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1. INTRODUCTION

1.1. Background

A large number of pests have been reported to be associated with potato (Solanum tuberosum) through out the world. Since potato is mainly propagated by vegetative propagating material, the risk of spreading pests has been increased considerably. Both micro-propagation material as well as mini-tubers intended for propagation would equally constitute a potential risk of spreading pests such as bacteria, viruses, viroids & phytoplasmas affecting potato. However it is possible that when micro-propagation process is combined with appropriate testing can free the propagating material from above pests and therefore can be used as basis for importing healthy plant material for propagation. It is equally important to harmonize the process of phytosanitary certification of potato micro-propagation material and mini-tubers to facilitate safe global trade of such material without undue risk of introduction and or spread of those pests.

1.2. Scope and Purpose

This standard describes the phytosanitary measures to reduce the risk of introduction and or spread of regulated pests being associated with potato micro-propagation material and mini-tubers in international trade.  

However this standard will not apply to movement of seed potatoes (other than those of micro-propagation material and mini-tubers) and table-stock or potato intended for processing. Also this standard does not apply to genetically modified potato cultivars.

The purpose of this standard is to provide guidance in developing a harmonized phytosanitary sanitary system to regulate potato micro-propagation material and mini-tubers moving in international trade and further to focus on the specific phytosanitary requirements that may be applied to prevent introduction and or spread of pests of potato and thereby facilitate safe trade in such material.

1.3. References

Guidelines for pest risk analysis.ISPM.2, FAO, Rome

Requirements for establishment of pest free areas. ISPM. 4, FAO, Rome.

Export certification system. ISPM.7, FAO, Rome

Requirements for the establishment of pest free places of production & pest free production sites. ISPM.10, FAO, Rome

Pest risk analysis for quarantine pests.ISPM.11, FAO, Rome.

Guidelines for phytosanitary certificates. ISPM.12.FAO, Rome

The use of integrated measures in a systems approach for pest risk management.ISPM.14, FAO, Rome

Regulated non-quarantine pests: concepts and applications, ISPM.16, FAO, Rome

Guidelines on lists of regulated pests. ISPM.19, FAO, Rome

Pest risk analysis for regulated non-quarantine pests. ISPM.21, FAO, Rome

Guidelines for import regulatory system. ISPM.20, FAO, Rome

Requirements for importation of potatoes into a NAPPO member country. RSPM.3, NAPPO, Ontario, Canada

Certification schemes: seed potatoes (PM 4/28 (1)). EPPO, Paris.

Phytosanitary procedures: Post-entry quarantine for potato, (PM 3/21 (revised), EPPO, Paris.   

Standard for seed potatoes. UNECE (2005). United Nations, New York, Geneva.
Jeffries, C.1998. FAO/IPGRI Technical Guidelines for the Safe Movement of Germplasm. No. 19. Potato. Food and Agriculture Organization of the United Nations, Rome/International Plant Genetic Research Institute, Rome.  

1.4. Definitions & Terms

Consignment: A quantity of seed potatoes consisting of one or more lots, which have been consigned to one commercial party and is covered by one set of documents.
ELISA: Enzyme Linked Immuno-Sorbent Assay. 

Field: A defined area of land used for cultivation of seed potatoes.
Germplasm: Plants intended for use in breeding or conservation programs.

Inspection: Visual examination of plants, tubers, units of presentation, equipment or facilities by an authorized person, to determine compliance with regulations.
IPPC: International Plant Protection Convention 

Lot: A quantity of seed potatoes bearing the same reference number, which has been prepared for marketing and being of the same variety, category, class, size and origin.

Micro-propagation material: A micro-plant or tuber produced by tissue culture propagation in vitro on growing medium from meristematic tissue of parent material

Micro-plant:  A plantlet produced in vitro on a defined medium from meristematic tissue of parent material. 

Micro-tuber: A tuber produced in vitro from micro-plants on a defined medium

Mini-tuber: A tuber produced in vivo in a protected environment under glass house/controlled environment conditions from micro-propagation material tested pathogen-free. 

.

Monitoring: An official ongoing process to verify phytosanitary situations.

NPPO: National Plant Protection Organisation

NAPPO: North American Plant Protection Organisation

Parent material: In vitro, pathogen-free propagules used to increase a clone of potatoes for

production of commercial quantities of micro-plants, micro-tubers, or mini-tubers. 

PCR: Polymerase Chain Reaction. 

Pest Risk Analysis: The practice of evaluating biological or other scientific and economic evidence to determine whether a pest should be regulated and strength of any phytosanitary measure to be taken against it.

Pest free area (PFA): An area in which a specific pest does not occur as demonstrated by scientific evidence and in which, where appropriate, this condition is being officially maintained.

Phytosanitary certification: Use of phytosanitary procedures leading to the issue of phytosanitary certificate 

Phytosanitary measure: Any legislation, regulation or official procedure having the purpose to prevent the introduction and/or spread of pests.

Phytosanitary procedure: Any officially prescribed method for implementing phytosanitary regulations including the performance of inspections, tests, surveillance or treatments in connection with regulated pests.
Potatoes: Any wild or commercially produced plant, tuber, or other part of Solanum tuberosum, including all closely related tuber bearing species of Solanaceae and cultivars. 

Propagule:  Any plant part used for asexual propagation. 

Propagative plant material:  Plants or plant parts for planting or multiplication. 

Quality assurance system:  A planned and regularly monitored framework of controls, based on documented procedures, which is applied to critical operational activities in the production of potatoes or the performance of a service (e.g. diagnostics) or activity (e.g. the conduct of a test) to ensure operational efficiency and reliable compliance with specified quality standards.

Quarantine pest: A pest of potential national economic importance to the country endangered thereby and not yet present there, or present but not widely distributed and being actively controlled.

Regulated non-quarantine pest: A non-quarantine pest whose presence in plants for planting affects the intended use of these plants with an economically unacceptable impact and which is therefore regulated with the territory of the importing part.
RFLP: Restriction Fragment Length Polymorphism. 

RT-PCR:  Reverse Transcription-Polymerase Chain Reaction. 

Risk management options Risk reduction actions that may be selected, alone or in combination, to reduce identified pest risk to an acceptable level. 

Sampling: The procedure of drawing at random a number of tubers, plants or parts of plants which may be taken as representative of the lot or the field.

Seed potato certification: An officially adopted scheme for the production of potato propagative materials that meet prescribed requirements for pest freedom and varietal purity. 

Soil: The loose surface material of the earth in which plants grow, in most cases consisting of disintegrated rock with an admixture of organic material.

Test: Official examination, other than visual, to determine if pests are present or to identify pests.
UNECE: United Nations Economic Commission for Europe

1.5. Outline of Requirements

This standard describes the phytosanitary requirements for regulating movement of micro-propagation material and mini-tubers in international trade so as to prevent introduction and or spread of regulated pests of potato through such material. It outlines the responsibilities of NPPO/designated national authority of export/import countries for undertaking such measures to facilitate safe global trade in potato micro-propagation material and mini-tubers. It specifies the need to determine the phytosanitary measures based on pest risk analysis and the risk management options exercised by the importing country should commensurate with the level of risk involved to confirm appropriate level of protection. Further the risk management standards designed would vary with the category of commodity or category of pest involved and one or more risk management measures may be integrated to create systems approach to manage the risk.

