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THANK YOU
TO THE ALMOND CONFERENCE 2022

METAL SPONSORS!



44



5



66

Food Truck
Village
Tuesday.  December  6
11 :00  a .m .  – 2 :00  p .m .

Wednesday,  December  7
11 :00  a .m .  – 2 :00  p .m .

Thursday,  December  8
10 :30  a .m .  – 1 :30  p .m .

Loc a ted  Ou ts i de  i n  t he
West  Lobby P laz a
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OPENING RECEPTION
S p o n s o r e d  b y  A l z c h e m L L C

SNACKS
S p o n s o r e d  b y  W i l b u r - E l l i s

3:30 – 5:00 p.m.
Almond Conference Expo
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Almond Quality & Safety 
Research Hot Topics
D e c e m b e r  6 ,  2 0 2 2

M o d e r a t o r :  B r i a n  D u n n i n g  ( S h o E i F o o d s )
S p e a k e r s :  A l y s o n  M i t c h e l l  ( U C  D a v i s )
Z h o n g l i  P a n  ( U C  D a v i s )
V i v i a n  W u  ( U S D A  A l b a n y )
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Characterization of cyanogenic 
glycosides and key chemical and 
physical measurements of almond 
quality in regional varietal trails to 
support new almond varietal selection
1 2 . 0 6 ,  2 0 2 2  /  A l y s o n  M i t c h e l l ,  P h D
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Objective 1:
Measure a range of chemical markers of almond (Prunus dulcis) quality in 
10-15 varieties of new almond varieties for the 2021 regional varietal trail
(RVT), and in commercial varieties, in support of identifying new varieties
with highest quality impact

Moisture, color, texture, lipids as fatty acid methyl esters (FAMEs), 
tocopherols, cyanogenic glycosides (amygdalin, prunasin), and free 
amino acids

Objective 2:
Develop extraction techniques and high-throughput methods for the 
analysis of amygdalin and its degradation products benzaldehyde, 
mandelonitrile and possibly HCN 

These will be measured in the 2022 and 2023 harvests in 13 major almond 
varieties and in the top performing varieties in the 2022 RVT

Project Goals
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Sample Information
• Almonds (2021 field-run) were received from 

Phippen, Vann and South Valley Farms
• 7 varieties from 3 locations
• 5 varieties from 2 locations
• 2 varieties from 1 location
• Total of 33 almond varietal samples

• Storage
• Whole almonds are stored in the cold storage 

(4ºC) upon receiving
• Moisture and texture are measured 

immediately
• Almonds are hulled and shelled and kernels are 

vacuum-packed and placed in refrigeration
• Oil is extracted and kept in refrigerated 

storage
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Objective 1: Quality Monitoring 
• Quality measurements completed in 33 almond

samples
• Moisture (2021)

• Texture (2021)

• Color (2021)

• Fatty Acid Methyl Esters; FAMEs (2021)

• Tocopherols (2021)

• Cyanogenic Glycosides (2021)

• Amygdalin and Prunasin (2021)
• Measurements in process:

• Amino Acid Profiles (2021)

• Cyanogenic Glycosides profiling  (2021)

• Amygdalin, Prunasin,  Benzaldehyde and
Mandelonitrile (HCN) 2022 Harvest
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Average Moisture Content (%)
2 0 2 1

• Moisture content is relatively 
constant between varieties

• Average:  3.52% ± 0.33
• Range:  2.84 - 4.15%
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Average Hardness by Variety
2 0 2 1

• Texture analysis evaluates almond 

hardness and crunchiness 

• The value obtained correlates with the 

force required to shear the almond 

between the molars

• Supareil was the crunchiest

• Padre was the softest
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Hardness is not related to Moisture Content
2 0 2 1
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Lipids in Almonds

• Almonds are composed of 40-77% fat 
• Fat in almonds is composed of triglycerides
• A triglyceride is molecule composed of 3 fatty acids chains attached 

to a molecule of glycerol 

2 0 2 1
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Triglycerides in Almonds

• The primary fatty acids in almonds are “Good Fats” 
• Monounsaturated and polyunsaturated fats  lower disease risk

• Oleic (18:1, 62−80%) and linoleic acid (18:2, 10−18%)
• One serving of almonds (28 g) has 13 g of unsaturated fat and only 

1g of saturated fat
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Measuring Fatty Acid Methyl Esters (FAMEs) in Almonds

• Triglycerides are hydrolyzed in the presence of 
methanol to form fatty acid methyl esters 
(FAMEs)

• FAMEs are measured by GS-MS/MS

2 0 2 1
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Fatty Acid Composition in Commercial Varieties
2 0 2 1



2020

Fatty Acid Composition in Experimental Varieties
2 0 2 1
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Comparative Fatty Acid Profiles
2004-2006, 2019, 2021
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The Tocopherols (Vitamin E) 

• Vitamin E is a group of plant-derived vitamins
• Fat soluble

• Comprised of a chroman-6-ol ring with a side chain located 
at the C2 position

• Present in foods in 8 different forms
• Tocopherols = saturated side chain
• Tocotrienols = side chain with double bonds at C3′, C7′ and C11′

• Chroman-6-ol ring can have different groups attached at 
R1 or R2 positions

• Prefixes alpha- (α-), beta- (β-), gamma- (γ-), and delta- (δ-)
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Tocopherols in Almonds

Tocopherols mg / 100 g oil
α-tocopherol 15 (CA) - 450 (Italy)
β-tocopherol 0.93 (Itlay)
δ-tocopherol 0.10 - 2.2 (Spain)
γ-tocopherol 0.61 (Spain)- 7.5 (Italy)

S. Yada et al. / Journal of Food Composition and Analysis 24 (2011) 469–480476

• α-tocopherol is the most biologically active form and most prevalent form in almonds
• The daily recommended intake is 15 mg a day for adults (22.4 IU, International Units)

• Almonds also contain tocopherols (β, δ, γ)

• Vitamin E is an antioxidant against free radical-mediated lipid peroxidation

• Levels can decrease during storage and vary between cultivars
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Tocopherols Profiles in Commercial Varieties 2021

• The higher the 
vitamin E 
content, the 
longer the 
shelf-life

• The higher the 
total  vitamin E 
the greater the 
nutritional 
value
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Tocopherols Profiles in Experimental Varieties 2021

• The higher the
vitamin E
content, the
longer the shelf-
life

• The higher the
total vitamin E
the greater the
nutritional value

• On average the
experimental
varieties have
higher levels of
α-tocopherol and
total vitamin E
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Cyanogenic Glycosides in Almonds

• Amygdalin is a cyanogenic di-glycoside 

• Provides plants with immediate chemical 
defense via generation of hydrogen 
cyanide (cyanogenesis)

• Responsible for almond bitterness and 
almond aroma
• The disruption of almond tissue (e.g. 

chewing) enables amygdalin to come 
into contact with enzymes (b-
glycosidase) to form benzaldehyde 
(almond aroma) and trace levels of HCN 
(toxic)
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Amygdalin in Almonds
• Levels of amygdalin can vary within a tree, across cultivars and regions and in response to water 

stress (drought)
• Little is know regarding the variability in amygdalin levels in almonds in response to 

environment

• Human acute toxicity to HCN occurs at doses between 0.5 and 3.5 mg/kg body weight
• The European Food Safety Authority is currently considering setting a limit of 35 mg kg-1 for 

HCN in almonds (35 PPM)

• Monitoring amygdalin in almond kernels and characterizing levels in almond hulls is critical for 
maintain a safe high quality product and identifying safety of co-products

• Issues:
• Amygdalin methods don’t usually include prunasin or mandelonitrile
• HCN methods are titration methods specific for only HCN
• Measured HCN levels are significantly lower than calculated values based upon amygdalin 

content 
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Measuring Amygdalin in Almonds
• Amygdalin degrades into a range of products that can all contribute to the HCN in almonds

• In 2013 we developed a method for measuring amygdalin and in 2021 we developed a method 
for measuring amygdalin and prunasin 

• Kernels and hulls

• Developing a UHPLC- (QQQ)MS/MS method for the simultaneous analysis of amygdalin, 
prunasin, mandelonitrile, benzaldehyde and HCN (2023)

H-CN

amygdalin prunasin mandelonitrile benzaldehyde cyanide
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Amygdalin Levels in California Almond Varieties 
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• The reported levels in CA almonds: 0.1 to
215 ppm from 4 crop seasons, with large
cultivar variations observed:
• Crop 2010: 0.8 – 215 ppm
• Crop 2014: 1.6 – 76 ppm
• Crop 2015: 0.7 – 100 ppm (unpublished)
• Crop 2016: 0.1 – 27 ppm

