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Preface 

Pest risk assessment provides the scientific basis for the overall management of pest risk. It involves identifying hazards and characterizing the risks associated with those hazards by estimating their probability of introduction and establishment as well as the severity of the consequences to crops and the wider environment. 

Risk assessments are science-based evaluations. They are neither scientific research nor are they scientific manuscripts. The risk assessment forms a link between scientific data and decision makers and expresses risk in terms appropriate for decision makers. 

Note 

Risk assessors will find it useful to have a copy of ISPM 11, Pest risk analysis for quarantine pests, including analysis of environmental risks and living modified organisms (FAO, 2004)
 and the EFSA guidance document on a harmonized framework for pest risk assessment (EFSA, 2010)
 to hand as they read this document and conduct a pest risk assessment. 
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Executive Summary 
Purpose
The purpose of this pest risk assessment was to evaluate the plant health risk associated with Meloidogyne chitwoodi (Columbia root-knot nematode) within the framework of EFSA project CFP/EFSA/PLH/2009/01. M. chitwoodi has an EU-quarantine status since 1998. In the pest risk assessment, the risk associated with M. chitwoodi has been assessed assuming that the current phytosanitary measures against the pest described in Annex III of the present pest risk assessment would not be in place. More general EU-requirements which are not directly linked with the pest such as a prohibition of import of “soil as such” and “plants intended for planting of Solanaceae” have been considered when assessing the risk. The efficacy of the present phytosanitary measures against M. chitwoodi and other possible options are evaluated in a separate report “Identification and evaluation of risk reduction options”.

Pest biology (see Annex I for details)

•
Identity of the pest: Meloidogyne chitwoodi Golden, O’Bannon, Santo & Finley, 1980
•
Life history: The nematode species Meloidogyne chitwoodi is an obligate plant parasite. It is able to survive in the soil as eggs or J2 for more than half a year but population density declines substantially in the absence of a host plant (Been et al.,  2007; Pinkerton et al., 1991; Wesemael & Moens, 2008a). It can complete several life cycles during one growing season depending on the climate.

•
Host range / habitat: M. chitwoodi has a very wide host range among several plant families, including crop plants and common weed species and it has possibly more host plant species than presently known (Santo et al., 1980; O'Bannon et al., 1982; Den Nijs et al, 2004). 
•
Means of dispersal / spread: Root-knot nematodes in general, so also M. chitwoodi, can move only very small distances by themselves. Only the second-stage juveniles (J2) and the males are able to move in soil and in plant tissue (< 1m). Horizontal movement is probably less than 0.5 m.         

Geographic Distribution (see for details and more references Annexes I -II)
	Africa:
	South Africa

	Asia:            
	Turkey

	North America:
	USA, Mexico

	Europe:
	Belgium, Germany, France, (Portugal)*, the Netherlands; possibly already more widespread than presently known

	South America
	Argentina


*Presence in Portugal not officially confirmed

Summary of risk elements:

1. climate – host interaction

M. chitwoodi has the potential to establish in plant hardiness zones 5 – 10 in Europe. 

2. host range

M. chitwoodi has a very wide host range including many important crop species like potato, cereals, sugar beet, tomato, lettuce and carrot.
3. dispersal

M. chitwoodi has a low natural capacity to spread (horizontally less than 1 m per year). It may spread over larger distances by (irrigation) water. Human assisted spread by means of movement of infested planting material or by movement of infested soil (attached to plants, machinery, shoes etc) is the most important way of spread.

4. potential consequences

Generally, the pest is likely to have a minor to medium impact on the crop by affecting the crop quality. Locally or in certain areas impacts can, however, be high. Potato, carrot and black salsify are considered the most endangered crops. Yield losses have rarely been reported but cosmetic damage on tubers or roots can lead to rejection of the crop for consumption or processing. 
5. environmental impact 

M. chitwoodi is not considered either to cause significant direct environmental impacts, or to have impacts on endangered/threatened species. Its introduction may, however, lead to an increased use of nematicides and, thereby, having an indirect adverse effect on the environment. Nematicides are, however, already used against other nematodes of which some are fairly widespread. Introduction of M. chitwoodi will, therefore, have limited effect on the total volume of nematicide use.
6. introduction potential
The probability of entry of M. chitwoodi from third countries has been assessed MEDIUM. 

The probability of entry of M. chitwoodi from areas in the EU that are already infested into other new areas has been assessed HIGH. 

Pathways identified and potential for spread from infested areas in the EU are summarized below:
	No. 
	Description
	Potential

	1
	Plants intended for planting of host plants with or without soil attached originating from areas where M. chitwoodi is present. This pathway includes any propagation material except plants derived from tissue culture


	High

	2
	Plants intended for planting of non-host plants with soil attached originating from areas where M. chitwoodi is present. This pathway includes any propagation material except plants derived from tissue culture
	Low

	3a
	Tubers, bulbs and any other plant parts originating from areas where M. chitwoodi is present and intended for consumption or processing; waste material properly treated
	Low

	3b
	Tubers, bulbs and any other plant parts originating from areas where M. chitwoodi is present and intended for consumption or processing; waste water applied to a field
	High

	4
	Soil attached to or associated with tubers, bulbs and any other plant parts originating from areas or fields where M. chitwoodi is present and intended for consumption or processing
	Medium-High

	5
	Soil attached to equipment, shoes and machinery (e.g. tractors, plowing machines, shoes,  etc).
	not rated1)

	6
	Soil as such 

	not rated

	7
	Travellers carrying one of the above mentioned products and/or soil samples
	not rated


1) Pathways 5 – 7: any pathway by which soil or plants are moved originating from infested fields is a potential risk but (trade) data were lacking to conduct a detailed analyses. Pathways 5 and 6 will especially be relevant for local spread (e.g. in and between adjacent fields/nearby farms). Pathway 6: import of “soil as such” from third countries is a closed pathway since import is forbidden from most third countries into the EU.
Overall pest risk

The overall risk has been assessed as MEDIUM because of a HIGH introduction potential  and LOW-MEDIUM impact of the pest.
Conclusion
M. chitwoodi is presently a quarantine pest in the EU. Under certain conditions, M. chitwoodi can cause significant economic impact mainly by affecting the quality of the product especially of potato, carrot and black salsify. M. chitwoodi is already fairly widespread in some areas in the Netherlands and Belgium and has also been reported from Germany, France and Portugal although the latter needs confirmation. However, the pest may be already more widespread than presently known.

