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Maize

• Most productive and widely 
cultivated crop

• Cultivated in more than 125 
developing countries where it 
is sold or used for food, 
animal feed and production 
of different industrial 
products.

• Provides food to more than 
900 million people world 
wide

Relative rank of maize by areas sown worldwide (FAOSTAT, 2010)

Demand (Million MT) Food Animal 
Feed

1997 2020 change % mM
T

% mM
T

Global 586 852 45% 15% 128 68%

Industrial 291 344 18% 5% 17 76%

Developing 295 508 72% 22% 112 64%

Latin 
Am� rica

75 118 57% 25% 30 60% 71

� frica 29 52 79% 76% 40 10% 5

Asia este 136 252 85% 4% 10 82% 207

(Predictions from IFPRI 2020)



Aspergillus falvusand aflatoxin
• Aspergillus flavus– opportunistic pathogen

– Higher incidence on maize grown under stressed conditions
– Insect or mechanical damaged kernels

• Superior adaptability
– Survives in a wide range of environments: plant debris, dead 

insects and especially seeds
• Fungus does not need a live host to survive
• Complex environmental and ecological factors affect A. 

flavusinfection and aflatoxin contamination.
• Aflatoxin contamination is:

– unavoidable under the present production, processing and 
storage of crops & commodities, but breeding and 
management approaches can reduce risk

• No single strategy can effectively limit contamination. 
An integrated approach is the strategy most likely to 
work.



Drought / Heat Tolerance 

Foliar Disease ResistanceInsect Resistance

Host Resistance

Strategy for Managing aflatoxin through 
breeding



Why Host Resistance
• Most practical / economical for all 

maize producers,  especially for small 
holder farmers

• Technology is easily transferred / 
disseminated as this is packaged in 
seed.

• Requires no extra production or 
management resources

• Environmentally friendly - leaves no 
harmful residues

• Is compatible with other control 
strategies such as biological control 
and proper storage techniques.

• Long term strategy
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Approach
• Goal: develop stress tolerant maize adapted to environmental 

conditions where they will be grown.
• Direct approaches

– true resistance to A. flavus / afaltoxin
– Reduced aflatoxin production in infected plants

• Indirect approaches
– Tolerance to specific environmental and biotic factors that put plant 

under stresses that trigger toxin production (e.g. drought)\, heat)
– Resistance to insects (especially ear feeding insects) & foliar diseases
– Ear and kernel characteristics, husk cover, etc – provide physical 

barriers, etc
• Improved agronomic traits and performance (high yielding)



Opportunities
• Sources of resistance available

– Drought / heat tolerance
– Insect resistance
– Resistance to Foliar disease

• Techniques for establishing  uniform disease pressures 
developed 

• Techniques to rapidly develop germplasmcombining 
resistance to different traits

• Cheap and robust aflatoxin assaying 
• New tools – development of molecular markers to speed 

introgression of resistance QTLs



Sources of A. flavusresistance in 
experimental hybrids - 2011

Resistant hybridSusceptible hybrid



Maize inbred lines with reduced aflatoxin
levels

CML 348 52 jk
CML 289 116 ij
CML 247 225 g-i
CML 338 262 f-i
CML 339 315 f-i
CML 269 329 f-i

Mp 313E (A.f. resistant check) 58 jk
Tx 601 (A.f. resistant check) 220 g-i
SC 212M (A.f. susceptible check) 5139 a



Drought tolerant (DT) maize

Drought and Aflatoxin
• Aflatoxins flare up in 

drought years, followed 
by humid storage

• Aspergillusthrives when 
plant is weak due to 
drought / heat and other 
abiotic stresses

Drought 
tolerant

Drought 
susceptible



Insect resistance to manage aflatoxin

• Vector relationship
– Insect larvae carries spores to surface of 

damaged kernels where infection occurs

• Entry wounds for fungus 
through feeding
– Fungal spores deposited on these wounds 

germinate and infect kernels

• Stress on plants
– Root and stalk damage by insects causes 

stress that predisposes the plants to 
infection.



Approaches to accelerate time to success
• Use of right germplasm

– Elite drought / heat tolerant, disease & insect resistant germplasm
– Elite sources of resistance to A. flavusand aflatoxin

• Breeding tools 
• Doubled haploid techniques
• Fast screening approaches that allow handling large populations
• MARS

• Rapid, robust, cheap aflatoxin assaying
– ELISA, NIR, BGYF
– Used to select genotypes combining high levels of pathogen resistance and low 

propensity to accumulate aflatoxin



Screening for resistance to 
aflatoxin accumulation
� Field screening: 

� Colonized maize grain applied 
before flowering

� Inoculation with spore 
suspension (1×106 spores/ml) 
at milk stage

� In-vitro screening: 
� Kernel colonization
� Fungal colonization 
� Aflatoxin production

Reliable Disease establishment 



Cheap Robust detection systems
• Prescreening of 

Aspergillusear rot 
infection

• Uses black light assay to 
observe fluorescence 
from kojic acid, a 
secondary metabolite 
observed in colonized 
grain.  

• Entries with the lowest 
levels will be run in 
assays to quantify 
aflatoxin B1 levels.