• Varietal variation in 3 ranges
• >70 PPM ; 40-65 PPM; < 20 PPM

• Regional variations also noticed
• Averages ranging from 0.1–87 mg kg-1
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Comparison of Amygdalin and Prunasin Content
2019 vs 2021
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Amygdalin and Prunasin Content in Hulls 
2021
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Amygdalin and Hydrogen Cyanide (HCN)

• Complete hydrolysis of 1 gm of amygdalin (MW 457.43 g/mole) will theoretically result in
60 mg of HCN (MW 27.03 g/mole)

• The highest level of amygdalin reported in the California kernels (207 mg kg-1) would result
in a theoretical value of only 12.4 mg kg-1 HCN

• This value is well below the value of the proposed EU limit of 35 ppm (mg kg-1)
• The highest level of amygdalin reported in the California hulls (12.42 mg kg-1) would result

in a theoretical value of 0.74 mg kg-1 HCN
–This value is well below the value of the proposed EU limit of 35 ppm (mg kg-1)
–Co-product is extracted which can concentrate amygdalin
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THANK YOU
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SmartProbe Early Insect  Pest  
Detect ion and Environmental  
Monitor ing System
D e c e m b e r  6 ,  2 0 2 2  

Zhongli Pan Ph.D.
Department of Biological and Agricultural Engineering
University of California, Davis
zlpan@ucdavis.edu



Insect Pest Infestation and Quality Management Problems

Expensive
Current chemical fumigation 
and product loss cost over 
$350M  each year for tree 

nuts alone in U.S.

Inaccuracy
Human visual inspection can 
not find pest until it’s too late

Health & Food Safety
Toxic chemicals used for 

fumigation impact worker 
health and food safety.



Questions to Be Answered

• Significance and rate of insect damage?

• Kernels
• In-shell almonds
• In-hull almonds 

• Fumigation?

• Timing
• Uniformity 
• Effectiveness
• Chemical use 

• Smart technology?

• Detect insect pest early
• Solve the problems associated insect infestations
• Monitor environmental conditions



SmartProbe System for Insect Pest Detection and Environmental Monitoring
Early detection and control

• Novel design of SmartProbe: detect insects at an emerging stage
• Integrated detector with sensors: capture and photograph insects

measure and record temperature & humidity 
• Cloud computing: analyze images and count insect number, and predict insect occurrences
• Notification: send out information about insects and environmental conditions for taking necessary 

actions to control the pests

Camera and 
sensors

Insect entry

Insect 
collecting 
chamber Big Cloud Data and 

Computing
User Interface and PestDetect App

SmartProbe



Research Goal and Objectives

Goal: Demonstrate the value and feasibility of the new technology for 
commercial implementation.  
Objectives:

• Assess the insect damage levels in almonds under different infestation rates 
and conditions. 

• Detect insect activity in almonds in different packaged, stored, and stockpiled 
almonds during processing, handling, and stockpiling. 

• Investigate insect infestation and its location characteristics, as well as 
fumigation effectiveness in stockpiled almonds.  



Evolution of Product Damage Rate from Insects 

Insect damaged almonds

• Almonds
– Kernels
– In-shell almonds
– In-hull almonds

• Infestation rate of red flour beetles
– 1:100, 5:100, 10:100 (insects : almonds)

• Storage conditions:
– Temperatures: 10, 20, 30ºC
– Relative Humidity: 64%
– Storage time: up to 56 days



Insect Damage Rate: Infested Kernels
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Insect Damage Rate: Infested In-shell Almonds
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Insect Damage Rate: Infested In-hull Almonds
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Experiments Conducted: 2021
• Almond Huller and Sheller

– Rejected kernels in four bins
– Stockpiled almonds – four stockpiles

• Almond Processor
– Almonds in carton boxes with and without a plastic liner
– Almonds in bins (2) with plastic liner, ready for final packaging
– Rejected kernels in bins (2)

Installed smart insect catching 
traps in stockpile



Results 2021 – Almond Huller and Sheller - Processing Facility

Container 
type Product Installation

date
Uninstallation

date Traps no

Time 
detected 
the first 
insect

Final 
number of 

insects

Insect 
type

Wood 
bins

Rejected 
almond
kernels

6/9/2021 6/17/2021

T1-Bin 1
30 

minutes

Full (Too 
many to 
count)

Red 
flour 

beetles

T2-Bin 2
T3-Bin 3
T4-Bin 4

• Insects detected in different bins of rejected almond kernels.
• Average temperature: 27.1 - 29.6ºC.
• Relative humidity: 54.6 - 49.6%.
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Chart1

		30 min		3		5		11

		1		32		34		36

		2		44		45		47

		3		63		65		66

		4		71		73		82

		8		100		100		100



T1

T2

T3

T4

Days after installation

Number of insect in each trap

3

33

42

55

69

100



UPDATED

		

														Number of insect in each trap																														Number of insect in each trap																Number of insect in each trap																				Number of insect in each trap																				Number of insect in each trap																				Number of insect in each trap

								Storage name				Day		T1		T2		T3		T4		T5		T6		T7		T8		Total								Storage name				Day		T15		T16		T17		Total				Storage name				Day		T24		T25		T26		T27		T28		T29				Storage name				Day		T18		T19		T20		T21		T22		T23				Storage name		Installation date 4/27/2021		Day		T30		T31		T32		T33		T34		T35				Storage name		Installation date 4/27/2021		Day		T36		T37		T38

										Installation date 4/28/2021		0																												Installation date 4/27/2021		0														Installation date 4/27/2021		0																		Installation date 5/21/2021		0		3		2		2		1				2						4/28/21		0		1								0		0						4/28/21

										4/29/21		1		1																1										4/28/21		1						1		1						4/28/21		1		5		3		4		1		3		3						5/22/21		1		4		3		4		2				3						4/29/21		1		1								0		0						4/29/21		1						1

										4/30/21		2		1												1				2										4/29/21		2						1		1						4/29/21		2		19		5		7		4		4		5						5/23/21		2		5		5		5		2				3						4/30/21		2		1								0		0						4/30/21		2						1

										5/1/21		3		1		1										1				3										4/30/21		3						1		1						4/30/21		3		22		8		9		10		5		7						5/24/21		3		8		6		7		2				3						5/1/21		3		1		1						0		0						5/1/21		3				1		3

										5/2/21		4		1		1				1				1		1				5										5/1/21		4						1		1						5/1/21		4		24		20		22		17		7		8						5/25/21		4		11		7		7		3				6						5/2/21		4		1		1						0		0						5/2/21		4				2		4

										5/3/21		5		1		1				1				1		1				5										5/2/21		5						1		1						5/2/21		5		28		30		32		29		10		11						5/26/21		5		13		7		7		3				8						5/3/21		5		1		1						0		0						5/3/21		5				3		4

										5/4/21		6		2		1		1		2				1		1				8										5/3/21		6						2		2						5/3/21		6		29								11		15						5/27/21		6		16		7		8		4				10						5/4/21		6		1		1						0		0						5/4/21		6				4		4

										5/5/21		7		2		1		1		3		1		1		1				10										5/4/21		7						2		2				Hi and Dry -Building 2		5/4/21		7		33								13		23				Hi and Dry -Building 3		5/28/21		7		20		7		9		5				13				FRC-Stegman		5/5/21		7		1		1						0		0				Tyndall		5/5/21		7				5		4

										5/6/21		8		2		1		1		3		1		1		1				10								Erdman		5/5/21		8		1				2		3						5/5/21		8		38								16		32						5/29/21		8		25		8		10		5				17						5/6/21		8		1		1						0		0						5/6/21		8		1		5		4

								Lundberg		5/7/21		9		2		1		1		4		1		1		1				11										5/6/21		9		1		1		3		5						5/6/21		9		44								17								5/30/21		9		30		8		12		6				26						5/7/21		9		1		1						0		0						5/7/21		9		1		6		6

										5/8/21		10		2		1		1		4		1		2		2		1		14										5/7/21		10		1		1		3		5						5/7/21		10										23								5/31/21		10		35		9		14		8				30						5/8/21		10		2		1						0		0						5/8/21		10		2		7		7

										5/9/21		11		2		1		2		4		1		2		2		1		15										5/8/21		11		2		1		4		7						5/8/21		11										29								6/1/21		11				11		20		9				35						5/9/21		11		2		1		1				0		0						5/9/21		11		3		8		7

										5/10/21		12		3		1		2		4		2		3				3		18										5/9/21		12		2		1		4		7						5/9/21		12																		6/2/21		12				13		25		12										5/10/21		12		2		1		1				0		0						5/10/21		12		4		8		7