Stage 1 – Initiation 
1.1  Background and Initiation
The purpose of this assessment is to evaluate the plant health risk of Meloidogyne chitwoodi Golden, O’Bannon, Santo & Finley (Columbia root knot nematode) within the framework of EFSA project CFP/EFSA/PLH/2009/01 (Prima phacie).

The terms of reference are described in EFSA call CFP/EFSA/PLH/2009/01, Pest risk assessment for the European Community plant health: A comparative approach with case studies (EFSA, 2009). The text in Section 1.4 of the call, “Structure and essential requirements of the proposal”, pages 7-9, provide the terms of reference e.g. that a systematic review of risk assessment methodologies, with emphasis on quantitative and semi-quantitative approaches, used in pest risk assessment to analyse and predict the likelihood of entry, establishment and spread, the potential negative consequences, the overall risk characterisation and the associated level of uncertainties be assessed, together with a systematic review of the methods used to assess the effectiveness of management options in reducing the risk of introduction and/or spread. The quantification of economic losses in monetary values and the assessment of potential effects on export markets, employment and tourism were not to be included. 

Initiation Point
This assessment was initiated as a case study pest to be examined within EFSA project CFP/EFSA/PLH/2009/01 (Prima phacie). Meloidogyne chitwoodi had been selected as a case study pest because it satisfied a number of criteria needed to provide a range of contrasting pest examples for consideration in the project (see report of kick-off meeting, (MacLeod, 2010)). 
1.2 Identification of the PRA Area 

The PRA area is the 27 Members of the EU excluding the ultra-peripheral regions, i.e. excluding the French overseas departments, Spanish Canary Isles, Portugese Azores and Madeira.
1.3 Available pertinent regulatory information

Previous PRA? :
Braasch et al. (1996) assessed the establishment potential and damage probability of M. chitwoodi for Germany and concluded that the climate is suitable for establishment in the whole country. It was concluded that areas where potatoes are grown are most at risk and that damage probability depends on a combination of factors, including temperature, precipitation, soil type and crop rotation practices. 
Tiilikkala et al. (1995) made a PRA of M. chitwoodi for Finland and concluded that M. chitwoodi can probably establish in Finland where it is expected to be mainly a pest of seed potatoes since the number of generations during one season would probably be too low to cause significant yield losses in other crops.

No PRA of M. chitwoodi is available for the whole EU.
Available Pest Fact Sheets/ Pest Alerts etc.: 

· EPPO datasheet available at http://www.eppo.org/QUARANTINE/nematodes/Meloidogyne_chitwoodi/MELGCH_ds.pdf  (accessed October 2010)
· Datasheet in the CABI Crop Protection Compendium http://www.cabi.org/cpc/default.aspx?LoadModule=datasheet&dsID=33235&CompID=1&site=161&page=868
· A updated and comprehensive datasheet has been prepared with in the project Prima Phacie.
Current regulatory status

What is the pest’s status in the Plant Health Directive (Council Directive 2000/29/EC
)? 
Listed in Annex IAII: harmful organism known to occur in the EU and relevant for the entire EU)

What is the pest’s status in the European and Mediterranean Plant Protection Organisation (EPPO)?        (mark box)                                            (www.eppo.org)

	EPPO List:
	A1 regulated pest list
	
	A2 regulated pest list
	X
	Action list
	
	Alert list
	


1.4 Strategy of data searching (identity of data bases, data banks and information systems, key search terms and strategies applied, and the time period covered should be provided)
The following databases were searched for papers on Meloidogye chitwoodi:

CABabstracts, Agris, Agricola, ISI Web of Knowledge http://isi02knowledge.com/: web of science. Key search terms were: “Meloidogyne AND chitwoodi”. No limit for year of publication. Databases were searched in 2010 and 2011. Preselected websites have been screened for PRA’s of Meloidogyne spp (Table 1). 
	Table 1: Websites searched for PRA’s of Meloidogyne spp.

	Country 
	Organization
	Website URL

	USA 
	USDA
	http://www.aphis.usda.gov/plant_health/plant_pest_info/pest_detection/mini-pra.shtml

	Australia 
	DAFFA
	http://www.daffa.gov.au/ba/ira/final-plant

	New Zealand
	Biosecurity New Zealand
	http://www.biosecurity.govt.nz/regs/imports/ihs/risk

	-
	EPPO
	http://www.eppo.org/QUARANTINE/ 

	France
	Ministere de l’alimentation de l’agriculture et de la pệche
	http://agriculture.gouv.fr/sections/thematiques/sante-protection-vegetaux/sante-des-vegetaux/laboratoire-national/expertises-analyses/liste-analyses-risque5406/

	Netherlands
	Plant Protection Service
	http://www.minlnv.nl/portal/page?_pageid=142,2267942&_dad=portal&_schema=PORTAL&p_document_id=1949462&p_node_id=2023114&p_mode=BROWSE



