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1.Review preharvest ear rots and mycotoxins
2.What happened in 20167?

3.Information resources

4.Research effort



Mycotoxins

e Compounds produced by fungi that
accumulate in grains

e Extremely stable

¢ Toxic If consumed by humans and/or
livestock
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Ear Rots in Indiana Corn

v St Joseph Lagrange
r O _ | laPorte Elkhart Steuben
it}
Lake | & North Noble |De Kalb
Marshal &
Starke D.:,O
Jasper oL )
Fulton Whitley
u I\{ew Pulaski = = Allen
on = = 3
@ 2 & o
Vihite Cass | = | £ g
VWhite c = L s E
- = L gt
~ Wialls| =<
Benton Carrol
i Grant | Black-
T - Howard I fG‘rLd Jay
] . -
e e Q&ﬁ‘ Clinton | Tipton - & _ﬁ\
Lres -
| relia =alr RO o
e £ o = P
& & o = @
4o o5 Boone \8*7’\0 =
= z.*.\é\ Henry
o ] 2| Marion [, otk Vi
- % Parke e}‘;\’* M jaanct ayne
£ e & 2
Fusarium Ear Rot < Central - ..
) . = =
Futnarr - E  |Shelby Rush |
) Morgan Frankdl
Vigo | Clay 5 ranklin
f Decatur
4 [
e 5
. . Sullivan ; - Esy
prley d
Diplodia Ear Rot &g
@ | Jackson 5@0 —
@ A@‘:{J e I
kS s | S th efferson |s+iy
3_- = e 0“
Knox al = - Scott
Orange| ington Clark
Fike
Gibson Bl e Floyd

Warrick
‘andar ) 9.3
burgh *

Fosay



ASPERGILLUS EAR ROT

Aflatoxins

Hepatotoxicity, cancer,
Immunosuppression




Factors affecting Aspergillus Ear Rot Diseases

Inoculum Host Resistance |Conducive

Source Environment

Soil, Debris Very Little Drought &Heat
Stress
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Deoxynivalenol
Vomitoxin, DON

Gastrointestinal toxicity, inflammation of central
nervous system

/Zearalenone

Infertility, abortions, other reproductive
problems




Factors Affecting Gib Ear Rot Disease

Inoculum Host Resistance Conducive
Source Environment

Debris Very Little Cool & Wet @
Flowering
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- The
Gibberella
Ear Rot

Epidemics
of GCorn

| inindiana
|in 1965 and 1972

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




FUSARIUM EAR ROT

Fumonisins

Hepatotoxicity, cancer, pulmonary edema,
leukoencephalomalacia




Factors Affecting Fusarium Ear Rot Diseases

Matural ECE infestation Manual ECE infestation

Inoculum Host Conducive

B Conventional ||

B T:ns0enic

Source Resistance Environment

Soil, Very Little, Heat & Insect
Debris BT Stress

Fusarium ear rot (kermelsiear)

Fumaonisin B1 (ppm)

Munkvold, G. P., Hellmich, R. L. 1999. Geneti
modified insect resistant corn: Implications for disease
management. APSnet Feature, October 15-November

30, 1999. http://www.apsnet.org/
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Diplodia Ear Rot




Factors Affecting Diplodia Ear Rot Disease

Inoculum Host Resistance Conducive
Source Environment

Debris Some hybrids less  Wet @ Flowering
susceptible



2000

B Diplodia Found

H Diplodia Not Found

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

159 FIELDS from 66 Counties
318 SAMPLES
1590 EARS
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What about 20167?
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NIFA

Integrated Management Strategies for Aspergillus and Fusarium Ear

Rots of Corn

* Enhanced Efficacy » Best Practices

* Durable Control ol * Informed Decisions
* Customized Control “ . * Management Portal
<° %%
\ Mycotoxin

* Economic Benefits * Genetic Determinants

» Cost of Implementation

qul:amrq,.r Risks

* Early Warning System
» Targeted Resistance
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Estimated economic losses in millions USD
for corn growers in 3 prominent regions

US Region Aflatoxin Fumonisin
2011 2012 2013 2011 2012 2013
Upper Midwest -- 78.32 -- -- -- --
Ohio Valley 391.84 | 248.32 | 27.84 | 95.89 384.17 |483.69
South/Southeast/So
uthwest 582.49 | 692.37 |852.18 | 57.95 /5.00 |104.67
Total US losses 974.34 11019.02880.03 | 153.84| 159.17 |588.36

Baseline analysis by Felicia Wu, MSU



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

got aflatoxin?