										5/11/21		13		3		3		2		5		2		3				3		21										5/10/21		13		2		2		4		8																										6/3/21		13				13		30		14										5/11/21		13		2		1		2				0		0						5/11/21		13		7		10		8

										5/12/21		14		3		3		2		5		2						3		18										5/11/21		14		2		2		5		9				Visual inspection and trap cleaning  5/14/2021				17																		6/4/21		14				15		33		14										5/12/21		14		2		1		2				0		0						5/12/21		14		14		11		8

										5/13/21		15		3		3		2		5		3						3		19										5/12/21		15		2		3		5		10																										6/5/21		15				15		35		16										5/13/21		15		2		1		2				0		0						5/13/21		15		15		14		10

										5/14/21		16		3		3		2		6								3		17										5/13/21		16		2		4		5		11						5/15/21		18		1		1				1		1								6/6/21		16				15				18										5/14/21		16		2		2		2				0		0						5/14/21		16		17		17		11

										5/15/21		17		3		3		2										3		11				Visual inspection and trap cleaning						5/14/21		17		2		4		5		11						5/16/21		19		5		4				5		3								6/7/21		17				16				18										5/15/21		17		3		2		2		1		0		0						5/15/21		17		19		19		13

										5/16/21		18		3		3		2										3		11																										5/17/21		20		6		5				15		3		1						6/8/21		18				16				19										5/16/21		18		3		2		3		1		0		0						5/16/21		18		20		20		15

										5/17/21		19		4				2										4		10										5/15/21		18		0		1				1						5/18/21		21		8		6				20		3		2						6/9/21		19				16				19										5/17/21		19		3		2		3		1		0		0						5/17/21		19		21		22		17

										5/18/21		20		4				2												6										5/16/21		19		0		2				2						5/19/21		22		15		7				30		3		9						6/10/21		20				16				19										5/18/21		20		4		2		3		1		0		0						5/18/21		20		22		23		19

										5/19/21		21		4				3												7										5/17/21		20		0		2				2						5/20/21		23		20		8						4		15						6/11/21		21				18				20										5/19/21		21		4		2		3		1		0		0						5/19/21		21		23		23		20

										5/20/21		22		4				3												7										5/18/21		21		0		3				3						5/21/21		24		20		8						4		19						6/12/21		22				20				20										5/20/21		22		4		2		3		1		0		0						5/20/21		22		23		24		23

										5/21/21		23		5				3												8										5/19/21		22		0		4				4						5/22/21		25		21		15						5		22																								Visual inspeciton and trap cleaning		5/21/21		23		4		2		3		1		0		0				Visual inspection		5/21/21		23		25		26		27

										5/22/21		24																		0								Erdman		5/20/21		23		0		5				5						5/23/21		26		22		15						6		26

										5/23/21		25																		0										5/21/21		24		0		5				5						5/24/21		27		23		17						7		29

										5/24/21		26																		0										5/22/21		25		0		6				6						5/25/21		28		25		18						15		30

										5/25/21		27																		0										5/23/21		26		0		6				6						5/26/21		29		30		20						20		35

										5/26/21		28																		0										5/24/21		27		0		8				8						5/27/21		30		33		25						25

						Visual inspection and trap cleaning				5/27/21		29		5		3		3		10		5		4		3		6		39										5/25/21		28		0		8				8						5/28/21		31		33		30						34

																																								5/26/21		29		0		8				8						5/29/21		32		35		33						35

										5/28/21		30										1				1				2										5/27/21		30		0		8		1		9						5/30/21		33

										5/29/21		31				1				1		2				1				5										5/28/21		31		0		8		1		9

										5/30/21		32		1		2				1		2				3				9										5/29/21		32		0		9		2		11

										5/31/21		33		1		2		1		1		2				3				10										5/30/21		33		1		9		2		12

										6/1/21		34		1		3		1		1		2				3				11										5/31/21		34		3		9		2		14

										6/2/21		35		1		3		1		1		3				4				13										6/1/21		35		3		9		2		14

										6/3/21		36		1		3		1		1		3				4				13										6/2/21		36		3		9		3		15

										6/4/21		37		1		3		1		1		4				4				14										6/3/21		37		3		9		5		17

										6/5/21		38		1		3		1		1		5				5				16										6/4/21		38		3		9		6		18

								Lundberg		6/6/21		39		1		3		2		1		5				5		1		18										6/5/21		39		3		9		8		20

										6/7/21		40		1		3		3		1		5				5		1		19										6/6/21		40		3		9		9		21

										6/8/21		41		1		3		3		1		5				5		1		19

										6/9/21		42		1		4		4		1		5				7		1		23

										6/10/21		43		1		4		4		1		5				7		1		23

										6/11/21		44		1		4		4		1		5				7		2		24

										6/12/21		45		1		4		5		1		5				7		4		27

										6/13/21		46		2		4		5		1		5				10		5		32

										6/14/21		47		2		4		5		1		7				10		6		35

										6/15/21		48		2		4		6		2		10				12		6		42

										6/16/21		49		2		7		6		2		13						11		41

										6/17/21		50		3		7		6		3		18						14		51

										6/18/21		51		6		7		7		4		20						18		62

										6/19/21		52		7		8		9		4		23						20		71

										6/20/21		53		8		13		14		6		25								66

										6/21/21		54		8		13		15		8										44

										6/22/21		55		12		13		16		8										49

										6/23/21		56		15		14		20		8										57

										6/24/21		57		16		20		25		9										70

										6/25/21		58		20		25		30		12										87

										6/26/21		59		20		25		35		15										95

										6/27/21		60		21		30		35		18										104

										6/28/21		61		22		32		37		19										110

																								no data





UPDATED

		



Visual inspection and trap cleaning

Installation: 04/28/2021 | Inspection: 05/27/2021
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Lundberg - Insects Trapped over Storage Times Part 1
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Restart: 05/28/2021 | Last sample: 06/28/2021
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Lundberg - Insects Trapped over Storage Times Part 2
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Visual inspection and trap cleaning

Installation: 04/27/2021 | Inspection: 05/14/2021
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Erdman - Insects Trapped over Storage Times Part 1



Tyndall

		



Restart: 05/15/2021 | Last sample: 06/06/2021
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Lundberg - Insects Trapped over Storage Times Part 2
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Visual inspection and trap cleaning

Installation: 04/28/2021 | Inspection: 05/14/2021
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Hi & Dry B2 - Insects Trapped over Storage Times Part 1
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Restart: 05/15/2021 | Last sample: 05/30/2021
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Hi & Dry B2 - Insects Trapped over Storage Times Part 2
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Installation: 05/21/2021 | Last sample: 06/12/2021
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Hi & Dry B3 - Insects Trapped over Storage Times



		



Visual inspection and trap cleaning

Installation: 04/27/2021 | Inspection: 05/21/2021

T30
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T35
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Number of insect in each trap

FRC Stegman - Insects Trapped over Storage Times



		



Visual inspection and trap cleaning

Installation: 04/27/2021 | Inspection: 05/21/2021

T36

T37

T38

Storage time (day)

Number of insect in each trap

Tyndall - Insects Trapped over Storage Times



		

								Numbers of insect in each trap																				Numbers of insect in each trap

		Storage name				Day		T24		T25		T26		T27		T28		T29				Storage name				Day		T18		T19		T20		T21		T22		T23

				Installation date 4/27/2021		0																		Installation date 5/21/2021		0		3		2		2		1				2

				4/28/21		1		5		3		4		1		3		3						5/22/21		1		4		3		4		2				3

				4/29/21		2		19		5		7		4		4		5						5/23/21		2		5		5		5		2				3

				4/30/21		3		22		8		9		10		5		7						5/24/21		3		8		6		7		2				3

				5/1/21		4		24		20		22		17		7		8						5/25/21		4		11		7		7		3				6

				5/2/21		5		28		30		32		29		10		11						5/26/21		5		13		7		7		3				8

				5/3/21		6		29								11		15						5/27/21		6		16		7		8		4				10

		Hi and Dry -Building 2		5/4/21		7		33								13		23				Hi and Dry -Building 3		5/28/21		7		20		7		9		5				13

				5/5/21		8		38								16		32						5/29/21		8		25		8		10		5				17

				5/6/21		9		44								17								5/30/21		9		30		8		12		6				26

				5/7/21		10										23								5/31/21		10		35		9		14		8				30

				5/8/21		11										29								6/1/21		11				11		20		9				35

				5/9/21		12																		6/2/21		12				13		25		12

						13																		6/3/21		13				13		30		14

						14																		6/4/21		14				15		33		14

						15																		6/6/21		16				15				18

						16																		6/7/21		17				16				18

		Visual inspection and trap cleaning  5/14/2021				17																		6/8/21		18				16				19

