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Name of Country or Organization____New Zealand_______________________

Introduction
In Accordance with CPM-13 decision, a combined call for topics for standards and tools for implementation is opened in 2018. IPPC contracting parties and RPPOs are invited to submit proposals for topics to be included as gaps in the Framework for Standards and Implementation for consideration to be put onto the IPPC work programme. Each submission should clearly define the problem needing resolution in sufficient detail to determine how it fits into the Framework for Standards and Implementation and the cost/benefit of the development of the standard or tool. Submitters are requested to consult the current IPPC Framework for Standards and Implementation (https://www.ippc.int/en/publications/82439/) to identify areas where the proposal can contribute. 

Standards
This form covers submissions for new ISPMs, new components to an existing ISPM and revision or amendments to an ISPM, supplement, annex or appendix, including diagnostic protocols. Please note that a separate call for phytosanitary treatments (PTs) is made, more information on this call is available at https://www.ippc.int/en/core-activities/standards-setting/calls-treatments/. 
Please refer to the IPPC Standard Setting Procedure Manual[footnoteRef:1] for an explanation of the hierarchy of terms for standards (technical area, topic and subject). The list of topics for IPPC standards adopted by the CPM is available at https://www.ippc.int/core-activities/standards-setting/list-topics-ippc-standards.  [1:  IPPC Standard Setting Procedure Manual URL: https://www.ippc.int/en/publications/85024/ ] 


Implementation
This form covers submissions for new IPPC implementation resources for implementation of the Convention, ISPMs and CPM recommendations or for revisions to IPPC implementation resources. Please refer to the IPPC Framework for Standards and Implementation on implementation resources that have been adopted/developed, are under development or are planned to be developed.

Submission
This completed form should be submitted by the IPPC official contact point, preferably via e-mail, to the IPPC Secretariat (ippc@fao.org) no later than 31 August 2018. Please use one form per topic. 
An electronic version of this form is available at https://www.ippc.int/en/core-activities/standards-and-implementation/call-for-topics-standards-and-implementation/. 
Save and submit the completed submission form as: 
2018_TOPIC_[Country or Organization name – Proposed title of topic].docx. 
 (Text in brackets given for explanatory purposes)
	Submission form for topics for Standards and Implementation

	1. Proposed by: Lihong Zhu


	2. Contact: (Contact information of an individual able to clarify issues relating to this submission)
Name: Lihong Zhu	
Position and organization: Portfolio Manager for IPPC, Ministry for Primary Industries	
Mailing address: Pastoral House, 25 The Terrace, Wellington, New Zealand	
	
Phone: :+64 4 894 0261	Fax:	
E-mail:Lihong.Zhu@mpi.govt.nz	

	3. Proposed Topic (Choose one box only)
[__] Standard (go to 4)     [X] Implementation resource (go to 5)



	4. Standards
4.1 Type of topic: (Choose one box only)

	A. New ISPM:
[__] Concept
[__] Pest specific
[__] Commodity specific
[__] Reference
	B. New component to an existing ISPM:
[__] Supplement
[__] Annex
[__] Appendix
[__] Technical panel (technical area)
[__] Diagnostic protocol (subject)

	C. Revision/Amendment of:
[__] ISPM
[__] Supplement
[__] Annex
[__] Appendix


	Draft specification:  
As agreed by CPM-7 (2012) and CPM-11 (2016), submissions in answer to the call for topics (except for draft diagnostic protocols, which are subject to additional criteria, see below) should be accompanied by a draft specification. Proposals for phytosanitary treatments are submitted using a different submission form in a separate call: https://www.ippc.int/en/core-activities/standards-setting/calls-treatments/.
An annotated template for the draft specification for Standards is available on the IPP (https://www.ippc.int/en/publications/81324/) in English, French and Spanish.
    (go to 6)


OR
	5 Implementation
5.1 Type of topic: (Choose one box only)

	A. New implementation resource:
[X] Guide (e.g. Manual)
[__] Training material (e.g. e-Learning)
[    ] Awareness material
[__] Other (Please specify                                   )      

	B. Revision of implementation resource
[__] Guide (e.g. Manual)
[__] Training material (e.g. e-Learning)
[__] Awareness material
[__] Other (Please specify                                   )      


	5.2 Featured Convention articles, ISPMs and CPM recommendations in the proposed implementation resource
[__] for Convention articles (Please specify                          )                                                                                       
[X] for ISPM (ISPM 13 Guidelines for the notification of non-compliance and emergency action, ISPM 15 Regulation of wood packaging material in international trade and ISPM 42 Requirements for the use of temperature treatments as phytosanitary measures)                                                                                                                
[__] for CPM Recommendation (Please specify                    ) 


	Draft outline:  
Submissions for topics on implementation should be accompanied by a draft outline of implementation resource defining a scope and purpose, or a draft implementation resource. Commitment for financial/in-kind resources to support the development of the implementation resource may be included in the submission (non-obligatory).
(go to 6)



	6 Proposed title of  document

Title: Managing non-compliant treated consignments

Scope: All decisions concerning detections of non-target pests and the application of phytosanitary treatments.

Purpose: To provide implementation guidance for NPPO decision makers for determining if treatments applied to commodities have failed following the detection of live non-target organisms either pre-export or on-arrival in an importing country.

Outline: The implementation document will include background on the issue and the factors to consider for risk management decision-making, such as, biological characteristics of pests and operational compliance (see attached references).


	7. Proposed priority  
 [__] 1 (high)  [X] 2  [__] 3 [__] 4 (low)
 Comments:


	8. Featured outcome of standard/implementation resource

Consistent decision-making on the effective application of treatments as indicated by the survival of non-target pests. 

	9. Contribution to filling the gaps of the Framework for Standards and Implementation: (2 lines max) 

To provide implementation guidance on the statement in ISPM 42: 7. Inspection, i.e. determining if the survival of non-target pests indicates a treatment failure and whether additional measures may be necessary.


	10. Summary of justification for the proposal (2 lines max)

The proposed implementation guidance will assist NPPOs and treatment providers with making consistent decisions on the effective application of a treatment or on official assurances.




Criteria for justification and prioritization of proposed topics[footnoteRef:2]: [2:  As agreed by CPM-13 (2018)] 

	Submissions should address the applicable criteria for justification of the proposal (as listed below). Where possible, information in support of the justification and that may assist in the prioritization should be indicated. 
All core criteria must be addressed; supporting criteria should be addressed if applicable.
Priority will be given to topics with the largest global impact.

	Core criteria (must provide information. It is expected that all submissions meet the following core
criteria)

	Contribution to the purpose of the IPPC as described in article I.1. 

The proposed guidance will help prevent the introduction and spread of pests of plants and plant products by providing guidance for decision making about the effective application of treatments. If used by exporting NPPOs it will strengthen phytosanitary assurances attested to in phytosanitary certificates. Also, it can be used by phytosanitary treatment providers to determine the effectiveness of the application of a treatment.


	Linkage to IPPC Strategic Objectives (SOs) and Organizational results demonstrated.

