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Name of Country/RPPO:  USDA-APHIS _
Click here to find the IPPC Procedure Manual for Standard Setting on the IPP (www.ippc.int), where you can download this form.
Submission number (Secretariat Use Only): 
Complete the following form, preferably in electronic format, and submit by e-mail to the IPPC Secretariat (ippc@fao.org). The call will remain open, but if you wish your submission to be considered by the TPPT in their next meeting, please send it before the 5 June 2017.
Please use one form per phytosanitary treatment. An electronic version of this form is available on the International Phytosanitary Portal (IPP) at https://www.ippc.int/en/publications/1089/. Incomplete submissions will be returned. Please save the completed submission form with the following file name: COUNTRY or RPPO NAME –Title of treatment.doc, prior to submitting to the IPPC Secretariat via e-mail. The words “Call for Phytosanitary Treatments” should be placed in the subject line of the email message. 
Copies of all relevant supporting information and publications should be supplied with the treatment submission, preferably in PDF format, for ease of subsequent distribution.
Submitters are encouraged to make all supporting documentation available publicly. If you allow the public release of your submission and supporting documents, please check the relevant box below.
(Text in brackets given for explanatory purposes)
	Name of treatment
	CATTS (Controlled Atmosphere/Temperature Treatment System) treatments against codling moth (Cydia pomonella) and oriental fruit moth (Grapholita molesta) in apple



	Submitted by: USDA-APHIS


	☒ I agree to the public release of the submission and supporting documents.

	Contact: (Contact information of an individual able to clarify issues relating to this submission, including sources of efficacy data)
Name: Dr. Lisa G. Neven
Position and organization:  Research Leader/Research Entomologist, USDA-ARS
Mailing address: USDA-ARS, 5230 Konnowac Pass Road, Wapato, WA 98951, USA
	
Phone:  509-454-6570		Fax:	509-454-5646
E-mail:	lisa.neven@ars.usda.gov	
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	Active ingredient
	NA

	Treatment type
	Combination hot forced air and controlled atmospheres

	Target pest
	Cydia pomonella and Grapholita molesta

	Target regulated articles
	Apple, Malus domestica

	Treatment schedule
	Fruit at room temperature (18-25°C)
Atmospheres at 1% O2 & 15% CO2 balance N2.
Humidity ≥ 90% or dew point -2°C from fruit surface temperature
Air speed 1.2 to 2.0 m/s
Heating rate 12°C/h
Final chamber temperature 46°C
Final fruit core temperature within 2.5h of 44.6°C
Total treatment time, including the ramp in temperature, 3 h.
Efficacy Trials: >5,000 4th instars of CM and OFM in apples with 0 survivors.
Confirmation Trials: >30,000 CM in apples with 0 survivors.
Codling moth ED = 99.9485	
Oriental Fruit Moth ED = 99.9454

	Other relevant information
	(This should include any assumptions or extrapolations and the supporting evidence for these)

	References
	Neven, L.G., and L. Rehfield-Ray.  2006.  Confirmation and efficacy tests against codling moth, Cydia pomonella and oriental fruit moth, Grapholitha molesta, in apples using combination heat and controlled atmosphere treatments.  J. Econ. Entomol.  Vol. 99, (5):  1620-1627.



The following form must be completed in accordance with ISPM 28 Phytosanitary treatments for regulated pests, the IPPC Strategic Framework and the Procedure and criteria for identifying topics for inclusion in the IPPC standard setting work programme. 
The following form refers to the relevant sections of ISPM 28 and are numbered accordingly.
	3.2	Efficacy data in support of the submission of a phytosanitary treatment

	The source of all efficacy data (published or unpublished) should be provided in the submission. Supporting data should be presented clearly and systematically.

	3.2.1	Efficacy data under laboratory/controlled conditions (Treatments may be considered without efficacy data under laboratory/controlled conditions if sufficient efficacy data is available from the operational application of the treatment (section 3.2.2) and if no data under laboratory/controlled conditions exists this section may be left blank.)

	Pest information

	Identity of the pest to the appropriate level, life stage, and if a laboratory or field strain was used

	CODLING MOTH, CYDIA POMONELLA, 4TH INSTAR, LABORATORY STRAIN
ORIENTAL FRUIT MOTH, GRAPHOLITA MOLESTA, LABORATORY STRAIN

	Conditions under which the pests are cultured, reared or grown

	BOTH CODLING MOTH AND ORIENTAL FRUIT MOTH WERE REARED IN THE LABORATORY BY USING THE SAME WHEAT GERM-BASED ARTIÞCIAL DIET ORIGINALLY DEVELOPED FOR CODLING MOTH (TOBA AND HOWELL 1991). INSECTS WERE REARED AT 23±2°C, 50% RH, AND A PHOTOPERIOD OF 16:8 (L:D).