				5/15/21		18		1		1				1		1								6/9/21		19				16				19

				5/16/21		19		5		4				5		3								6/10/21		20				16				19

				5/17/21		20		6		5				15		3		1						6/11/21		21				18				20

				5/18/21		21		8		6				20		3		2						6/12/21		22				20				20

				5/19/21		22		15		7				30		3		9

				5/20/21		23		20		8						4		15

				5/21/21		24		20		8						4		19

				5/22/21		25		21		15						5		22

				5/23/21		26		22		15						6		26

				5/24/21		27		23		17						7		29

				5/25/21		28		25		18						15		30

				5/26/21		29		30		20						20		35

				5/27/21		30		33		25						25

				5/28/21		31		33		30						34

				5/29/21		32		35		33						35

				5/30/21		33





		18		18		18		18		18		18

		19		19		19		19		19		19

		20		20		20		20		20		20

		21		21		21		21		21		21

		22		22		22		22		22		22

		23		23		23		23		23		23

		24		24		24		24		24		24

		25		25		25		25		25		25

		26		26		26		26		26		26

		27		27		27		27		27		27

		28		28		28		28		28		28

		29		29		29		29		29		29

		30		30		30		30		30		30

		31		31		31		31		31		31

		32		32		32		32		32		32

		33		33		33		33		33		33



Restart: 05/15/2021 | Last sample: 05/30/2021
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Full
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T25

T26

T27

T28

T29

Storage time (day)

Number of insect in each trap

Hi & Dry B2 - Insects Trapped over Storage Times Part 2
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3

9
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4
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17

7

29
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18
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30

20

20

35

33

25

25

33

30

34

35

33

35



		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		7		7		7		7		7		7

		8		8		8		8		8		8

		9		9		9		9		9		9

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12

		13		13		13		13		13		13

		14		14		14		14		14		14

		15		15		15		15		15		15

		16		16		16		16		16		16

		17		17		17		17		17		17

		18		18		18		18		18		18

		19		19		19		19		19		19

		20		20		20		20		20		20

		21		21		21		21		21		21

		22		22		22		22		22		22



Installation: 05/21/2021 | Last sample: 06/12/2021
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Hi & Dry B3 - Insects Trapped over Storage Times
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7
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13
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5
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9
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16
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19
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		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		7		7		7		7		7		7

		8		8		8		8		8		8

		9		9		9		9		9		9

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12



Installation: 04/28/2021 | Inspection: 05/14/2021
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Hi & Dry B2 - Insects Trapped over Storage Times Part 1
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								Numbers of insect in each trap

		Storage name		Installation date 4/27/2021		Day		T1		T2		T3		T4

				4/28/21		30 min		5				5

				4/29/21		1						1

				4/30/21		2						1

				5/1/21		3				1		3

				5/2/21		4				2		4

				5/3/21		5				3		4

				5/4/21		6				4		4

		Tyndall		5/5/21		7				5		4

				5/6/21		8		1		5		4

				5/7/21		9		1		6		6

				5/8/21		10		2		7		7

				5/9/21		11		3		8		7

				5/10/21		12		4		8		7

				5/11/21		13		7		10		8

				5/12/21		14		14		11		8

				5/13/21		15		15		14		10

				5/14/21		16		17		17		11

				5/15/21		17		19		19		13

				5/16/21		18		20		20		15

				5/17/21		19		21		22		17

				5/18/21		20		22		23		19

				5/19/21		21		23		23		20

				5/20/21		22		23		24		23

		Visual inspection		5/21/21		23		25		26		27

																												T1		T2		T3		T4

																										30 min		3		3		5		11

																										1		33		32		34		36

																										2		42		44		45		47

																										3		55		63		65		66

																										4		69		71		73		82

																										8		100		100		100		100
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Tyndall Mound Warehouse
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Number of insect in each trap



		

								Numbers of insect in each trap

		Storage name		Installation date 4/27/2021		Day		T30		T31		T32		T33		T34		T35

				4/28/21		0		1								0		0

				4/29/21		1		1								0		0

				4/30/21		2		1								0		0

				5/1/21		3		1		1						0		0

				5/2/21		4		1		1						0		0

				5/3/21		5		1		1						0		0

				5/4/21		6		1		1						0		0

		FRC-Stegman		5/5/21		7		1		1						0		0

				5/6/21		8		1		1						0		0

				5/7/21		9		1		1						0		0

				5/8/21		10		2		1						0		0

				5/9/21		11		2		1		1				0		0

				5/10/21		12		2		1		1				0		0

				5/11/21		13		2		1		2				0		0

				5/12/21		14		2		1		2				0		0

				5/13/21		15		2		1		2				0		0

				5/14/21		16		2		2		2				0		0

				5/15/21		17		3		2		2		1		0		0

				5/16/21		18		3		2		3		1		0		0

				5/17/21		19		3		2		3		1		0		0

				5/18/21		20		4		2		3		1		0		0

				5/19/21		21		4		2		3		1		0		0

				5/20/21		22		4		2		3		1		0		0

		Visual inspeciton and trap cleaning		5/21/21		23		4		2		3		1		0		0



Full



		



T30

T31

T32

T33

T34

T35

Day

Numbers of insect in each trap

Stegman Warehouse



		

								Day		Numbers of insect in each trap

				Storage name						T1		T2		T3		T4		T5		T6		T7		T8

						Installation date 4/28/2021		0

						4/29/21		1		1

						4/30/21		2		1												1

						5/1/21		3		1		1										1

						5/2/21		4		1		1				1				1		1

						5/3/21		5		1		1				1				1		1

						5/4/21		6		2		1		1		2				1		1

						5/5/21		7		2		1		1		3		1		1		1

						5/6/21		8		2		1		1		3		1		1		1

				Lundberg		5/7/21		9		2		1		1		4		1		1		1

						5/8/21		10		2		1		1		4		1		2		2		1

						5/9/21		11		2		1		2		4		1		2		2		1

						5/10/21		12		3		1		2		4		2		3				3

						5/11/21		13		3		3		2		5		2		3				3

						5/12/21		14		3		3		2		5		2						3

						5/13/21		15		3		3		2		5		3						3

						5/14/21		16		3		3		2		6								3

						5/15/21		17		3		3		2										3

						5/16/21		18		3		3		2										3

						5/17/21		19		4		3		2										4

						5/18/21		20		4		3		2

						5/19/21		21		4		3		3

						5/20/21		22		4		3		3

						5/21/21		23		5		3		3

						5/22/21		24		5		3		3

						5/23/21		25		5		3		3

						5/24/21		26		5		3		3

						5/25/21		27		5		3		3

						5/26/21		28		5		3		3

						5/27/21		29		5		3		3		10		5		4		3		6

						5/28/21		30		5		3		3		10		6				4		6														1				1

						5/29/21		31		5		4		3		11		7				4		6								1				1		2				1

						5/30/21		32		6		5		3		11		7				6		6						1		2				1		2				3

						5/31/21		33		6		5		4		11		7				6		6						1		2		1		1		2				3

						6/1/21		34		6		6		4		11		7				6		6						1		3		1		1		2				3

						6/2/21		35		6		6		4		11		8				7		6						1		3		1		1		3				4

						6/3/21		36		6		6		4		11		8				7		6						1		3		1		1		3				4

						6/4/21		37		6		6		4		11		9				7		6						1		3		1		1		4				4

						6/5/21		38		6		6		4		11		10				8		6						1		3		1		1		5				5

				Lundberg		6/6/21		39		6		6		5		11		10				8		7						1		3		2		1		5				5		1

						6/7/21		40		6		6		6		11		10				8		7						1		3		3		1		5				5		1

						6/8/21		41		6		6		6		11		10				8		7						1		3		3		1		5				5		1

						6/9/21		42		6		7		7		11		10				10		7						1		4		4		1		5				7		1

						6/10/21		43		6		7		7		11		10				10		7						1		4		4		1		5				7		1

						6/11/21		44		6		7		7		11		10				10		8						1		4		4		1		5				7		2

						6/12/21		45		6		7		8		11		10				10		10						1		4		5		1		5				7		4

						6/13/21		46		7		7		8		11		10				13		11						2		4		5		1		5				10		5

						6/14/21		47		7		7		8		11		12				13		12						2		4		5		1		7				10		6

						6/15/21		48		7		7		9		12		15				15		12						2		4		6		2		10				12		6

						6/16/21		49		7		10		9		12		18						17						2		7		6		2		13						11

						6/17/21		50		8		10		9		13		23						20						3		7		6		3		18						14

						6/18/21		51		11		10		10		14		25						24						6		7		7		4		20						18

						6/19/21		52		12		11		12		14		28						26						7		8		9		4		23						20

						6/20/21		53		13		16		17		16		30												8		13		14		6		25

						6/21/21		54		13		16		18		18														8		13		15		8

						6/22/21		55		17		16		19		18														12		13		16		8

						6/23/21		56		20		17		23		18														15		14		20		8

						6/24/21		57		21		23		28		19														16		20		25		9

						6/25/21		58		25		28		33		22														20		25		30		12

						6/26/21		59		25		28		38		25														20		25		35		15

						6/27/21		60		26		33		38		28														21		30		35		18

						6/28/21		61		27		35		40		29														22		32		37		19





		