	Norway
	Norwegian Food Safety Authority
	http://www.mattilsynet.no/portal/page?_pageid=54,40083&_dad=portal&_schema=PORTAL&_piref54_40088_54_40083_40083.artSectionId=1162&_piref54_40088_54_40083_40083.articleId=22782&navigation1_parentItemId=2573&navigation2_parentItemId=2573&navigation2_selectedItemId=3415

	United Kingdom
	Fera
	http://www.fera.defra.gov.uk/plants/plantHealth/pestsDiseases/praTableNew.cfm


Stage 2 - Pest Risk Assessment
(Outline approach) 

This system for pest risk assessment involves evaluating six risk elements, 

1. climate – host interaction
2. host range
3. dispersal
4. potential consequences
5. environmental impact 

6. introduction potential
Each element is divided into three categories. Assessors review data / evidence and either select a single category or spread their judgment between categories. Guidance is provided to interpret the categories. 
The last risk element “Introduction potential” is composed of six sub-elements, (i) quantity imported, (ii) survival of post harvest treatment, (iii) survival during shipping, (iv) likelihood of detection at entry, (v) likelihood of movement to suitable habitat, and (vi) likelihood of contact with host. Again allocate % likelihood to appropriate categories for each sub-element. Guidance is provided as to how sub-elements should be interpreted. 
Pest risk is determined via use of BBN software based on matrices that combine consequences of introduction with introduction potential.
Having apportioned your assessment across categories for each risk element, record the scores in the associated Excel spread sheet (Method 4 Inputs.xls) and e-mail the spreadsheet to Willem Roelofs. Scores will be combined using BBN software. Results of combing the scores will be provided to risk assessors for interpretation.

Contact for queries regarding operation of this approach: 

Willem Roelofs  (w.roelofs@fera.gsi.gov.uk)
Tel: +44(0)1904 462495

or

Alan MacLeod (a.macleod@fera.gsi.gov.uk)
Tel: +44(0)1904 462350

Stage 2 - Pest Risk Assessment
(Case study example) 
Consequences of Introduction

2.1 Climate-Host Interaction 
When introduced to new areas, pests can be expected to behave as they do in their native areas if host plants and climates are similar. Ecological zonation and the interactions of the pests and their biotic and abiotic environments are considered in this element. Estimates are based on availability of both host material and suitable climate conditions.

Due to the availability of suitable host plants and suitable climate, judge how many hardiness zones the pest has potential to establish a breeding colony in.
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Source for “Hardiness Zone Map for Europe”: http://www.gardenweb.com/zones/europe/ Hardiness zones for other regions are available via the following link, http://treesandshrubs.about.com/od/treeshrubbasics/tp/worldhardinesszones.htm
Information / evidence: Provide reasoning then give judgment. 
Minimum temperature

Meloidogyne chitwoodi starts its life cycle from about 5°C onward, which is lower than the minimum temperature for M. hapla (Griffin, 1985; O'Bannon & Santo, 1984). It has been found mostly in temperate regions. The most northward places where M. chitwoodi was found in Europe are the Netherlands (Zijlstra et al., 1995) and Hamburg in the north of Germany (EPPO RS 1996, 96/205) and North Rhine Westfalia (Germany), which are in zones 7 and 8 (see map hardiness zones). It has also been found in Switzerland but this finding was in non-heated glasshouses (G. Karssen & J. Grundler, pers comm. in Den Nijs et al., 2004; Eder et al., 2010). M. chitwoodi was first described from findings in Quincy, WA Golden et al (1980), which is situated in hardiness zone 7 (http://www.backyardgardener.com/zone). Nyczepir et al. (1982) has provided survey data from Nothwestern USA where M. chitwoodi was found in the major potato growing areas in the Northwest including hardiness zone 5 (e.g. near the Snake River in eastern Idaho). Experimental results indicate that M. chitwoodi like M. hapla can survive subfreezing temperatures (Mojtahedi et al., 1991). Vertical seasonal migration may also help to survive cold winters (Mojtahedi et al., 1991). The potential area of distribution of M. chitwoodi in the EU may be quit similar to M. hapla which can also survive subfreezing temperatures and occurs fairly widespread in the EU including southern (e.g. Greece, Spain and Italy), central, eastern (e.g. Poland of which almost the entire area is located in hardiness zone 6) and northern European countries (e.g. Norway and Finland) (CABI, 2007; Kornobis, 2001). In Finland (zone 5 and lower), M. hapla has only reported from protected cultivation despite many findings in imported planting material (Kurppa, 1985; Tiilikkala et al, 1995). The reason for this may be that the summer temperatures are too low to complete one full generation (Tiilikkala et al., 1998). However, M. chitwoodi have a lower base temperature (4˚C for hatching and 6˚C for development than M. hapla and can probably complete its life cycle in southern Finland and possibly 2 generations in warm years (Tiilikkala et al., 1995). In Northwestern USA, M. chitwoodi is more of a problem than M. hapla in years when spring temperatures are unusually cool (Nyczepir et al., 1982). It is concluded that M. chitwoodi may have a potentially more northerly distribution than M. hapla in Europe and can probably establish in southern Finland (zone 5). 
Maximum temperature