Practical – this guidance can be adopted in a reasonable time frame because it is proposed to provide guidance for implementation only. New Zealand has already developed an internal guideline that can be used as the basis of the proposed guidance. In addition, some expertise is available from working groups such as the Technical Panel for Phytosanitary Treatments (TPPT) and the Phytosanitary Measures Research Group (PMRG) to assist in the development of the proposed guidance.
Economic – the proposed guidance can be used across multiple pathways to make informed decisions to facilitate safe trade and strengthen phytosanitary assurances.  It will reduce the likelihood of pest control as the result of pest incursions.
Environmental – the proposed guidance will aid in reducing negative environmental consequences as a result of regulated pests entering and establishing in an importing country as it will assist in the effective management of pest risk.
Strategic – The proposed guidance will provide decision-making tools on the most fundamental element in the phytosanitary system, that is, phytosanitary assurances. Pest interceptions on consignments arriving at the importing country border occur frequently and this proposed guidance will facilitate decision making on actions to take either pre-export or on-arrival in an importing country. 
The proposed guidance can be used by any NPPO for any pest and any treated commodity.  The foundation standards to which this proposed guidance applies are:  ISPM 13 Guidelines for the notification of non-compliance and emergency action, ISPM 15 Regulation of wood packaging material in international trade and ISPM 42 Requirements for the use of temperature treatments as phytosanitary measures.  


	Feasibility of implementation at the global level (consider ease of implementation, technical complexity, capacity of NPPO(s) to implement, relevance for more than one region).

The proposed document is feasible because it will provide implementation guidance to exporting NPPOs for making decisions about the application of a treatment for the issuance of phytosanitary certificates. It does not necessarily need to be adhered to but will provide information for consistent decision-making. Also, it will assist importing NPPOs with interpreting verification results. 


	Clear identification of the problems that need to be resolved through the development of the standard or implementation resource.

The detection of live non-target organisms (regulated or non-regulated) on treated pathways can cast doubt on official assurances. This is because if a treatment has failed to kill the non-target pest (assuming it should also be killed by the treatment) then how confident are we that any target pest was killed. 

Development of the implementation resource will result in assist with decision-making on pre-export and on-arrival measures and emergency actions.


	Availability of, or possibility to collect, information in support of the proposed standard or implementation resource (e.g. scientific, historical, technical information, experience).

New Zealand has developed an internal guidance document for making risk management decisions on this topic. The guidance document was supported by a paper presented by New Zealand at the Phytosanitary Measures Research Group (PMRG) at the Netherlands in 2017.




	Supporting criteria (information may be provided, as appropriate):

	Supporting criteria (Practical)
1) Is there a regional standard and/or implementation resource on the same topic already available and used by NPPOs, RPPOs or international organizations.
2) Availability of expertise needed to develop the proposed standard and/or implementation resource. 

	Supporting criteria (Economic)
1) Estimated value of the plants protected.
2) Estimated value of trade including new trade opportunities affected by the proposed standard and/or implementation resource (e.g. volume of trade, value of trade, the percentage of Gross Domestic Product of this trade) if appropriate.

	Supporting criteria (Environmental)
1) Utility to reduce the potential negative environmental consequences of certain phytosanitary measures, for example reduction in global emissions for the protection of the ozone layer.
2) Utility in the management of non-indigenous species which are pests of plants (such as some invasive alien species).
3) Contribution to the protection of the environment, through the protection of wild flora, and their habitats and ecosystems, and of agricultural biodiversity.

	Supporting criteria (Strategic)
1) Extent of support for the proposed standard and/or implementation resource (e.g. one or more NPPOs or RPPOs have requested it, or one or more RPPOs have adopted a standard on the same topic).
2) Frequency with which the issue to be addressed, as identified in the submission emerges as a source of trade disruption (e.g. disputes or need for repeated bilateral discussions, number of times per year trade is disrupted).
3) Relevance and utility to developing countries.
4) Coverage (application to a wide range of countries/pests/commodities).
5) Complements other standards and/or implementation resources (e.g. potential for the standard to be used as part of a systems approach for one pest, complement treatments for other pests).
6) Conceptual standard and/or implementation resource to address fundamental concepts (e.g. treatment efficacy, inspection methodology).
7) Urgent need for the standard and/or implementation resource.

	Diagnostic protocols are subject to additional criteria. For proposals for DPs, please elaborate on the following criteria to help the future consideration of the subject proposed:
· Need for international harmonization of the diagnostic techniques for the pest (e.g. due to difficulties in diagnosis or disputes on methodology)
· Relevance of the diagnosis to the protection of plants including measures to limit the impact of the pest.
· Importance of the plants protected on the global level (e.g. relevant to many countries or of major importance to a few countries).
· Volume/importance of trade of the commodity that is subjected to the diagnostic procedures (e.g. relevant to many countries or of major importance to a few countries).
· Other criteria for topics as determined by CPM that are relevant to determining priorities
· Balance between pests of importance in different climatic zones (temperate, tropics etc.) and commodity classes.
· Number of labs undertaking the diagnosis.
· Feasibility of production of a protocol, including availability of knowledge and expertise.


	Literature review[footnoteRef:3] (This section will provide a summary of the topic based on scientific and technical publications, including a referenced list of literature reviewed. This will help provide the scientific basis for the content of the standard/implementation resource to be used by the selected experts during the development of the standard/implementation resource). [3:  As agreed by CPM-7 (2012) and CPM-11 (2016). ] 
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About this document
This document provides guidance for Ministry for Primary Industries’ (MPI) decision makers on determining if pre-export treatments (excluding cold disinfestation) to manage fruit flies on fresh produce have failed following the detection of live non-target organisms during on-arrival inspection by MPI. 
It is provided to stakeholders for their information and stakeholder contribution to MPI decision-making.

Related Requirements
Fresh Produce Import Health Standards
Guidance Document: Importing Fresh Produce for Consumption

Document history

Version Date	Section Changed	Change(s) Description
Xx 2017		New document
		



Contact Details 
Ministry for Primary Industries (MPI) 
Regulation & Assurance Branch 
Plant Imports 
PO Box 2526 
Wellington 6140 
Email: plantimports@mpi.govt.nz 

Disclaimer
This guidance does not constitute, and should not be regarded as, legal advice. While every effort has been made to ensure the information in this guidance is accurate, the Ministry for Primary Industries does not accept any responsibility or liability whatsoever for any error of fact, omission, interpretation or opinion that may be present, however it may have occurred.
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Purpose

(1) [bookmark: _Toc360528887][bookmark: _Toc366062801][bookmark: _Toc358159161]This document provides guidance for Ministry for Primary Industries’ (MPI) decision makers for determining if treatments (excluding cold disinfestation treatments) applied to fresh produce offshore have failed following the detection of live non-target organisms during on-arrival inspection by MPI.

(2) This document is provided to stakeholders for their information and stakeholder contribution to MPI decision-making.

[bookmark: _Toc486421848]Background

(1) This document is intended to provide guidance to statutory decision makers but is not intended to be rigidly applied without further regard of the unique circumstances which may apply to an individual case or decision.

(2) This document should be read in conjunction with the following international standards, domestic legislation and MPI Guidance documents:

a) ISPM 1 (Phytosanitary Principles for the Protection of Plants and the Application of Phytosanitary Measures in International Trade).

b) ISPM 7 (Phytosanitary Certification System).

c) ISPM 12 (Phytosanitary Certificates).

d) ISPM 13 (Guidelines for the Notification of Non-Compliance and Emergency Action).

e) ISPM 20 (Guidelines for a Phytosanitary Import Regulatory System).

f) Biosecurity Act (1993).

g) Guidance Document: Managing Non-Compliant Consignments.

[bookmark: _Toc486421849]Definitions

1. Refer to Appendix 1.

[bookmark: _Toc486421850]Regulatory Framework

(1) Import health standards (IHS) specify the requirements to be met for the effective management of risks associated with imported goods (section 22(1) of the Biosecurity Act 1993). 

(2) Under the section 27(2)(a) of the Biosecurity Act a MPI inspector must not give clearance for goods if he or she is aware of circumstances or documents associated with the goods that makes it unwise for them to be given a clearance. 

[bookmark: _Toc486421851]Verifying IHS Requirements  

(1) Inspection at the New Zealand border is a means of verifying that the requirements of the IHS have been met.

