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Corn & small grain comparisons
õ Issues
õMajor mycotoxigenic fungi & mycotoxins
õProduction & use of corn vs. small grain cereals
õ Impacts of mycotoxins – N. America, globally 

õManagement strategies
õBreeding
õRisk assessment models
õCrop protection chemicals
õGenetic engineering

G. Munkvold
2015 Fusarium Head Blight forum



Major pathogens & mycotoxins
õCorn
õAspergillus flavus - aflatoxins
õFusarium verticillioides & others - fumonisins
õFusarium graminearum & others –

deoxynivalenol & derivatives, zearalenone,
other trichothecenes
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Major pathogens & mycotoxins
õWheat and barley
õFusarium graminearum & others –

deoxynivalenol & derivatives, zearalenone, 
other trichothecenes
õPenicillium verrucosum – ochratoxin A
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Fusarium
graminearum
species 
complex 
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Aflatoxin high-risk

Fumonisin high-risk

Corn DON high-risk

Disease distribution differs between corn and small grains due to differences in disease cycles
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Corn DON high-risk

Disease distribution differs between corn and small grains due to differences in disease cycles



Corn is a hybrid, transgenic crop
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www.worldofcorn.com

õ Implications for:
õ Seed cost
õ Cultivar development
õ Research investment
õ Available tools for pest & 

disease management
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Mycotoxins in DDGS
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Schatzmayr and Streit, 2013



Mycotoxin impacts
õCorn – N. America
õ Aflatoxins – significant market impacts
õ Fumonisins – livestock production impacts, some market 

impacts, limited human health impacts
õ DON and zearalenone – market impacts (DDGS), livestock 

production impacts
õCorn – Low-income countries
õ Significant human health impacts (aflatoxins, fumonisins)

õWheat – N. America
õ DON and zearalenone – significant market, food industry 

impacts
õ EU
õ Significant market impacts, also on countries exporting to 

EU
õ $600 M USD annual costs to African countries in lost exports
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Global staple foods 



Mycotoxin impacts
õCorn is not routinely tested at the point of sale
õ Exceptions - aflatoxin problem areas, outbreak years; EtOH

plants, corn for food use 
õ Price docking for aflatoxins

õ In most states the policy is to reject grain > 20 ppb
õ Food Safety Modernization Act could change 

practices
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Contamination Kansas Texas
20 ppb $.05 $.30
100 ppb $.45 $.60
150 ppb $.95 $.60
200 ppb - $.90
300 ppb - $1.65



Mycotoxin management strategies
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Corn Small grains
Breeding ++ ++
Insect management ++ -
Risk assessment models +/- +
Fungicides - ++
Biocontrol +/- ?
Cultural practices + +
Genetic engineering ++* ++**

*Insect resistance, drought tolerance
**Potential disease-resistance traits 



Available Gibberella ear rot resistance –
Agriculture & Agri-Food Canada releases
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Courtesy Lana Reid, AAFC

Commercial hybrid CO441 AAFC testcross hybrid

G. Munkvold
2015 Fusarium Head Blight forum

Challenge: incorporating resistance into high-yielding, agronomically
desirable hybrids

Fusarium verticillioides -
Susceptible and resistant hybrids 

Courtesy Mark Mancl, DuPont Pioneer



Mycotoxins are lower in grain and DDGS from Bt corn
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Bowers and Munkvold, 2014

Bt hybrid

Conventional hybrid



Insect feeding damage and fumonisins in 
non-Bt maize plots in Iowa experiments
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Fungicide use for corn ear rots
õChallenges:
õMultiple pathogens & 

infection pathways
õCanopy architecture
õ Timing

õ Needs:
õ Better systemic activity
õ Different application 

technology
õ Risk assessment models
õ Have been developed 

but not widely 
implemented
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Limay-Rios et al., 2013



Fungicide application for ear rot / mycotoxin 
management

Limay-Rios and Schaafsma, 2013
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Fungicide application for ear rot / mycotoxin 
management

Limay-Rios and Schaafsma, 2013
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Atoxigenic A. flavus in corn
2010 Field Trials, Texas 
(T. Isakeit, TAMU)
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IITA project in Africa
- first year, 99% of 

treated fields had 
aflatoxins below 2 
ppb

Photo courtesy IITA



Drought 
tolerance and 
aflatoxins

õ Drought-tolerant maize 
introduced in 2012, 2013
õ DuPont Pioneer - Optimum® 

AQUAmaxTM

õ Syngenta - Agrisure ArtesianTM

õ Monsanto - Genuity® DroughtGardTM

õ 5-10% yield advantage under 
drought stress (OH St. Univ., TX 
A&M Univ.)

Tubajika and Damann, 2001
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Summary
õ Differing pathogens & disease cycles dictate 

strategies & priorities in mycotoxin management
õ Corn - insect management, drought tolerance, biocontrol
õ Wheat - risk assessment models, fungicides
õ Both – genetic resistance

õ Different use patterns influence impacts, available 
tools, and post-harvest measures
õ Corn – livestock impacts, blending, feed additives
õ Public health interventions in developing countries

õ Wheat – food impacts, testing costs, quality management 
in food production

õ Genetic engineering acceptance! 
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