M. chitwoodi will (almost) certainly be able to establish in western parts of France, UK and Ireland (areas in zone 9 with relatively cool summers) but establishment is less certain in the warmer areas of zone 9 because survival percentages of J2 and possibly eggs decreases rapidly with increasing temperature (Kok & de Heij, 2004). High temperatures may, therefore, be more limiting for the distribution of M. chitwoodi than low temperatures. The maximum temperature that M. chitwoodi can support has not been established, but it is expected that it will be similar to M. hapla. The latter species occurs from Florida to southern Canada, but its occurrence is limited when temperatures  are becoming too high ( > 24°c – 27°C) (Taylor et al., 1982 cited in Walters & Barker, 1994). 
M. chitwoodi has been found in Portugal near or in Porto, zone 9 (Da Conceicao et al., 2009) although the finding needs confirmation at DNA level. It has established or found in warmer areas of the USA, such as parts of California and New Mexico (Appendix III; Thomas et al., 2001; Walters & Barker, 1994) where the average summer maximum temperatures are above 30˚C but details about local climate and conditions from the fields/area where M. chitwoodi has been found are lacking. M. chitwoodi is present in the potato-growing region of the Klamath Basin in California, which has a climate of long winters with a snow cover and frozen soils and a short growing season with warm days and cool nights (Ferris et al., 1993). Experiments performed by Griffin and Jenssen (1997) showed that M. chitwoodi was able to multiply at 30°C in pot experiments, be it at lower multiplications rates than at cooler temperatures. Field experiments in Parma, Idaho, where the average maximum temperature in summer is 32°C, showed that the nematode was able to survive these warm summer conditions (Hafez & Palanisamy, 2006) which suggest that M. chitwoodi is able to establish in warmer climates. Vertical migration to deeper layers in the soil were temperatures usually remain below air temperatures and fluctuate less may add to survival in warmer areas. High temperatures may indirectly affect the establishment potential by decreasing soil wetness but irrigation practices may overcome this limitation. In Turkey, M. chitwoodi has established in potato growing areas in Nigde and Nevsehir province where summers are warm and dry and winters cold. In Nigde, average maximum temperatures in July and August are about 29˚C and only a few mm rain falls (see also below “soil moisture and precipitation”). Possibly, the most limiting factor for establishment in agricultural areas are relatively warm periods during which no host plant is growing because survival percentages decreases with increasing temperature (Kok & de Heij, 2004).

Soil moisture and precipitation
Dry conditions which may occur more frequently in warmer than in cooler areas in Europe may limit establishment of M. chitwoodi because dry conditions negatively affect survival of J2 and possibly eggs (Kok & de Heij, 2004; Aslam, 2010). Soil moisture and precipitation affect movement of juveniles in soil. Pinkerton et al. (1987) reported poor movement in soil below field capacity and found a stimulating effect on upward migration by water percolation downward. Braasch et al. (1996) stated in their PRA that the relationship between environmental factors and establishment potential is complicated by the fact that these factors influence both nematodes and plants. In dry soils, lenticels of potato become suberized making potatoes less susceptible to J2s. Thus, dry periods negatively affect population development of M. chitwoodi in potato indirectly and directly but more experimental research is needed to assess in more detail the effect of precipitation patterns and soil moisture on establishment potential and population development of M. chitwoodi. 
Soil texture
Soil type will probably affect the development and/or survival of M. chitwoodi. M. chitwoodi has especially been reported from sandy and sandy-loam soils (e.g. Waeyenberge & Moens, 2001). Runia & Korthals (2004) described an experiment in which infested seed potatoes were planted in 6 different soils of which the proportion of soil particles with a diameter of less than 16 µm ranged from 5 – 33%. M. chitwoodi was able to survive in each soil and populations increased in the next season after growing of carrots except in the heaviest-textured soil (33% < 16 µm) in which populations decreased. Mojtahedi et al. (1991) found that the ability of M. chitwoodi to migrate vertically and cause damage appeared to depend on soil texture. In a sandy loam soil J2 moved 55 cm upwards whereas in a silt loam this was only 15 cm. Thus, field observations and experimental data indicate that light-textured soils are more favourable for development of M. chitwoodi. However, more experimental work is needed to assess more precisely in which soil types M. chitwoodi can reach population densities that can lead to (qualitative) yield losses and in which soil types it can establish.

Management practices
In agricultural areas, the probability of establishment will depend on crop rotation frequencies. The higher the frequency of good hosts (hosts on which M. chitwoodi produces a high offspring) and the longer the growing period the more likely establishment will be. Nyczepir et al (1982) stated that the predominant Meloidogyne species in potato fields in Northwestern USA (M. hapla or M. chitwoodi) was probably determined by the previous cropping sequence.
Conclusion

In conclusion, the probability of establishment in agricultural crops will depend on climate, management practices in particular crop rotation and irrigation, and soil texture. Warm (and dry) periods will probably be more limiting for survival and establishment than low winter temperatures in Europe. M. chitwoodi can probably establish in warmer regions in southern Europe (in zones 9 and 10) depending on management practices. High temperatures and/or dry periods in absence of a host plant are considered the most limiting factors for establishment and development in southern Europe.  

With regard to plant hardiness zones: M. chitwoodi has established in areas in zones 7 and 8 in the Europe and will almost certainly be able to establish in zone 6 and likely in (parts of) zones 5 and 9 and possibly in parts of zone 10. The rating is therefore “high: four or more plant hardiness zones” with about 90% probability.
	2.1: Climate host interaction

	Rating
	Description 
	Probability Assignment 1 

	High
	in four or more plant hardiness zones.
	90%

	Medium
	in two or three plant hardiness zones.
	10%

	Low
	in a single plant hardiness zone.
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 
2.2 Host Range 
The risk posed by a plant pest depends on both its ability to establish a viable, reproductive population and its potential for causing plant damage. For arthropods, risk is assumed to be correlated positively with host range. For pathogens, risk is more complex and is assumed to depend on host range, aggressiveness, virulence and pathogenicity; for simplicity, risk is rated as a function of host range.