(2) Many fresh produce commodities are required to be heat-treated (hot water dipped, HWD; treated with high temperature forced air, HTFA; vapour heat treated, VHT) or chemically treated (methyl bromide fumigation or dimethoate dip/spray) at various temperatures, concentrations and times to manage fruit flies. The approved treatments are highly efficacious against the target fruit fly species, the larvae of which are not easily detected in hosts by visual inspection.

(3) The detection of live non-target organisms (regulated or non-regulated) on heat or chemical treated fruit fly hosts arriving in New Zealand casts doubt on official assurances and may be indicative of a pre-export treatment application or post-treatment security failure.

[bookmark: _Toc486421852]Risk Management Decisions

(1) The detection of live non-target organisms (regulated or non-regulated) on heat and chemical treated fresh produce fruit fly hosts arriving in New Zealand triggers a non-compliance report (NCR) from MPI Border Operations (as per Border Operating Procedures) to Plant Imports & Exports (PIE). The NCR will request a recommendation from an Adviser, or a CTO decision, for action(s) to mitigate risk before, or if, biosecurity clearance of the consignment is given.

(2) A risk management decision (RMD) document may be required by the CTO to provide evidence to support actions for consignments harbouring live organisms.  The factors for consideration in the RMD may include an assessment of:

a) Biological characteristics

i) pest association with host i.e. direct association or hitchhiker;

ii) probably efficacy of treatment against non-target pest species, genus or family;

iii) pest density; 

iv) pest tolerances and adaptations;

v) host morphology;

b) Operational Compliance

i) treatment system and application

ii) post-treatment systems

iii) pathway history



(3) MPI may request information from the importer and/or exporting country to support decisions.

(4) A RMD may not be required if a previous decision has been made on the same or similar pest and host.  A reference to previous decisions or RMDs will be kept in the PIE NCR log or PIE Decision Document Piritahi library.

[bookmark: _Toc486421853]Biological Characteristics

Pest association with host

(4) If a pest is directly associated with the commodity, that is, it is known to feed or, be present on the host at time of harvest, the effectiveness of the treatment may be questioned.

(5) If a pest is not directly associated with the host it may not have been exposed to the treatment. The occurrence of a non-associated host pest may be a result of contamination of packaging, cross-contamination with a mixed treated/untreated consignment or a breakdown in post-treatment product security resulting in host re-infestation. 

Treatment efficacy 

(1) Wherever possible, non-target species-, genus-, or family-specific efficacy data will be cited for treatments. Any assumptions will be recorded in the RMD document and clear reasoning to demonstrate how these data direct risk mitigation decisions.

Pest density 

(1) Hot water dip heat treatment has been shown to be more efficacious when fruit fly infestation densities on treated produce are low, and less efficacious when they are high (Hallman, G.J. 2000. Factors affecting quarantine heat treatment efficacy. Postharvest Biology and Technology: 95-101).  Similar studies are not available to HTFA and VHT.

(2) It is expected that interceptions of external pests on imported fruit will be at low levels but aggregations of pests may influence tolerance to heat and potentially chemical treatments.

Pest tolerances and adaptations 

(1) Where information is available, the following pest characteristics will be considered and assumptions recorded in the RMD:

a) tolerance of insect life stages for species of intercepted pest(s);

b) physiological adaptations of intercepted species to heat or chemicals (i.e. metabolic, respiratory, nervous and endocrine system, heat shock protein response to thermal challenge, pesticide resistance); 

c) morphological adaptations of intercepted species (i.e. structures that confer protection e.g. scale covers, protective waxy secretions).

d) behavioural adaptations of intercepted species to heat (e.g. egg protecting behaviours of scale insect adults).

Host morphology 

(1) Where practicable, information and/or photos about the location of live pests on the treated product will be reviewed. This is because the physical morphology of host fruit may affect the efficacy of heat and chemical treatment against non-target species.  

(2) Plant/fruit features (such as calyces, bracts, scales, floral funnels) may offer protection for some species by potentially reducing thermal conductivity or chemical diffusion. Thermal conductivity may be moisture dependent.

[bookmark: _Toc486421854]Operational Compliance

Treatment system and application

(1)	It is the operational responsibility of an exporting National Plant Protection Organisation (NPPO) to either perform, supervise or audit required phytosanitary treatments (ISPM 7). 

Treatment records	

(1) Some import pathways require the original or a certified copy of the original treatment record/printout to accompany the consignment. Where this is not required, MPI may request a copy through the importer/exporting country NPPO.

(2) Where treatment records are available they will be examined to confirm:

a) treatment dates are consistent with the phytosanitary certificate;

b) the product was treated for the required time, temperature and/or concentration.



(3) In addition, for heat treatment records:

a) the treatment batch codes and the chamber used;

b) temperature ramping was as expected;

c) temperature calibration offsets were considered for the initiation of treatment;

d) all probes reached the required temperature before treatment began.

Treatment supervision

(1) The operations of many heat-treatment facilities are directly supervised by NPPO officials from the exporting country or, Japan, South Korea and the United States of America as part of pre-clearance programmes.  The presence of an official from the exporting country or a third party country at a facility provides MPI with confidence that the treatment system is compliant and applied as per standard operating procedures.

(2) Direct/indirect supervision of treatment for product to New Zealand objectively provides assurance that:

a) only approved commodities are treated;

b) facilities are audited and approved to conduct phytosanitary treatments for export;

c) treatment operators are certified and competent;

d) temperature probes are accurately calibrated for all treatments;

e) product is correctly loaded and probes placed in appropriate cold spots (where applicable);

f) treatment is measured when all probes reach the required temperature (where applicable);

g) contingency measures are applied if a treatment fails.

Post-treatment Systems

(1) Effective post-treatment phytosanitary security is essential to prevent re-infestation of a treated commodity. Some factors for consideration to assess whether treatment for a target pest has been effective or re-infestation has occurred following treatment include: 

a) how treated product is moved and stored following treatment. This information, obtained from documented pathway assessments and MPI audits of facilities, helps to determine critical points where re-infestation might occur. 

b) pest exclusion methods used. For example if pest proof packaging is used then the likelihood of re-infestation is minimal unless the pest is associated with packaging;

c) mixed-loads of treated and untreated product may result in cross-contamination.

Pathway History

(1) In the absence of treatment supervision or uncertainty about the quality of supervision, pathway performance history will be considered with respect to:

a) results of past exporting country NPPO internal audits, MPI treatment facility audits, non-compliances and MPI confidence in corrective actions taken;

b) new species or, commonly intercepted live pest species;

c) live species, previously recorded as dead on the pathway;

d) MPI decisions for the same or similar species of intercepted pest supported by a RMD.

[bookmark: _Toc486421855]Actions

(6) Where significant doubt exists regarding the effective application of a treatment, MPI will take a precautionary approach to managing pest risk.

(7) Also, refer Guidance Document: Non-Compliant Consignments, Section 7.2 Treatment Failure.