	Biological traits of the pest relevant to the treatment

	4TH INSTAR, THE PENULTIMATE DEVELOPMENTAL LARVAL STAGE, OF CODLING MOTH AND ORIENTAL FRUIT MOTH. THE MOST TOLERANT STADIA OF EACH PEST TO CATTS TREATMENTS.

	Method of natural or artificial infestation

	NATURAL INFESTATION. LARVAE AT A DEVELOPMENTAL STAGE PRECEEDING THE DESIRED TEST STAGE WERE GENTLY APPLIED TO THE APPLES 24H PRIOR TO TREATMENT. APPLES WERE HELD AT 23 ± 2°C, 50% RH, AND A PHOTOPERIOD OF 16:8 (L:D) H FOR 20 H TO ALLOW FOR INSECTS TO ENTER THE FRUIT.

	Determination of most resistant species/life stage (in the regulated article where appropriate)

	The three egg stages and all the larval stages of both codling moth and oriental fruit moth were tested for their relative tolerance to CATTS treatments of apples. For egg-stage tolerance, groups of 250 2-d-old moths were exposed to 4.54 kg of organic Red Delicious apples for a 24-h period as described previously. The containers were chilled for 5 min, and the moths were aspirated off with vacuum. Apples with eggs on them were kept in an environmentally controlled room at 23 ± 2°C, 50% RH, and a photoperiod of 16:8 (L:D) h until the desired stage was attained. On the day of treatment, the eggs were examined for stage and counted. At least 120 eggs per time point per replication were used. First and second instars were placed onto the apple at a rate of 12 larvae per fruit. Third through fourth (oriental fruit moth) or fifth (codling moth) instars were placed onto the apple at a rate of six per fruit. Each treatment (time x replicate) contained 120 larvae. The five time points used were 0, 1.5, 2, 2.5, and 3 h. The zero time point was used as the untreated control. Each time point was replicated four times. The CATTS treatment of 12°C/h, Final chamber temperature of 46°C under a 1% O2, 15% CO2, -2°C dew point environment and 1.2 m/s air speed was used for these treatments.

Determination of Most Tolerant Developmental Stage of oriental fruit moth.

Effect of CATTS treatments on egg hatch and mortality of the different larval stages oriental fruit moth.  Lethal times are listed in hours with 95% confidence limits.

	Stage1
	LT50
	Lower
95%CL
	Upper
95%CL
	LT90
	Lower
95%CL
	95% CL
	LT99
	Lower
95% CL
	95% CL
	df
	Intercept X2
	Time
X2
	Intercept 
Pr> X2
	Time 
Pr> X2

	1
	2.14
	1.95
	2.32
	2.72
	2.52
	3.03
	3.12
	2.86
	3.55
	13
	6.12
	6.45
	<0.0001
	<0.0001

	2
	2.18
	1.99
	2.37
	2.77
	2.57
	3.09
	3.17
	2.91
	3.61
	13
	6.33
	6.54
	<0.0001
	<0.0001

	3
	2.31
	2.11
	2.51
	2.84
	2.63
	3.19
	3.21
	2.94
	3.70
	13
	5.64
	5.74
	<0.0001
	<0.0001

	4
	2.36
	2.23
	2.46
	2.71
	2.56
	2.96
	2.96
	2.77
	3.32
	18
	5.60
	5.55
	<0.0001
	<0.0001

	WR
	1.93
	1.19
	2.58
	2.60
	2.19
	4.15
	3.04
	2.54
	5.19
	8
	2.76
	3.07
	0.0058
	0.0021

	RR
	1.69
	1.21
	2.07
	2.31
	1.99
	3.08
	2.70
	2.32
	3.79
	8
	3.21
	3.82
	0.0013
	0.001

	BH
	1.62
	1.19
	1.96
	2.22
	1.94
	2.88
	2.61
	2.26
	3.54
	8
	3.37
	4.07
	0.0008
	0.0001


1 1st-4th Instars are indicated by numerals 1-4.  Egg stages are indicated by white ring (WR), red ring (RR), and black head (BH).

Determination of Most Tolerant Developmental Stage of codling moth.

Effect of CATTS treatments on mortality of the different larval stages of codling moth.  Lethal times are listed in hours with 95% confidence limits.

	
	
	Lower
	Upper
	
	Lower
	Upper
	
	Lower
	Upper
	
	Intercept
	Time 
	Intercept
	Time 

	Stage1
	LT50
	95% CL
	95% CL
	LT90
	95% CL
	95% CL
	LT99
	95% CL
	95% CL
	df
	X2
	X2
	Pr> X2
	Pr> X2

	1
	2.12
	1.96
	2.29
	2.62
	2.44
	2.90
	2.96
	2.74
	3.34
	18
	38.64
	40.5
	<0.0001
	<0.0001

	2
	2.07
	1.91
	2.22
	2.75
	2.57
	3.01
	3.20
	2.97
	3.55
	18
	55.61
	65.77
	<0.0001
	<0.0001