Installation: 04/28/2021 | Last sample: 06/28/2021

T1

T2

T3

T4

T5

T6

T7

T8

Day

Numbers of insect in each trap

Lundberg Family Farms



												Number of insect in each trap

						Storage name				Day		T15		T16		T17		Total

								Installation date 4/27/2021		0

								4/28/21		1						1		1

								4/29/21		2						1		1

								4/30/21		3						1		1

								5/1/21		4						1		1

								5/2/21		5						1		1

								5/3/21		6						2		2

								5/4/21		7						2		2

						Erdman		5/5/21		8		1				2		3

								5/6/21		9		1		1		3		5

								5/7/21		10		1		1		3		5

								5/8/21		11		2		1		4		7

								5/9/21		12		2		1		4		7

								5/10/21		13		2		2		4		8

								5/11/21		14		2		2		5		9

								5/12/21		15		2		3		5		10

								5/13/21		16		2		4		5		11

		Visual inspection and trap cleaning						5/14/21		17		2		4		5		11

								5/15/21		18		0		1				1

								5/16/21		19		0		2				2

								5/17/21		20		0		2				2

								5/18/21		21		0		3				3

								5/19/21		22		0		4				4

						Erdman		5/20/21		23		0		5				5

								5/21/21		24		0		5				5

								5/22/21		25		0		6				6

								5/23/21		26		0		6				6

								5/24/21		27		0		8				8

								5/25/21		28		0		8				8

								5/26/21		29		0		8				8

								5/27/21		30		0		8		1		9

								5/28/21		31		0		8		1		9

								5/29/21		32		0		9		2		11

								5/30/21		33		1		9		2		12

								5/31/21		34		3		9		2		14

								6/1/21		35		3		9		2		14

								6/2/21		36		3		9		3		15

								6/3/21		37		3		9		5		17

								6/4/21		38		3		9		6		18

								6/5/21		39		3		9		8		20

								6/6/21		40		3		9		9		21





		0		0		0

		1		1		1

		2		2		2

		3		3		3

		4		4		4

		5		5		5

		6		6		6

		7		7		7

		8		8		8

		9		9		9

		10		10		10

		11		11		11

		12		12		12

		13		13		13

		14		14		14

		15		15		15

		16		16		16

		17		17		17



Visual inspection and trap cleaning

Installation: 04/27/2021 | Inspection: 05/14/2021

T15

T16
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Storage time (day)

Number of insect in each trap

Erdman - Insects Trapped over Storage Times Part 1
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Results 2021– Almond Processor
• Insect detection results

•Detected in carton box without plastic liner, but no insect detected for the box with a plastic liner.
•In one of the two fiber bins.
•No insects were detected in the two bins of rejected kernels.

• Average temperatures: 32.7 - 31.9ºC.
• Relative humidity: 41.8 - 40.7%.

Carton box without plastic liner

SmartProbe

3 days 7days            45 days 

5 days 25 days  45 days Fiber bin

SmartProbe


Chart1

		3		3		5		5		5		5

		7		7		25		25		25		25

		45		45		45		45		45		45



T1-Carton box without liner

T2-Carton box with liner

T3-Fiber bin

T4-Fiber bin

T5-Wood bin

T6-Wood bin

Days after installation

Number of insects in each trap

3

0

2

0

0

0

12

0

12

0

0

0

77

0

39

0

0

0



UPDATED

		

														Number of insect in each trap																														Number of insect in each trap																Number of insect in each trap																				Number of insect in each trap																				Number of insect in each trap																				Number of insect in each trap

								Storage name				Day		T1		T2		T3		T4		T5		T6		T7		T8		Total								Storage name				Day		T15		T16		T17		Total				Storage name				Day		T24		T25		T26		T27		T28		T29				Storage name				Day		T18		T19		T20		T21		T22		T23				Storage name		Installation date 4/27/2021		Day		T30		T31		T32		T33		T34		T35				Storage name		Installation date 4/27/2021		Day		T36		T37		T38

										Installation date 4/28/2021		0																												Installation date 4/27/2021		0														Installation date 4/27/2021		0																		Installation date 5/21/2021		0		3		2		2		1				2						4/28/21		0		1								0		0						4/28/21

										4/29/21		1		1																1										4/28/21		1						1		1						4/28/21		1		5		3		4		1		3		3						5/22/21		1		4		3		4		2				3						4/29/21		1		1								0		0						4/29/21		1						1

										4/30/21		2		1												1				2										4/29/21		2						1		1						4/29/21		2		19		5		7		4		4		5						5/23/21		2		5		5		5		2				3						4/30/21		2		1								0		0						4/30/21		2						1

										5/1/21		3		1		1										1				3										4/30/21		3						1		1						4/30/21		3		22		8		9		10		5		7						5/24/21		3		8		6		7		2				3						5/1/21		3		1		1						0		0						5/1/21		3				1		3

										5/2/21		4		1		1				1				1		1				5										5/1/21		4						1		1						5/1/21		4		24		20		22		17		7		8						5/25/21		4		11		7		7		3				6						5/2/21		4		1		1						0		0						5/2/21		4				2		4

										5/3/21		5		1		1				1				1		1				5										5/2/21		5						1		1						5/2/21		5		28		30		32		29		10		11						5/26/21		5		13		7		7		3				8						5/3/21		5		1		1						0		0						5/3/21		5				3		4

										5/4/21		6		2		1		1		2				1		1				8										5/3/21		6						2		2						5/3/21		6		29								11		15						5/27/21		6		16		7		8		4				10						5/4/21		6		1		1						0		0						5/4/21		6				4		4

										5/5/21		7		2		1		1		3		1		1		1				10										5/4/21		7						2		2				Hi and Dry -Building 2		5/4/21		7		33								13		23				Hi and Dry -Building 3		5/28/21		7		20		7		9		5				13				FRC-Stegman		5/5/21		7		1		1						0		0				Tyndall		5/5/21		7				5		4

										5/6/21		8		2		1		1		3		1		1		1				10								Erdman		5/5/21		8		1				2		3						5/5/21		8		38								16		32						5/29/21		8		25		8		10		5				17						5/6/21		8		1		1						0		0						5/6/21		8		1		5		4

								Lundberg		5/7/21		9		2		1		1		4		1		1		1				11										5/6/21		9		1		1		3		5						5/6/21		9		44								17								5/30/21		9		30		8		12		6				26						5/7/21		9		1		1						0		0						5/7/21		9		1		6		6

										5/8/21		10		2		1		1		4		1		2		2		1		14										5/7/21		10		1		1		3		5						5/7/21		10										23								5/31/21		10		35		9		14		8				30						5/8/21		10		2		1						0		0						5/8/21		10		2		7		7

										5/9/21		11		2		1		2		4		1		2		2		1		15										5/8/21		11		2		1		4		7						5/8/21		11										29								6/1/21		11				11		20		9				35						5/9/21		11		2		1		1				0		0						5/9/21		11		3		8		7

										5/10/21		12		3		1		2		4		2		3				3		18										5/9/21		12		2		1		4		7						5/9/21		12																		6/2/21		12				13		25		12										5/10/21		12		2		1		1				0		0						5/10/21		12		4		8		7

										5/11/21		13		3		3		2		5		2		3				3		21										5/10/21		13		2		2		4		8																										6/3/21		13				13		30		14										5/11/21		13		2		1		2				0		0						5/11/21		13		7		10		8

										5/12/21		14		3		3		2		5		2						3		18										5/11/21		14		2		2		5		9				Visual inspection and trap cleaning  5/14/2021				17																		6/4/21		14				15		33		14										5/12/21		14		2		1		2				0		0						5/12/21		14		14		11		8

										5/13/21		15		3		3		2		5		3						3		19										5/12/21		15		2		3		5		10																										6/5/21		15				15		35		16										5/13/21		15		2		1		2				0		0						5/13/21		15		15		14		10

										5/14/21		16		3		3		2		6								3		17										5/13/21		16		2		4		5		11						5/15/21		18		1		1				1		1								6/6/21		16				15				18										5/14/21		16		2		2		2				0		0						5/14/21		16		17		17		11

