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Aflatoxins are produced by Aspergillus flavus and A. parasiticus

B1: The most potent; it can cause 
liver cancer

Aspergillus flavus (B1,B2)                                Aspergillus parasiticus (B1,B2,G1,G2)               
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        Aflatoxin B1

Aflatoxins: B1, B2, G1, G2, M1



• USA
Total aflatoxins 20 ppb

• European Union
Total aflatoxins10 ppb
Aflatoxin B1 8 ppb

Pistachios and almonds for 
direct consumption

Regulatory limits for aflatoxins 

Total aflatoxins 4 ppb
Aflatoxin B1 2 ppb

Total aflatoxins 10 ppb
Aflatoxin B1 6 ppb

walnuts and dried fruit

dried figs



Number of Rapid Alert System for Food and Feed (RASFF) Notifications of mycotoxin 
reported in almond, pistachios, and peanut crops in the last 10 years (2010-2019)



Percent Rapid Alerts on aflatoxins, ochratoxins, & other mycotoxins in various crops

The pistachio industry has taken extensive 
measures and supports pre- and post-
harvest research to control aflatoxins and to 
assure compliance with aflatoxin regulations.



Infection 
of nuts 
on trees

Survival on 
orchard debris

Aspergillus flavus Aspergillus parasiticus



A. flavus

A sticky trap with NOW moths
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AW North
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NOW 
emerged 

from 
mummies

NOW emerged 
from current crop

→ Up to 4.2% of the strains on NOW were toxigenic.

Aspergillus sect. Flavi on NOW moths from 5 pistachio orchards (Madera Co.)
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SJVASC Almonds

		Date		#moths		#A.f, A.p.		%A.f., A.p.						Date		%A.f., A.p.

		30-Mar		30		1		3.33						30-Mar		3.33

		20-Apr		30		1		3.33						20-Apr		3.33

		4-May		30		0		0.00						4-May		0.00

		18-May		50		1		2.00						18-May		2.00

		1-Jun		50		1		2.00						1-Jun		2.00

		15-Jun		19		1		5.26						15-Jun		5.26

		29-Jun		37		2		5.41						29-Jun		5.41

		13-Jul		50		13		26.00						13-Jul		26.00

		27-Jul		50		4		8.00						27-Jul		8.00

		10-Aug		50		4		8.00						10-Aug		8.00

		24-Aug		50		6		12.00						24-Aug		12.00

		7-Sep		30		7		23.33						7-Sep		23.33





SJVASC Almonds

		



%A.f., A.p.



Felger's Almonds

		Date		#moths		#A.f, A.p.		%A.f., A.p.				Date		%A.f., A.p.

		20-Apr		30		3		10.00				20-Apr		10

		4-May		30		1		3.33				4-May		3.3333333333

		18-May		50		0		0.00				18-May		0

		1-Jun		50		1		2.00				1-Jun		2

		15-Jun		25		1		4.00				15-Jun		4

		29-Jun		50		3		6.00				29-Jun		6

		13-Jul		50		17		34.00				13-Jul		34

		27-Jul		50		5		10.00				27-Jul		10

		10-Aug		50		5		10.00				10-Aug		10.00

		24-Aug		50		15		30.00				24-Aug		30.00

		7-Sep		50		14		28.00				7-Sep		28.00





Felger's Almonds

		



%A.f., A.p.



Agriworld Pistachio

		Date		%A.f., A.p.