	3
	2.19
	1.99
	2.40
	2.65
	2.45
	3.01
	2.98
	2.72
	3.47
	18
	25.56
	26.56
	<0.0001
	<0.0001

	4
	2.29
	2.04
	2.57
	2.73
	2.50
	3.24
	3.05
	2.75
	3.75
	18
	16.69
	17.01
	<0.0001
	<0.0001

	5
	2.34
	2.03
	2.68
	2.73
	2.48
	3.47
	3.02
	2.71
	4.06
	18
	10.35
	10.35
	0.0013
	0.0012

	WR
	1.99
	1.59
	2.23
	2.71
	2.40
	3.45
	3.86
	2.78
	4.24
	8
	13.92
	17.77
	0.0002
	<0.0001

	RR
	1.99
	1.59
	2.34
	2.72
	2.36
	3.64
	3.23
	2.77
	4.54
	8
	10.25
	14.98
	0.0014
	0.0001

	BH
	1.05
	0
	1.63
	2.48
	2.12
	3.44
	3.22
	2.71
	4.79
	8
	0.81*
	11.6
	0.3668*
	0.0007


1 1st-5th Instars are indicated by numerals 1-5.  Egg stages are indicated by white ring (WR), red ring (RR), and black head (BH).
*Not significant.


	

	Regulated article information

	Type of regulated article and intended use

	Apples for fresh consumption

	Botanical name for plant or plant product (where applicable)

	Malus domestica

	Conditions of the plant or plant product

	Mature, harvested fruit within 10 days of harvest.

	Experimental parameters

	Level of confidence of laboratory tests provided by the method of statistical analysis and the data supporting that calculation

	Efficacy Trials: Mortality of 4th instar codling moth and oriental fruit moth to 12°C/h, 46°C, 1% O2, 15% CO2, -2°C dew point CATTS treatment.  Treatments were performed in a 1000 lb commercial plastic bin in the 2 ton commercial CATTS chamber at George, WA.  Species are indicated by CM for codling moth and OFM for oriental fruit moth

	Species
	Control #
	% Control Mortality
	# Infested
	# Treated
	% mort

	CM
	150
	1.5
	6423
	5827
	100

	OFM
	200
	3.2
	7200
	5497
	100


Control mortality was calculated using Abbott’s formula (Abbott 1925).  

	Experimental facilities and equipment

	Efficacy tests were performed in the 2 ton commercial CATTS chamber located at PacOrganic in George, WA during the spring of 2004.  The commercial CATTS was designed by Techni-Systems of Chelan, WA and holds 4 standard apple bins weighing 1,000 lbs (454.5 kg) each.  The unit operates under a 480 volt, 3 phase power, 47 amp power supply.  There are eight heaters providing 21,600 watts of heat.  Along with the heaters there are eight 1.5 hp fans and eight fogging misters capable of supplying 0.5 gal/h humidification water to the unit.  The dimensions are 367.5 cm H x 272.5 cm W x 167.5 cm D.  The center section of the back wall is removable for addition of more chambers.  The unit has 16 temperature probes (10 k ohm thermistors, Thermometrics), and an oxygen and carbon dioxide analyzers (# TS-1100, Techni-Systems made for Pacific CA, Yakima, WA) for monitoring the atmospheres.  The unit also contains a relative humidity transmitter (Veris Industries model # HO1NMSX) for measuring humidity.

Neven. L. and E. Mitcham.  1996.  CATTS (Controlled Atmosphere/Temperature Treatment System):  A Novel tool for the development of quarantine treatments.  Amer. Entomol.  42(1):  56-59.

	

	Experimental design

	200 larvae applied to 6.82 kg of organic apples.
A total of 6,423 4th instar codling moth were applied to apples resulting in 5,827 remaining in the fruit which were killed with the CATTS treatment.  A total of 7,200 4th instar oriental fruit moth were applied to the apples resulting in 5,497 remaining in the fruit which were killed by the CATTS treatment.

	Experimental conditions

	Treatment conditions consisted of a 15 min hold at 23°C to establish atmospheres of 1% O2, 15% CO2, -2°C dew point.  Then the ramped heat treatment of 12°C/h to a final chamber temperature of 46°C was applied.  Tests were ended when the core average temperature had maintained a minimum of 44.5°C for 15 minutes.  Following treatment, the bin containing the infested fruit was transported back to YARL and stored at 0°C until evaluation the following day.  Short term cold storage has minimal effect on 4th instar mortality (Neven 1994).  Cold storage was used to prevent accidental re-infestation of the treated fruit.  Fruit were cut open to determine live, dead or moribund larvae.  Moribund larvae were placed on organic apples and held under normal rearing conditions for 7 d, after which the fruit was cut open to determine the fate of the larvae.