Information / evidence: Provide reasoning then give judgment 
Meloidogyne  chitwoodi  has a very broad host range comprising multiple diverse plant families (Solanaceae, Umbelliferae, Gramineae , Leguminosae,...) and species (potato, tomato, carrot, maize, wheat, bean, pea,...) (Santo et al., 1980; O'Bannon et al., 1982),. More than 100 host plants have been reported (see Data sheet, Appendix 1)

From this extensive host plant list it is clear that the rating is “high” with 100% probability.  

	2.2: Host range 

	Rating
	Description 
	Probability Assignment 1 

	High
	Pest attacks multiple species among multiple plant families.
	100%

	Medium
	Pest attacks multiple species within a single plant family.
	0%

	Low
	Pest attacks a single species or multiple species within a single genus.
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

2.3  Dispersal potential 
A pest may disperse after introduction to a new area. The following items should be considered:

· reproductive patterns of the pest (e.g., voltinism, biotic potential)

· inherent powers of movement

· factors facilitating dispersal (wind, water, presence of vectors, human, etc.)

Information / evidence: Provide reasoning then give judgment 
Meloidogyne  chitwoodi  reproduces mostly parthenogenetically, but also   sexual reproduction occurs  (Van der Beek & Karssen, 1997). A relatively large offspring is produced: up to a 1000 eggs/female are possible  (Santo, 1994). One to a few generations can be produced per year, depending on temperature and availability and status of a host plant. In continuous optimum conditions of warm temperatures (e.g. 600 degree-days per month)  one generation can be produced per month (Pinkerton et al., 1991). This is at most, and not realistic, about 10 to 12 generations per year. In temperate climates, 2 to 3 generations per year can be produced in the field.  When compared to some  fungi or even bacteria, reproduction is not high because the number of generations per year is restricted: one to a few. However, through the wide variety of host plants, new generations can be formed almost every year (on crops and weeds), but host plants are considered in the previous point 2.2.

Movement of Meloidogyne chitwoodi is rather restricted ( < 1 m) and distribution is basically confined to passive movement  with soil, water or infected plant parts (roots, tubers, bulbs,...). This movement can happen over large distances and usually involves human activities, e.g.  between countries through trade, between fields through agricultural practices. The nematode has no vectors. Dispersal by wind is not known, but water runoff  from contaminated fields or waste water from processing plants can distribute M. chitwoodi if fields or crops are contaminated  (see Appendix I: datasheet)
Based on the above , the dispersal potential can be considered as low (low  reproduction, a  few generations, and slow dispersal relying on passive movement), but only with  80 % probability. Rating “medium” can also be considered, when one considers the reproductive potential as high based on the large offspring per female and the possibility of a couple of generations per year.  
	2.3: Dispersal potential  

	Rating
	Description 
	Probability Assignment 1 

	High
	Pest has high biotic potential, e.g., many generations per year, many offspring per reproduction (“r-selected” species), AND evidence exists that the pest is capable of rapid dispersal , e.g., over 10 km/year under its own power; via natural forces, wind, water, vectors, etc., or human-assistance.
	0%

	Medium
	Pest has either high reproductive potential OR the species is capable of rapid dispersal.
	20%

	Low
	Pest has neither high reproductive potential nor rapid dispersal capability.
	80%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

2.4 Potential Consequences 
Information / evidence: Provide reasoning then give judgment 
Total yield loss either on the standing crop or in storage caused by M. chitwoodi/M. fallax has not been reported. Losses due to yield reductions are usually not or only occasionally observed in the susceptible and sensitive host crops potato (Griffin, 1985) and carrot (Santo et al., 1988). In some cases, yield reductions of up to 25% have been reported in potato (Hafez and Sundararaj, 2006a) but these may not occur in all years (Griffin, 1985). 

More important is the reduction in crop quality which according to some authors may be substantial. Crop quality related losses can be in the range of 10-30% for potato (Hafez and Sundararaj, 2006a) but may reach 80-100% under certain conditions (Mojtahedi et al., 1991; Boydston et al., 2007). Meloidogyne chitwoodi does in general not cause forking or stand count reductions in carrots (Santo et al., 1988) but severe crop quality reductions have been reported (Wesemael and Moens, 2008). Similarly, M. fallax may lead to 100% marketable yield loss (Molendijk and Brommer, 1998). Despite the fact that substantial quality damages in potato and carrots have been reported, reductions in marketable yield depend largely on the criteria for grading. Relaxation of standards for grading may change considerably the assessment of potential impacts caused by these nematodes. 

It should be noted that environmental parameters greatly affect symptom development and that some areas are likely to be more favourable to disease development and hence yield or quality reductions. However, even under the most favourable conditions (it is assumed that these be in the Northwest of the USA), not in all years considerable yield reductions may be observed (Griffin, 1985). Once the pest is present, the most important factors affecting disease development are temperature and length of cultivation of the crop. Given the fact that in some crops, e.g., carrot, the Northern root-knot nematode M. hapla is potentially more damaging than M. chitwoodi (Santo et al., 1988) and the fact that the pest does not cause host mortality or complete losses in storage,  the potential consequences are rated medium to low. 
	2.4: Potential consequences 

	Rating
	Description 
	Probability Assignment 1 

	High
	The pest has a severe impact on the standing crop with significant host mortality; losses in storage may be total. Intervention by growers may not be possible or would be essential and expensive to counter yield and /or quality losses.
	0%

	Medium
	The pest has a moderate impact on the standing crop but host mortality is rare; losses in storage may occur. Threat to yield and /or quality changes would justify some intervention by growers to reduce losses.
	60%

	Low
	The pest is likely to have no or only minor impact on a standing crop and little effect on stored products. Yield and /or quality changes are within range of natural variation. No intervention is likely to be needed.
	40%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

2.5 Environmental Impact 
The assessment of the potential of a pest to cause environmental damage proceeds by considering the following factors:

· Introduction of the pest is expected to cause significant, direct environmental impacts, e.g., ecological disruptions, reduced biodiversity. 

