TECHNOLOGY
Food-Safety Strategy Pits Germ vs. Germ
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2 A ¥ Aflatoxin Production by Fungal Isolates in Liquid Fermentation
Aflatoxin Biocontrol in the US A -

= First Patent Application: 1989
= First Conference with Environmental Protection Agency: 1992 S
= Used on commercial crops in US since 1996.
= Three Products Currently Registered E 45
= Over 1 Million Acres Treated Annually 2
= Registered Target Crops: Maize Grain, Maize Silage, g h
Pistachios, Cottonseed, Peanut ; 2]
(Almond & Fig in registration process). 8
Biocontrol in Africa 1
= There is Severe Human Exposure to Aflatoxins in Several il

African Nations.
= Products registered for use in Nigeria, Kenya,
Senegal/Gambia. Genotypes of Aspergillus flavus, an important cause
* Target Crops: Maize & Groundnut. of aflatoxin contamination, vary widely in ability to
produce aflatoxins.
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Aflatoxin Produced in Culture (log ppb)

Mycological Research 101:698-704; 1997,

Aflatoxin in Crop versus Atoxigenic Incidence
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Isolates (%) in Applied Atoxigenic Strain

Cotty, 1994. Phytopathology:1270-1277.

Commercial Maize: North Central Texas 2008

Aflatoxin (ppb)
Area Samples (#) AF36 (%) Mean Range
Grayson

e 17 96 a 12 a 0to48
Grayson
e 16 98 a 15 a 0to38
Grayson 8 24 b 230 b 5to 530
Control

Means in the same column with different letters are significantly different by
Tukey's HSD test, P < 0.001.




Fungi move between fields and across areas.

Take'a bigger view; Not just:one field, lone farmér, one crop.

@

We can protect whole agricultural systems from aflatoxins
including all affected industries and improve the environment.

Composition of Aspergillus flavus Communities in Soil of Treated
and Nearby Fields in May 1996 Prior to Application of AF36 and
in May 1997 One Year After Application

AF36 S strain A. flavus

(% A. flavus) (% A. flavus) (CFU/gram)

Field Fields
type (#) 1996 1997 1996 1997 1996 1997

Treated 3 4%ab 85%a 52%a 4%d 582a 365a

Adjacent 4  2%b 48%b 41%a 18%c 411a 157a

Diagonal 4 2%b 16%c 52%a 33%b 61a 100a
4

Other 9%a 9%c 43%a 50%a 109a 98a

Other Adjacent Treated Adjacent Other

Other Diagonal ~ Adjacent Diagonal Other

Application of Atoxigenic Strain AF36 in Commercial Cotton Influences
the Composition of Fungi on Crops in both Treated and Nearby Fields

Soil Community Before Treatment

Community on Crop After Ginning

Treated Field

D 7 £
4% AF36 60% AF36 || |92% AF36
Application Rate = 10 Ib/acre Blue dots represent the
percent of the A. flavus
community composed of AF36
= 0.5 miles ——1

Treated Field

Data from 564 vegetative compatibility analyses.

Grayson County, Texas: Carry Over to the Second Year Crop

100% .: S Strain, produces very high aflatoxins
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Incidence of AF36 within Aspergillus flavus Communities
Prior to and One Year After Application
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Not Treated in 2015

Atoxigenic Biocontrol Agents oniHarvested Corn
From Commercial FieldNorthcentral Texas
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= Since 2009 thousands of farmer's fields have
i been treated in Nigeria, Kenya, Senegal,
Burkina Faso, Zambia, Tanzania, and Ghana.

Reductions in aflatoxin contamination
consistently average over 80% both at
harvest and after storage.

As in the US, in Africa the biocontrol
fungi survive between seasons allowing
for long-term and cumulative benefit.

Prevent Formation of Dangerous Aflatoxin Levels
z Rrotect Crops From Field.. ;

During Processing
Sort, Cull; Discard; Add Imders

During|Storage
- L-—.'
Dry, prevent moistureXcool
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“Emerging Risks in the Globa\ Food Syst

Kenya steps up humanitarian measures for toxic grain victims
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Mutomo, Kitui County, Kenya: 2012 Tests
Short Rain Season Farmer Field Trials

Aflatoxin Content uControl - mTreated

Range 1,790 ppb to 3,710 ppb.

500 to 1000 —— 510 ppb
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93.5% Reduction

Selection of atoxigenics for Kenya: Probst, et al. 2011. Plant Disease 95:212-218.

74 ppb - Treated
1,133 ppb - Control

Atoxigenics stay with the crop from treatment,
......... through harvest, storage, and consumption.
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Atehnkeng, et al. 2014. Biological Control 72:62-70. Not Treated Treated

Manufacture is easy. Biocontrol products like
AF-X1 are made by a Farmer Organization in
Arizona, and in a factory in Nigeria. Factories
to make biocontrol products are under
construction in Kenya and Senegal.

Producing the Biocontrol Product:

Manufacturing

BiocontrollisTAreazwidelManagement

Area-wide Aspects can be Optimized

Biocontioliitingiinoyveliomptieatediiieldslacrossfareas)
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Multiple]€rops]BenefitjEromjthe}Same]BiocontrollEungus)

Area-wide Programs provide efficacy across cropping systems and additional
health benefits. Area-wide Programs are less expensive (per hectare), provide
for long-term commitment to aflatoxin elimination, protect all crops and remediate
the area’s reputation.

USDA Agricultural Research Service, USDA
=

Work in Africa led by:
Dr. Ranajit Bandyopadhyay

Ibadan, Nigeria

Work in Italy led by:
Dr. Paola Battilani

Int. Institute Tropical Agriculture  University of California, Davis

School of Plant Sciences, University of Arizona s e

Work on Tree Crops led by:
Dr. Themis Michailides

Parlier, California. |

Universita Cattolica del Sacro Cuore |

Piacenza, Italy
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We can influence aflatoxin-producing ability of fungal communities resident in production areas
through crop rotations, agronomic practice, and by applying atoxigenic strains

There are many atoxigenic strains
Select strains best adapted to rotations, ecosystems, & climates

Atoxigenics are Already Present on the Crop
Just increasing the frequency of endemic strains & natural interference with contamination

Treatments have Long-Term Influences & Cumulative Benefits

All Crops in an Area May Benefit From Applications

and without increasing the overall quantity of A. flavus on the crop & throughout the environment