Core low temperatures of apples during the last 30 and 15 minutes from the end of the CATTS treatment as well as the ending core low temperature.  Species are indicated by CM for codling moth and OFM for oriental fruit moth.
	Species
	Test Type
	# runs
	30 min average °C  ±SEM
	30 min °C minimum
	15 min average °C  ±SEM
	15 min °C minimum
	End temp average °C  ±SEM
	End temp °C minimum

	CM
	Confirm
	20
	44.6 ± 0.03 a
	44.3
	44.9 ± 0.02 a
	44.6
	45.0 ± 0.03a
	44.7

	CM
	Efficacy
	2
	40.6 ± 1.4 b
	39.2
	42.9 ± 1.25 b
	41.7
	44.5± 1.05 a
	43.5

	OFM
	Efficacy
	2
	41.2 ± 0.05 b
	41.2
	43.3 ± 0.20 b
	43.1
	45.0 ± 0.40 a
	44.6

	Both1
	Efficacy
	4
	40.9 ± 0.60
	39.2
	43.1 ± 0.52
	41.7
	44.8 ± 0.48 
	43.5

	Both1
	Both
	24
	44.0 ± 0.30
	39.2
	44.6 ± 0.15
	41.7
	45.0 ± 0.07
	43.5


*Means within a column containing the same letter are not statistically different.
No significant difference of means in relation to species.
1Pooled samples not included in ANOVA analysis.


	Monitoring of critical parameters

	The CATTS unit has 16 temperature probes (10 k ohm thermistors, Thermometrics), and an oxygen and carbon dioxide analyzers (# TS-1100, Techni-Systems made for Pacific CA, Yakima, WA) for monitoring the atmospheres.  The unit also contains a relative humidity transmitter (Veris Industries model # HO1NMSX) for measuring humidity.  A total of 15 temperature probes were placed in the fruit in the bag and in the filler fruit.  Fruit core temperatures were monitored at 10 locations in the bag and 5 locations in filler fruit above the bag.
Monitoring of the treatment conditions was performed using the Techni-Systems software installed in a PC. Temperatures, air speed, dew point, oxygen and carbon dioxide levels in the chamber were monitored and the data saved in CVX format. Monitoring of treatment conditions and fruit temperatures was performed in real-time during the treatment.

	Methodology to measure the effectiveness of the treatment

	Following treatment, the bin containing the infested fruit was transported back to YARL and stored at 0°C until evaluation the following day.  Short term cold storage has minimal effect on 4th instar mortality (Neven 1994).  Cold storage was used to prevent accidental re-infestation of the treated fruit.  Fruit were cut open to determine live, dead or moribund larvae.  Moribund larvae were placed on organic apples and held under normal rearing conditions for 7 d, after which the fruit was cut open to determine the fate of the larvae. 

	Determination of efficacy over a range of critical parameters, where appropriate

	In laboratory tests using a model system, efficacy of tests require oxygen levels at or below 2% and carbon dioxide levels between 10 to 20%. Air flow through the product needs to be sufficient to maintain a constant heating rate of at least 10°C/h.

	

	Methodology to measure phytotoxicity, when appropriate

	Standard methods for assessing apple quality were used. Assessments were made directly after treatment and 
Following 3 months of cold storage at 1.0°C. Assessments included external and internal fruit color, fruit firmness,
titratible acidity, soluble solids content. 
Neven, L. G. and S. R. Drake. 2000. Effects of the rate of heating on apple and pear fruit quality. J. Food Qual. 23: 317-325.

	

	Dosimetry system, calibration and accuracy of measurements, 

	NA

	
3.2.2	Efficacy data using operational conditions (historical data, may in some cases substitute for the requested information below)

	Pest information

	Identity of the pest to the appropriate level, life stage, and if a laboratory or field strain was used

	CODLING MOTH, CYDIA POMONELLA L. 4TH INSTAR, LABORATORY STRAIN.
GRAPHOLITHA MOLESTA, 4TH INSTAR, LABORATORY STRAIN.

	Conditions under which the pests are cultured, reared or grown

	BOTH CODLING MOTH AND ORIENTAL FRUIT MOTH WERE REARED IN THE LABORATORY BY USING THE SAME WHEAT GERM-BASED ARTIÞCIAL DIET ORIGINALLY DEVELOPED FOR CODLING MOTH (TOBA AND HOWELL 1991). INSECTS WERE REARED AT 23±2°C, 50% RH, AND A PHOTOPERIOD OF 16:8 (L:D).

	Biological traits of the pest relevant to the treatment

	4TH INSTAR, THE PENULTIMATE DEVELOPMENTAL LARVAL STAGE, OF CODLING MOTH AND ORIENTAL FRUIT MOTH. THE MOST TOLERANT STADIA OF EACH PEST TO CATTS TREATMENTS.

	Method of natural or artificial infestation

	NATURAL INFESTATION. LARVAE AT A DEVELOPMENTAL STAGE PRECEEDING THE DESIRED TEST STAGE WERE GENTLY APPLIED TO THE APPLES 24H PRIOR TO TREATMENT. APPLES WERE HELD AT 23 ± 2°C, 50% RH, AND A PHOTOPERIOD OF 16:8 (L:D) H FOR 20 H TO ALLOW FOR INSECTS TO ENTER THE FRUIT.

