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Cassava, Manihot esculenta

Root crop
Clonal propagation using stems

Staple crop
2nd largest crop for starch production

Diploid, 2n = 36
Cross-pollination
Self-compatible



Create New Opportunities
• High and stable dry matter
• Waxy starch
• High pro-vitamin A
• CBSD resistance
• Whitefly resistance
• Good cooking quality
• Small granule
• Drought and heat tolerance

Enhance Global Impact
• Market segments
• Product profiles
• Breeding pipelines

Build Solid Foundation
• Multidisciplinary team

Modernize Breeding Program

Key Elements of Plant Breeding
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Biofortified cassava for human consumption

Fresh and Dried roots for human consumption

Industrial Cassava – starch and animal feed

Cassava specialty starch 

Cassava Products

* Processing- granulated and Paste for human consumption



Latin America and the Caribbean 
10% of global production, 27 million tons

-- Good cooking quality

-- High β-carotene

-- High and stable dry matter Sub-Saharan Africa
Staple crop; 61% of global production; 169 million tons

-- Good cooking quality and CMD, CBSD & whitefly Res.

-- High β-carotene, dry matter, and CMD, CBSD & whitefly Res.

-- High and stable dry matter and CMD, CBSD & whitefly Res.

Southeast Asia
29% of global production, 81 million tons

-- High and stable dry matter, high yield, CMD Res. 

CIAT
IITA

Cassava Production



Breeding Pipelines



F1C BCF1C CET PYT AYT UYT PEA
Trait Unit target

CMD MAS yes yes no

CBSD MAS TBD

CO_334:0000175 CBB <=2 1 2 3 4 5

CO_334:0002084 thrips <=2 1 2 3 4 5

green mite <=2 1 2 3 4 5

CO_334:0000218 red spider mite <=2 1 2 3 4 5

mealybug TBD

whitefly TBD

frogskin TBD

super elongation TBD

witches' broom TBD

Trait Unit Target

beta-carotene ug/g fr.wt >=10 3 5 10 15 20

cooking time min <=30 10 20 30 40 50

water absorption % >=10 5 10 15 20 25

mealiness TBD

sweetness TBD

HCN ug/g fr.wt <100 50 100 150 200 250

CO_334:0000160 dry matter % >27 22 25 27 30 35

dry matter stability TBD

flesh color 3 1 2 3

CO_334:0000161 flesh color 1, white, 8, pink> 5, yellow 1 3 5 7 8

Production System human consuption

end use

Market segment 1, beta-carotene + CMD

Crop Cassava

Geographical Region subhumid lowland and semi-arid lowland tropics

Biological Region/Eco System

population/variety

Product Profile



BCF1C BCF1C CET PYT AYT UYT PEA

Trait Unit Target

CO_334:0000138 germination % >80 70 80 85 90 100

CO_334:0000220 vigor >=3 1 2 3 4 5

CO_334:0000301 lodging <=2 1 2 3

CO_334:0000099 plant type <=3 1 2 3 4 5

CO_334:0000079 branch number <=3 1 2 3 4 5

CO_334:0000018 height cm 200-300 150 200 250 300 350

CO_334:0000106 height_1st_branch cm >150 50 100 150 200 250

CO_334:0002082 angle_1st_branch TBD

CO_334:0000123 stem length with leaves cm >30cm 20 30 40 50 60

CO_334:0000300 number_sticks_available >=8 6 7 8 9 10

not in CassavaBase easy harvest <=2 1 2 3

peduncle length_visual 2 1 2 3

CO_334:0000221 skin color 3 1 2 3

CO_334:0000228 root type <=3 1 2 3 4 5

CO_334:0000109 constriction 1 1 2 3

CO_334:0000020 root shape 2-3 1 2 3 4

CO_334:0000226 root length_visual 2 1 2 3

easy peel TBD 1 2 3

CO_334:0000011 root number per plant >=5 3 5 7 9 12

CO_334:0000169 commercial root num. per plant >=4 2 4 6 8 10

CO_334:0000458 rotted root % <=10 0 5 10 15 20

yield of aboveground

CO_334:0000013 yield ton/ha >20 15 20 25 30 35

yield_check % check >=105% 90 100 105 110 115

CO_334:0000131 commercial yield ton/ha >18 15 18 21 24 27

Imput level low

Maturity --

Biofortification yes

Production/Multiplication Traits

Product Profile
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*Standard approvals (SMTA, Export and import permits etc) are given by the authorized institutions.



CMD, CBSD and whitefly resistance
High pro-vitamin A
Good cooking quality
Low hydrogen cyanide (HCN)
Low Postharvest physiological deterioration (PPD)

High and stable dry matter
Waxy starch
Small granule

Drought tolerance
Heat tolerance
Haploid inducing
High amylose
Herbicide resistance
Early maturity
High density tolerance

New Germplasm Opens up New Opportunities



High and stable dry matter, CMD, 
CBSD and whitefly resistance

High β-carotene, high dry matter, 
CMD, CBSD and whitefly resistance

Good cooking quality, low HCN, 
CMD, CBSD and whitefly resistance

Donor Development &

Population Improvement

CIAT
IITA

High and stable dry matter 

High β-carotene, high dry matter, 
good cooking quality

Good cooking quality, low HCN

Donor Development &

Population Improvement & 

Product Evaluation

CMD and whitefly resistance, 
High and stable dry matter

Donor Development &

Population Improvement 

Product Evaluation 

& Release-variety

Agrosavia
Embrapa

Product Evaluation 

& Release-variety

AGI, HLARC, 
KU, RFCRC,
TTDI, CATAS

Provide both trait donors and improved breeding 

populations with CMD, CBSD, and whitefly resistance 

to IITA and NARS.
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Breeder’s Equation