[bookmark: _Toc486421856]Appendix 1: Definitions

CTO means Chief Technical Officer

HTFA means High Temperature Forced Air 

HWD means Hot Water Dip 

IHS means Import Health Standard

IPPC means the International Plant Protection Convention

ISPM means International Standard for Phytosanitary Measures

MPI means the Ministry for Primary Industries

NCR means Non-compliance Report

NPPO means National Plant Protection Organisation

RMD means Risk Management Decision

The Act means the Biosecurity Act 1993

SPS means sanitary and phytosanitary

VHT means Vapour Heat Treatment
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Heat treatments and non-target organisms:

Making biosecurity decisions with limited information



Joanne Wilson, Ministry for Primary Industries, Wellington, New Zealand 



Introduction

Internally feeding Tephritid fruit fly larvae are not easily detected in hosts by visual inspection and can pose a significant threat to New Zealand if they enter and establish. Therefore, New Zealand which is free from fruit flies, requires a high level of assurance that live viable fruit flies will not enter undetected in host fruit. Assurances, as officially attested to on a phytosanitary certificate, are normally supported by activities that occur prior to export. These activities may include applying a highly efficacious treatment at an audited and approved facility, maintaining post-treatment phytosanitary security and an official phytosanitary inspection of consignments for the presence of live regulated pests.  These assurances are verified on arrival in New Zealand through documentation checks, consignment reconciliation and phytosanitary inspection.



Heat treatments at various temperatures and times are approved by the New Zealand Ministry for Primary Industries (MPI) for the treatment of several fruits imported from countries where fruit flies are present.  The types of MPI-approved heat treatments for fruit fly include:

(a) vapour heat treatment (VHT);

(b) high temperature forced air (HTFA);

(c) hot water dip or immersion (HWD).

VHT, HTFA and HWD apply heat directly to the surface of fruit by immersion or condensation of water vapour at different humidity.  Temperatures between 40C and 50C are used to kill target pests (Lurie 1998) for these treatments. The main advantages of heat treatments are that they leave no chemical residues and are well established quarantine technologies. 



However, the detection of live non-target organisms (regulated or non-regulated) on MPI-approved heat treated fruit fly hosts arriving in New Zealand can cast doubt on official assurances. The presence of a live non-target pest causes MPI to ask if we can be confident the fruit fly treatment has been effectively applied.  If the treatment failed to kill the non-target pest (assuming it should also be killed by the treatment) then how confident are we that any fruit fly was killed. 



Live pest detections may result in an emergency action being taken such as the consignment being treated, reshipped or destroyed, and/or future imports suspended.  These actions may cause significant losses to importers and exporters. MPI is mindful of the balance between minimising losses to importers and managing biosecurity risk to New Zealand based on limited information.



Phytosanitary Import Requirements

New Zealand requires heat treatment for fruit flies associated with mangoes (Mangifera indica) and papaya (Carica papaya) from several countries (Table 1) within a narrow temperature and time range. 






Table 1: Heat treatment specifications for mangoes and papaya for import into New Zealand 

(extracted from: MPI Standard 152.02 Importation and Clearance of Fresh Fruit and Vegetables into New Zealand)



		Exporting Country

		Treatment

		Commodity

		Specification



		Cook Islands

		HTFA

		Mango, papaya

		47.2°C for 20 minutes



		Ecuador

		HWD

		Mango

		46.1°C for 75-90 minutes depending on fruit weight



		Fiji

		HTFA

		Mango, papaya

		47.2°C for 20 minutes



		India

		VHT

		Mango

		48°C for 20 minutes



		Mexico

		HWD

		Mango

		46.1°C for 65-90 minutes depending on fruit weight



		New Caledonia

		HTFA

		Mango

		47°C for 20 minutes



		Peru

		HWD

		Mango

		46.1°C for 75-90 minutes depending on fruit weight



		Philippines

		VHT

		Mango, papaya

		46°C for 10-70 minutes



		Samoa

		HTFA

		Papaya

		47°C for 20 minutes



		Taiwan

		VHT

		Mango

		46.5°C for 30 minutes 



		Thailand

		VHT

		Mango

		47°C for 20 minutes 



		Tonga

		HTFA

		Mango, papaya

		47.2°C for 20 minutes



		Vietnam

		VHT

		Mango

		46.5°C for 30 minutes or 47°C for 20 minutes



		USA (Hawaii)

		HTFA

		Papaya

		47.2°C for 4 hours (includes ramp times)







Although approved heat treatments target immature stages of fruit fly it is reasonable to expect that heat would be detrimental to the viability of other pests associated with a commodity. However from time to time, live non fruit fly (or non-target) pests are intercepted on treated mango and papaya at the New Zealand border.



The main risk families intercepted alive and directly associated with mango and papaya fruit imported into New Zealand are aphids, beetles, mites, moths, scales and thrips (Table 2). Suspected contaminant species such as ants, fungus gnats, phorids, muscoids and psocids are excluded from the table. In most circumstances, consignments intercepted with live regulated contaminant pests will be fumigated with methyl bromide before release.



Table 2: Live pest interceptions on mango and papaya imported into New Zealand in the past 10 years

NB: Pest identification to species level is not always possible. Many of these species or related genera have been identified as dead on heat treated produce arriving in New Zealand, however, in general, dead organisms are not identified.

		Order

		Family

		Species



		Acarina

		Acaridae

		Tyrophagus longior

Tyrophagus putrescentiae

Tyrophagus sp.



		

		Ameroseiidae

		Kleemannia sp.



		

		Ascidae

		Proctolaelaps sp



		

		Bdellidae

		Bdella sp. (predatory mite)



		

		Cheyletidae

		



		

		Eriophyidae

		Tarsonemus



		

		Phtyoseiidae

		



		

		Tenuipalpidae

		Brevipalpus sp.



		

		Tydeidae

		Tydeus sp.



		Hemiptera

		Coccidae

		



		

		Coccineliidae

		



		

		Diaspididae

		



		

		

		Aspidiotus excisus

Parlatoria pseudoaspidiotus

Pseudaulacaspis sp. (all life stages)



		

		Pseudococcidae

		Dysmicoccus bispinosus



		Homoptera

		Aphididae

		Hyadaphis foeniculi



		Lepidoptera

		

		Live pupae



		Thysanoptera

		Phlaeothripidae

		Halothrips sp.







When non fruit fly or non-target pests are intercepted on heat treated fruit fly hosts, MPI must make a decision on the appropriate action to take based on available knowledge to ensure biosecurity risk is appropriately managed. 



The factors MPI considers when making decisions on actions for intercepted live pests include:

1. Biological Characteristics

1.1 pest association with host, i.e. direct association or contaminant pest

1.2 efficacy of treatment against non-target pest species, genus, family (where it exists)

1.3 pest density 

1.4 pest tolerances and adaptations

1.5 host morphology

2. Operational Compliance

2.1 treatment system and application 

2.2 post-treatment systems

2.3 pathway history





1. BIOLOGICAL CHARACTERISTICS

1.1 Pest association with host

If a pest is directly associated with the commodity, that is, it is known to feed or, be present on the host at time of harvest, the effectiveness of the treatment may be questioned.

If a pest is not directly associated with the host it is unlikely to have been exposed to the treatment. The occurrence of a non-host associated pest may be a result of contamination of packaging, cross-contamination with a mixed treated/untreated consignment or a breakdown in post-treatment product security resulting in host re-infestation (see 2.2 Post-treatment systems) 



1.2	Treatment efficacy 

There is very little specific efficacy data for heat treatment against pests other than fruit flies (Pryke & Pringle 2008). The available species-specific data are from treatments for arthropods associated with citrus (McCoy et al. 1995), cut flowers (Hansen et al. 1992), bulbs (Latta 1939, Doucette 1941), papaya (Follett & Gabbard 1999), pumpkins (Takano & Tanno 2003), sweet potatoes (Shimabukuro et al. 1997) and mango (Follett 2000, Joubert & Grove 2000, Balock and Kozuma 1964).  