AN ADDITIONAL TEST WAS PERFORMED IN A 2 TON COMMERCIAL CATTS CHAMBER WITH 500 LBS OF FIELD INFESTED, WITH CODLING MOTH, APPLES. THERE WERE NO SURVIVING CODLING MOTH OBTAINED FROM THIS TEST, WHEREAS AN UNTREATED CONTROL SAMPLE OF 20 LBS OF FIELD INFESTED FRUITS YIELDED >50 MOTHS (NEVEN, UNPUBLISHED).

	

	Determination of most resistant species/life stage (in the regulated article where appropriate)

	The three egg stages and all the larval stages of both codling moth and oriental fruit moth were tested for their relative tolerance to CATTS treatments of apples. For egg-stage tolerance, groups of 250 2-d-old moths were exposed to 4.54 kg of organic Red Delicious apples for a 24-h period as described previously. The containers were chilled for 5 min, and the moths were aspirated off with vacuum. Apples with eggs on them were kept in an environmentally controlled room at 23 ± 2°C, 50% RH, and a photoperiod of 16:8 (L:D) h until the desired stage was attained. On the day of treatment, the eggs were examined for stage and counted. At least 120 eggs per time point per replication were used. First and second instars were placed onto the apple at a rate of 12 larvae per fruit. Third through fourth (oriental fruit moth) or fifth (codling moth) instars were placed onto the apple at a rate of six per fruit. Each treatment (time x replicate) contained 120 larvae. The five time points used were 0, 1.5, 2, 2.5, and 3 h. The zero time point was used as the untreated control. Each time point was replicated four times. The CATTS treatment of 12°C/h, Final chamber temperature of 46°C under a 1% O2, 15% CO2, -2°C dew point environment and 1.2 m/s air speed was used for these treatments.

Table 1.  Effect of CATTS treatments on egg hatch and mortality of the different larval stages oriental fruit moth.  Lethal times are listed in hours with 95% confidence limits.

	Stage
	LT50
	Lower
95%CL
	Upper
95%CL
	LT90
	Lower
95%CL
	95% CL
	LT99
	Lower
95% CL
	95% CL
	df
	Intercept X2
	Time
X2
	Intercept 
Pr> X2
	Time 
Pr> X2

	1
	2.14
	1.95
	2.32
	2.72
	2.52
	3.03
	3.12
	2.86
	3.55
	13
	6.12
	6.45
	<0.0001
	<0.0001

	2
	2.18
	1.99
	2.37
	2.77
	2.57
	3.09
	3.17
	2.91
	3.61
	13
	6.33
	6.54
	<0.0001
	<0.0001

	3
	2.31
	2.11
	2.51
	2.84
	2.63
	3.19
	3.21
	2.94
	3.70
	13
	5.64
	5.74
	<0.0001
	<0.0001

	4
	2.36
	2.23
	2.46
	2.71
	2.56
	2.96
	2.96
	2.77
	3.32
	18
	5.60
	5.55
	<0.0001
	<0.0001

	WR
	1.93
	1.19
	2.58
	2.60
	2.19
	4.15
	3.04
	2.54
	5.19
	8
	2.76
	3.07
	0.0058
	0.0021

	RR
	1.69
	1.21
	2.07
	2.31
	1.99
	3.08
	2.70
	2.32
	3.79
	8
	3.21
	3.82
	0.0013
	0.001

	BH
	1.62
	1.19
	1.96
	2.22
	1.94
	2.88
	2.61
	2.26
	3.54
	8
	3.37
	4.07
	0.0008
	0.0001


Stages: Numbers 1-4 indicates instar. WR = white egg stage, RR = Red Ring egg stage, BH = Black head egg stage.

Table 2.  Effect of CATTS treatments on mortality of the different larval stages of codling moth.  Lethal times are listed in hours with 95% confidence limits.

	
	
	Lower
	Upper
	
	Lower
	Upper
	
	Lower
	Upper
	
	Intercept
	Time 
	Intercept
	Time 

	Stage
	LT50
	95% CL
	95% CL
	LT90
	95% CL
	95% CL
	LT99
	95% CL
	95% CL
	df
	X2
	X2
	Pr> X2
	Pr> X2

	1
	2.12
	1.96
	2.29
	2.62
	2.44
	2.90
	2.96
	2.74
	3.34
	18
	38.64
	40.5
	<0.0001
	<0.0001

	2
	2.07
	1.91
	2.22
	2.75
	2.57
	3.01
	3.20
	2.97
	3.55
	18
	55.61
	65.77
	<0.0001
	<0.0001

	3
	2.19
	1.99
	2.40
	2.65
	2.45
	3.01
	2.98
	2.72
	3.47
	18
	25.56
	26.56
	<0.0001
	<0.0001