		30-Mar		3.3333333333

		30-Mar		0.00

		30-Mar		0.00

		30-Mar		0.00

		30-Mar		0.00

		20-Apr		20

		20-Apr		20.00

		20-Apr		0.00

		20-Apr		13.33

		20-Apr		6.67

		4-May		3.3333333333

		4-May		0.00

		4-May		0.00

		4-May		0.00

		4-May		0.00

		18-May		5.00

		18-May		0.00

		18-May		0.00

		1-Jun		2.0833333333

		1-Jun		0.00

		1-Jun		0.00

		1-Jun		2.50

		1-Jun		3.33

		15-Jun		3.3333333333

		15-Jun		0.00

		15-Jun		2.13

		15-Jun		2.00

		15-Jun		3.33

		29-Jun		6.6666666667

		29-Jun		6.00

		29-Jun		12.00

		13-Jul		14

		13-Jul		22.00

		13-Jul		38.00

		13-Jul		18.00

		13-Jul		34.00

		27-Jul		12

		27-Jul		8.00

		27-Jul		10.81

		27-Jul		18.00

		10-Aug		10.00

		10-Aug		12.00

		10-Aug		7.50

		10-Aug		13.33

		10-Aug		14.00

		24-Aug		24.00

		24-Aug		10.00

		24-Aug		20.00

		24-Aug		16.00

		24-Aug		14.00

		7-Sep		10.00

		7-Sep		16.00

		7-Sep		14.00

		7-Sep		14.00

		7-Sep		12.00

										Block 21		Block 22				AW South				AW North				McKinney

								Date		%A.f., A.p.		Date		%A.f., A.p.		Date		%A.f., A.p.		Date		%A.f., A.p.		Date		%A.f., A.p.

								30-Mar		3.3333333333		30-Mar		0.00		30-Mar		0.00		30-Mar		0.00		30-Mar		0.00

								20-Apr		20		20-Apr		20.00		20-Apr		0.00		20-Apr		13.33		20-Apr		6.67

								4-May		3.3333333333		4-May		0.00		4-May		0.00		4-May		0.00		4-May		0.00

								1-Jun		2.0833333333		18-May		5.00		18-May		0.00		1-Jun		2.50		18-May		0.00

								15-Jun		3.3333333333		1-Jun		0.00		1-Jun		0.00		15-Jun		2.00		1-Jun		3.33

								29-Jun		6.6666666667		15-Jun		0.00		15-Jun		2.13		13-Jul		18.00		15-Jun		3.33

								13-Jul		14		29-Jun		6.00		29-Jun		12.00		27-Jul		10.81		13-Jul		34.00

								27-Jul		12		13-Jul		22.00		13-Jul		38.00		10-Aug		13.33		27-Jul		18.00

								10-Aug		10.00		10-Aug		12.00		27-Jul		8.00		24-Aug		16.00		10-Aug		14.00

								24-Aug		24.00		24-Aug		10.00		10-Aug		7.50		7-Sep		14.00		24-Aug		14.00

								7-Sep		10.00		7-Sep		16.00		24-Aug		20.00						7-Sep		12.00

																7-Sep		14.00





Agriworld Pistachio

		



%A.f., A.p.

Incidence (%)



Agriworld Block 21
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Agriworld Block 22

		Date		#moths		#A.f, A.p.		%A.f., A.p.						Date		%A.f., A.p.

		30-Mar		30		1		3.33						30-Mar		3.3333333333

		20-Apr		30		6		20.00						20-Apr		20

		4-May		30		1		3.33						4-May		3.3333333333

		1-Jun		48		1		2.08						1-Jun		2.0833333333

		15-Jun		30		1		3.33						15-Jun		3.3333333333

		29-Jun		30		2		6.67						29-Jun		6.6666666667

		13-Jul		50		7		14.00						13-Jul		14

		27-Jul		50		6		12.00						27-Jul		12

		10-Aug		50		5		10.00						10-Aug		10.00

		24-Aug		50		12		24.00						24-Aug		24.00

		7-Sep		50		5		10.00						7-Sep		10.00





Agriworld Block 22

		



%A.f., A.p.



Agriworld South 

		Date		#moths		#A.f, A.p.		%A.f., A.p.				Date		%A.f., A.p.

		30-Mar		30		0		0.00				30-Mar		0.00

		20-Apr		30		6		20.00				20-Apr		20.00

		4-May		30		0		0.00				4-May		0.00

		18-May		20		1		5.00				18-May		5.00

		1-Jun		20		0		0.00				1-Jun		0.00

		15-Jun		20		0		0.00				15-Jun		0.00

		29-Jun		50		3		6.00				29-Jun		6.00

		13-Jul		50		11		22.00				13-Jul		22.00

		10-Aug		50		6		12.00				10-Aug		12.00

		24-Aug		50		5		10.00				24-Aug		10.00

		7-Sep		50		8		16.00				7-Sep		16.00





Agriworld South 

		



%A.f., A.p.