The poor efficacy of heat treatment against mango seed weevil, Sternochetus mangiferae[footnoteRef:1] (Follett 2000, Joubert & Grove 2000, Balock and Kozuma 1964) is useful information for MPI as this beetle has been intercepted in mangoes arriving in New Zealand on several occasions. It can be assumed that if live S. mangiferae are intercepted in New Zealand it is unlikely to be due to a treatment application failure for fruit fly, especially if there is an absence of other live external arthropods.  [1:  Sternochetus mangiferae is a regulated pest for New Zealand but no action is taken if it is intercepted as it is unlikely to establish.  This is because the only known hosts are mango (Mangifera indica) and M. foetida which are rarely grown in New Zealand.] 




Available data for heat treatment against other arthropod species is summarised in Table 3 and highlights that generally less time is needed to achieve 100% arthropod mortality as temperature increases. Temperatures range from 43.3C to 52C and treatment time from 10 minutes to several hours (Table 3).  The narrow temperature range is indicative of the need to preserve host quality (that is, minimising damage to skin, limiting enhanced ripening and maintaining consumption characteristics (Jacobi & Giles 1997)) while achieving pest mortality.



Hosking (2007) reported that less specific thermal tolerance data shows an upper thermal mortality threshold of between 45˚C and 51˚C for insects.  However, time taken to achieve mortality appears to vary between species (Table 3) and may be influenced by other factors such as treatment humidity. 



In most studies of mite species they were found to be killed after 30 - 60 minutes at temperatures between 43.3°C – 48.9°C. However, the humidity experienced by mites during VHT and HWD may benefit the survival of mites (Hosking 2007). Enhanced survival at higher humidity was demonstrated for poultry mite, Dermanyssus gallinae (Nordenfors et al. 1999) and for house dust mite, Dermatophagoides pteronyssinus (Mahakittikun et al. 2001). Dermatophagoides pteronyssinus are effectively killed at dry heat temperatures of 50°C and over, but required 60°C or higher for 20 minutes to kill with wet heat, i.e. 100% humidity (Mahakittikun et al. 2001). 



1.3 Pest density 

Infestation density may impact the efficacy of treatment.  Hallman & Sharp (1990) demonstrated that high pest infestations in carambolas impacted the efficacy of hot-water treatment (46°C -46.4°C for 20 minutes) of third instar Caribbean fruit fly (Anastrepha suspensa) larvae. The HWD treatment was more efficacious when fruit fly infestation densities were low (2.8 larvae per fruit) compared with high (34 larvae per fruit) (Hallman & Sharp 1990).  



Similar studies of infestation density and treatment efficacy have not been found for HTFA and VHT. However, treatment research is normally performed on highly infested fruit to confirm efficacy compared with the low infestation levels expected for commercial fruit. Commercially produced fruit are normally subjected to pest management programmes that ensure an export-grade product. For some countries, exporting HTFA treated fruit to New Zealand, quarantine officials and treatment facility staff conduct a pre-treatment inspection to ensure pest infestation is undetectable.



Interceptions of external pests on imported fruit at the New Zealand border is generally low and significant infestations are likely to be detected during random phytosanitary inspection.  This assumes a minimum sample for inspection is based on a 95% confidence that not more than 0.5% of the units in a lot is infested (ISPM 31)). 



1.4 Pest tolerances and adaptations

1.4.1 Tolerance of insect life stages and species

There are several studies that show that heat tolerance varies with insect life stage and that the most tolerant life stage can vary between families and species. For example, the most heat tolerant life stage of Conogethes punctiferalis (Lepidoptera: Crambidae) (yellow peach moth) was found to be 5th instar larvae >pupae >3rd instar larvae >eggs (Hou et al. 2015). In contrast, the pattern of tolerance to heat in Cryptophlebia illepida (Butler) (Lepidoptera: Tortricidae) was generally eggs < neonates < early instars <late instars < pupae (Follett & Sanxter 2001). 

Late instars of Cryptophlebia ombrodelta (Lower) were more tolerant of hot-water immersion than those of C. illepida (Follett & Sanxter 2001). Life stage tolerance is only considered by MPI where species-specific information is available.



1.4.2 Physiological adaptations 

Physiological adaptations may include metabolic, respiratory, nervous and endocrine system, and heat shock protein response to thermal challenge.  Neven (2000) provides a comprehensive review of these physiological factors.  



One factor that can influence insect metabolism and physiological adjustment to heat treatment is treatment heating rate (Wang et al. 2002a,b).  Neven (1998) reported thermal conditioning and acclimation to heating rate in codling moth (Cydia pomonella).  At a slow heating rate, codling moth required a longer holding time at the target treatment temperature to achieve mortality compared with a shorter holding time with a faster heating rate (Neven 1998). The same trend was shown for the Mexican fruit fly, Anastrepha ludens (Thomas & Shellie 2000).



The effect of heating rates is considered by MPI where species-specific information is available.  However, thermal death kinetic data are currently limited to significant quarantine pests such as rice moth, Corcyras cephalonica (Yang et al. 2015), codling moth, Cydia pomonella (Wang et al. 2002a) and navel orangeworm, Amyelois transitella (Wang et al. 2002b). No similar studies have been found documenting the heating rate effect of treatments on scales or mites which are the most frequently intercepted pests (Table 2).  However, it is reasonable to assume that there might be differences in thermotolerance between species or families and that temperature ramping may affect various commodities differently. 



Also, how heat is delivered (VHT, HTFA or HWD) may influence pest mortality. Alderson et al. (1998) demonstrated that hot air treatments induced heat tolerance in light brown apple moth (Epiphyas postvittana) resulting in longer treatment times than for hot water immersion treatment. Restricted oxygen availability to insects is thought to be the influencing factor when heating method is by water (Alderson et al. 1998).



Heat ramp times are examined by MPI where treatment records are provided by the exporting country (see 2.1.1 Treatment records).



1.4.3 Morphological adaptations (i.e. structures that confer protection)

Armoured scale eggs are protected by their shell and by the adult scale cover.  The armoured scale is protected with a combination of moulted skin and wax to form a hard covering (Gullan & Kosztarab 1997).  Most eggs are laid underneath the waxy scale cover of the female providing physical protection from predation, pesticides, desiccation and environmental variations (Gullan & Kosztarab 1997). Live eggs have been detected beneath death female adults on heat treated fruit arriving in New Zealand (MPI Import database 2016).



1.4.4 Behavioural adaptations 

No studies have been found that document behavioural adaptations or responses to heat treatments. However, the detection of pests in areas of protection such as under an adult scale cover or protective plant structures (see 1.5 Host morphology) suggests that insects may migrate to protected areas during heating.



1.5 Host morphology

Plant/fruit structure (such as calyces, bracts, scales, floral funnels) may offer protection for some pest species by potentially reducing thermal conductivity or chemical diffusion. Thermal conductivity is moisture dependent.



The calyx of the persimmon was found to offer thermal protection for E. postvittana and P. longispinus resulting in lower insect mortality (Lester et al. 1995).  It is expected that hosts with large calyces, such as papaya and/or other morphological structures such as the hollow stem end of dragon fruit may provide some level of protection for some mobile insects.  



2 OPERATIONAL COMPLIANCE

2.1 Treatment system and application

It is the operational responsibility of an exporting National Plant Protection Organisation (NPPO) to either perform, supervise or audit required phytosanitary treatments (ISPM 7). Performance or supervision of treatments by the NPPO provides a high level of assurance that a treatment has been performed to MPI’s specifications for the target pest(s), as is evidence of recent audits either by the exporting NPPO or MPI. 

2.1.1 Treatment records

Some countries provide New Zealand with endorsed thermograph readings with import documentation.  In most instances where live non-target pests have been detected on heat treated fruit, thermographs comply with New Zealand’s specifications. On occasion anomalies have been detected in heat ramp times and probes not reaching the required time.  