This standard describes the phytosanitary measures that should be implemented by the exporting country, which may include pest free areas/places of production/production sites; operation of seed potato certification schemes; pre-planting treatments; inspection & certification of growing crop in glass house or field; post-harvest tuber testing; post-harvest handling, packaging & storage; pre-shipment inspection and phytosanitary certification. On the other hand, the phytosanitary measures that should be adopted by the importing country may include pre-clearance/pre-inspection to verify compliance with the procedures for pest free productions; entry-quarantine inspection to ensure compliance with import phytosanitary requirements and growing under post-entry quarantine. 

This standard specifies criteria for approval of micro-propagation and insect-proof glass/poly/screen house facilities; accreditation of test laboratory facilities; inspection and testing standards for micro-propagation material; inspection/field standards for production of mini-tubers in vivo and minimum certification standards for micro-propagation material and mini-tubers of potato. 

2. GENERAL REQUIREMENTS

2.1. Designation of National Authority (NA)

The national government of contracting parties (export/import countries contract to IPPC) should establish the NPPO or designate appropriate NA to regulate the movement of potato micro-propagation material and mini-tubers in international trade and implement approriate phytosanitary measures to prevent the introduction and or spread of regulated pests of potato.

2.2. Responsibilities of NPPO of export country

The responsibilities of NPPO/designated NA should include:

· Establish and maintain pest free areas/pest free places of production/pest free production sites for regulated pests of potato

· Approval of micro-propagation and insect-proof glass house/screen house/poly house facilities for production of micro plants/micro-tubers in vitro and mini-tubers in vivo under pest free conditions

· Accreditation of laboratory testing facilities for regulated pests such as viruses/viroids/phytoplasmas and bacteria affecting potato

· Undertake pre-shipment inspection and phytosanitary certification of micro-plants/tubers produced in vitro and mini-tubers produced in vivo  

· Conduct periodical inspection and auditing of approved micro propagation and insect-proof glass house facilities to verify compliance with the requirements and procedures prescribed under this standard

· Promptly notify the NPPO/designated NA of import country any occurrence of regulated pests in duly established pest free areas/places of production/production sites or any occurrence of new pests and the action taken

2.3. Responsibilities of NPPO of import country

The responsibilities of NPPO/designated NA should include:

· Undertake pest risk analysis to identify pests of concern to importing country and specify appropriate phytosanitary measures for importation of micro-propagation material and mini-tubers in line with the provisions of international standards

· Undertake quarantine inspection and clearance of imported consignments immediately upon arrival at the point of entry

· Establish appropriate laboratory testing and post-entry quarantine facilities such as insect-proof glass house or controlled environment chambers for growing imported germplasm/research/trial material of potato under strict quarantine containment

· Issue special permit to allow import of germplasm/research/trial material by a specified research institute, which have appropriate expertise to detect potato pests such as viruses, viroids, phytoplasmas and bacteria and containment facilities to prevent any escape of pests.

· Promptly notify the NPPO/designated NA of export country any non-compliance with phytosanitary requirements and advise the corrective actions required to be undertaken

2.4. Micropropagation Material vs. Mini-tubers

‘Micro-propagation material’ refers to micro-plants or micro-tubers produced in vitro in growing medium under aseptic conditions in officially approved tissue culture laboratories. The micro-plants or micro-tubers produced from meristematic tissue of nuclear stock (parent) material, which is tested and maintained pest-free. The micro-propagation material (micro-plants or micro-tubers) produced is again tested to ensure free from potato pathogens such as viruses, viroids, phytoplasmas and other regulated bacteria. 

Where as ‘mini-tubers’ are those grown from micro-plants or micro-tubers in a suitably designed aphid-proof glass/screen house facility, sufficiently isolated from other plant material not derived from tissue culture. Additional security can be achieved if the production takes place at a time of the year when there is little or no aphid activity. The growing medium such as soil should be free from soil-borne pathogens such as wart, powdery scab, brown rot, ring rot, common scab, black leg or soft rot, cyst nematodes and non-cyst nematodes affecting potato
2.5. Classification of seed potatoes

Seed potatoes shall be classified according to variety and the standards given below. Their classification shall be subject to official control in the producing country. Seed potatoes shall be placed in two classes within each of three categories as defined below:

2.5.1.  Prebasic-TC/Seed

These are seed potatoes of generations prior to basic seed. (a) Prebasic-TC shall be directly derived by micropropagation and may be tissue culture plantlets or micro-tubers or mini-tubers of the first generation (b) Prebasic-Seed shall be generations of seed potatoes multiplied in the field prior to basic seed, according to the minimum requirements specified in certification standards.

2.5.2.  Basic Seed

These are seed potatoes descended directly from Pre-basic or Basic category seed or produced under special provisions of a national certification scheme and are mainly intended for the production of certified seed potatoes. Seed shall be classified as either Basic I or Basic II according to the minimum requirements given in certification standards

2.5.3. Certified Seed

These are seed potatoes descended directly from Pre-basic, Basic or Certified category seed and are mainly intended for the production of potatoes other than seed potatoes.

2.6. Documents and Records Control

The NPPO/designated NA of the export country should clearly document the information regarding approval of micro-propagation and insect-proof glass hose facilities engaged in production of potato micro-propagation material (in vitro) and mini-tubers (in vivo) and accreditation of testing laboratory facilities. Also the records related to inspection of growing crop in glass house, field inspections, laboratory testing and seed certification of potato and phytosanitary certification. 

The NPPO/designated NA of import country should maintain all the records related to import inspection including laboratory testing, pest interceptions and post entry quarantine inspection.

2.7. Notification (Pest Reporting/ Non-compliance)

The NPPO/designated national authority of export country should promptly notify the importing country about any reported occurrence of pest in an established pest free area as per guidance provided by ISPM 17: Pest Reporting and promptly suspend the exports from the infested areas and also notify any new occurrence of pests and appropriate phytosanitary measures taken to curtail its spread 
The NPPO/designated NA of import country should promptly notify any non-compliance and action taken as per the ISPMA 13: Guidelines for the Notification of Non-Compliance and Emergency Action, which is stated as under:

A significant instance of failure of an imported consignment to comply with specified phytosanitary requirements, including the detection of specified regulated pests.

  A significant instance of failure of an imported consignment to comply with documentary requirements for phytosanitary certification.

An emergency action taken on the detection in an imported consignment of a regulated pest not listed as being associated with the commodity from the exporting country.
  An emergency action taken on the detection in an imported consignment of organisms   posing a potential phytosanitary threat.

 3. SPECIFIC REQUIREMENTS

3.1. Requirements of Pest Risk analysis

Pest risk analysis should form the basis for imposition of specific phytosanitary measures for regulating the movement of micro-propagation material and mini-tubers in trade. Pest risk analysis should be carried out as per international standards established under the IPPC. The risk analysis would vary with kind of potato material viz., seed potatoes and market potatoes (table-stock or potatoes intended for processing). The potential quarantine pests identified in initial stage would be further subject to pathway analysis to identify pathway specific quarantine pests. The risk analysis would also take into account the regulated non-quarantine pests specific to pathway that are covered under seed potato certification schemes operated by the import country.