Agriworld North

		Date		#moths		#A.f, A.p.		%A.f., A.p.				Date		%A.f., A.p.

		30-Mar		30		0		0.00				30-Mar		0.00

		20-Apr		30		0		0.00				20-Apr		0.00

		4-May		20		0		0.00				4-May		0.00

		18-May		50		0		0.00				18-May		0.00

		1-Jun		50		0		0.00				1-Jun		0.00

		15-Jun		47		1		2.13				15-Jun		2.13

		29-Jun		50		6		12.00				29-Jun		12.00

		13-Jul		50		19		38.00				13-Jul		38.00

		27-Jul		50		4		8.00				27-Jul		8.00

		10-Aug		40		3		7.50				10-Aug		7.50

		24-Aug		50		10		20.00				24-Aug		20.00

		7-Sep		50		7		14.00				7-Sep		14.00





Agriworld North

		



%A.f., A.p.



Agriworld McKinney

		Date		#moths		#A.f, A.p.		%A.f., A.p.				Date		%A.f., A.p.

		30-Mar		30		0		0.00				30-Mar		0.00

		20-Apr		30		4		13.33				20-Apr		13.33

		4-May		30		0		0.00				4-May		0.00

		1-Jun		40		1		2.50				1-Jun		2.50

		15-Jun		50		1		2.00				15-Jun		2.00

		13-Jul		50		9		18.00				13-Jul		18.00

		27-Jul		37		4		10.81				27-Jul		10.81

		10-Aug		30		4		13.33				10-Aug		13.33

		24-Aug		50		8		16.00				24-Aug		16.00

		7-Sep		50		7		14.00				7-Sep		14.00





Agriworld McKinney

		



%A.f., A.p.



S&J Pistachios

		Date		#moths		#A.f, A.p.		%A.f., A.p.				Date		%A.f., A.p.

		30-Mar		30		0		0.00				30-Mar		0.00

		20-Apr		30		2		6.67				20-Apr		6.67

		4-May		30		0		0.00				4-May		0.00

		18-May		50		0		0.00				18-May		0.00

		1-Jun		30		1		3.33				1-Jun		3.33

		15-Jun		30		1		3.33				15-Jun		3.33

		13-Jul		50		17		34.00				13-Jul		34.00

		27-Jul		50		9		18.00				27-Jul		18.00

		10-Aug		50		7		14.00				10-Aug		14.00

		24-Aug		50		7		14.00				24-Aug		14.00

		7-Sep		50		6		12.00				7-Sep		12.00





S&J Pistachios

		



%A.f., A.p.



S&J 07-07

		Date		%A.f., A.p.

		30-Mar		0.00

		30-Mar		0.00

		30-Mar		0.00

		20-Apr		0.00

		20-Apr		3.33

		20-Apr		0.00

		20-Apr		0.00

		20-Apr		3.33

		4-May		0.00

		4-May		0.00

		4-May		0.00

		4-May		0.00

		18-May		0.00

		18-May		0.00

		18-May		0.00

		18-May		0.00

		18-May		0.00

		1-Jun		0.00

		1-Jun		4.00

		1-Jun		2.00

		1-Jun		0.00

		15-Jun		14.29

		15-Jun		2.70

		15-Jun		3.33

		15-Jun		10.00

		15-Jun		10.00

		29-Jun		0.00

		29-Jun		2.00

		29-Jun		10.00

		29-Jun		6.00

		29-Jun		8.00

		13-Jul		5.00

		13-Jul		24.00

		13-Jul		22.00

		13-Jul		4.00

		27-Jul		6.67

		27-Jul		8.00

		27-Jul		8.00

		27-Jul		2.00

		27-Jul		4.00





S&J 07-07

		



%A.f., A.p.

Incidence (%)



S&J 26-09

		Date		#moths		#A.f, A.p.		%A.f., A.p.				Date		%A.f., A.p.