As previously discussed (see 1.4.2 Physiological adaptations), treatment heating rates have been shown to significantly affect mortality of some insects.  In general, fast heating rates result in shorter treatment times and slow heating rates result in longer treatment (or holding) times. For the most part, heating rates are not specified in importing standards.



2.1.2 	Treatment supervision

The operations of many heat-treatment facilities are directly supervised by NPPO officials from the exporting country or, Japan, South Korea and the United States of America as part of pre-clearance programmes.  The presence of an official from the exporting country or a third party country at a facility provides confidence that the treatment system is compliant and applied as per standard operating procedures.

Direct/indirect supervision of treatment for product to New Zealand objectively provides confidence that:

a) only approved commodities are treated;

b) facilities are audited and approved to conduct phytosanitary treatments for export;

c) treatment operators are certified and competent;

d) temperature probes are accurately calibrated for all treatments;

e) product is correctly loaded and probes placed in appropriate cold spots;

f) treatment is measured when all probes reach the required temperature;

g) contingency measures are applied if a treatment fails.



2.2 [bookmark: _Toc483651042]Post-treatment systems

Effective post-treatment phytosanitary security is essential to prevent re-infestation of a treated commodity. Some factors for consideration to assess whether treatment for a target pest has been effective or re-infestation has occurred following treatment include: 

a) how treated product is moved and stored following treatment. This information, obtained from documented pathway assessments and MPI audits of facilities, helps to determine critical points where re-infestation might occur. 

b) pest exclusion methods used. For example if pest proof packaging is used then the likelihood of re-infestation is minimal unless the pest is associated with packaging;

c) mixed-loads of treated and untreated product may result in cross-contamination.

2.3 Pathway history

In the absence of treatment supervision or uncertainty about the quality of supervision, pathway performance history is considered.  

2.3.1 Date of last Exporting Authority and/or MPI audit and any problems identified

Audits of treatment facilities, provides confidence that export systems are robust and appropriate for New Zealand.  Results of past audits, non-compliance and corrective actions are reviewed.



2.3.2 Pathway compliance

MPI’s import database stores phytosanitary certificates, on-arrival inspection results and pest interception records.  These records can be used to determine trends in non-compliance on heat treated imported pathways and identify potential treatment failures.  MPI looks for commonly intercepted live pest species, new species and live pests previously recorded as dead on the pathway.  The MPI database is limited in that pest identification is often not possible to species level and dead organisms are not routinely identified and recorded (Table 2).  The data collected limits the conclusions that can be made about the effectiveness of treatment against non-target pests.



However, in 2015 a trend in pest interceptions was detected by MPI when live insects (including mealybugs, mites and muscids) were found on 15 consignments of HTFA treated eggplants from one country. After investigation, it was determined that the use of treatment lugs (vented trays) versus treatment bins within the HTFA apparatus was a factor potentially limiting treatment efficacy. Fruit treated in bins were found to have more live external pests detected at the New Zealand border compared with fruit treated in lugs. Bins differ from lugs in having a higher loading capacity.  However, the arrangement of fruit in bins may reduce heat and air circulation and overload the HTFA apparatus, thus limiting the efficacy of the treatment. 






Next steps

MPI is currently investigating operational factors affecting the effectiveness of HTFA treatment for killing non-target mealybugs and other pests.  MPI aims to understand whether the presence of live pests can be used as an indicator of heat treatment failure for fruit flies and build knowledge to make informed decisions on the fate of potentially ineffectively treated consignments.




















Table 3: Heat treatment studies on arthropod species other than fruit fly (NB: excludes heat treatments combined with other treatments (e.g. cold and controlled atmospheres) and does not consider pre-conditioning)



		Order: Family

		Species

		Treated Host

		Life stage

		Temperature 

giving 99-100% mortality

		Treatment Method

		Reference(s)



		

		

		Tuberose

		Mites & eggs

		45.6°C for 60 mins; 48.9°C for 30 mins

		VHT

		Weigel & Nelson 1936



		

		

		Tuberose

		Mites & eggs

		43.3°C  for 60 mins; 48.9°C for 30 mins

		HWD

		Weigel & Nelson 1936



		Acarina: Acaridae

		Rhizoglyphus hyacinthi

		Easter lily bulbs

		All

		43.3°C  for 30 mins

		HWD

		Latta 1939



		

		

		Narcissus bulbs

		?

		43.3°C - 43.9°C for 30 min

		VHT

		Latta 1939



		

		

		Narcissus bulbs

		All

		43.9°C for 30 mins

		VHT, HWD

		Doucette 1941



		

		Rhizoglyphus robini

		bulbs

		

		45°C for 24 hours

		VHT

		Muller and Hollinger 1980



		Acarina: Tarsonemidae

		Phytonemus pallidus subsp. fragariae

		Strawberry runners

		Adults

		46°C for 6.5 mins

		HWD

		Hellqvist 2002



		

		Tarsonemus pallidus

		Cyclamen

		

		43.3˚F for 30 minutes

		VHT

		Smith 1939



		

		Tarsonemus laticeps

		Narcissus bulbs

		

		43.8°C for 30 mins

		VHT, HWD

		Latta 1939, Doucette 1941



		

		Tarsonemus approximates var. narcissi

		Narcissus bulbs

		

		43.3°C - 43.9°C for 30 min

		VHT

		Latta 1939



		Acarina: Tetranychidae

		Tetranychus urticae

		Winter pumpkins

		All

		47°C for 120 mins

		VHT

		Takano & Tanno 2003



		Acarina: Tydeidae

		Orthotydeus californicus

		Apricots 

		

		46˚C for 10.3 mins, 50˚C for 6.7 min

		HWD

		Jones & Waddell 1996



		Coleoptera: Brentidae

		Cylas formicarius

		Sweet potato

		

		47°C for 150 mins

		VHT

		Shimabukuro et al. 1997



		Coleoptera: Curculionidae

		Asynonychus godmani

		Grapefruit

		Eggs under calyx

		48°C for 15 mins

		VHT

		McCoy et al. 1995



		

		Asynonychus godmani

		Lemon

		Eggs

		52˚C for 8 mins

		HWD

		Soderstrom et al. 1993



		

		Cosmopolites sordidus

		Banana suckers

		Eggs

		43˚C for 2 hours, 43˚C for 3 hours, 54˚C for 20 mins, 60˚C for 15 mins

		HWD

		Gold et al. 1998



		

		Euscepes postfasciatus

		Sweet potato

		

		47°C for 60 mins

		VHT

		Shimabukuro  et al. 1997



		Diptera: Syrphidae

		Eumerus spp.