3.2. Listing of pests of potato (pathway-specific)

A list of pests that may be associated with micro-propagation material and mini-tubers is given in Table-1 along with test procedures. 

3.3. Determination of appropriate risk management options 

The risk mitigation measures selected by the import country should provide appropriate level of protection for identified regulated pests of potato. The risk mitigation measures should be determined based on the acceptable level of risk determined by the import country based on scientific and biological evidence of the pest risk. Depending on the level of risk associated with a particular commodity and the degree of protection provided by the risk management measures, one or more of the measures may be selected and combined to create a systems approach for managing the risk (ISPM 14:The Use of Integrated Measures in a Systems Approach for Pest Risk Management). The risk management options should also take into account the existing phytosanitary measures of import country and their evaluation for providing appropriate level of protection against the specified pest of potato. The phytosanitary measures specified in respect of quarantine pests should commensurate with the level of risk identified and management options determined and any stringent phytosanitary measures adopted by import country should be technically justified. In the case of regulated non-quarantine pests, the phytosanitary measures specified should not be more than those adopted under the domestic quarantine regulations or seed potato certification scheme adopted by the import country. 

Prohibition of import should be considered as the most restrictive phytosanitary measure and therefore could be considered only for import of germplasm with unknown quarantine pest status or collected from wild and natives or centers of origin unless strict quarantine containment facilities are available with NPPO/designated NA. The least restrictive measures would be importation of micro-propagation material and mini-tubers, which produced in a pest free area or pest free place of production and pest free production sites established as per international standards under IPPC.

Other pest risk management measures that may be selected under a systems approach include pest freedom requirements for planting stock; pre-planting or pre-season, growing season, or post-harvest treatments; post-harvest handling, storage, and packaging requirements; geographic area or seasonal entry restrictions; post-entry quarantine inspection and laboratory testing requirements; and post-entry disposal and end use restrictions.

3.4. Risk management standards in relation to category/class of seed potatoes

The risk management standards for germplasm (both vegetative material and true seed) with unknown pest status include establishing candidate material in vitro or in vivo; growing under strict containment in vitro or in vivo in growth chambers under controlled conditions or insect-proof glass/screen house; testing each unit of candidate material (or plants derived from it) for specified pathogens by specified testing method at a stage of plant growth, which optimizes the detection of any pathogen, including those with uneven distribution or low concentrations; growing the candidate material (or plant derived from it) in the glass/screen house usually through complete vegetative cycle and inspecting for symptoms of viruses, viroids and phytoplasmas and further investigation; growing and maintaining tested material without any cross-infection or contamination or accidental release of pathogen; and destroying material found to be infected by viroids, and  regulated bacteria. For material infected with viruses, virus elimination is attempted following FAO/IPGRI recommended procedures. In general, virus elimination should be started only after testing microplants freedom from viroids and regulated bacteria. After viruses have been eliminated, the material once again subject to full phytosanitary procedure as outlined above and the material that passes the tests should be released with germplasm health statement that specifies the tests carried out and the test results.

The risk management standards for micropropagation material (prebasic-TC) of nuclear stock would involve growing them under aphid–proof glass/screen house or growth chambers under controlled conditions usually through one vegetative cycle and inspecting for symptoms of viruses, viroids, phytoplasmas and bacteria regulated by the importing country and testing. The growing medium viz., soil used for producing mini-tubers (prebasic-seed) should be tested and found free from pathogens such as wart (Synchytrium endobioticum), powdery scab (Spongospora subterranea) or cyst nematodes (Globodera pallida and G. rostochiensis), brown rot (Ralstonia solanacearum), bacterial ring rot (Clavibacter michiganensis subsp. sepedonicus), black leg or soft rot (Erwina spp) and common scab (Streptomyces scabies) or non-cyst forming nematodes (Ditylenchus destructor, Ditylenchus dipsaci, Meloidogyne spp) within the previous three years. 

The risk management standards for basic seed and certified seed would be as those specified under seed certification schemes of importing country 

3.5. Risk management standards in relation to category of pests

The risk management standards vary with different category of potato pests. The risk management standards for viruses, viroids, phytoplasmas and bacteria affecting potato should include a range of risk management measues such as pest free areas/pest free places of production/pest free production sites, off-season growing, cultural practices, inspection of growing crop in glass/screen house or field and certification, protective sprays, post-harvest tuber examination, laboratory diagnostics, hygienic handling, heat theraphy treatment, tissue culture growing in vitro and production of mini-tubers in vivo and post-entry quarantine.
Whereas the risk management standards such as pest free areas/pest free places of production/ pest free production sites, soil testing, pre-planting treatment, hygienic practices, and post-harvest tuber inspection and testing and post-harvest treatments should be the most considered options for soil- borne pathogens such as wart (Synchytrium endobioticum), powdery scab (Spongospora subterranea), smut (Angiosorus (Thecaphora) solani) or cyst forming nematodes (Globodera rostochiensis and G. pallida), brown rot (Ralstonia solanacearum), bacterial ring rot (Clavibacter michiganensis subsp. sepedonicus), Erwina spp., scab (Streptomyces scabies) and non-cyst forming nematodes. Further tissue culturing would eliminate both fungal and nematode pathogens of potato. 

 3.6. Phytosanitary measures (export country)

3.6.1. Pest free areas/places of production/production sites

No other phytosanitary requirements, except origin certification, would be imposed for potatoes moving from an officially recognized pest free areas/pest free places of production/ pest free production sites. ISPM. 4 provide guidance for the establishment of pest free areas and ISPM.10 provide guidance on establishment of pest free places of production and pest free production sites.

3.6.2. Seed potato certification schemes 

NPPO/designated national authority of export country will consider the seed potato certification schemes represent systems approaches to pest risk management. While intensive and highly sensitive testing methods are required for micro-plants, micro-tubers, and mini-tubers; and for certain pathogens in field grown seed. The certification of field grown seed potatoes relies primarily on visual inspection of crop for disease symptoms. In addition, seed potato certification programs would include tolerances for potato pests for different categories of seed potatoes. Consequently, seed potato certification schemes alone may not result in an acceptable level of risk for quarantine pests.

The risk management measures that are commonly integrated into current seed potato certification schemes would include:

        -  Aseptic laboratory production of micro-plants and micro-tubers (nuclear stock) from

parent material that is found to be free from all regulated pests. Appendix 4 specifies testing and other requirements.

        -  Insect proof, glass/screen house (or in other protected environment) production of mini-tubers from aseptic, laboratory produced, micro-plants or micro-tubers that complies with the specific requirements

· Field produced tubers randomly sampled and visually inspected, tested in the laboratory or tested in a field test plot and found to be free from or within tolerance for regulated pests.

3.6.3. Off-season growing/Cultural practices

Mini-tuber production should be taken up in isolated field in areas, where prevailing climatic conditions are unsuitable for building up of aphid population and further off-season cultivation, when the aphid activity is at a very low key. This should be coupled with protective sprays and reflective mulches to reduce the incidence of insect vector-borne viruses. Further careful inspection of growing fields should be carried out to ensure free from regulated pests and regular monitoring of aphid populations in production places/sites by using yellow sticky traps. 