		30-Mar		7		0		0.00				30-Mar		0.00

		20-Apr		30		0		0.00				20-Apr		0.00

		4-May		30		0		0.00				4-May		0.00

		18-May		50		0		0.00				18-May		0.00

		1-Jun		20		0		0.00				1-Jun		0.00

		15-Jun		7		1		14.29				15-Jun		14.29

		29-Jun		50		0		0.00				29-Jun		0.00

		13-Jul		40		2		5.00				13-Jul		5.00

		27-Jul		30		2		6.67				27-Jul		6.67

		24-Aug		50		7		14.00				24-Aug		14.00

		7-Sep		50		5		10.00				7-Sep		10.00





S&J 26-09

		



%A.f., A.p.



S&J 26-05

		Date		#moths		#A.f, A.p.		%A.f., A.p.				Date		%A.f., A.p.

		20-Apr		30		1		3.33				20-Apr		3.33

		18-May		50		0		0.00				18-May		0.00

		15-Jun		37		1		2.70				15-Jun		2.70

		29-Jun		50		1		2.00				29-Jun		2.00

		27-Jul		50		4		8.00				27-Jul		8.00

		10-Aug		50		6		12.00				10-Aug		12.00

		24-Aug		30		2		6.67				24-Aug		6.67

		7-Sep		50		2		4.00				7-Sep		4.00





S&J 26-05

		



%A.f., A.p.



S&J 12-14

		Date		#moths		#A.f, A.p.		%A.f., A.p.				Date		%A.f., A.p.

		20-Apr		30		0		0.00				20-Apr		0.00

		4-May		30		0		0.00				4-May		0.00

		18-May		50		0		0.00				18-May		0.00

		1-Jun		50		2		4.00				1-Jun		4.00

		15-Jun		30		1		3.33				15-Jun		3.33

		29-Jun		50		5		10.00				29-Jun		10.00

		13-Jul		50		12		24.00				13-Jul		24.00

		27-Jul		50		4		8.00				27-Jul		8.00

		10-Aug		30		3		10.00				10-Aug		10.00

		24-Aug		47		4		8.51				24-Aug		8.51

		7-Sep		40		1		2.50				7-Sep		2.50





S&J 12-14

		



%A.f., A.p.



S&J 06-15

		Date		#moths		#A.f, A.p.		%A.f., A.p.						Date		%A.f., A.p.

		30-Mar		6		0		0.00						30-Mar		0.00

		20-Apr		30		0		0.00						20-Apr		0.00

		4-May		30		0		0.00						4-May		0.00

		18-May		40		0		0.00						18-May		0.00

		1-Jun		50		1		2.00						1-Jun		2.00

		15-Jun		10		1		10.00						15-Jun		10.00

		29-Jun		50		3		6.00						29-Jun		6.00

		13-Jul		50		11		22.00						13-Jul		22.00

		27-Jul		50		1		2.00						27-Jul		2.00

		10-Aug		50		1		2.00						10-Aug		2.00

		24-Aug		50		6		12.00						24-Aug		12.00

		7-Sep		50		2		4.00						7-Sep		4.00





S&J 06-15

		



%A.f., A.p.



		Date		#moths		#A.f, A.p.		%A.f., A.p.				Date		%A.f., A.p.

		30-Mar		10		0		0.00				30-Mar		0.00

		20-Apr		30		1		3.33				20-Apr		3.33

		4-May		30		0		0.00				4-May		0.00

		18-May		50		0		0.00				18-May		0.00

		1-Jun		40		0		0.00				1-Jun		0.00

		15-Jun		10		1		10.00				15-Jun		10.00

		29-Jun		50		4		8.00				29-Jun		8.00

		13-Jul		50		2		4.00				13-Jul		4.00

		27-Jul		50		2		4.00				27-Jul		4.00

		24-Aug		50		4		8.00				24-Aug		8.00

		7-Sep		50		2		4.00				7-Sep		4.00





		



%A.f., A.p.