Maize lines VICAM 
Aflatoxins

(� g/kg)

ELISA AFB1
(� g/kg)

CML495 4.0 3.5

CML247 2.9 2.1

DERRC2 15.0 2.1

P502c1F9 280.0 208.1

DTPWC9-F67 220.0 189.2

CML52 260.0 167.1

CL-02510 300.0 188.4

ELISA
- Low-cost (US$ 1 per sample analysis)
-Simple procedure, can be used as both qualitative and 
quantitative assays
-Results comparable to HPLC
-High throughput analysis (100 to 400 samples/day)



Doubled haploid technology to speed 
inbred line development

• Rapid development of inbred lines 
combining:
– resistance to A. flavusand aflatoxin
– insect and disease resistance
– drought /heat tolerance

• DH technology offers: 
– Faster Inbred Line Production + 100% Pure 

Inbred Lines + Higher Efficiency Gains
– 2 generations needed to develop 

homozygous inbred lines compared to 6 
generations using conventional 
techniques



9.02
9.03

9.04

9.06

9.07

9.08

9

9.01

bnlg1209

9.05

umc1191
umc1033

phi027

umc2121

umc1789

bnlg128

umc1277

umc1654

bnlg1191

umc1688

umc1867
umc1291

10.00

bnlg1451

10.01

bnlg640

10.02

umc1246
10.03

umc1053
umc1506

10.04

umc1477

10.05

umc1084

10.07

bnlg1450

10.08
bnlg1185

10

umc1898

phi062

10.06 umc1061

5.00

5.02

5.04

5.03

5.01

5.09

5

5.06

bnlg1046

umc1761

mmc0081
umc2019
mmc0481

bnlg1306

umc1153

bnlg603

5.05

5.07

5.08 umc2136bnlg2291

umc1667

umc10084.00

umc16824.01

nc004

4.03

nc005

bnlg1137

4.05

bnlg2162

4.06

umc1051

4.07

umc1173

4.08

umc1631

umc2011

4

umc17574.02

4.04

sts001

bnlg1126

4.09

4.10

2.06

2.07

2.08

2.00

2.01

2.03

2.04

2

umc1065

umc1079

phi109642

umc11852.02

umc1783

umc1637

umc1526

2.05

bnlg371

bnlg371

umc12921.00

umc17271.01

umc1166
bnlg14291.02 umc1070

phi001

1.03

umc1590
bnlg1057

1.06

umc1035

1

umc1065

umc2047

1.09

umc14211.11

umc1630

umc11181.12

bnlg1596

bnlg400

1.07

1.08

1.10

bnlg15981.04

1.05

umc2170

bnlg1759

phi075
6.00 bnlg238

6.01

umc1006
6.03

umc10146.04

bnlg1702
6.05

6

bnlg1165

6.02

umc1463

6.06

umc1248

6.07

phi0896.08
umc2059

6.09 umc1127

bnlg1154

umc1498

umc1632

umc21053.00
umc1746

3.02

umc1970

3.03 bnlg1144

3.04

bnlg1325

3.05

phi036

3.06

phi029

3.07

bnlg1063

3.08

bnlg1350

3.09

bnlg197

3.10

bnlg1182

3

umc1361

umc2048

umc1062

umc1642

3.01

umc1066

7.00

bnlg1200

7.01

bnlg1070

7.02

umc1001
7.04

umc1029

7

phi2604857.05

umc1407
phi1167.06
umc1799

umc2222

umc1978

phi114
7.03

umc1139
8.00

bnlg1194

8.01

bnlg1352

8.02

bnlg1863

8.03

bnlg666

8.04

umc1149
8.05

bnlg240

dupssr14
8.09

8

bnlg1828

8.07

bnlg1350

umc19978.06

8.08

�������
�������
�����
����	

�	��
���
���
������

�������������������������������



What is needed to speed-up product 
development

• Multi-environment screening of potential sources of resistance
• Confirmation of resistant germplasm

– need for a cheap and robust aflatoxin assaying system

• Rapid generation of inbred lines combining resistance to biotic 
and abiotic stresses

• Awareness creation among farmers and consumers in 
developing countries on health problems of aflatoxin exposure



Partners
• National agricultural research 

institutes
• Other international organizations

– IITA, IFPRI, etc

• Universities in developing 
countries

• Universities in developed 
countries

• Private companies
• NGOs
• Policy markers



Risks
• Lack of funding to support breeding programs 

/ activities
• Restrictions in Germplasmmovement and 

exchange across borders
• Unavailability of cheap and robust aflatoxin

detection tools & capaicty
• Adequate levels of resistance not obtained
• Lack of support from policy markers
• Emergence of new diseases 

– Maize Lethal Necrosis (MLN)



Conclusion
• Occurrence of aflatoxins in maize is a complex series of interactions 

between genotype, environment,  pathogen and farmers’ practices. This 
complexity poses difficulties in achieving control. 

• Major bottlenecks;
– Poor awareness of the problem, lack of human capacity, and infrastructure for aflatoxin

monitoring and testing.

• Breeding for multiple stresses
– Focus on a single trait might not be sufficient

• Integrated approach may prove to be very effective in reducing pre- and 
post-harvest aflatoxin contamination in maize.

• To reduce aflatoxin risk in maize, we may need to combine:
– Drought and heat tolerance
– Resistance to insects (especially ear feeding insects)
– Host plant resistance (A. flavusand aflatoxin accumulation)
– Resistance to foliar diseases