3.6.4. Pre-shipment inspection/treatment

The NPPO/designated national authority of export country should undertake pre-shipment inspections including growing crop inspections in glass/screen house or field coupled with indicator inoculation tests and laboratory diagnosis and post-harvest tuber testing to facilitate detection of viruses, viroids, phytoplasmas and other regulated bacteria of concern to importing country. However such testing should be carried out at accredited testing laboratories, which have technical competency and necessary equipment and facilities to perform the requisite tests. Detailed guidelines for test procedures are summarized in Appendix-I and Table-1

3.6.5. Post-harvest handling, storage, packaging & labeling

The NPPO/national designated authority of export country should ensure that the approved facility adopt hygenic practices such as cleaning, washing and disinfecting of tubers during post-harvest handling and appropriate cold storage conditions to minimize the tuber contamination by regulated pests. Special packaging requirements should be designed to prevent subsequent pest infestation and prevent tampering. The recommended size of mini-tubers such that they should not pass through square guage of 25 mm and should be packed in cloth bags of 50 kg net and should be appropriately labeled indicating country and region of production, lot No, month and year of packing, variety, category and class of seed, field generation, size, declared weight, producing agency (Name/Address) and the label should have appropriate standard colour code, to distinguish pre-basic seed, basic seed and certified seed, in line with standards for seed potatoes prescribed by UNECE.

3.6.6. Phytosanitary Certification

Phytosanitary certification by the NPPO/designated national authority of export country will regulate safe movement of potato micro-propagation material and mini-tubers in international trade. Both ISPM 7 and 12 provide sufficient guidance in phytosanitary certification. However such phytosanitary certification should be carefully undertaken after thorough testing of micro-propagation material or mini-tubers by accredited test laboratories, which are manned by experts that have technical competency and equipment facilities to perform tests as per the guidelines prescribed in Appendix-I. The NPPO/designated national authority of export country will take into account the current phytosanitary requirements of the importing country before undertaking any phytosanitary certification. The phytosanitary certificate will incorporate additional declarations for regulated pests based on the test certificates issued by accredited test laboratory and the same should be appended to the PSC.

3.7. Phytosanitary measures (import country)

3.7.1.  Pre-inspection and clearance 

Pre-inspection and clearance will involve verification of compliance with a mutually agreed upon work plan between NPPO/designated national authority of import and export countries. This should include inspection of micro-propagation and glass/screen house facilities and isolation fields by the phytosanitary experts of the import country for verification of compliance procedures.

3.7.2. Prohibition of import

Prohibitions should be temporary and employed as emergency measures, during the time required to evaluate the pest risk and determine the availability of appropriate pest risk management measures. However the NPPO/designated national authority of import country will consider prohibition as the only option for considering import of germplasm of unknown quarantine pest status, if requisite quarantine containement facilities are lacking with importing country.
3.7.3. Special permits (germplasm/research material)

The NPPO/designated national authority of import country may permit entry of germplasm for research purposes under special permit that require all handling and research be authorized by the NPPO/designated national authority, including use of a secure facility. The NPPO/designated national authority of importing country should ensure that all the destruction of all contaminated material is carried out by incineration. The NPPO/designated national authority should undertake all quarantine precautionary measures to prevent escape of the pests, while holding under containment.
3.7.4. Import quarantine inspection & clearance

 Import inspection at point of entry will involve document verification and checking of consignment integrity as per ISPM: Guidelines for inspection established under IPPC. In case of bulk consignments of mini-tubers, sampling of consignments should be carried out as per norms prescribed under UECE ‘Standard for Seed Potatoes’. The representative sample should be subjected to detailed testing at accredited laboratories to ensure free from regulated pests. In the event of interception of any quarantine pest in the imported consignment and in the absence of appropriate risk mitigating measures, the consignment should be denied entry or deported to the country of origin. If new pest is intercepted, the same shall be subjected to pest risk analysis and additional risk mitigating measures should be considered. 

3.7.5. Post-entry quarantine requirements

Post-entry quarantine requirements should be as per the phytosanitary procedures and guidelines established by the NPPO/designated national authority of the import country. Post-entry quarantine should be considered as only mean for allowing the entry of potato germplasm of uncertain quarantine pest status with a condition to grow under strict quarantine containment facility. Germplasm from wild, native and field grown origins must be held in tissue culture and tested as specified in approved post–entry quarantine facilities. In case of commercial shipments of mini-tubers a representative sample of each variety should be grown under post-entry quarantine for full vegetative cycle to verify the pest free status of the import consignment.

3.8. Criteria for approval of micro-propagation and insect-proof glass house facilities

3.8.1.  Criteria for approval of micro-propagation facilities 

The criteria for approval of micro-propagation facilities by NPPO/designated national authority include:
· The facility shall have a double door entry with a changing area between double doors for changing dress and wearing clean disinfected laboratory coat, cap, gloves and footwear before entering into sterile area and provision for hand washing and foot disinfection pad. The main entry should be provided with an air-curtain and the sterile areas to be provided with positive air pressure to avoid contaminated air getting in

· The facility should have a washing room, media room, inoculation room and growth rooms and transfer room and hardening area for tissue culture propagation

· The facility should maintain adequate sterile conditions in the work area. The inoculation room should have a sterility level of Class 1000 and growth rooms should have a high sterility level of Class 10, 000 and fitted with UV germicidal lamps, which can be operated by external switches with red indicator lights to provide safety to workers. 

· The facility should adopt standard operational procedures to maintain, check and verify adequate sterility conditions are maintained in work areas. The facility should undertake periodical disinfection/fumigation to keep the contamination under control.

· The facility should establish and maintain documented procedures regarding purchase of equipments, quality chemicals required for preparation of tissue culture media and required glassware and capped containers used for tissue culture propagation

· The facility should maintains adequate information system and records for: varietal identification, initiation/propagation dates, origin, sample submission dates, test results, and certification numbers (where applicable)

· The inoculation room shall have laminar air flow cabinets fitted with 0.3 micron filters to provide sterile conditions and all inoculations and transfer of tissue cultures should be carried out under laminar airflow cabinet. The laminar airflow cabinets should be periodically checked for efficient functioning and replacement of filters. The laminar airflow cabinets must be fitted with UV germicidal lamps and have burner facility for heat sterilization (flaming) of the tools such as forceps, scalpels etc

· The growth rooms should be equipped with incubation racks adequately fitted with day light fluorescence tubes (about four tubes per each frame), air-conditioners, heat convectors, temperature and humidity controllers, photoperiod stimulator and automatic time control switches.

· The media room should be equipped with precision weighing balances (digital), pH meter, electrical conductivity meter, microwave oven, Deionizer/RO water purifying facility, autoclave, vertex mixer, hot plate cum magnetic stirrer etc., and separate racks for storage of chemicals and media.

· The facility should develop a quality manual that describes organization structure, management responsibilities, work instructions and standards. 

· The facility should have a documented regular monitoring programme to check the level of air-borne bacteria in the tissue-culture laboratory area

· The facility should have a well lighted room for examining tissue cultures for bacterial contamination

·  The facility should ensure that all the tissue culture material (micro-plants/micro-tubers) are produced from stock material, which is thoroughly tested in an accredited laboratory and found to be free from regulated pests such as viruses (PVA, PVM, PVS, PVX, PVY, PLRV and PotLV), viroids (PSTVd) and bacteria (brown rot, bacterial ring rot, black leg) within the last 12 months. Also batch testing of in vitro plantlets produced in the tissue culture facility to ensure free from above pests of potato.