Acquisition and transmission of Aspergillus flavus by navel orangeworm
(in coop. with Dr. Palumbo, ARS/USDA, Albany)

Navel orangeworm larva

Palumbo et al. 2015, Plant Disease 98:1194-1199.

Navel orangeworm moth



Relationship of navel orangeworm damage and aflatoxin levels
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Factors affecting aflatoxin contamination in pistachio 

1) Navel orangeworm (NOW) 
2) Harvest date 
3) Early Splits (ES) and various other defects (DBOM)   
4) Cultural practices (affecting ES)
5) Rootstock (affecting ES)
6) Location (“hot spots”)
7) Year (on / off) 



Effect of harvest date on incidence and amounts of 
aflatoxin contamination in pistachios 
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Early split nuts: a source of 
Aspergillus spp., NOW, & 
aflatoxin contamination in 

pistachio

Early splits 



15 30    15    31   15     30     15     31    15     31
APRIL       MAY          JUNE          JULY          AUG

Phenological stages of shell and kernel development of pistachio 
(Goldhamer & Beede, 1992) 

 Apply sufficient irrigation during spring to avoid tree stress.



Rootstocks used for pistachio in California

Pistacia atlantica

UCB1

PG I (Pioneer Gold) 

PGII
P. integerrima

 Use a rootstock that minimizes early split nuts.

Smaller incidence of ES

Greater incidence of ES

Greater incidence of ES



Apply sufficient irrigation during spring to avoid tree stress.

Use a rootstock that minimizes early split nuts (i.e. UCB1, PGI).

Available data supporting recommendations to 
successfully reduce aflatoxins:

 Control navel orangeworm (NOW). *****

 Reduce early splits.****

 Do not delay harvest. *****

 Sort out damaged and defected nuts.****



Biological control of aflatoxins



most toxigenic 

L - strain

Strains of Aspergillus flavus 

S - strain

about 50:50
toxigenic: atoxigenic



Atoxigenic AF36

about 50:50    
toxigenic: atoxigenic

Aspergillus flavus: L-strains 

Rationale: Increase the atoxigenic strain population in the orchard to displace the toxigenic strain 
population. 

0 ppb alfatoxin



AF36 
Inoculum

Rate 10 lbs per acre



Non-treated orchard

Tox
ToxAtox

atoxigenic              toxigenic



Tox
Tox

Treated orchard with the AF36 Prevail®

Atox

AF36                               atoxigenic                    toxigenic                          AF36 

Atox Atox
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Success in reducing aflatoxin-contaminated pistachio 
library samples (1st harvest & reshakes)

P value = 0.0033

36.7%
39.9%

First harvest:   
An average of 
40% reduction

In reshakes:
An average of 
55% reduction(Doster et al. (2014), Plant Disease 98:948-956)
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Toxigenic Aspergillus 
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AF36 : 
Atoxigenic strain



Application in cotton fields: Humid environment under the plants                    
good sporulation of the product 

Leading to 80% to 90% displacement
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r = 0.71, P = 0.0001

Isolates (%) in Applied Atoxigenic Strain

Aflatoxin B1 ng/g X 1,000
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Reduction of aflatoxin contaminated library samples for blocks treated with 
AF36 with corresponding number of samples analyzed
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In following the EUP 
years reduction of 
positives ranged 
from 5% to 85%; 
2016-2019: 0 -30% 
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Area-wide, long-term treatment with atoxigenic strain biocontrol

Note:
 In the not treated area            

pistachio orchards were treated; 
almond orchards were not treated.

 In the treated area
both almond and pistachio orchards 
were treated.