'%T

get

S20 per acre per
year to apply
biocontrol

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

AF36
e 2003
e Corn & cottonseed



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

* Determined region-specific recommendations for use of atoxigenic
biocontrols

e TX: V5 application most effective
* NC: Flexibility in application timing (V5 or V10)
* IN: Application not needed (saves farmers money)
e Found that fungicides do not reduce plant stress or ear rot/mycotoxin
issues

e Information will help save farmers money by preventing
unnecessary applications



Information Resources
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Ear Rots and Mycotoxins

Ear rots of corn annually reduce yield and grain quality in
the United States. Different fungi cause ear rots, and
some of these fungi are able to produce toxic
compounds, know as mycotoxins, Mycotoxins can be
toxic to humans and livestock, and are carefully
regulated in food and feed.

A partnership was formed in 2012 to understand and
combat ear rots and mycotoxins. This partnership
involves the University of Arkansas, Michigan State
University, North Carolina State University, Purdue
University, Texas A&M University, and is funded by the
USDA National Institute of Food and Agriculture. The goal
of this partnership is to provide new resources to
farmers to aid in ear rot and mycotoxin management.

NEW PUBLICATIONS:
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Aspergillus ear rot of corn

DEALING WITH MOLDY GRAIN

Contact
Glossary

Resources

The Crop Protection Network (CPN) recently released a series of 5 publication on corn ear rot

management. Visit them by clicking on the links below:

Ear Rots (CPN-2001)

Mycotoxin FAQs (CPN-2002)

Gain Sampling and Mycotoxin Testing (CPN-2003)
Storing mycotoxin-affected Grain (CPN-2004)
Using Atoxigenics to Manage Aflatoxin (CPN-2005)

BB s PUROLE

Was this page helpful?  Yes No

RESEARCH
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CROP PROTECTION NETWORK

HOME  SOYBEAN CORN CROP LOSS ESTIMATES  GENERAL CROP MANAGEMENT  SPONSORS  CONTACT US
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Corn Disease Management

Storing Mycotoxin-Affected Grain

Corn Disease Management

Ear Rots

CPN 2001 — August 2016

Printable PDF
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Fusarium Head Blight (Head Scab)

Authors
Elerstan Wiz
Chiarkes Waloshiuk

In Indiana, Fusarium head blight of whear
{FHE}, alsa called head scab, is cavssd
mainly by the fungus Gibberells zeae (aleo
known as Fusarium premisecrum). This
disease pericdically causes sipnificant yiek
lass and reduced grain quality. Gibberella
eae also produces mycotoodns, which are
chemicals thar are toxcic o humans and

Authors:
Charles Woloshuk
Klersten Wise

Livestock.
This publication describes:

PURDUE EXTENSION
DISEASES OF CORN
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Diplodia Ear Rot

Diplodia ear rot, caused by the fungis,
R

Indfected ears also weigh noticeably less than
A

e : comman
and troublesome fungal disesse on Indiana
cocm, The increase in no il or reduced il

ars,
ic feature of Diplodi
rot is pyenidia, the spare pro ducing strue-

anether di

acreage, plus continuous com without tures of the fungus. Pycnidia appear
rovtation are Factors that favor Dipladia ear Black specks that may be scattered on the
rot. Hybrid susceptibility and weather aba

contribuee to diseas: development.

Thisbulktin describes

1. How to recognize the dissase

2. A description of the conditions thar
favor disease development

3. How to minimize lomses

4. Howto handle dissased grain after barvest

Recognizing the Disease

Diplodia ear rot s eazy to recognize when

brusks, cobs, and sides of kernels (Figure 3).
3 T W

present {Figare 1), There is grayish ar

grarish'boown meld on ard between the Figura 3.5

kernels, and usally onlyon part of the can Inieried e

Thie disease typically starts ar the base of the .