										5/15/21		17		3		3		2										3		11				Visual inspection and trap cleaning						5/14/21		17		2		4		5		11						5/16/21		19		5		4				5		3								6/7/21		17				16				18										5/15/21		17		3		2		2		1		0		0						5/15/21		17		19		19		13

										5/16/21		18		3		3		2										3		11																										5/17/21		20		6		5				15		3		1						6/8/21		18				16				19										5/16/21		18		3		2		3		1		0		0						5/16/21		18		20		20		15

										5/17/21		19		4				2										4		10										5/15/21		18		0		1				1						5/18/21		21		8		6				20		3		2						6/9/21		19				16				19										5/17/21		19		3		2		3		1		0		0						5/17/21		19		21		22		17

										5/18/21		20		4				2												6										5/16/21		19		0		2				2						5/19/21		22		15		7				30		3		9						6/10/21		20				16				19										5/18/21		20		4		2		3		1		0		0						5/18/21		20		22		23		19

										5/19/21		21		4				3												7										5/17/21		20		0		2				2						5/20/21		23		20		8						4		15						6/11/21		21				18				20										5/19/21		21		4		2		3		1		0		0						5/19/21		21		23		23		20

										5/20/21		22		4				3												7										5/18/21		21		0		3				3						5/21/21		24		20		8						4		19						6/12/21		22				20				20										5/20/21		22		4		2		3		1		0		0						5/20/21		22		23		24		23

										5/21/21		23		5				3												8										5/19/21		22		0		4				4						5/22/21		25		21		15						5		22																								Visual inspeciton and trap cleaning		5/21/21		23		4		2		3		1		0		0				Visual inspection		5/21/21		23		25		26		27

										5/22/21		24																		0								Erdman		5/20/21		23		0		5				5						5/23/21		26		22		15						6		26

										5/23/21		25																		0										5/21/21		24		0		5				5						5/24/21		27		23		17						7		29

										5/24/21		26																		0										5/22/21		25		0		6				6						5/25/21		28		25		18						15		30

										5/25/21		27																		0										5/23/21		26		0		6				6						5/26/21		29		30		20						20		35

										5/26/21		28																		0										5/24/21		27		0		8				8						5/27/21		30		33		25						25

						Visual inspection and trap cleaning				5/27/21		29		5		3		3		10		5		4		3		6		39										5/25/21		28		0		8				8						5/28/21		31		33		30						34

																																								5/26/21		29		0		8				8						5/29/21		32		35		33						35

										5/28/21		30										1				1				2										5/27/21		30		0		8		1		9						5/30/21		33

										5/29/21		31				1				1		2				1				5										5/28/21		31		0		8		1		9

										5/30/21		32		1		2				1		2				3				9										5/29/21		32		0		9		2		11

										5/31/21		33		1		2		1		1		2				3				10										5/30/21		33		1		9		2		12

										6/1/21		34		1		3		1		1		2				3				11										5/31/21		34		3		9		2		14

										6/2/21		35		1		3		1		1		3				4				13										6/1/21		35		3		9		2		14

										6/3/21		36		1		3		1		1		3				4				13										6/2/21		36		3		9		3		15

										6/4/21		37		1		3		1		1		4				4				14										6/3/21		37		3		9		5		17

										6/5/21		38		1		3		1		1		5				5				16										6/4/21		38		3		9		6		18

								Lundberg		6/6/21		39		1		3		2		1		5				5		1		18										6/5/21		39		3		9		8		20

										6/7/21		40		1		3		3		1		5				5		1		19										6/6/21		40		3		9		9		21

										6/8/21		41		1		3		3		1		5				5		1		19

										6/9/21		42		1		4		4		1		5				7		1		23

										6/10/21		43		1		4		4		1		5				7		1		23

										6/11/21		44		1		4		4		1		5				7		2		24

										6/12/21		45		1		4		5		1		5				7		4		27

										6/13/21		46		2		4		5		1		5				10		5		32

										6/14/21		47		2		4		5		1		7				10		6		35

										6/15/21		48		2		4		6		2		10				12		6		42

										6/16/21		49		2		7		6		2		13						11		41

										6/17/21		50		3		7		6		3		18						14		51

										6/18/21		51		6		7		7		4		20						18		62

										6/19/21		52		7		8		9		4		23						20		71

										6/20/21		53		8		13		14		6		25								66

										6/21/21		54		8		13		15		8										44

										6/22/21		55		12		13		16		8										49

										6/23/21		56		15		14		20		8										57

										6/24/21		57		16		20		25		9										70

										6/25/21		58		20		25		30		12										87

										6/26/21		59		20		25		35		15										95

										6/27/21		60		21		30		35		18										104

										6/28/21		61		22		32		37		19										110

																								no data





UPDATED

		



Visual inspection and trap cleaning

Installation: 04/28/2021 | Inspection: 05/27/2021

T1
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T3

T4
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Storage time (day)

Number of insect in each trap

Lundberg - Insects Trapped over Storage Times Part 1



Hi & Dry

		



Restart: 05/28/2021 | Last sample: 06/28/2021

T1

T2

T3

T4

T5

T6

T7

T8

Storage time (day)

Number of insect in each trap

Lundberg - Insects Trapped over Storage Times Part 2



Sheet5

		



Visual inspection and trap cleaning

Installation: 04/27/2021 | Inspection: 05/14/2021

T15

T16

T17

Storage time (day)

Number of insect in each trap

Erdman - Insects Trapped over Storage Times Part 1



Tyndall

		



Restart: 05/15/2021 | Last sample: 06/06/2021

T15

T16

T17

Storage time (day)

Number of insect in each trap

Lundberg - Insects Trapped over Storage Times Part 2



Stegeman

		



Visual inspection and trap cleaning

Installation: 04/28/2021 | Inspection: 05/14/2021
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Full

Full

Full

Full

T24

T25

T26

T27

T28

T29

Storage time (day)

Number of insect in each trap

Hi & Dry B2 - Insects Trapped over Storage Times Part 1



Lundberg

		



Restart: 05/15/2021 | Last sample: 05/30/2021

Full

Full

Full

Full

T24

T25

T26

T27

T28

T29

Storage time (day)

Number of insect in each trap

Hi & Dry B2 - Insects Trapped over Storage Times Part 2



Erdman

		



Installation: 05/21/2021 | Last sample: 06/12/2021

Full

Full

Full

T18

T19

T20

T21

T22

T23

Storage time (day)

Number of insect in each trap

Hi & Dry B3 - Insects Trapped over Storage Times



		



Visual inspection and trap cleaning

Installation: 04/27/2021 | Inspection: 05/21/2021

T30

T31

T32

T33

T34

T35

Storage time (day)

Number of insect in each trap

FRC Stegman - Insects Trapped over Storage Times



		



Visual inspection and trap cleaning

Installation: 04/27/2021 | Inspection: 05/21/2021

T36

T37

T38

Storage time (day)

Number of insect in each trap

Tyndall - Insects Trapped over Storage Times



		

								Numbers of insect in each trap																				Numbers of insect in each trap

		Storage name				Day		T24		T25		T26		T27		T28		T29				Storage name				Day		T18		T19		T20		T21		T22		T23

				Installation date 4/27/2021		0																		Installation date 5/21/2021		0		3		2		2		1				2

				4/28/21		1		5		3		4		1		3		3						5/22/21		1		4		3		4		2				3

				4/29/21		2		19		5		7		4		4		5						5/23/21		2		5		5		5		2				3

				4/30/21		3		22		8		9		10		5		7						5/24/21		3		8		6		7		2				3

				5/1/21		4		24		20		22		17		7		8						5/25/21		4		11		7		7		3				6

				5/2/21		5		28		30		32		29		10		11						5/26/21		5		13		7		7		3				8

				5/3/21		6		29								11		15						5/27/21		6		16		7		8		4				10

		Hi and Dry -Building 2		5/4/21		7		33								13		23				Hi and Dry -Building 3		5/28/21		7		20		7		9		5				13

				5/5/21		8		38								16		32						5/29/21		8		25		8		10		5				17

				5/6/21		9		44								17								5/30/21		9		30		8		12		6				26

				5/7/21		10										23								5/31/21		10		35		9		14		8				30

				5/8/21		11										29								6/1/21		11				11		20		9				35

				5/9/21		12																		6/2/21		12				13		25		12

						13																		6/3/21		13				13		30		14

						14																		6/4/21		14				15		33		14

						15																		6/6/21		16				15				18

						16																		6/7/21		17				16				18

		Visual inspection and trap cleaning  5/14/2021				17																		6/8/21		18				16				19