Not treated area

Pistachio treated

Almond not treated

Treated area

Pistachio treated

Almond treated



Area-wide, long-term treatment with AF36 Prevail atoxigenic strain

Almond Pistachio Almond Pistachio
      Not Treated  Area         Treated Area         
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75 - 95%



Aspergillus strains of Aspergillus Flavi (Aspergillus flavus & A. parasiticus) recovered 
from soil samples of almond orchards before and after treatment with AF36 Prevail®

40% reduction

Treated
Before treament

78% displacement



PISTACHIO, ALMOND, AND FIG: FOR USE ONLY IN THE 
STATES OF CALIFORNIA, ARIZONA, NEW MEXICO, AND 
TEXAS

LABELING ACCEPTABLE
STATE OF CALIFORNIA

DEPARTMENT OF PESTICIDE REGULATION 
Date: 08/07/2017

Reg. No. 71693-2-AA

Manufactured by:
Arizona Cotton Research and 
protection Council

Rate:
10 lbs /Acre
Carrier: coated milo (sorghum) 
seeds



Active Ingredients:
Aspergillus flavus NRRL 21882
Contains 0.0094% active ingredient with a minimum of 1.2 x 108 
CFU/lb

Registered for agricultural use to displace aflatoxin-producing fungi 
in almonds, pistachios, peanuts, and corn 

Manufactured for:
Syngenta Crop Protection, LLC
P.O. Box 18300
Greensboro, North Carolina 27419-8300

Rate:
10 lbs /Acre
Carrier: inoculated barley seeds
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Sporulation

Sporulation of Afla-Guard® GR and AF36 Prevail® different                                                   
soil moistures and temperatures

Afla-Guard® GR

AF36 Prevail®

Field capacity

Afla-Guard GR sporulated 
better under lower 
temperatures and drier soil 
conditions. 

Green lines: AF36 Prevail®
Blue lines: Afla-Guard® GR 



Sporulation of the two biological agents after a week incubation at 96.5% RH    
and 30°C (86 °F)

Afla-Guard® GR AF36 Prevail®



Sporulation of the two biological agents after a week incubation at 91% RH and  
30°C (86 °F) 

Afla-Guard® GR AF36 Prevail®



Sporulation of the two biological agents after a week incubation at 84.5% RH    
and 30°C (86 °F) 

Afla-Guard® GR AF36 Prevail®



Sporulation of the two biological agents after a week incubation at 80% RH      
and 30°C (86 °F) 

Afla-Guard® GR AF36 Prevail®
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Sporulation of the two biological agents after a week incubation at different RHs    
and at 30°C (86 °F) 
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AF36 Prevail® Afla-Guard® GR



Sporulation of the two biological agents after 1 week incubation at 100% RH, at 30 C (86 F) 
following a transfer from 84.5% RH

Afla-Guard® GR AF36 Prevail®



A challenge is the predation of seeds by insects, birds, and decay by other fungi; 
reduction of inoculum will reduce spore density  

Ants

Sow bugs

Beetles



AF36 Prevail® intact

Afla-Guard® GRsporulated

AF36 Prevail® sporulated
Afla-Guard® GR intact



Afla-Guard® GR sporulated

AF36 Prevail® sporulated

Predation of the two products 24 hours after application in the field 

Afla-Guard® GR intactAF36 Prevail® damaged

It seems that ants/beetles have initial preference for damaging and/or 
removing AF36; they do not touch the sporulating seeds  



Day 1

Day 2

Afla-Guard® GRAF36 Prevail®

Afla-Guard® GRAF36 Prevail®

Ants removed all the AF36 
Prevail seeds within 24 hours  



Tools to manage aflatoxins in pistachios:
1. Choose the right rootstock to reduce ES

2. Do not stress the trees for water in stage 1  (May) to reduce ES

3. Remove mummies – orchard sanitation – “mummy shake”…

4. Reduce NOW damage of the crop in season

5. Apply AF36 Prevail® or Afla-Guard ® GR on late May to mid July at 
10 lbs./acre

6. Irrigate before or immediately after application of the biological 
agent

5.   Do not spray herbicides 1 to 2 weeks after application

6. Control the ants, other arthropods, and birds in the orchard 

7. Sort out stained, suture-stained, and DBOM nuts



Special thanks to my 
lab crew. 

Acknowledgments: 
California Pistachio 

Research Board, CDFA, 
Wonderful orchards, 

pistachio growers, and 
Syngenta Co. 
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Microflora /colonization of NOW-damaged, ES, and normal nuts as affected 
by the method of AF36 application (ground or canopy) 

AF36 Treatments
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