· The facility should have transfer area for transferring ex-agar washed plants into hardening trays filled with proper potting mix and tissue culture hardening area provided with misting facility

· The facility should have strict monitoring and control of the entire process of production covering all the activities that are performed in media preparation room, inoculation room, growth rooms and hardening area.

· The facility should employ production supervisors, who have technical competency in tissue culture production and training in quality management; trained professional staff for media inoculations; and skilled workers/operators for preparation of media, autoclaving, cleaning, washing, disinfecting and potting etc.

3.8.2.   Criteria for approval of insect-proof glass/screen house facilities

The criteria for approval of insect-proof glass/screen house facilities by NPPO/designated national authority include:

· The facility should have double door entry with change area for changing garments and wearing overcoats and gloves. The change area must be provided with foot disinfecting pads and washing facility for washing and disinfecting hands and preferably integrated with tissue culture facility. 

· The facility should be sufficiently aphid-proof. The entry doors and all vents and openings should be covered with aphid proof screen (i.e., minimum of 40 meshes for square inch)

· The facility should have proper temperature and humidity control (applicable for glass house facility).

· The facility should have mist chambers or poly house tunnels for hardening of tissue cultures

· The facility should have heat theraphy cabinet for virus elimination in plants and an inclinator for disposal of contaminated plant material

· The facility should have a cleaning room for washing and disinfection of containers used for potting

· The facility should use soil-less medium for hardening of tissue cultures. If soil/soil mix is used, it should be appropriately treated/sterilized to ensure free from soil-borne pathogens affecting potato viz., powdery scab, wart, brown rot, bacterial ring rot, black leg, cyst nematodes and other non-cyst nematodes affecting potato

· The facility should document and maintain all record of operations carried out inside glass house/screen house viz., potting, fertilizer application, sprayings of pesticides and transplanting and harvesting.

· The facility should ensure hygienic practices, while handling plant material and disposal of infested/infected plant debris and contaminated soil and to maintain utmost sanitary conditions by prompt disposal of the same.

· The facility should have regular aphid monitoring by use of yellow sticky traps.

· The facility should have adequate water supply to meet the watering requirements and the water used is of good quality.

· The facility should maintain appropriate records of tissue cultures handled and all the mortalities taking place inside the glass /screen house during hardening, transplanting or after planting including culled plant lets. The records must trace back the mini-tubers produced in vivo to tissue cultures in vitro.

· The facility should employ production supervisors, who have sound knowledge of hardening of tissue cultures and glasshouse growing of plants and the various glasshouse operations and the professional staff for taking observations and skilled workers for carrying glass house operations.

3.9. Criteria for accreditation of testing laboratories

The criteria for accreditation of testing laboratories by NPPO/designated national authority include:

· The laboratory should have clean room with laboratory benches with white laminated tops for easy cleaning with adequate space to avoid over crowding of equipments and preferably be air-conditioned. 

· The laboratory should develop a quality manual that describes its policy, organization structure, work instructions and testing standards for regulated pests of potato and quality procedures.
· The laboratory should have documented procedures to control purchases and maintain a record of suppliers. The suppliers should have the capability to meet the requirements specified by the lab such as quality chemicals, glassware, plastic-ware etc.

· The lab should establish a documented procedure to trace back the samples referred for testing from the reception to the final reporting.

· The lab must be adequately equipped with basic equipments such as micro-centrifuge, horizontal gel electrophoresis/vertical gel electrophoresis units, gel documentation unit, PCR machine, ELISA kit, deep freezer (ultra low), BOD incubator, micro-centrifuge, UV fluorescence microscope, weighing balance (digital) etc., and they must be properly maintained, repaired and calibrated routinely.

· The accredited lab should identify the samples with appropriate coding information to ensure no confusion regarding identity of the sample through the testing process. The samples shall be clearly marked and properly labeled with information that is pertinent to testing process such as sample number, sample size, batch number/lot number, sampling date, passage, species/variety, etc) and properly stored and maintained. In case of germplasm/nuclear stock material all the stock cultures should be tested free from viruses and other regulated pests.

· The accredited lab shall maintain records of equipment, their calibration and maintenance records, as well as documentation of procedures and reference material, etc.

· The lab should record the results of testing in appropriate register and communicate the test results in appropriate format to the concerned micro-propagation facility.

· The accredited test laboratory should be headed by a virus expert with at least two technicians, who should have technical competency and proficiency in testing of micro-propagaion material/mini-tubers of potato for regulated pests such as viruses, viroids and bacteria affecting potato. In addition, the technicians should have undergone an advanced training course in plant virology at a national facility for virus diagnosis duly recognised by the NPPO/designated national authority and have a minimum of two years work experience in diagnosis and testing micro-propagation material/mini-tubers of potato for regulated pest such as viruses, viroids and bacteria.

· The accredited laboratory should have small glass house facility for raising indicator plant species for virus testing.

3.10.  Inspection/testing standards for micro-propagation material in vitro 

· The parent material (nuclear stock) used for production of micro-propagation material must be tested and found 100% free from regulated pests of potato such as viruses, viroids, phytoplasmas and bacteria. It should be grown and maintained insect-proof glass/screen house or controlled growth chambers). A minimum of ten plantlets (micro-plants) of each variety should be selected at random for testing for freedom from above stated regulated pests of potato at an accredited laboratory;

· The micro-plants/micro-tubers should be produced in vitro in aseptic medium subject to the guidelines for micro-propagation and procedures for elimination of pathogens described in Appendic-2.
· Micro-propagation material produced in vitro as above would be subject to batch testing to ensure pathogen-free production. The sample size for such batch testing should be adequate to detect incidence of any regulated pests of potato such as viruses, viroids, phytoplasmas and bacteria that exceeds 0.1% at 95% confidence level. 
· All testing of micro-propagation material for regulated pests of potato must be carried out in an accredited test laboratory.
· All the micro-propagation material produced in vitro should be subject to 100% visual examination to ensure free from fungal/bacterial contamination and if any contaminated culture noticed the same may be promptly removed forthwith to decontamination area.
3.11. Inspection/testing standards for glass house production of mini-tubers in vivo
· A minimum of three inspections must be made, with the first inspection at 35-45 days, the second inspection shall be made at 60-65 days and third inspection shall be made immediately after haulms have been cut/destroyed. The first inspection should record the percentage of established plant population for each variety and mortalities, off-types and seedling infections, if any and also to ensure that isolation requirements between different varieties are met with. During the second inspection, a minimum of 1% of plants should be sampled at random with a maximum of 25 plants sampled for each variety, for recording off-types, disease incidence and further investigation for each variety. The third inspection should be carried out to verify that haulms are cut/destroyed by the prescribed date and in proper manner.

· The soil used for planting must be free from pathogens such as potato wart, powdery scab, brown rot, bacterial ring rot, common scab and blackleg, cyst nematodes and other non-cyst forming nematodes affecting potato. The soil beds should be properly disnfected/steam sterilized before planting

· A minimum isolation distance of one metre should be maintained between the different varieties grown in glass house to avoid mechanical admixture of varieties.