				5/15/21		18		1		1				1		1								6/9/21		19				16				19

				5/16/21		19		5		4				5		3								6/10/21		20				16				19

				5/17/21		20		6		5				15		3		1						6/11/21		21				18				20

				5/18/21		21		8		6				20		3		2						6/12/21		22				20				20

				5/19/21		22		15		7				30		3		9

				5/20/21		23		20		8						4		15

				5/21/21		24		20		8						4		19

				5/22/21		25		21		15						5		22

				5/23/21		26		22		15						6		26

				5/24/21		27		23		17						7		29

				5/25/21		28		25		18						15		30

				5/26/21		29		30		20						20		35

				5/27/21		30		33		25						25

				5/28/21		31		33		30						34

				5/29/21		32		35		33						35

				5/30/21		33





		18		18		18		18		18		18

		19		19		19		19		19		19

		20		20		20		20		20		20

		21		21		21		21		21		21

		22		22		22		22		22		22

		23		23		23		23		23		23

		24		24		24		24		24		24

		25		25		25		25		25		25

		26		26		26		26		26		26

		27		27		27		27		27		27

		28		28		28		28		28		28

		29		29		29		29		29		29

		30		30		30		30		30		30

		31		31		31		31		31		31

		32		32		32		32		32		32

		33		33		33		33		33		33



Restart: 05/15/2021 | Last sample: 05/30/2021

Full

Full

Full

Full

T24

T25

T26

T27

T28

T29

Storage time (day)

Number of insect in each trap

Hi & Dry B2 - Insects Trapped over Storage Times Part 2

1

1

1

1

5

4

5

3

6

5

15

3

1

8

6

20

3

2

15

7

30

3

9

20

8

4

15

20

8

4

19

21

15

5

22

22

15

6

26

23

17

7

29

25

18

15

30

30

20

20

35

33

25

25

33

30

34

35

33

35



		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		7		7		7		7		7		7

		8		8		8		8		8		8

		9		9		9		9		9		9

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12

		13		13		13		13		13		13

		14		14		14		14		14		14

		15		15		15		15		15		15

		16		16		16		16		16		16

		17		17		17		17		17		17

		18		18		18		18		18		18

		19		19		19		19		19		19

		20		20		20		20		20		20

		21		21		21		21		21		21

		22		22		22		22		22		22



Installation: 05/21/2021 | Last sample: 06/12/2021

Full

Full

Full

T18

T19
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T23

Storage time (day)

Number of insect in each trap

Hi & Dry B3 - Insects Trapped over Storage Times

3

2

2

1

2

4

3

4

2

3

5

5

5

2

3

8

6

7

2

3

11

7

7

3

6

13

7

7

3

8

16

7

8

4

10

20

7

9

5

13

25

8

10

5

17

30

8

12

6

26

35

9

14

8

30

11

20

9

35

13

25

12

13

30

14

15

33

14

15

35

16

15

18

16

18

16

19

16

19

16

19

18

20

20

20



		0		0		0		0		0		0

		1		1		1		1		1		1

		2		2		2		2		2		2

		3		3		3		3		3		3

		4		4		4		4		4		4

		5		5		5		5		5		5

		6		6		6		6		6		6

		7		7		7		7		7		7

		8		8		8		8		8		8

		9		9		9		9		9		9

		10		10		10		10		10		10

		11		11		11		11		11		11

		12		12		12		12		12		12



Installation: 04/28/2021 | Inspection: 05/14/2021

Full

Full

Full

Full

Full

Full

T24

T25

T26

T27

T28

T29

Storage time (day)

Number of insect in each trap

Hi & Dry B2 - Insects Trapped over Storage Times Part 1
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3

3
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4

4

5
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8

9
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5

7
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17

7

8

28
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32

29

10

11

29

11

15

33

13

23

38

16

32

44

17

23

29



		





								Numbers of insect in each trap

		Storage name		Installation date 4/27/2021		Day		T1		T2		T3		T4

				4/28/21		30 min		5				5

				4/29/21		1						1

				4/30/21		2						1

				5/1/21		3				1		3

				5/2/21		4				2		4

				5/3/21		5				3		4

				5/4/21		6				4		4

		Tyndall		5/5/21		7				5		4

				5/6/21		8		1		5		4

				5/7/21		9		1		6		6

				5/8/21		10		2		7		7

				5/9/21		11		3		8		7

				5/10/21		12		4		8		7

				5/11/21		13		7		10		8

				5/12/21		14		14		11		8

				5/13/21		15		15		14		10

				5/14/21		16		17		17		11

				5/15/21		17		19		19		13

				5/16/21		18		20		20		15

				5/17/21		19		21		22		17

				5/18/21		20		22		23		19

				5/19/21		21		23		23		20

				5/20/21		22		23		24		23

		Visual inspection		5/21/21		23		25		26		27

																												T1		T2		T3		T4

																										30 min		3		3		5		11

																										1		33		32		34		36

																										2		42		44		45		47

																										3		55		63		65		66

																										4		69		71		73		82

																										8		100		100		100		100

																		30  min		11								T1-Carton box without liner		T2-Fiber bin				T3-Carton box with liner						T4- Wood bin

																		1		36						3		3		5		2		0						0

																		2		47						7		12		25		12		0						0

																		3		66						45		77		45		39		0						0

																		4		82

																		8		Full

																		3		3

																		7		12

																		45		77

																		5		2

																		25		12

																		45		39

						T1-Carton box without liner		T2-Carton box with liner				T3-Fiber bin		T4-Fiber bin		T5-Wood bin		T6-Wood bin

				3		3		0		5		2		0		0		0

				7		12		0		25		12		0		0		0

				45		77		0		45		39		0		0		0





		



T1

T2

T3

Day

Numbers of insect in each trap

Tyndall Mound Warehouse



		



T1

T2

T3

T4

Days after installation

Number of insect in each trap



		



Full

T2-Fiber bin

T1-Carton box without liner

T3-Carton box with liner

T4- Wood bin

Days after installation

Number of insect in each trap

T1-Carton box without liner

T2-Carton box with liner

T3-Fiber bin

T4-Fiber bin

T5-Wood bin

T6-Wood bin

Days after installation

Number of insects in each trap



		

								Numbers of insect in each trap

		Storage name		Installation date 4/27/2021		Day		T30		T31		T32		T33		T34		T35

				4/28/21		0		1								0		0

				4/29/21		1		1								0		0

				4/30/21		2		1								0		0

				5/1/21		3		1		1						0		0

				5/2/21		4		1		1						0		0

				5/3/21		5		1		1						0		0

				5/4/21		6		1		1						0		0

		FRC-Stegman		5/5/21		7		1		1						0		0

				5/6/21		8		1		1						0		0

				5/7/21		9		1		1						0		0

				5/8/21		10		2		1						0		0

				5/9/21		11		2		1		1				0		0

				5/10/21		12		2		1		1				0		0

				5/11/21		13		2		1		2				0		0

				5/12/21		14		2		1		2				0		0

				5/13/21		15		2		1		2				0		0

				5/14/21		16		2		2		2				0		0

				5/15/21		17		3		2		2		1		0		0

				5/16/21		18		3		2		3		1		0		0

				5/17/21		19		3		2		3		1		0		0

				5/18/21		20		4		2		3		1		0		0

				5/19/21		21		4		2		3		1		0		0

				5/20/21		22		4		2		3		1		0		0

		Visual inspeciton and trap cleaning		5/21/21		23		4		2		3		1		0		0





		



T30

T31

T32

T33

T34

T35

Day

Numbers of insect in each trap

Stegman Warehouse



		