	4
	2.29
	2.04
	2.57
	2.73
	2.50
	3.24
	3.05
	2.75
	3.75
	18
	16.69
	17.01
	<0.0001
	<0.0001

	5
	2.34
	2.03
	2.68
	2.73
	2.48
	3.47
	3.02
	2.71
	4.06
	18
	10.35
	10.35
	0.0013
	0.0012

	WR
	1.99
	1.59
	2.23
	2.71
	2.40
	3.45
	3.86
	2.78
	4.24
	8
	13.92
	17.77
	0.0002
	<0.0001

	RR
	1.99
	1.59
	2.34
	2.72
	2.36
	3.64
	3.23
	2.77
	4.54
	8
	10.25
	14.98
	0.0014
	0.0001

	BH
	1.05
	0
	1.63
	2.48
	2.12
	3.44
	3.22
	2.71
	4.79
	8
	0.81*
	11.6
	0.3668*
	0.0007


Stages: Numbers 1-4 indicates instar. WR = white egg stage, RR = Red Ring egg stage, BH = Black head egg stage.

	

	Regulated article information

	Type of regulated article and intended use

	Apples for fresh consumption

	Botanical name for plant or plant product (where applicable)

	Malus domestica

	Conditions of the plant or plant product

	Mature, harvested fruit within 10 days of harvest

	Experimental parameters

	Level of confidence of laboratory tests provided by the method of statistical analysis and the data supporting that calculation

	Confirmation test of 4th instar codling moth using a CATTS treatment of 12°C/h under a 1% O2, 15% CO2, -2°C dew point, 1.2 m/s air speed environment to a final chamber temperature of 46°C.

	
	# Infested
	# Out
	# Treated
	# Live
	# Dead
	% Mort
	Corrected Number Treated

	Control
	1345
	324
	0
	1005
	16
	1.5
	

	Treated
	39800
	8469
	31331
	0
	31331
	100
	30861


# infested is the number of larvae added to the fruit. # out is the number of larvae not in the fruit when it was put into the CATTS treatment chamber, and therefore not counted in the total # of larvae treated.
Codling moth ED value with 95% CL = 99.9903
Ed not determined for Oriental fruit moth in Confirmatory tests since it was previously determined that codling moth was the most tolerant species. 

	Experimental facilities and equipment

	Tests were conducted in the laboratory CATTS chamber at the Yakima Agricultural Research Laboratory, Wapato, WA.  
The CATTS chamber (Techni-Systems, Chelan, WA) used in these studies has been previously described (Neven and Mitcham 1996).  Treatment lugs used in these tests were standard vented bottom OnoPac (Hilo, HI) papaya treatment lugs (38.1 x 53.3 x 15.2 cm).

	Experimental design

	Organic ‘Gala’ and ‘Golden Delicious’ high quality apples were divided into 6.82 kg lots in plastic storage boxes. A total of 200 4th instar larvae of each species, codling moth or oriental fruit moth, were gently applied to the stem end of each fruit. The infested fruit was held at 23 ± 2°C, 50% RH, and a photoperiod of 16:8 (L:D) h overnight. A group of 100 larvae of the same stage were used to infest 3.41 kg of fruit to serve as untreated controls. Before treatment, infested fruit was removed from the boxes and transferred into the CATTS treatment lugs (OnoPac, Hilo, HI). Any insects outside of the fruit were counted and subtracted from the total infested number to obtain the total number of insects actually receiving the treatment. A single box of 6.82 kg of fruit was placed into a single OnoPac lug, and counted as one sample group. A total of 4 sample groups were inserted into the CATTS chamber. These 4 samples constituted a single replicate. Treatments continued until the total number of larvae treated surpassed 30,000.

	Experimental conditions

	Organic apples were infested with early 4th instar codling moths and handled as previously described in the efficacy tests with the exception that the confirmation tests were conducted in the laboratory CATTS chamber at the Yakima Agricultural Research Laboratory, Wapato, WA.  Treatment consisted of a 15 min hold at 23°C to establish atmospheres of 1% O2, 15% CO2, -2°C dew point. Then the ramped heat treatment of 12°C/h to a final chamber temperature of 46°C was applied.  Tests were ended when the lowest core temperature had maintained a minimum of 44.5°C for 15 minutes.  Following treatment, lugs containing the infested fruit were stored at 0°C until evaluation the following day.  Fruit were cut open to determine live, dead or moribund larvae.  No moribund larvae were found in these tests.

	Monitoring of critical parameters

	Humidity was controlled either by regulating dew point relative to fruit surface temperature or by air temperature. 
Dew point was monitored with a chilled mirror dew point analyser.
Air flow is controlled by a variable speed drive unit to within ±0.2 mls from 0 to 3.0 m/s. Controlled atmospheres are generated by automatic injection of air, carbon dioxide, or nitrogen. Oxygen is controlled to within ±0.1 % from 0.0 to 21 %. Carbon dioxide is controlled to within ±0.1 % from 0.1 to 80%. A personal computer (486DX) is used to control and monitor the system. 
The unit has 12 temperature probes (10 k ohm thermistors, Thermometrics), and an oxygen and carbon dioxide analysers (# TS-1100, Techni-Systems made for Pacific CA, Yakima, WA) for monitoring the atmospheres.  