· Pest is expected to have direct impacts on endangered/threatened species listed by infesting/infecting a listed plant. If the pest attacks other species within the genus or other genera within the family, and preference/no preference tests have not been conducted with the listed plant and the pest, then the plant is assumed to be a host.

·  Pest is expected to have indirect impacts on species that are listed in Annex II or IV of the EC Habitats Directive
 or are key components of habitats listed in Annex I of the EC Habitats Directive.

· Introduction of the pest would stimulate chemical or biological control programs which will disrupt existing biological or integrated systems for control of other pests or to have negative effects on the environment e.g. biodiversity (at various levels), reduce population sizes, or increase their fragmentation.

Information / evidence: Provide reasoning then give judgment 
Meloidogyne chitwoodi is a polyphagous nematode with a wide host range plant families (Santo et al. 1980, O’Bannon et al. 1982); Host plants reported are mainly confined to agricultural and horticultural fields in temperate areas and also include recreational grass fields but weeds can also act as host plant (Zoon & De Heij, 2004). M. chitwoodi has been isolated from oak forest soil in Belgium (Waeyenberge & Moens, 2001) but significant environmental damage has not been reported. 

Furthermore, the fact that the species is probably present for a long time in the area of first discovery and may have been present in the Netherlands since at least the 1930es (EPPO, 1991) suggests that this species only causes significant damage under certain circumstances (soil type, temperature, crop plants).

According to these elements, M. chitwoodi is not considered either to cause significant direct environmental impacts, or to have impacts on endangered/ threatened species.
However, nematicides are likely to be used against this pest as part of control strategies.

The use of soil fumigants has a large impact on the soil fauna since it kills many organisms present in the soil. It may also pollute the ground water quality. According to the Dutch “Centre for Agriculture and Environment” metam sodium and dazomet have a high toxicological impact on soil and ground water (http://milieumeetlat.nl). 

Soil fumigants are not included in the list of active substances in the EU (http://ec.europa.eu/food/plant/protection/evaluation/database_act_subs_en.htm; website accessed 14/01/2011). In some EU-countries, metam sodium may be used as an “essential use” until 2014. Dazomet had been voluntarily withdrawn and should therefore be withdrawn from sale and use as of 31 December 2011 at the latest (EC decision no. 2008/934/EC). Nevertheless an application has been resubmitted for inclusion and it might be included in the future. 

The impact of non-chemical fumigants on the environment can also be substantial and several precautions need to be taken to minimize negative side effects when applying these agents (http://www.ctb.agro.nl). 

The pest affects some important crops (potato, carrot...) in a way that chemical or biological control programs would be undertaken. So an environmental impact (through chemical or biological program) is highly probable. 
However, the use of soil fumigants has been limited in the EU and non-fumigant nematicides are already used against other nematode species and other soil-borne diseases and introduction of M. chitwoodi will probably only lead to a limited increase of the use of nematicides. 
	2.5: Environmental impacts 

	Rating
	Description 
	Probability Assignment 1 

	High
	Two or more of the above would occur.
	0%

	Medium
	One of the above would occur.
	90%

	Low
	None of the above would occur; it is assumed that introduction of a non-indigenous pest will have some environmental impact (by definition, introduction of a non-indigenous species affects biodiversity).
	10%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

Introduction Potential 
3.0 List and describe the pathways for pest entry into the EU

For each pathway copy 3.1 to 3.6 and give responses by pathway  

The following pathways have been identified both for trade from infested areas within the EU (numbered as 1a, 2a, ..7a) as import from infested areas outside the EU (numbered as 1b, 2b, ..7b).
	No. 
	Description

	1
	Plants intended for planting of host plants with or without soil attached originating from areas where M. chitwoodi is present. This pathway includes any propagation material except plants derived from tissue culture



	2
	Plants intended for planting of non-host plants with soil attached originating from areas where M. chitwoodi is present. This pathway includes any propagation material except plants derived from tissue culture

	3
	Tubers, bulbs and any other plant parts originating from areas where M. chitwoodi is present and intended for consumption or processing

	4
	Soil attached to or associated with tubers, bulbs and any other plant parts originating from areas where M. chitwoodi is present and intended for consumption or processing

	5
	Soil attached to equipment, shoes and machinery (e.g. tractors, plowing machines, shoes,  etc).

	6
	Soil as such 



	7
	Travellers carrying one of the above mentioned products and/or soil samples


Pathways 1 - 4 were analysed in detail for trade within the EU but not for import from third countries because of lack of information. It is unknown if plants or plant products are actually imported from areas where M. chitwoodi is present. Relatively low volumes of seed and ware potatoes are imported from Turkey where M. chitwoodi is known to be present in some potato growing areas. These imports could be a pathway for introduction if the potatoes originate from infested areas. Soil as such from third countries is a potential pathway but is a closed pathway for countries where M. chitwoodi is known to be present under the present EU-legislation. In general, the probability of entry of M. chitwoodi from third countries has been assessed MEDIUM. 