· The insect-proof glass/screen house facility must be approved by the NPPO/designated national authority as per the criteria prescribed in 3.8.2. 

· The crop raised must be from officially certified micro-plants or micro-tubers produced in vitro grown in aseptic medium from meristematic tissue of nuclear stock material tested free from viruses, viroids and bacteria affecting potato at a duly accredited test laboratory.

· The insect population such as aphids or white flies should be monitored at weekly intervals by using yellow sticky traps   hanged at crop level at least one trap for every 100 m2 area.

· A minimum sample of 110 tubers should be drawn per each lot of mini-tubers, from at least ten randomly selected bags/sacks for post-harvest tuber testing for regulated pests of potato such as viruses, viroids, phytoplasmas and bacteria. The sample should be appropriately labeled and preserved under proper conditions until testing is completed. 

3.12.     Potato-TC/Mini-tuber standards for certification

The micro-propagation material (micro-plants/micro-tubers) and mini-tubers of potato moving in international trade must meet the minimum certification standards specified in Appendix-3 and tolerances for pests described in Table-2 in respect of Propagation Stock-I (Prebasic-TC/Mini-tubers) and the specific phytosanitary requirements of import country specified in line with the provisions of this standard.

Appendix-1: Guidelines on testing procedures

1. Testing for viruses in candidate material

Tests are performed on leaves from potato plants grown from a micro-plant of candidate material in a quarantine glasshouse. The list of viruses to be tested for and of methods to be used listed in Table-1.

1.1. Enzyme Linked Immuno-Sorbent Assay (ELISA)

ELISA tests are available for all viruses but are recommended in this scheme only for PVA, PVM, PVS, PVX, PVY and PLRV. Each micro-plant of the candidate material should be tested separately.

1.2. Use of indicator plants

The potato viruses covered by the scheme (except PLRV) can be detected by sap inoculation to a range of suitable indicator plants. Table 2 gives an example of the use of the following five indicator plants, Chenopodium quinoa, Nicotiana benthamiana, N. glutinosa, N. tabacum cv. White Burley and Phaseolus vulgaris cv. The Prince; other combinations that allow the detection of all the viruses may also be used. Screening with these indicator plants will detect potato viruses without necessarily identifying them, including PVA, PVM, PVS, PVX and PVY, which are tested for by ELISA in any case. It should be noted that some isolates of PVS can be detected by Chenopodium quinoa, but that C. murale can detect more isolates. The reliability of bioassays may be affected by a number of factors and some viruses may require special inoculation buffers.

2. Post-harvest tuber tests 

Virus tests may be carried out on tubers or on sprouts or leaves grown from tubers or from eye-plugs. A dormancy-breaking compound is usually used to encourage sprout growth (De Bokx, 1987) and/or increase virus concentration. Gibberellic acid is commonly used to encourage sprout growth, by dipping tubers, or, most often, eye plugs, in a 1-ppm GA3 solution for about 15 min. After draining, eye plugs may be immersed in a suitable protectant fungicide in order to prevent attack by Rhizoctonia solani. They are stored overnight at room temperature, then planted in sterilized compost or a soil-less medium to develop sprouts or sprouts with leaves. Sap from sprouts or leaves are then tested by ELISA. Rindite (a mixture of ethylene chlorohydrin, dichloroethane and carbon tetrachloride, 7:3:1 in volume) is also available for this purpose, but its use is not authorized in some countries. It is applied to tubers in a fumigation chamber, as described by Ehlers et al. (1983), to encourage sprout growth and increase virus concentration. Tubers are then incubated in a growth chamber at 22-25°C, with high humidity and low light to encourage sprout development. Sprout sap is used for ELISA.

The number of tubers in a sample will depend on the tolerance to be satisfied, the confidence level used and the heterogeneity of the lot.

2. Testing for potato spindle tuber viroid (PSTVd)

The test for PSTVd is applied to leaves from potato plants grown either from a micro-plant of  candidate material or from an original candidate tuber, under containment in a glasshouse. The test can be done by return-polyacrylamide gel electrophoresis (RT-PAGE) (OEPP/EPPO, 1984; modified by Huttinga et al., 1987; Schroeder & Weidemann, 1989), RNA probes (EU, 1997a) or PCR (Shamloul et al., 1997; Weidemann & Buchta, 1998).

3. Testing for ring rot (Clavibacter michiganensis subsp. sepedonicus)
The standard immuno-fluorescence (IF) test (OEPP/EPPO,1990a; EU, 1993b) is applied to a potato tuber, either the candidate tuber itself or a daughter tuber of a plant grown from a micro-plant of candidate material under containment in a glasshouse. A positive IF result should be further investigated to confirm the test result for rejecting the material.

4. Testing for Erwinia spp.

Micro-plants should be tested as individual 6 to 12-week plants growing in agar in plastic tubes. The basal section of the initial micro-plant is allowed to regenerate to produce sufficient plant material for testing. Aseptic techniques should be used throughout the test procedure for testing, and positive controls included with each test. Potato micro-plants are removed from agar using forceps, and excess agar is removed by gently scraping the root tissue. The plant is macerated with sterile pestle and mortar. Aliquots (100 (L) of the macerate are plated onto plates of nutrient agar and potato dextrose agar and incubated at 27°C for 3 days. Any bacteria may be further identified, and the test should be abandoned if too many bacteria are present. The remaining macerate is placed in 5 ml of PT broth (Burr & Schroth, 1977) and incubated anaerobically for 48 h at 27°C. Undiluted broth (100 (L) and a 10-fold serial dilution are spread onto crystal violet pectate agar plates (Pérombelon & Burnett, 1991) and incubated at 27°C for 3 days before examining for the presence of pitted colonies indicative of pectolytic Erwinia spp. The Erwinia colonies can be purified on nutrient agar plates, and the subspecies identified by standard biochemical tests. The soft rot Erwinia species can also be detected by the use of specific antibodies or polymerase chain reaction (PCR)-based methods (Pérombelon et al., 1999; Toth et al., 1999).

5. Testing for brown rot (Ralstonia solanacearum)

The test is applied to a potato tuber, either the candidate tuber itself or a daughter tuber of a plant grown from a micro-plant of candidate material, under containment in a glasshouse. Immuno-fluorescence (IF) and/or selective plating should be used, with optional additional tests (ELISA, PCR, enrichment, bioassay on tomato or aubergine). A test procedure is provided by OEPP/EPPO (1990b), but has since been improved (EU, 1997b). A positive IF or plating result requires further investigation to reject the material 

6. Testing soil for potato cyst nematodes (Globodera pallida and Globodera rostochiensis)

Procedures described in OEPP/EPPO (1991b) should be followed. The sampling procedure should include taking 100 cores of 4­5 ml of soil with a half-cylindrical sampling tool, from not deeper than 5 cm, distributed on a grid pattern throughout the field. The samples should be collected in a polyethylene bag to provide a sample of 400 ml (500 g). The soil samples should be then processed in the laboratory by various methods such as flotation method, flask and paper-strip methods, Fenwick can, elutriation method, Wye washer or centrifugal method.

Appendix-2: Guidelines for micro-propagation of potato & procedures for elimination of pathogens in vitro
· Material submitted as tubers should be washed, surface-sterilized in 0.3% available chlorine for 15 min and incubated in the dark to produce sprouts 3-7 cm long.

