 million US dollars so far generated by the adoption of new cultivars 
has entered the householú income of small farmers. 

The recent varieta! úissemination in Nonh Vietnam revealed that thousands of small farmers are 
adopting new cassava cultivars in their small plots (360-5000 m2 ). Virtual! y al! of them use the 
add itional cassava yield fo r pig feeding which results in 50-600 kg additional sale (U$ -+5--+54) 
per f'álnily per year ro the market. The whole scheme is notas spectacular as the rapid varietal 
úisseminatinn in South Vietnam or 1Hher countries. Yet. here is a scheme where a new 
tec lmology is spreaúing thin and wide very democratical!y. creating economic opponunities for 
bette ring their farm lives. This is in sharp contrast to the accustnmed schemes where powett"ul 
ones (starch factory owners or smart organizers of stake rnultiplication of production ) take the 
best share of the profit. Here appe~rs to be a mnst equitable contribution nf crop breeding. 

:\cti,·itY 3 ."~ . 5. Local rraining f~{Asian cassm·a hret:ders. 

l"ntil llJlJ() the main strategy for training Asían scientists working on c~ssava was through ~ one­
month cnurse held at CI:\T-C1llombia. As available funds gnt reLiuceú. the strategy switch to nn­
_-;ite training. CIAT's breeder gnt tngether with National Program breeúers at harvesting t ime tu 
e,·<.duate anlimake selectinns together. Frnm this process a set of selection cri teria anú st rategies 
fur rhe diffusion of im prnveú variet ies ha ve been establisheú tür each un the main regions. The 
imeraction has ~lso prm·iueú oppmtunities f()r training in specific aspects for which the :--Jational 
Programs ~ppeareú weak. 

In llJ95. we hada un ique opponunity to gather al! Asian cassava breeders and accompany tl1e 
harvest 11 f all breeding stages in Thailand. The workshnp was organized u pon request fmm 
Asían cassava breeúers that \vanred to wi tness well nrganizec..l and executeú breeding and 
disseminarinn prngrams. :\ mral of -U partic ipants from 7 countries joineú the event. The 
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workshop provided good methodological learning, set goals and strategies to achieve those goals 
in a given time. This kind of activity was only possíble thanks to the hospitality of the Food 
Crops Research Institute of Thailand. They openly shared their results. allowed participants to 
tu.ke active pan of the selection process. and gave representatives from each of the institutions a 
set of recombinant progenies from the most elite genotypes in the program. to tu.ke home and 
initiate an adaptive selection process. 

Activitv 3.2.6. Facilitare communication within the Asian cassava breeders network. 

Within the informal network of Asían cassava scientists. breeders represent the majority of active 
participants. In November 1996. the V Asían Cassava Research Workshop was held in the 
Chinese Academy ofTropical Agricultura! Sciences (Hainan). The workshop was attended 58 
cassava scientists from Asia and CIAT-Colombia. There has been a cons istent improvement 
from previous workshops. Presentations were better prepared and the leve! of participation in 
the discussion from the tloor was much more active than previously. Many more national 
program participants could tind their own source for tinancing the trips to attend the Workshop. 
There was a unanimous feeling that this network meeting every 3 years is a highly worthwhilt! 
undertu.king. The continuation and invitation to new members are very desirable. 

In varieta l improvement. most national institutions reponed on their favorable progress in 
selection and dissemination of elite genotypes. Both at Rayong and Kasetsart cassava breeding 
programs in Thailand. further se lect ion for yet higher physiological yie ld leve! is promising. 
Other national programs are yet ro se lect their own superior materials wh ile the further 
dissemination of presently available materials. mostly se lected from CIAT introductions. can 
bring about significant contributions to the farmers. Al! these developments offer ample 
opportunities tor further socio-ecnnomic analyses. In general. the teeling of having cometo the 
best period of development and "let go on with the present momentum·· was strong. Everyone 
was convinced that the network was functioning we 11 and producing actual results. 

T\lgether \.vith members of the network we ha ve analyzed the present s ituation in germp lasm 
development and disseminat ion (Table 3.2.6.1. ). The situation is a retlection more of the current 
institucional and socio-economic t.lifficulties rather than the leve! of personal competence and 
commitment. There are severa! cnuntries with strong programs in germplasm selection and 
t.lissemination. Fnr some of the countries there is variabil ity in terms of the capacity of ditlerent 
institutions tn progress in each of the stages that lead to the dissemination nf successfu l cassa\·a 
varie ties (i.e. China and Indonesia) 

Amnng the pnsitiYe aspect nf a netwnrk nf institutions in Asia. has been the capitalizatinn on tht! 
strength of institutions like FCRI (Thailand) and others for the suppon of thnse weu.ker 
programs. and the t.levelopment of synergistic interactinns. 
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Tahlc 3.2.(..1. Stt"L· ngth in cassa,·a varie taiLk wlopm~nt and dissemination at Natiunal research institutions in Asia 

Brccdin~ program Extcnsiun schemc 
Socio-

lnstitutinnal Human T echnical lnstitutional Organ izat ion al Social economtc 
Country lnst itut ion 1 suppurt r~suurc~s prol!ress support etlectiveness interest effects 
Thailand FCRI ++++ +++ ++++ +++ +++ +++ ++++ 

KU ++ ++ +++ ++ ++ +++ ++++ 
Indonesia UJF +++ ++ +++ ++ +++ +++ ++++ 

BW ++ ++ +++ () + ++ + 
Vietnam lAS ++ +++ +++ +++ +++ +++ ++++ 

AU3 + ++ +++ + ++ +++ ++ 
PYRC + ++ ++ ++ ++ +++ +++ 

China CATAS ++ ++ +++ ++ ++ ++ + 
GSCRI + ++ +++ ++ ++ +++ ++ 
UCRI + + ++ + + +++ + 

Philippines PRCRTC ++ ++ ++ + + ++ ++ 
rndia CTCRI ++ +++ +++ ++ + + ++ 

TNU + + ++ () () ++ ++ 

1FCRI , Ficld Crop R..::scan.:h ln slitut..::, Dcparlmcnt of Agricullurc; KU, Kasctsarl Uni vcrsit y; UJ F, Umas Jaya Fanns; BW, Brawija Univcrsily; lAS, Inslitulc of 
Agricullural Scicncc~ of South Viclllam; AU3, Agricullural Uni vcrsily # 3; PVRC, P01a1o <UHI Vcgci<Jhlc Ccnlcr ; CATAS, Chincse Academy o!" Tropical 
Agricullural Scicnccs; GSCRI , Gungx i Suhtropical Crops Research lnslilulc; UCRI , Uplallll Crop Rescan:h Institule; PRCRTC, Philippines Rool Crop Rescarch 
and Training Ccntcr; CTCRI, Ccntr;d Tuhcr Crops Rc~carch lnstitute; T NU, Tamil NaJu Univcrsity. 
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