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1.Review preharvest ear rots and mycotoxins
2.What happened in 2016?
3.Information resources
4.Research effort



Mycotoxins
 Compounds produced by fungi that 

accumulate in grains
 Extremely stable 
 Toxic if consumed by humans and/or 

livestock



Ear Rots in Indiana Corn 
Crop

Aspergillus Ear rot

Gibberella Ear Rot

Fusarium Ear Rot

Diplodia Ear Rot



ASPERGILLUS EAR ROT

Aflatoxins Hepatotoxicity, cancer, 
immunosuppression



Factors affecting Aspergillus Ear Rot Diseases

Inoculum 
Source

Host Resistance Conducive
Environment

Soil, Debris Very Little Drought &Heat 
Stress



2012: Drought and heat resulted in 
many reports of aflatoxin
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Gibberella Ear Rot

Head Blight (Scab)

Deoxynivalenol
Vomitoxin, DON

Gastrointestinal toxicity, inflammation of central 
nervous system

Zearalenone Infertility, abortions, other reproductive
problems



Factors Affecting Gib Ear Rot Disease

Inoculum 
Source

Host Resistance Conducive
Environment

Debris Very Little Cool & Wet @ 
Flowering



2009: Excessive rain and cool temperatures 
resulted in many reports of DON in North

• Reports of livestock 
feeding issues

• Issues with dockage 
due to damage and high 
levels of mycotoxins

• Loads rejected at 
elevators and refused at 
ethanol plants



J. Tuite, G. Shaner, G. Rambo, 
J. Foster, and R. Caldwell
Cereal Science Today 1974 1972



FUSARIUM EAR ROT

Fumonisins Hepatotoxicity, cancer, pulmonary edema, 
leukoencephalomalacia



Factors Affecting Fusarium Ear Rot Diseases
Inoculum 
Source

Host
Resistance

Conducive
Environment

Soil, 
Debris

Very Little, 
BT

Heat & Insect 
Stress

Munkvold, G. P., Hellmich, R. L. 1999. Genetically 
modified insect resistant corn: Implications for disease 
management. APSnet Feature, October 15-November 
30, 1999. http://www.apsnet.org/

http://www.apsnet.org/
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Indiana Ear Rot Survey: Fumonisins



Diplodia Ear Rot



Factors Affecting Diplodia Ear Rot Disease

Inoculum 
Source

Host Resistance Conducive
Environment

Debris Some hybrids less 
susceptible

Wet @ Flowering



Diplodia Found

Diplodia Not Found

• 2000- 55 (17%) 
• 1999- 2
• 1998- 7
• 1997- 6

2000

159 FIELDS from 66 Counties

318 SAMPLES

1590 EARS



What about 2016?

Trichoderma Ear Rot



USDA NIFA 
Agriculture & Food Research Initiative

Integrated Management Strategies for Aspergillus and Fusarium Ear 
Rots of Corn



Aflatoxin

Fumonisin
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US Region Aflatoxin Fumonisin
2011 2012 2013 2011 2012 2013

Upper Midwest -- 78.32 -- -- -- --
Ohio Valley 391.84 248.32 27.84 95.89 84.17 483.69
South/Southeast/So
uthwest 582.49 692.37 852.18 57.95 75.00 104.67

Total US losses 974.34 1019.02 880.03 153.84 159.17 588.36

Estimated economic losses in millions USD
for corn growers in 3 prominent regions

Baseline analysis by Felicia Wu, MSU



AF36
• 2003
• Corn & cottonseed

Afla-Guard® (AG)
• 2004
• Peanuts & corn

Biological control strains AF36 and Afla-Guard® registered by 
the EPA to reduce aflatoxin contamination

$20 per acre per 
year to apply 
biocontrol



Design and Deliver Best Management 
Practices (BMPs) for Mycotoxin Reduction 

• Determined region-specific recommendations for use of atoxigenic
biocontrols

• TX: V5 application most effective
• NC: Flexibility in application timing (V5 or V10)
• IN: Application not needed (saves farmers money)

• Found that fungicides do not reduce plant stress or ear rot/mycotoxin
issues 

• Information will help save farmers money by preventing 
unnecessary applications



Information Resources







Smart Phone App

Available Free: Early 2017



Research Page



Research Page



Develop Next Generation of Biological Control 

Research fields never treated with A. flavus biocontrol



Where do the biocontrol strains go?

• Neither AF36 nor Afla-Guard are 
persistent in soil



Genotyping A. flavus populations in NC, TX, AR, & IN
• Sampling & DNA sequencing
• Mating type distributions
• Proportion of aflatoxigenic strains
• Chromosome-specific genotyping of strains

Goal: Track the fate of biocontrol strains in field 
populations.  Look for evidence of recombination with 
native strains. 

Chromosome shuffling between biocontrol strains and 
native strains
New strains were selected that are regionally specific 
for Texas, North Carolina, Arkansas, and Indiana



AMY1
(multi-species)

HXK1
(multi-species)

FUM genes (3)

afl genes (3)

Generate RNAi-based Transgenics for Resistance 







F. verticillioides on maize Subnetwork modules associated with ear rot pathogenicity

Pathogenicity Hub?

FVEG

Transcriptomic data

Discover Novel Targets for RNAi through Gene Subnetwork
Module Analyses



Experiments

• Texas A&M: Kernels inoculated with F. verticillioides under controlled 
environment

• Maize: B73 (moderate resistance) vs 33K44 (susceptible)
• Sampled at 0, 2, 4, 6, 8 days post-inoculation

• North Carolina: field inoculation with A. flavus and F. verticillioides
using a pinbar

• Field grown inbred B73 and hybrid N78S-3111 (R3~R4)
• Harvested at 0, 2, 3, 4, 5, 6 days (N78S-3111) and 0, 4, 6, 12, 18, 

24, 30, 36, 42, and 48 hours (B73) post inoculation
• Purdue: Kernels inoculated with A. flavus under controlled 

environment
• Maize: B73 (living) vs 33K44 (autoclaved)
• Sampled at 0, 2, 4, 6, 8 days post-inoculation



Gene regulatory logic of our network-based approach

Preprocessed gene expression matrix

Seed gene

Branching-out



FNR1 encoding a hypothetical protein

FB1 on synthetic 
medium

FB1 on maize 
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				Fumonisiin from 1ml liquid myro		The total weight of mycelium(gm) from 100ml myro media

		WT-1		7715810		1.52		5076190.78947368

		WT-2		5487356		1.34		4095041.79104478

								220703.947368421

		Mutant1		174477		2.55		68422.3529411765

		Mutant2		117900		1.75		67371.4285714286

								1.0155989622

		100ppm		11887157

		10ppm		1420320

		1ppm		529242

		WT		4585616.29025923		67.5379423002

		FRN1		67896.8907563025		1

		WT		67.5379423

		FRN1		1
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Summary

Visit our websites

Thank You
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