· Sprouts should also be surface-sterilized and rinsed in sterile water before excising the axillary buds before placing on a growing medium, such as Murashige and Skoog (M & S) medium with 30 g L-1 sucrose and 8 g L-1 Oxoid no. 3 agar. 

· The subsequent micro-plants should be subdivided into nodal segments every 4-6 weeks and transferred to fresh medium. 

· All in vitro work should be done by aseptic techniques in sterile air cabinets. Cultures should be incubated at 18-20°C under cool-white fluorescent tubes at a 16 h day-length.

· Virus-infected material submitted as tubers should be washed and surface-sterilized as described above before proceeding to eliminate the virus by two possible methods.

In the first method (MacDonald, 1973), the tuber is incubated in a humid chamber at 32-35°C until sprouts are produced. Sprouts are then removed, surface-sterilized in 0.3% available chlorine for 15 min and washed in sterile water. The apical meristem (150­200°µm) is excised, placed on M & S medium and incubated at 18-20°C under cool-white fluorescent tubes at a 16 h day-length. The meristems are subcultured onto new M & S medium at intervals of 4-6 weeks until a plantlet is produced. 

In the second method (Jeffries, 1998), micro-plants are produced as described in Appendix IV. Nodal sections from the micro-plants are transferred to M & S medium containing 20 mg°L-1 ribavarin. These nodes are incubated for 10 days at 18°C under lights at a 16-h day length to allow the micro-plants to grow and root. The cultures are then subjected to an alternating temperature regime of 40°C for 4 h followed by 25°C for 4 h. After 4 weeks, each micro-plant is subdivided into nodes. The first node beneath the tip is grown on for virus testing, and the second node is transferred to fresh ribavarin-amended M & S medium and the treatment repeated as described above until plantlets are found free from viruses.

Appendix-3: Certification standards for seed potatoes

Certification will be granted on the basis of records of the tests/inspections performed on the growing crop, of post-harvest tuber tests (if any) and of inspections of harvested tubers. The assessor will verify that the standards mentioned below are fulfilled.

Nuclear stock

The micro-propagation facilities must satisfy official requirements. Records must show that all nuclear stock micro-plants gave a negative test result for AMV, CMV, PVA, PAMV, PLRV, PVM, PMTV, PVS, PVV, PVX, PVY, TMV, TNV, TRV, TBRV, ToMV, TSWV, PSTVd, Ralstonia solanacearum, Clavibacter michiganensis subsp. sepedonicus, Erwinia spp. No micro-plant may show any symptom of fungal, bacterial or viral diseases. If these conditions are not met, certification at this grade will be refused. 
Propagation stock I (Pre-basic-TC/Mini-tubers)

In the case of micro-propagation, the micro-propagation facilities must satisfy official requirements. In the case of mini-tuber production, all plants and tubers must be free from pests and from any symptoms of attack by pests. The percentage of mini-tubers showing physical defects and dirt must not exceed 3% and 1% respectively (Table-2). If these conditions are not met at the time of the growing season inspection and tuber inspection, certification at this grade will be refused.

Propagation stock II (Pre-basic Seed)

Records must show that the plot in which the material is planted is free from Globodera pallida and G. rostochiensis, and is not known to be infected with Synchytrium endobioticum, Ditylenchus destructor, Meloidogyne chitwoodi or M. fallax. The crop must be free from Synchytrium endobioticum, Clavibacter michiganensis subsp. sepedonicus, Ralstonia solanacearum, PSTVd and potato stolbur phytoplasma. Any other national regulations concerning the pests mentioned here must have been respected, as well as any phytosanitary requirements of other countries to which material from the certification scheme may be exported. The incidence of other pests and disorders in the growing crop and on inspection of tubers intended for marketing must not exceed the tolerances given in Table 1. The results of post-harvest tuber tests, if any, must not exceed the direct progeny tolerances given in Table-2 If these conditions are not met, certification at this grade will be refused.

Propagation stock III  (Basic Seed) and IV (Certified Seed)

Records must show that the plot in which the material is planted is free from Globodera pallida and G. rostochiensis, and is not known to be infected with Synchytrium endobioticum, Ditylenchus destructor, Meloidogyne chitwoodi or M. fallax. The crop must be free from Synchytrium endobioticum, Clavibacter michiganensis subsp. sepedonicus, Ralstonia solanacearum, PSTVd and potato stolbur phytoplasma. Any other national regulations concerning the pests mentioned here must have been respected, as well as any phytosanitary requirements of other countries to which material from the certification scheme may be exported. The incidence of pests and disorders in the growing crop and on inspection of tubers intended for marketing must not exceed the tolerances given in Table-2. The results of post-harvest tuber tests, if any, must not exceed the direct progeny tolerances given in Table-2. If these conditions are not met, certification at this grade will be refused.

Table-1: Pests that may be associated with micro-propagation material and mini-tubers of potato and testing procedures. 

	Associated pest
	Tissue culture
	Mini-tubers
	Testing procedures
	References

	
	
	
	ELISA
	Indicator Test
	PCR/RT-PCR
	RT-PAGE
	IF Test
	Soil/

Tuber

 Test
	

	Viroids
	
	
	
	
	
	
	
	
	

	Potato spindle tuber viroid (PSTVd)
	Yes
	Yes
	Yes
	No
	RT-PCR
	Yes 
	No
	TT
	

	Viruses
	
	
	
	
	
	
	
	
	

	Alfaalfa mosaic virus (Alfamovirus)
	Yes 
	Yes 
	Yes 
	Yes 
	PCR
	No
	No
	No
	

	Andean potato latent virus (Tymovirus)
	Yes
	Yes
	Yes
	Yes 
	No
	No
	No
	No
	

	Andean potato mottle virus (Comovirus)
	Yes
	Yes
	Yes
	Yes 
	PCR
	No
	No
	No
	

	Arracacha virus B – oca strain (Nepovirus)
	Yes
	Yes
	Yes
	Yes 
	No
	No
	No
	No
	

	Beet curly top virus (Curtovirus)

	Yes
	Yes
	No
	No
	No
	No
	No
	No
	

	Cucumber mosaic virus (Cucumovirus)
	Yes 
	Yes 
	Yes 
	Yes
	PCR
	No
	No
	No
	

	Eggplant mottle dwarf virus (Nucleorhabdovirus)
	Yes 
	Yes 
	Yes
	Yes 
	No
	No
	No
	No
	