1 and progeses o sead the i (Pigre 2], U!'ldernan:llng the

Occasionally, discase sympoms occur oy Disease Cycle

at the tip-end or middle part of the ez Pyenidia overwinter on com debris and are
the source of infection for the fallowing
year, Diry weather priar ta silking, Fallowed
by wet conditions at and just after silking
Fawor Diplodia infectian,

Figura 1. The whii= to groy nolden helemdsof this
iferied sar b charctedstie of ipledta =ar e

Ears are moat susceptible to this diseass
during the first 21 days after silleing, Bar.
worm damage at the car shank is often
amaciated with the discase (Figare 41
Minimizing Economic Losses
Diplodininfected com will sesultin poten
tially significant discounts when graded at
the first paint afsale. The lighter kernels

S Y Figura 2. Tibipheio dhows ol bearripogesingfun. cavsed by the dissase will lower the
s Vi tebuoftieer. vest weight of 1 sample. Kemels froma
— 1 —

Authiors:
Charkes Waloshuk
Elersten Wiss
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Fhotas by Burt Bk,
Urivershy of Arkars,
andCharles Wokoshuk

fleenir causes Asperpillus
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HAasthors:
Charkes Woloshuk

| LOCAL FACES
CYUWTLERS CowNEC TRANT

DISEASES OF CORN

Fusarium Ear Rot
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DISEASES OF CORN

Gibberella Ear Rot

Authors:
Charkes Waloshuk
Elerstan Wis
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DISEASES OF CORN

The fungus Apergilk

ear rec, one of the most
impartant diseases in
corn. The fungus pro-
duces a mycotoxin

— knewn as aflatoxin

— inzide the diseased
corn kernels

The presence of aflaboxin
will affect grain quality
and marketahility, as well
as livestock bealch if the
prain is consamed.
Aspergillus ear ror iz
commonly observed Fgura 1.

Aspergillus Ear Rot

during het, dry years an
stressed plants (such @ those exhibiring
spmproms af nutrient deficiency or
drought stress). Feeding damage from.
ear-imvading inssces also contribures
to disease development and aflatoxin
contamination.
This bulletin describes:

1. How to identify the dissase

2. Its danger o livestock

3, Mycotoxin esting

4, How to minimizz boses and

handle diseased grain afrer harvest

5. How te manage the dissase
Scouting and Identifying
the Disease
Seourt for Aspergillus ear mot by inspecting ar
lease 10 zars in several locations (minimum
of 30 ears) in a field prior to harvesting.

Manes char grow in dry areas within a field
{sach as on hillsides, or light, mady silsy
will be the first to exhibit ear mald
symproms. These plants likely will be
stunted wich small zars,

After collecting the ears, peel back the
busks and look for an dlive-green mold an
the ears {Figure 1). The fungal spares,
which are the olive-green mold, will
appear pavedery and may disperse like dust
when the husk is pulled badk. Sypmptams
are mostly observed at che tip of the ear,
but when the disease is severe the mokd
can be found all the way to the base.
Ohther Fungi also infect sars and produce
black or bluish spares, or pink or whire
malds on zars, However, the prasence of
an olive-green mold is diagnostic of
Aspergillus ear ror (Figure 2).

‘his is called cthe “star burst” sympeom
1d is cavsed by the pathogen growing
nder the kernel pericarp (sesd coar)

figure 33,

rerelbn e ot bl By et onky peat efthe e

the ears. Look for a pink to
ild that begins ar the tip of
| dewelops coward the base
and 2.

e ke, grag o pink.

wra 3. Whkesiaks or'starbursi” s ble o kenek
rpmptowatc of s un earrel.