Pathways 5 – 7: any pathway by which soil or plants are moved originating from infested fields is a potential risk but (trade) data are lacking to conduct a detailed analyses. Pathway 5 will especially be relevant for local spread. Pathway 6: import of “soil as such” from third countries is a closed pathway since import is forbidden from most third countries (EU directive 2000/29/EC, Annex III, part A, article 14). Soil as such may only be imported from third countries belonging to continental Europe but excluding Turkey, Belarus, Moldavia, Russia and Ukraine. It may also be imported  from Egypt, Israel, Libya, Morocco and Tunisia. M. chitwoodi is not known to occur in these countries except Switzerland.  
Thus, the following four pathways were analysed in detail:
Pathway 1: Plants intended for planting of host plants with or without soil attached originating from EU-areas where M. chitwoodi is present. This pathway includes any propagation material except plants derived from tissue culture

Pathway 2: Plants intended for planting of non-host plants with soil attached originating from EU-areas where M. chitwoodi is present. This pathway includes any propagation material except plants derived from tissue culture.

Pathway 3: Tubers, bulbs and any other plant parts originating from EU-areas where M. chitwoodi is present and intended for consumption or processing

Pathway 4: Soil attached to or associated with tubers, bulbs and any other plant parts originating from areas in the EU where M. chitwoodi is present and intended for consumption or processing

The prevalence of M. chitwoodi in EU-countries where it is present will vary largely among fields. The pest is present in agricultural areas in the EU and fairly widespread in some regions of Belgium and the Netherlands. The pest is only locally known to be present in Germany, France and Portugal although the latter needs confirmation (Annex I, II and VII ). Because of its local presence in Germany and France (a few number of companies is known to be infested, see Appendix II) and uncertainties about its pest status in Portugal we only consider here trade from Belgium and the Netherlands. 

Note that M. chitwoodi presently has a quarantine status in the EU and phytosanitary measures to prevent introduction and spread through import and trade of plant products are in place. In the present PRA, we have assessed the probability of entry in case no phytosanitary measures specifically directed against M. chitwoodi would be in place. 

Pathway 1: 
Plants intended for planting of host plants with or without soil attached originating from EU-areas where M. chitwoodi is present. This pathway includes any propagation material except plants derived from tissue culture

3.1 Quantity of commodity imported annually

Information / evidence: 
A number of species within the host range of  Meloidogyne chitwoodi is traded between MS of the European Union as planting material (e.g. seed potatoes, flower bulbs, propagation material for vegetables, tree nursery products and perennials). The quantities of commodities traded annually from The Netherlands and Belgium to other MS could be obtained for a limited number of host plants from Eurostat (Appendix V). It was not possible to assess the quantities originating from areas/fields where the nematode species is actually present but based on the large trade volume we asses a trade from areas/fields where the pest is present on at least 100 tonnes and less than 1 million tonnes (a medium volume).
Seed potatoes (see also Appendix V, Table 1A1):  
	3.1: Quantity of annual trade of seed potatoes from Belgium and the Netherlands within the EU

	Rating
	Tonnes imported into PRA area (per year)
	Number of containers 

(per year)
	Probability Assignment 1 

	High
	> 1,000,000
	>100 containers
	0%

	Medium
	100 -1,000,000
	10 - 100 containers
	100%

	Low
	< 100
	< 10 containers
	0%

	
	
	Check sum =
	100%


Dormant bulbs, tubers, corms etc intended for planting*  (see also Appendix V, Table 1A2): 

	3.1: Quantity of annual trade of seed potatoes from Belgium and the Netherlands within the EU

	Rating
	Tonnes imported into PRA area (per year)
	Number of containers 

(per year)
	Probability Assignment 1 

	High
	> 1,000,000
	>100 containers
	0%

	Medium
	100 -1,000,000
	10 - 100 containers
	100%

	Low
	< 100
	< 10 containers
	0%

	
	
	Check sum =
	100%


* may not all be host plants of M. chitwoodi

3.2 Survive postharvest treatment: 

For this sub-element, postharvest treatment refers to any manipulation, handling or specific phytosanitary treatment to which the commodity is subjected. Examples of postharvest treatments include culling, washing, chemical treatment, cold storage, etc. If there is no postharvest treatment, estimate the likelihood of this sub-element as High.

Information / evidence: 
Seed potatoes are not treated with nematides or undergo any treatment that may affect the number of nematodes in the tuber and/or egg masses on the surface. The same hold for (most) other planting material.

	3.2: Likelihood of surviving post harvest treatments  

	Rating
	Description (likelihood of survival is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten survive)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten survive)
	0%

	Low
	< 0.1% (less than one in one thousand survive)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.3 Survive shipment

Estimate survival during shipment; assume standard shipping conditions.

Information / evidence: Provide reasoning then give judgment 
Juveniles are protected within the plant tissue. Eggs present on the surface may be exposed to unfavourable conditions resulting in loss of viability. On the other hand the number eggs and J2s have been found to increase in Crocus and Iris bulbs during storage at 18˚C (see method 3 for more reasoning and references)
	3.3: Likelihood of surviving during shipping   

	Rating
	Description (likelihood of survival is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten survive)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten survive)
	0%

	Low
	0.1% (less than one in one thousand survive)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.4 Not be detected at the port of entry

Unless specific protocols are in place for special inspection of the commodity in question, assume standard inspection protocols for like commodities. If no inspection is planned, estimate this sub-element as high.

Information / evidence: Provide reasoning then give judgment 
The root galls produced by M. chitwoodi are comparable to those produced by several other root-knot species, i.e. relatively small galls in general without secondary roots emerging from them (as in M. hapla). On potato tubers, external symptoms are obvious by visual inspection in the case of heavy infestations, but where nematode numbers are low or in the early stage of infection, such symptoms are not obvious. Some potato cultivars, although heavily infested, may be free from visible external symptoms, while the internal potato tissue is necrotic and brownish, just below the peel (Jepson, 1985 & 1987; Pinkerton et al., 1991). Also, propagation material of other host plants can be infested without any (clear) visible symptoms for example flower bulbs of several species or cultivars (Den Nijs et al., 2004). Symptoms may be present on roots but not on the flower bulbs which can be infested with the nematode (van der Sommen & Van Bruggen, 2010, unpublished results).