Monitoring of air, fruit surface and core temperatures with standard thermistors. Monitoring of dew point or calculation of dew point with wet/dry bulb standard calculations. Air speed monitored with anemometers. Oxygen and carbon dioxide monitored with standard electronic equipment.

	

	Methodology to measure the effectiveness of the treatment

	Fruit were cut open to determine live, dead or moribund larvae.  Moribund larvae were placed on organic apples and held under normal rearing conditions for 7 d, after which the fruit was cut open to determine the fate of the larvae.

	

	Determination of efficacy over a range of critical parameters, where appropriate

	NA

	Methodology to measure phytotoxicity, when appropriate

	Standard methods for assessing apple quality were used. Assessments were made directly after treatment and 
Following 3 months of cold storage at 1.0°C. Assessments included external and internal fruit color, fruit firmness,
titratible acidity, soluble solids content. 
Neven, L. G. and S. R. Drake. 2000. Effects of the rate of heating on apple and pear fruit quality. J. Food Qual. 23: 317-325.
Neven, L.G., S.R. Drake, K. Shellie.  2001.  Development of a High Temperature Controlled Atmosphere Quarantine Treatment for Pome and Stone Fruits.  Acta Hort. 553 (2): 457-460.

	

	Dosimetry system, calibration and accuracy of measurements

	NA

	Factors that affect the efficacy of the treatment

	All fruit must be at or above room temperature before treatment begins.
Air speed equivalent to 1.3—2.0 meters per second as measured by an anemometer
Modified atmosphere equivalent to 1% O2 and 15% CO2
Relative humidity greater than or equal to 90%
Modified atmospheres established prior to increase of chamber temperature.


	Special procedures that affect the success of the treatment, if applicable

	Fruit at room temperature. Reduce phytoxicity by treatment within 10 d of harvest. Forced air cooling better for fruit quality. Maintain air speed throughout the product load. Accurate thermomapping of each load configuration to identify ‘cool spots’ for targeted monitoring of treatment conditions. Oxygen no higher than 2% and carbon dioxide levels within 10 to 20%.

	3.3	Feasibility and applicability (Information should be provided where appropriate on the following items)

	Procedure for carrying out the phytosanitary treatment

	This procedure works best with freshly harvested fruits, within 0 to 10 days of harvest. Results in best commodity quality, retention of fruit firmness, prevention of superficial storage scald, reduction of decay.
There is no negative or positive benefit of fruit condition (freshly harvested or cold stored) related to treatment efficacy.
Current engineering of CATTS results in the most uniform heating of commodity when placed in commercial plastic bins or in RPCs (Reusable plastic containers, otherwise known as ‘WalMart cartons’).
Fruit pulp temperatures at 16 to 25°C at the start of treatment.
Air speed 1.2 to 2.0 m/s.
Heating rate in the chamber, monitored by air temperatures, of 12°C/hr.
Non-condensing humidity. Dew point set at -2°C below fruit surface temperature.
Atmosphere conditions of 1.0 ± 1.0 % O2, 15.0 ± 2.0% CO2, balance nitrogen. Established prior to initiation of heat treatment. 
Fruit core temperature must reach 44.6°C within 2.5 hr of initiation of treatment.
Add 10 min to the total treatment time for every 10 min increase in ramp time.

	Cost of typical treatment facility and operational running costs if appropriate

	$50,000 to $80,000 US.

	Commercial relevance, including affordability

	It takes approximately 96,000 BTU's (24,000 kg-cals or 28 kWh) per metric ton (2200 lbs) to raise the temperature from 20°C to 47°C.  As of April 2015, in the state of Washington where electrical costs were 4.38 ¢ / kWh, it would cost $1.22 to generate 96,000 BTU’s.  Therefore, the calculated cost for heating a pound of fruit would be approximately 0.0557¢ ($1.22/metric ton).  Most modern packing and storage facilities have nitrogen generators, which could be used for generation of the low oxygen environment.  A tank of carbon dioxide currently runs about $13, and would be sufficient to serve a 10 ton unit. The reverse calculation of energy costs of heating can be used to estimate the cost of cooling the fruit at an additional cost of 0.055¢ per pound.  However, if heating is followed by hydrocooling, no additional cost for cooling the fruit is incurred.  Apple treatments last from 3 to 4 hours.  These fruits can be packed and shipped immediately with no concerns of fumigant off-gassing or worker safety.

Table 21.3. Comparisons of estimated costs of methyl bromide treatments of apples, sweet cherries and nectarines from 2000, 2004, and 2015. (From Neven & Johnson, 2017.)
		