								Day		Numbers of insect in each trap

				Storage name						T1		T2		T3		T4		T5		T6		T7		T8

						Installation date 4/28/2021		0

						4/29/21		1		1

						4/30/21		2		1												1

						5/1/21		3		1		1										1

						5/2/21		4		1		1				1				1		1

						5/3/21		5		1		1				1				1		1

						5/4/21		6		2		1		1		2				1		1

						5/5/21		7		2		1		1		3		1		1		1

						5/6/21		8		2		1		1		3		1		1		1

				Lundberg		5/7/21		9		2		1		1		4		1		1		1

						5/8/21		10		2		1		1		4		1		2		2		1

						5/9/21		11		2		1		2		4		1		2		2		1

						5/10/21		12		3		1		2		4		2		3				3

						5/11/21		13		3		3		2		5		2		3				3

						5/12/21		14		3		3		2		5		2						3

						5/13/21		15		3		3		2		5		3						3

						5/14/21		16		3		3		2		6								3

						5/15/21		17		3		3		2										3

						5/16/21		18		3		3		2										3

						5/17/21		19		4		3		2										4

						5/18/21		20		4		3		2

						5/19/21		21		4		3		3

						5/20/21		22		4		3		3

						5/21/21		23		5		3		3

						5/22/21		24		5		3		3

						5/23/21		25		5		3		3

						5/24/21		26		5		3		3

						5/25/21		27		5		3		3

						5/26/21		28		5		3		3

						5/27/21		29		5		3		3		10		5		4		3		6

						5/28/21		30		5		3		3		10		6				4		6														1				1

						5/29/21		31		5		4		3		11		7				4		6								1				1		2				1

						5/30/21		32		6		5		3		11		7				6		6						1		2				1		2				3

						5/31/21		33		6		5		4		11		7				6		6						1		2		1		1		2				3

						6/1/21		34		6		6		4		11		7				6		6						1		3		1		1		2				3

						6/2/21		35		6		6		4		11		8				7		6						1		3		1		1		3				4

						6/3/21		36		6		6		4		11		8				7		6						1		3		1		1		3				4

						6/4/21		37		6		6		4		11		9				7		6						1		3		1		1		4				4

						6/5/21		38		6		6		4		11		10				8		6						1		3		1		1		5				5

				Lundberg		6/6/21		39		6		6		5		11		10				8		7						1		3		2		1		5				5		1

						6/7/21		40		6		6		6		11		10				8		7						1		3		3		1		5				5		1

						6/8/21		41		6		6		6		11		10				8		7						1		3		3		1		5				5		1

						6/9/21		42		6		7		7		11		10				10		7						1		4		4		1		5				7		1

						6/10/21		43		6		7		7		11		10				10		7						1		4		4		1		5				7		1

						6/11/21		44		6		7		7		11		10				10		8						1		4		4		1		5				7		2

						6/12/21		45		6		7		8		11		10				10		10						1		4		5		1		5				7		4

						6/13/21		46		7		7		8		11		10				13		11						2		4		5		1		5				10		5

						6/14/21		47		7		7		8		11		12				13		12						2		4		5		1		7				10		6

						6/15/21		48		7		7		9		12		15				15		12						2		4		6		2		10				12		6

						6/16/21		49		7		10		9		12		18						17						2		7		6		2		13						11

						6/17/21		50		8		10		9		13		23						20						3		7		6		3		18						14

						6/18/21		51		11		10		10		14		25						24						6		7		7		4		20						18

						6/19/21		52		12		11		12		14		28						26						7		8		9		4		23						20

						6/20/21		53		13		16		17		16		30												8		13		14		6		25

						6/21/21		54		13		16		18		18														8		13		15		8

						6/22/21		55		17		16		19		18														12		13		16		8

						6/23/21		56		20		17		23		18														15		14		20		8

						6/24/21		57		21		23		28		19														16		20		25		9

						6/25/21		58		25		28		33		22														20		25		30		12

						6/26/21		59		25		28		38		25														20		25		35		15

						6/27/21		60		26		33		38		28														21		30		35		18

						6/28/21		61		27		35		40		29														22		32		37		19





		



Installation: 04/28/2021 | Last sample: 06/28/2021

T1

T2

T3

T4

T5

T6

T7

T8

Day

Numbers of insect in each trap

Lundberg Family Farms



												Number of insect in each trap

						Storage name				Day		T15		T16		T17		Total

								Installation date 4/27/2021		0

								4/28/21		1						1		1

								4/29/21		2						1		1

								4/30/21		3						1		1

								5/1/21		4						1		1

								5/2/21		5						1		1

								5/3/21		6						2		2

								5/4/21		7						2		2

						Erdman		5/5/21		8		1				2		3

								5/6/21		9		1		1		3		5

								5/7/21		10		1		1		3		5

								5/8/21		11		2		1		4		7

								5/9/21		12		2		1		4		7

								5/10/21		13		2		2		4		8

								5/11/21		14		2		2		5		9

								5/12/21		15		2		3		5		10

								5/13/21		16		2		4		5		11

		Visual inspection and trap cleaning						5/14/21		17		2		4		5		11

								5/15/21		18		0		1				1

								5/16/21		19		0		2				2

								5/17/21		20		0		2				2

								5/18/21		21		0		3				3

								5/19/21		22		0		4				4

						Erdman		5/20/21		23		0		5				5

								5/21/21		24		0		5				5

								5/22/21		25		0		6				6

								5/23/21		26		0		6				6

								5/24/21		27		0		8				8

								5/25/21		28		0		8				8

								5/26/21		29		0		8				8

								5/27/21		30		0		8		1		9

								5/28/21		31		0		8		1		9

								5/29/21		32		0		9		2		11

								5/30/21		33		1		9		2		12

								5/31/21		34		3		9		2		14

								6/1/21		35		3		9		2		14

								6/2/21		36		3		9		3		15

								6/3/21		37		3		9		5		17

								6/4/21		38		3		9		6		18

								6/5/21		39		3		9		8		20

								6/6/21		40		3		9		9		21





		0		0		0

		1		1		1

		2		2		2

		3		3		3

		4		4		4

		5		5		5

		6		6		6

		7		7		7

		8		8		8

		9		9		9

		10		10		10

		11		11		11

		12		12		12

		13		13		13

		14		14		14

		15		15		15

		16		16		16

		17		17		17



Visual inspection and trap cleaning

Installation: 04/27/2021 | Inspection: 05/14/2021

T15

T16

T17

Storage time (day)

Number of insect in each trap

Erdman - Insects Trapped over Storage Times Part 1

1

1

1

1

1

2

2

1

2

1

1

3

1

1

3

2

1

4

2

1

4

2

2

4

2

2

5

2

3

5

2

4

5

2

4

5





Results 2021 – Almond Huller and Sheller
–Insects were detected in 5 of 6 devices after 1 week of installation for stockpiles

Installed SmartProbe in 
stockpile

Trap 
No.

Installation 
date

Inspection Date
11/11/2021 12/2/2021 1/7/2022

Number 
of Insects

Type of 
Insects

Number of 
Insects

Type of 
Insects

Number of 
Insects

Type of 
Insects

T1

11/3/2021

1 Bug 2 RFB (died) 0 -

T2 1 Larva 
(NOW) 4 Moth (died) 0 -

T3 1 Bug 0 0 -
T4 2 Bug 0 - 0 -
T5 0 - 0 - 0 -

T6 2 Larva 
(NOW) 0 - 0 -

Fumigated on 11/11/2021 after inspection
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Experiments in 2022

– Stockpiles
– In bins
– In air



Experiments in 2022
• Company #1

• Packaging room
• Wood bins of the finished product
• Stockpiles

Installed SmartProbes



Results 2022 – Company #1 
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Results 2022 – Company #1

3 days

4 days

2 days



Experiments 2022 – Company #2 

Probes with live video cameras and temperature and relative humidity sensors to 
Investigate insect infestation and its location characteristics

SmartProbe



Conclusions
• Insect infestation caused significant damage to almonds in a very 

short time. 
– One insect caused 25% damage during 4-week storage

• SmartProbe technology
– Achieved early detection of insects.
– Detected various types of insects, including the larva of navel 

orangeworm, red flour beetles, bugs, and moths.
– Measured the temperature and relative humidity of almonds for 

monitoring storage conditions and quality control.
– Can be installed in products or hanged in air
– Replaced human inspection 
– Provided a novel tool for pest management and quality control
– Received AE50 Outstanding Innovation Award from American Society of 

Agricultural and Biological Engineers 
– Can be purchased from AIVision Food Inc. 

www.aivisionfood.com
zlpan@ucdavis.edu
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#AlmondConf
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THANK YOU


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Insect Pest Infestation and Quality Management Problems
	Questions to Be Answered
	SmartProbe System for Insect Pest Detection and Environmental Monitoring
	Research Goal and Objectives
	Evolution of Product Damage Rate from Insects  �
	Insect Damage Rate: Infested Kernels
	Insect Damage Rate: Infested In-shell Almonds
	Insect Damage Rate: Infested In-hull Almonds
	Experiments Conducted: 2021
	Results 2021 – Almond Huller and Sheller - Processing Facility
	Results 2021– Almond Processor
	Results 2021 – Almond Huller and Sheller
	Experiments in 2022
	Experiments in 2022
	Results 2022 – Company #1 
	Results 2022 – Company #1
	Experiments 2022 – Company #2 
	Slide Number 53
	Acknowledgement
	Slide Number 55
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59
	Slide Number 60
	Defense mechanism of A. flavus against ClO2
	Slide Number 62
	Lab scale inactivation of Navel Orange Worm 
	Slide Number 64
	Slide Number 65
	Industrial Pilot study 
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Slide Number 71
	Slide Number 72
	Slide Number 73
	Slide Number 74