Smart Phone App

Available Free: Early 2017
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Research Page

Corn Mycotoxins ¥

HOME EAR ROT IDENTIFICATION MYCOTOXIN FAQ EAR ROT MANAGEMENT DEALING WITH MOLDY GRAIN

Ear Rots and Mycotoxins

Ear rots of corn annually reduce yield and grain quality in
the United States. Different fungi cause ear rots, and
some of these fungi are able to produce toxic
compounds, know as mycotoxins, Mycotoxins can be
toxic to humans and livestock, and are carefully
regulated in food and feed.

A partnership was formed in 2012 to understand and >
combat ear rots and mycotoxins. This partnership B
involves the University of Arkansas, Michigan State o

University, North Carolina State University, Purdue

University, Texas A&M University, and is funded by the < gé
_—
i

Py

g
-

USDA National Institute of Food and Agriculture. The goal .
of this partnership is to provide new resources to .
farmers to aid in ear rot and mycotoxin management.

Aspergillus ear rot of corn

NEW PUBLICATIONS:

The Crop Protection Network (CPN) recently released a series of 5 publication on corn ear rot
management. Visit them by clicking on the links below:

Ear Rots (CPN-2001)

Mycotoxin FAQs (CPN-2002)

Gain Sampling and Mycotoxin Testing (CPN-2003)
Storing mycotoxin-affected Grain (CPN-2004)
Using Atoxigenics to Manage Aflatoxin (CPN-2005)

S cmmmm PURDUE USDA e

Was this page helpful?  Yes No

RESEARCH



Research Page

AR .
M2 Corntoxins.org

Project internships guide
students to new careers

Welcome to CornToxins!

This is the research website for the project

Integ d Manag Strategies for
Aspergillus and Fusarium Ear Rots of Corn,
funded by USDA/NIF/AFRI. The ear rot fungi
Aspergiffus flavus and Fusarium verticillioides

[ i corn with afl, ins and fur

which pose significant health hazards and limit the
marketahility of US corn. The goal of this project is
to provide growers with new control strategies and
decision tools to reduce the risk of mycotoxin
contamination in corn. The research is organized
into four themes, each with its own research
objectives and timelines. The project involves
rasearchers from five universities and the
USDA/ARS. For management information on ear
rots and mycotoxin visit our extension site
cornmycotoxins.com.

MICHICAN STATE

UNIVERSITY NC STATE U

for more information about

Research

» Theme 1 addresses several critical knowledge
gaps in management practices, and serves as

the mechanism to assemble and deliver

ion activities) new ies and tools

created during this project.

Theme 2 focuses an developing next-

generation biocontrol strains that are regionally

adapted and more sustainable.

Theme 3 will develop biomarkers that predict

stress-induced susceptibility to mycotoxin

contamination. RNAI technology, high-

throughput sequencing, and novel

computational approaches for selection of gene

targets will be used to expand available traits

for integration into commercial corn hybrids.

* Theme 4 will measure economic benefits and
risks to growers and end users,

Drupal Themes by CMS Quick Start




Develop Next Generation of Biological Control
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Research fields never treated with A. flavus biocontrol



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

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

» Chromosome shuffling between biocontrol strains and
native strains

» New strains were selected that are regionally specific
for Texas, North Carolina, Arkansas, and Indiana



Generate RNAi-based Transgenics for Resistance
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Select fungal genes involved in mycotoxin
biosynthesis to target

Build an RNAi construct targeting the gene(s) of
interest

Generate transgenic corn expressing hpRNA







Discover Novel Targets for RNAI through Gene Subnetwork
Module Analyses

.. Transcriptomic data




Experiments

e 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)
e Harvested at 0, 2, 3, 4, 5, 6 days (N/785-3111) and O, 4, 6, 12, 18,
24, 30, 36, 42, and 48 hours (B73) post inoculation
e 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
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Gene regulatory logic of our network-based approach

Preprocessed gene expression matrix



FNR1 encoding a hypothetical protein

FB1 on maize

11568 ,\? 80
® .
@ FB1 on synthetic

medium

Relative FB1 amount
a
L]

33K44 against BT3

T
WT FRMN1
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Sheet1

				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

\ _"'V@Eﬂ[? f@reazi_,_[cot“&'m-ytotoxin information

Funding provided by
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