∆𝑮 =
𝒊 𝜹𝑨 𝜸

𝑳

𝜹𝑨 𝑳

𝜸𝒊

“Do it for long term”

"focus on the best"

"do it faster"

"do it right"

Genetic diversity Duration of selection cycle

Intensity Accuracy



Realized Genetic Gain

Yield (ton/ha) Dry matter (%) Beta-carotene content 
(ug/g fresh weight)

Yield (ton/ha) Dry matter (%)

Gain per year 2.03% 0.96% 8.19% 12.2% 1.94%

Num. of trials# 53 68 7 13 16

Year 2013-2019 2013-2019 2013-2019 2011-2020 2011-2020

Num. of loc* 13 20 1 (station) 9 10

Common checks 4 4 NA 4 4

Origin years 2007-2014 2007-2014 2007-2014 2008-2015 2008-2015

Biofortified cassava for human consumption Cassava specialty starch 

*Location TPE, sub-humid and semi-arid lowland tropics & farmer’s field
#All data were stored in CassavaBase



Duration of Selection Cycle
• Flower Inducing              (2016-)
• Genomic Selection (2019-)
• Rapid Recycling Progenitors 

from 5 to 3 years (2019-)

Accuracy
• CassavaBase, Fieldbook & Barcode (2018-)
• TPE, ≥ 2 Environments                      (2020-)
• ≥ 5 Checks, BLUP and GBLUP           (2020-)
• Selection Index                                    (2012-)
• NIRS & Image Analysis                       (2012-)
• Stage&Gate System                            (2020-)
• Operational Excellence                      (2019-)

Genetic Diversity
• New traits, e.g., CBSD res., CMD res., 

good cooking quality et al.
• Sequencing of progenitors (2020-)

• Hybrid breeding (2018-)

Intensity
• High throughput phenotyping

Above ground biomass and plant type

Innovation

Ground penetrating radar

Innovation



Flower Inducing Technology

BA, 6-Benzylaminopurine; STS, silver thiosulfate



TPY (400)
5 plants/2 reps/2 loc

GWP

Crossing nursery

F1 (15,000)
1 plant/1 rep/1 site

PYT(150)
10 plants/2 reps/2 sites

AYT(50)
25 plants/3 reps/3 sites

F1C1 (1,200)
5 plants/1 rep/1 site

SIT (400)
5 plants/1 rep/1 loc

2

0

3

4

5

6

seeds

Crossing nursery

F1 (15,000)
1 plant/1 rep/1 site

SRT (1,500 )
8 plants/1 rep/3 sites

PYT(150)
10 plants/3 reps/3 sites

UYT(40)
25 plants/3 reps/4 sites

F1C1 (5,000)
3 plants/1 rep/1 site

Year

1.2

Genome Wide Prediction-based Recurrent Selection



Diploid

Cross-pollinated

Self-compatible

Inbreeding depression

Heterosis

Clonal propagation 
– no seed production system

Pollination is labor-intensive



Aim to:
• Understand the heterosis level and 

inbreeding depression;
• Identify heterotic patterns

Select progenitors:
1) Different progenitors of breeding pops
2) Historical progenitors from the genebank
3) Breeding progenitors from Brazil

Data collection:
1) Genotypic and phenotypic data
2) Family effect, GCA, SCA, heterosis

Initiate Hybrid Breeding



Fully Use CassavaBase, FieldBook and Barcode



Markers for Quality Control and MAS



1) 5 IITA clones, all showing high resistance in Tay Nihn; 

2) C33, C39, TME3 and other clones from CIAT and IITA

3) 10 resistant varieties from the clones collected in Vietnam 

4) 102 CIAT clones containing CMD2 genes according to SSR markers 

5) introduced seeds from Hawaii (progenitors from CIAT and IITA)

6) 474 seeds for genomic selection derived from CMD donors at CIAT

Major Sources of CMD Resistance In South-East Asia



Stability of Starch Yield



(55)   (2)   (3)    (17) (22)  (3)  (24)  (28)  (1)  (4) 

S12_7926132 and S14_4626854
For marker S12, T is the resistant allele; For marker S14, A is the resistant allele

S12_7926132 and S14_4626854 worked well for segregation populations, but not for 
diversity populations

Validation of CMD2 markers in CIAT102 and VNM142

CIAT102 VNM142



Two cycles of quick recurrent selection to introgress CMD resistance to elite 
variety to provide improve breeding populations to NARS.

MAS for CMD2 locus increased the selection efficiency.

2020-2021

2021-2022

Recurrent Selection for Improving the Breeding Population

6
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1) Explore germplasm pools to understand the 
genetic distance and heterosis among pools; 

2) Determine heterotic patterns

3) Use genomics technology to understand 
inbreeding depression and identify favorable 
alleles to select for and major deleterious 
mutations to select against; 

4) Develop technologies to shorten crossing 
cycle for inbreed development and trait 
introgression; 

5) Implement two-part strategy to enhance 
population improvement and variety 
development. 

Cassava Hybrid Breeding