		Narcissus bulbs

		Larvae

		43.3°C for 90 mins

		VHT

		Latta 1939, Doucette 1941



		

		Eumerus tuberculatus

		Narcissus bulbs

		

		43.3°C – 43.9°C for 90 min

		VHT

		Latta 1939



		

		Eumerus strigatus

		Narcissus bulbs

		

		43.3°C – 43.9°C for 90 min

		VHT

		Latta 1939



		

		Eumerus narcissi

		Narcissus bulbs

		

		43.3°C – 43.9°C for 90 min

		VHT

		Latta 1939



		

		Merodon equestris

		Narcissus bulbs

		Larvae

		43.3°C – 43.9°C for 90 min

		VHT

		Latta 1939



		Hemiptera: Coccidae

		Coccus viridis

		Tropical cut flowers & foliage

		All

		46.6°C for 60 mins

		VHT

		Hansen et al. 1992



		Hemiptera: Diaspididae

		Pseudaulacaspis cockerelli

		Tropical cut flowers & foliage

		All

		46.6°C for 60 mins

		VHT

		Hansen et al. 1992



		

		Pseudaulacaspis pentagona

		Papaya

		eggs, crawler, immature male, male pupae, male adults, and hardshell stage

		47.2°C for 4 hours (total ramp up and down time)

		HTFA

		Follett & Gabbard 1999



		Hemiptera: Pseudococcidae

		Maconellicoccus hirsutus

		Chinese pea

		Adult females and nymphs most tolerant at 47°C and eggs most tolerant at 49°C

		47°C for 45 mins or 

49°C for 10 mins

		VHT

		Follett 2004



		

		

		

		Eggs 

		47°C for 47 mins or 

48°C for 21.2 mins or

49°C for 11.9 mins

		HWD

		Hara & Jacobsen 2005



		

		Nipaecoccus nipae

		Tropical cut flowers & foliage

		All

Nymphs

		46.6°C for 60 mins or 

45.2°C for 120 mins 

		VHT

		Hansen et al. 1992



		

		Planococcus citri

		Tropical cut flowers & foliage

		All

Nymphs

		46.6°C for 60 mins or 

45.2°C for 120 mins 

		VHT

		Hansen  et al. 1992



		

		Planococcus citri

		Limes

		

		49°C for 20 minutes

		HWD

		Gould & McGuire 2000



		

		Planococcus ficus

		Dormant grape cuttings

		All

		51°C for 5 mins

		HWD

		Haviland et al. 2005



		

		Pseudococcus affinis

		Tropical cut flowers & foliage

		All

Nymphs

		46.6°C for 60 mins or 

45.2°C for 120 mins 

		VHT

		Hansen  et al. 1992



		

		Pseudococcus comstocki

		Winter pumpkins

		

		47°C for 120 mins

		VHT

		Takano & Tanno 2003



		

		Pseudococcus longispinus

		Tropical cut flowers & foliage

		All

Nymphs

		46.6°C for 60 mins or 

45.2°C for 120 mins 

		VHT

		Hansen et al. 1992



		

		Pseudococcus longispinus

		Persimmons

		

		44˚C for 74.2 mins, 54˚C for 15.1 mins

		HWD

		Lester et al. 1995



		

		Pseudococcus longispinus

		Persimmons

		

		44˚C for 12.4 hours, 50˚C for 3.8 hours

		HTFA

		Dentener et al. 1996



		

		Pseudococcus odermatii

		Limes

		

		49°C for 20 minutes

		HWD

		Gould & McGuire 2000



		Homoptera: Aphididae

		Pentalonia nigronervosa

		Tropical cut flowers & foliage

		All

		46.6°C for 60 mins or 

45.2°C for 120 mins

		VHT

		Hansen  et al. 1992



		Lepidoptera: Pyralidae

		Diatraea saccharalis

		Sugarcane planting material

		Larvae

		52˚C for 20 mins, 24˚C for 72 hours

		HWD

		Sosa 1990



		

		Ectomyelois ceratoniae

		Palm date

		All

		50°C for 10 min, 55°C for 5 min and 60°C for 3 min

		HWD

		Ben-Amor et al. 2016



		

		Omphisa anastomosalis

		Sweet potato

		

		47°C for 90 mins

		VHT

		Shimabukuro et al. 1997



		Lepidoptera: Torticidae

		Epiphyas postvittana

		Apples

		Eggs

		45°C for 26.6 mins or 57°C for 0.6 mins

		HWD

		Jones & Waddell 1996



		

		

		Nectarines

		Eggs

		45°C for 29.3 mins or 57°C for 0.5 mins

		HWD

		Jones & Waddell 1996



		

		

		Persimmons

		5th instar larvae

		44˚C for 6.1 hours, 50˚C for 3.8 hours

		HTFA

		Dentener et al. 1996



		

		

		

		

		44˚C for 32.5 mins, 54˚C for 7.4 mins

		HWD

		Lester et al. 1995



		Thysanoptera: Thripidae

		Sciothrips cardamomi

		Tropical cut flowers & foliage

		All

		46.6°C for 60 mins

		VHT

		Hansen et al. 1992



		

		Thrips obscuratus

		

		

		

		HTFA

		Sharp 1994



		

		

		Peaches 

		Adults and larvae

		50°C for 2 mins

		HWD

		McLaren et al. 1997



		

		Heliothrips haemorrhoidalis

		

		

		45°C for 24 hours

		HTFA

		Sharp 1994



		Tylenchida: Tylenchulidae

		Ditylenchus dipsaci

		Narcissus bulbs

		

		45.6°C for 4 hours

		VHT

		Spruijt & Blanton 1933













References



Alderson, S.L., Waddell, B.C., Ryan, A.N. 1998. Effects of heating rate on the mortality of lightbrown apple moth. Proceedings of the 51st New Zealand Plant Protection Conference, 1998: 199-203.



Balock, J. W., and T. T. Kozuma. (1964) Notes on the biology and economic importance of the mango seed weevil, Sternochetus mangiferae (Fabricius), in Hawaii (Coleoptera: Curculionidae). Proceedings of the Hawaiian Entomological Society. 18: 353–364.



Ben-Amor, R., Dhouibi, M.H., Aguayo, E. 2016. Hot water treatments combined with cold storage as a tool for Ectomyelois ceratoniae mortality and maintenance of Deglet Noor palm date quality. Postharvest Biology and Technology; 2016.


Dentener, P.R., Alexander, S.M., Lester, P.J., Petry, R.J., Maindonald, J.H., McDonald, R.M. 1996. Hot air treatment for disinfestation of lightbrown apple moth and longtailed mealy bug on persimmons. Postharvest Biology and Technology 8(2): 143-151.



Denterner, P.R., Bennett, K.V. Hoy, L.E., Lewthwaite, S.E., Lester, P.J. Maindoland, J.H., Connolly, P.G. 1997. Postharvest disinfestation of lightbrown apple moth and longtailed mealybug on persimmons using heat and cold. Postharvest Biology and Technology; 1997. 12(3):255-264.



Doucette, C.F. 1941. Control of insects and mites attaching narcissus bulbs. Farmers’ bulletin, United States Department of Agriculture.



Follett, P.A. 2000. Quarantine pest research and Hawaii's tropical fruits. Proceedings of the Tenth Annual International Tropical Fruit Conference, Hilo Hawaiian Hotel, Hilo, Hawaii, 20-22 October, 2000.


Follett, P.A. 2004. Generic vapor heat treatments to control Maconellicoccus hirsutus (Homoptera: Pseudococcidae). Journal of Economic Entomology; 2004. 97(4):1263-1268.



Follett, P.A., Sanxter, S.S. 2001. Hot water immersion to ensure quarantine security for Cryptophlebia spp. (Lepidoptera: Tortricidae) in lychee and longan exported from Hawaii. Journal of Economic Entomology; 2001. 94(5):1292-1295.


Gold, C.S., Night, G., Abera, A., Speijer, P.R. 1998 Hot-water treatment for the control of the banana weevil, Cosmopolites sordidus Germar (Coleoptera: Curculionidae), in Uganda. African Entomology 6(2): 215-221.



Gould, W.P., McGuire, R.G. 2000. Hot water treatment and insecticidal coatings for disinfesting limes of mealybugs (Homoptera: Pseudococcidae). Journal of Economic Entomology, 93(3): 1017-20.



Gullan, P.J., Kosztarab, M. 1997. Adaptations in scale insects. Annual Review of Entomology, 42:23-50.



Hallman, G.J., Sharp, J.L. 1990. Mortality of Caribbean fruit fly (Diptera: Tephritidae) larvae infesting mangoes subjected to hot-water treatment, then immersion cooling. Journal of Economic Entomology, 83: 1471-1474.