	Potato aucuba mosaic virus (Potexvirus)
	Yes 
	Yes 
	Yes 
	Yes
	PCR
	No
	No
	No
	

	Potato black ring spot virus (Nepovirus)
	Yes
	Yes
	Yes
	Yes 
	No
	No
	No
	No
	

	Potato deforming mosaic virus (Begomovirus)
	Yes
	Yes
	No
	No
	PCR
	No
	No
	No
	

	Potato latent virus (Carla virus)
	Yes
	Yes
	Yes 
	Yes 
	PCR
	No
	No
	TT
	

	Potato leaf roll virus (Polerovirus)
	Yes
	Yes
	Yes 
	No
	PCR
	No
	No
	No
	

	Potato mop-top virus (Pomovirus)
	Yes
	Yes
	Yes
	Yes 
	PCR
	No
	No
	TT
	

	Potato virus A (Potyvirus)
	Yes
	Yes
	Yes
	Yes 
	PCR
	No
	No
	No
	

	Potato virus M (Carlavirus)
	Yes
	Yes
	Yes
	Yes 
	PCR
	No
	No
	No
	

	Potato virus P (Carlavirus)
	Yes 
	Yes 
	Yes
	No
	PCR
	No
	No
	No
	

	Potato virus S (Carlavirus) 
	Yes
	Yes
	Yes
	Yes
	PCR
	No
	No
	No
	

	Potato virus T (Trichovirus)
	Yes
	Yes
	Yes
	Yes 
	PCR
	No
	No
	No
	

	Potato virus U (Nepovirus)
	Yes
	Yes
	Yes
	Yes 
	PCR
	No
	No
	No
	

	Potato virus V(Potyvirus)
	Yes
	Yes
	Yes
	Yes 
	PCR
	No
	No
	No
	

	Potato virus X (Potexvirus
	Yes
	Yes
	Yes
	Yes 
	PCR
	No
	No
	No
	

	Potato virus YO, YC, YN, and YNTN (Potyvirus)
	Yes
	Yes
	Yes
	Yes
	PCR
	No
	No
	TT
	

	Potato yellow dwarf virus (Nucleorhabdovirus)
	Yes
	Yes 
	Yes 
	Yes 
	PCR
	No
	No
	TT
	

	Potato yellow vein virus (Crinivirus)
	Yes
	Yes
	No
	Yes
	PCR
	No
	No
	No
	

	Potato yellowing virus (Alfamovirus)
	Yes
	Yes
	Yes
	No
	PCR
	No
	No
	No
	

	Sowbane mosaic virus (Sobemovirus)
	Yes 
	Yes 
	Yes 
	Yes 
	No
	No
	No
	No
	

	Tobacco mosaic virus (Tobamovirus)
	Yes 
	Yes 
	Yes 
	Yes 
	PCR
	No
	No
	No
	

	Tobacco Necrosis Virus (Necrovirus)
	Yes
	Yes
	Yes
	Yes 
	No
	No
	No
	TT
	

	Tobacco rattle virus (Tobravirus)
	Yes
	Yes
	Yes 
	Yes
	PCR
	No
	No
	TT
	

	Tobacco ring spot virus – calico strain (Nepovirus)
	Yes
	Yes
	Yes 
	Yes
	No
	No
	No
	No
	

	Tobacco streak virus (Ilarvirus)
	Yes 
	Yes 
	Yes 
	Yes
	No
	No
	No
	No
	

	Tomato black ring virus (Nepvirus)
	Yes
	Yes
	Yes 
	Yes 
	PCR
	No
	No
	No
	

	Tomato mosaic virus (Tobamovirus)
	Yes 
	Yes 
	Yes 
	Yes 
	PCR
	No
	No
	No
	

	Tomato spotted wilt virus (Tospovirus)

	Yes 
	Yes 
	Yes 
	Yes
	PCR
	No
	No
	TT
	

	Wild potato mosaic virus (Potyvirus)
	Yes 
	Yes
	Yes 
	Yes 
	PCR
	No
	No
	No
	

	Bacteria
	
	
	
	
	
	
	
	
	

	Clavibacter michiganensis subsp. sepedonicus (Bacterial ring rot)
	Yes
	Yes
	Yes 
	Yes
	PCR, RT-PCR
	No
	Yes 
	TT
	

	Erwinia carotovora subsp. atroseptica (Black leg)
	Yes
	Yes
	Yes 
	No
	PCR
	No
	No
	TT
	

	Erwinia chrysanthemi (potato strain) (Soft rot)
	Yes
	Yes
	Yes 
	No
	PCR
	No
	No
	TT
	

	Ralstonia solanacearum race 3, biovar 2 (Brown rot)
	Yes
	Yes
	Yes 
	No
	PCR, RT-PCR
	No
	Yes
	TT
	

	Streptomyces scabies (Common scab)
	Yes
	Yes
	No
	No
	
	No
	No
	TT
	

	Phytoplasmas

	
	
	
	
	
	
	
	
	

	Potato witches’ broom
	Yes
	Yes
	No
	No
	RT-PCR
	No
	No
	TT
	

	Potato stolbur
	Yes
	Yes
	Yes
	No
	RT-PCR
	No
	No
	No
	

	Fungi
	
	
	
	
	
	
	
	
	

	Angiosorus (Thecaphora) solani (Potato smut)
	No
	Yes
	No
	No
	No
	No
	No
	TT
	

	Oospora pustulans (Skin spot)
	No
	Yes
	No
	No
	No
	No
	No
	TT
	

	Spongospora subterranean (Powdery scab)
	No
	Yes
	No
	No
	No
	No
	No
	TT
	

	Synchytrium endobioticum (Potato wart)
	No
	Yes
	No
	No
	No
	No
	No
	TT
	

	Nematodes
	
	
	
	
	
	
	
	
	

	Globodera pallida
	No
	Yes
	No
	No
	No
	No
	No
	ST
	

	Globodera rostochiensis 
	No
	Yes
	No
	No
	No
	No
	No
	ST
	


Table-2. Minimum tolerances for pests of potato at Propagation stock I, II, III and IV (UN/ECE standards)

	
	Propagation stock I (mini-tubers)
	Propagation stock II
	Propagation stock III
	Propagation stock IV

	
	Prebasic seed-TC
	Prebasic seed
	Basic seed
	Certified seed

	Growing crop inspection 
	As a % of plants

	Virus
	0
	0.1
	Not specified
	Not specified

	Blackleg (Erwinia)
	0
	0.01
	1
	2

	Off-typesa
	0
	0.01
	Not specified
	Not specified

	
	

	Direct progenyb
	As a % of plants

	Virus
	0
	0.5
	4
	10c

	Off-typesa
	0
	0.01
	0.25
	0.5

	
	

	Tuber diseases and defectsd
	As a % of weight

	Blight (Phytophthora infestans)
	0
	0.1

0.1      0.2

0.1
	       1e                           
	1e

	Dry rot/wet rot
	0
	
	
	

	Frost
	0
	
	
	

	Black scurf (Rhizoctonia solani)
	0
	1 (saf > 10 %)
	5 (sa > 10 %)e
	5 (sa > 10 %)e

	Common scab (Streptomyces scabies)
	0
	5 (sa > 33 %)
	5 (sa > 33 %)e
	5 (sa > 33 %)e

	Powdery scab (Spongospora subterranea)
	0
	1 (sa > 10 %)
	Not specified
	Not specified

	Defects e.g. misshapen, cracks
	3
	3
	3e
	3e

	Dirt
	1
	1
	2e
	2e

	Visual necrosis[g]
	0
	1h
	Not specified 
	Not specified


a.
Including malformation caused by plant protection products.

b.
The direct progeny tolerances also apply to post-harvest tuber tests.

c.
Severe virus symptoms only.

d.
Only applies when tubers are to be marketed.

e.
For all marked with e, total tolerance is 6 %.

f.
sa, surface area affected.

g.
"Visual necrosis" means necrotic spots, arcs or rings within or on the surface of the tuber. These symptoms are often (but not exclusively) caused by virus infection.

h.
Provided not more than 0.5% surface necrosis.
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