	Cost/Metric Ton
	MeBr B
	MeBrC
	MeBr D
	CATTSC
	CATTSD

	Apple
	 $        35.29 
	 $          9.40 
	 $             64.76 
	 $          42.70 
	 $         35.13 

	Cherry (45 min)A
	 $        35.29 
	 $        10.15 
	 $             69.88 
	 $          10.68 
	 $           8.78 

	Cherry (25 min) A
	 $        35.29 
	 $        10.15 
	 $             69.88 
	 $            5.93 
	 $         28.10 

	Nectarine
	 $        35.29 
	 $          9.40 
	 $             64.76 
	 $          35.58 
	 $         29.27 



A Values in parenthesis indicate duration of CATTS treatment.
B Adapted from Aegeter and Folwell, 2000. 
C Adapted from Neven, 2004. ($0.048 / kWh, MeBr 100 lb = $660).
D Calculated using 2015 energy ($0.0438/kWh) and methyl bromide prices (100 lb tank = $4,545.45).

	Extent to which other NPPOs have approved the treatment as a phytosanitary measure

	USDA-APHIS is adding treatment to Treatment Manual

	Availability of expertise needed to apply the phytosanitary treatment

	Any commercial apple storage and packing facility will have staff technically capable of operating treatments.

	Versatility of the phytosanitary treatment

	This treatment also works for stone fruits, peaches and nectarines, as well as both winter and summer pears.
Treatments are also being developed for peach moth, Carposina sasakii, in apples in South Korea. 

	The degree to which the phytosanitary treatment complements other phytosanitary measures

	This can be a stand-alone treatment. It may be combined with cold storage or cold CA storage normal postharvest practices.
The treatment can also be used as a component in a systems approach in conjunction with established IPM programs.

	Summary of available information of potential undesirable side-effects

	Neven, L.G., S.R. Drake, K. Shellie.  2001.  Development of a High Temperature Controlled Atmosphere Quarantine Treatment for Pome and Stone Fruits.  Acta Horticulturae 553 (2): 457-460.
Neven, L.G. 2004.  Hot Forced Air with Controlled Atmospheres for Disinfestation of Fresh Commodities.  In Production Practices and Quality Assessment of Food Crops; Vol. 4: Post Harvest Treatments.  R. Dris and S.M. Janin (eds).  Kluwer Academic Publishers, Netherlands.  Pp.297-315.

	Applicability of treatment with respect to specific regulated article/pest combinations

	Treatment works with well with all varieties of apples. Treatment is effective for two Tortricid internal feeding pests. Indication that this treatment will also be effective against apple maggot and plum curculio. Research by others indicates that similar treatments will be effective against peach moth (South Korea)

	Technical viability

	This treatment is technically viable. Commercial units have been tested in the U.S. and South Korea.

	Phytotoxicity and other effects on the quality of regulated articles, when appropriate

	Overheating of the chamber may cause heat damage to apples. Care must be taken to ensure that chamber temperature does not exceed 46.5°C. Also, water condensing on the fruit surface may result in the formation of carbonic acid, which may cause fruit surface bleaching. Dew point must be below the surface temperature of the fruit during the treatment to prevent formation of carbonic acid.
CATTS treated apples, prior to cold storage, will exhibit delayed ripening, higher firmness, resistance to superficial storage scald, decreased decay, increase in titratible acidity to soluble solids ratio.

It was determined that fruit treated with heat alone (12°C/h heating rate to chamber temperatures of 44 or 46°C, -2°C dew point, 2m/s air speed, in air) were not as firm as fruit treated with the combination heat plus CA (heating rate of 12°C/h to chamber temperatures of 44 or 46°C, -2°C dew point, 2m/s air speed, under 1% oxygen and 15% carbon dioxide).  All heat treated fruit were firmer than untreated control fruit.  Heat treated fruit stored as long as the untreated control fruit.  In ‘Golden Delicious’ apples, sunburn was more prevalent in control fruit but not as common in heat treated fruit.  ‘Gala’ apples were more susceptible to internal breakdown after heat plus CA treatments.  ‘Red Delicious’ apples withstood the treatments very well.  ‘Fuji’ apples had severe water core and did not withstand more than 90 days of storage.  ‘Granny Smith’ apples stored for 150 days showed a dramatic suppression of storage scald in the heat treated fruit.  Control fruit had 100% scald while heat treated fruit were virtually untouched by storage scald.  In all heat treated fruit, the Brix/acid ratio (SS/TA) was increased, which is generally reflected in a sweeter tasting fruit.

	Consideration of the risk of the target organism having or developing resistance to the treatment

	[bookmark: _GoBack]This is a physical treatment and resistance to the treatment is not possible as may be the case for fumigants and other postharvest chemicals. Fruits from high temperature regions, where core temperatures on the tree will exceed >43°C prior to harvest, should be stored between 2 to 23°C for 1-2 days to condition insects to be sensitive to the treatment.
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(preferred)		Food and Agriculture Organization of the UN
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