Hansen, J.D., Hara, A.H., Tenbrink, V.L. 1992. Vapor heat: a potential treatment to disinfest tropical cut flowers and foliage. HortScience; 1992. 27(2):139-143. 



Haviland, D.R., Bentley, W., Daane, K. 2005. Hot-water treatments for control of Planococcus ficus (Homoptera: Pseudococcidae) on dormant grape cuttings. Journal of Economic Entomology, 98(4): 1109-15.



Hellqvist, S. 2002. Heat tolerance of strawberry tarsonemid mite Phytonemus pallidus. Annals of Applied Biology, 141(1): 67-71.


Hara, A.H.; Jacobsen, C.M. 2005. Hot water immersion for surface disinfestation of Macronellicoccus hirsutus (Homoptera: Pseudococcidae).  Journal of Economic Entomology, 98(2): 284-288.



Hosking, G. 2007. Literature review -Temperature mortality thresholds for insects. Ensis client report No.12261.



Hou, L.X., Du, Y.L., Johnson, J.A>, Wang, S.J. 2015. Thermal death kinetics of Conogethes punctiferalis (Lepidoptera: Pyralidae) as influenced by heating rate and life stage. Journal of Economic Entomology; 2015. 108(5):2192-2199.



ISPM 7 2011 Phytosanitary certification system. Rome, IPPC, FAO.



ISPM 31 2011. Methodologies for sampling of consignments. Rome, IPPC, FAO.


Jacobi, K.K., and Giles, J.E. 1997. Quality of ‘Kensington' mango (Mangifera indica Linn.) fruit following combined vapour heat disinfestation and hot water disease control treatments. Postharvest Biology and technology, 12(3): 285-292.



Jones, V.M., Waddell, B.C. 1996. Mortality responses of tydeid mite following hot water treatment. Proceedings of the 49th New Zealand Plant Protection Conference 1996:21-26.



Joubert, P. H., Grove T. (2000) The effect of gamma irradiation on seed weevil, fruit flies and fruit quality of different mango cultivars, South Africa Mango Growers Association Yearbook, Tanzaneen, South Africa, HortResearch SA, 19: 1999–2000 & 20:75–78.



Latta, R. 1939. Vapor-heat treatment for the control of Narcissus bulb pests in the Pacific Northwest. Technical Bulletin. United States Department of Agriculture; 1939. (672):53 pp.



Lester, P.J., Dentener, P.R., Petry, R.J., Alexander, S.M. 1995. Hot-water immersion for disinfestation of lightbrown apple moth (Epiphyas postvittana) and longtailed mealy bug (Pseudococcus longispinus) on persimmons. Postharvest Biology and Technology, 6(3/4): 349-356.



Lurie, S. 1998. Review: Postharvest heat treatments. Postharvest Biology and Technology, 14: 257-269.



McCoy, C.W., Terrabiva, A.C. Miller, W.R., Ismail, M.A., Carroll, C.C. 1995. Vapor heat treatment for the eradication of fuller rose beetle eggs on grapefruit and its effect on fruit quality. Proceedings of the Florida State Horticultural Society; 107:235-240.



McLaren, G. F. Fraser, J. A. McDonald, R. M. 1997. The feasibility of hot water disinfestation of summerfruit. Proceedings of the Fiftieth New Zealand Plant Protection Conference, Lincoln University, Canterbury, New Zealand, 18-21 August, 1997.



Mahakittikun, V., Wongkamchai s., Ahamad, M.H., Vichyanond, P. 2001. Killing mites with heat. European Journal of Allergy and Clinical Immunology 56(3): 262.



Muller, P.J. and Hollinger, T.C., 1980. Damage byRhizoglyphus mites in some ornamental bulbous crops. Acta Hortic., 109:449–456.



Neven, L.G. 1998. Respiratory response of fifth-instar codling moth (Lepidoptera: Tortricidae) to rapidly changing temperatures. Journal of Economic Entomology, 91(1): 302-308.



Neven, L.G. 2000. Physiological responses of insects to heat. Postharvest Biology and Technology 21:103-111.



Nordenfors, H., Hoglund, J. and A. Uggla. 1999. Effects of temperature and humidity on oviposition, molting, and longevity of Dermanyssus dallinae (Acari: Dermanyssidae). Journal of Medical Entomology 36(1): 68-72.


Pryke, J.S., Pringle, K.L. 2008. Postharvest disinfestation treatments for deciduous and citrus fruits of the Western Cape, South Africa: a database analysis. South African Journal of Science, 104(3-4):85-89.



Sharp, J.L. 1994. Hot-air alternative quarantine treatment for methyl bromide fumigation to disinfest fruits. Annual International Research Conference on Methyl Bromide Alternatives and Emissions Reductions.



Shimabukuro, S., Ishikawa, A., Iwata, M., Sakaguchi, T., Makiguchi, S., Katsumata, H. 1997. Efficacy of vapor heat treatment on sweet potato infested with sweet potato weevil, Cylas formicarius (Fabricius) (Coleoptera: Brentidae), West Indian sweet potato weevil, Euscepes postfasciatus (Fairmaire) (Coleoptera: Curculionidae), and sweet potato vine borer, Omphisa anastomosalis Guenee (Lepidoptera: Pyralidae). Research Bulletin of the Plant Protection Service, Japan; 1997. (33):35-41.



Soderstrom, E.L., Brandl, D.G., Mackey, B.E. 1993. High temperature for control of Asynonychus godmani (Coleoptera: Curculionidae) eggs on lemon fruit. Journal of Economic Entomology, 86(6):1773-1780. 



Sosa, O., Jr 1990. Mortality of the sugarcane borer (Lepidoptera: Pyralidae) subjected to various water treatments. Journal - American Society of Sugar Cane Technologists, 10:5-7.



Smith, F.F. 1939. Control of cyclamen and broad mites on gerbera. Circular. United States Department of Agriculture 516: 14pp.



Spruijt, F., Blanton, F.S. 1933. Vapor-heat treatment for the control of bulb pests and its effect upon the growth of narcissus bulbs. Journal of Economic Entomology; 1933. 26(3):613-620.



Takano, T.; Tanno, M. 2003. Effect of vapor-heat on Tetranychus urticae (Acarina: Tetranychidae) and Pseulococcus comstocki (Hemiptera: Pseudococcidae) on fresh winter pumpkins. Research Bulletin of the Plant Protection Service, Japan, 2003, 39:19-22.



Thomas, D.B. Shellie, K. 2000. Heating rate and induced thermotolerance in Mexican fruit fly (Diptera: Tephritidae) larvae, a quarantine pest of citrus and mangoes.  Journal of Economic Entomology, 93(4):1373-1379.



Wang, S., Ikediala, Tang, J., Hansen, J.D. 2002a. Thermal death kinetics and heating rate effects for fifth-instar Cydia pomonella (L.) (Lepidoptera: Tortricidae). Journal of Stored Products Research, 38: 441-453.



Wang, S., Tang, J., Johnson, J.A., Hansen, J.D. 2002b. Thermal-death kinetics of fifth-instar Amyelois transitella (Walker) (Lepidoptera: Pyralidae). Journal of Stored Products Research 38:427-440.



Weigel, C.A., Nelson, R.H. 1936. Heat treatments for control of bulb mite on tuberose. Journal of Economic Entomology, 29:744-749.



Yang, L., Zhongxin, L., Ma, W., Yan, S., Cui, K. 2015. Thermal death kinetics of frith-instar Corcyras cephalonica Lepidoptera: Galleriidae). Journal of Insect Science 15(1):24.


image3.png
Protecting the world’s plant resources from pestsi..




image4.jpeg
RN
NINWN=~F .7

~NN