	3.4: Likelihood pest will not be detected at port of entry 

	Rating
	Description (likelihood of no detection is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten will not be detected)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten will not be detected)
	0%

	Low
	< 0.1% (less than one in one thousand will not be detected)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.5 Imported or moved subsequently to an area with an environment suitable for survival

Consider the geographic location of likely markets and the proportion of the commodity that is likely to move to locations suitable for pest survival. Even if infested commodities enter the EU, perhaps not all final destinations will have suitable climatic conditions for pest survival. 

Information / evidence:
Planting material will finally be planted in soil usually shortly after they have arrived at the final destination but they it may also be stored for a while before being planted. The nematode can survive on its host in soil or during storage. Eggs that are present on the surface of roots or tubers may loose viability during storage but multiplication of M. chitwoodi during storage has also been found (see method 3 for references and more reasoning).  
 Provide reasoning then give judgment 
	3.5: Likelihood commodity that will be moved to suitable environment for pest survival  

	Rating
	Description (likelihood, or amount moved to suitable environment is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten)
	0%

	Low
	< 0.1% (less than one in one thousand)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.6 Come into contact with host material suitable for reproduction
Even if the final destinations of infested commodities are suitable for pest survival, suitable hosts must be available in order for the pest to survive. Consider the complete host range of the pest species. 

Information / evidence: Provide reasoning then give judgment 
The pathway is a host plant which will be planted at the final destination.
	3.6: Likelihood pest will transfer to host material where it can reproduce 

	Rating
	Description (likelihood of pest transfer is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten)
	0%

	Low
	< 0.1% (less than one in one thousand)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

Pathway 2:

Plants intended for planting of non-host plants with soil attached originating from EU-areas where M. chitwoodi is present. This pathway includes any propagation material except plants derived from tissue culture.
3.1 Quantity of commodity imported annually
Information / evidence: Provide reasoning then give judgment 
M. chitwoodi has a very wide host range and it is presently not possible to state which are the non-host plants of M. chitwoodi. Several ornamental trees, shrubs and perennials that are traded with soil may be non-hosts. However, many important agricultural crops for which tubers or bulbs are used as planting material are host plants (e.g. potatoes, many flower bulb species and cultivars, chicory, onion and leek) and, therefore, we assess the total trade volume of plants for planting of non-host plants at least not larger than the trade volume of host plants (see pathway 1A) and divide the ratings between medium (50%) and low (50%).

	3.1: Quantity of annual imports  (Examples provided for tonnes and containers, other units can be used)

	Rating
	Tonnes imported into PRA area (per year)
	Number of containers 

(per year)
	Probability Assignment 1 

	High
	> 1,000,000
	>100 containers
	0%

	Medium
	100 -1,000,000
	10 - 100 containers
	50%

	Low
	< 100
	< 10 containers
	50%

	
	
	Check sum =
	100%


3.2 Survive postharvest treatment: 

Information / evidence: 
Not applicable

	3.2: Likelihood of surviving post harvest treatments  

	Rating
	Description (likelihood of survival is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten survive)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten survive)
	0%

	Low
	< 0.1% (less than one in one thousand survive)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.3 Survive shipment

Estimate survival during shipment; assume standard shipping conditions.

Information / evidence: 
The population decline in soil attached to non-host plants will continue after harvest of the plants and may increase in cases where temperature of the soil will increase and/or where the soil will dry out. Temperature in soil will be more similar to the ambient temperature when the volume is low and, therefore, the temperature in soil attached to plants after they have been taken from the field may fluctuate more rapidly and be warmer during summer time which will negatively affect survival. Decline will be more rapidly in case soil attached to the plants dries out during transport and/or storage. Transport time within Europe will usually be less than one week and, therefore, we assess that at least 10% will survive during transport, for example during transport of (potted) shrubs, trees and perennials). See method 3 for references and further reasoning

	3.3: Likelihood of surviving during shipping   

	Rating
	Description (likelihood of survival is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten survive)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten survive)
	0%

	Low
	0.1% (less than one in one thousand survive)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.4 Not be detected at the port of entry
Information / evidence:
Soil attached to plants is not tested for presence of Meloidogyne spp. (plants moving within the EU)

	3.4: Likelihood pest will not be detected at port of entry 

	Rating
	Description (likelihood of no detection is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten will not be detected)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten will not be detected)
	0%

	Low
	< 0.1% (less than one in one thousand will not be detected)
	0%

	
	Check sum =
	100%


3.5 Imported or moved subsequently to an area with an environment suitable for survival

Consider the geographic location of likely markets and the proportion of the commodity that is likely to move to locations suitable for pest survival. Even if infested commodities enter the EU, perhaps not all final destinations will have suitable climatic conditions for pest survival. 

Information / evidence:
Plants (non-hosts) will finally be planted in soil and population decline will continue in the absence of a host plant. In principle soil is a suitable environment for survival although the more heavy textured soil may be less suitable for survival (and establishment) (Runia & Korthals, 2004). Dry and warm conditions also negatively affect survival (Aslam, 2010; Kok & de Heij, 2004). We assume that between one in one thousand to one in ten cases plants will be planted at a location that is suitable for survival for at least one month. The uncertainty is, however, high because the commodity could not exactly be defined, i.e. which plants species are non-hosts and where they are planted. Survival on the long terms will depend on the probability that the nematode will come into contact wilt host material which is discussed in the next question (3.6).  

	3.5: Likelihood commodity that will be moved to suitable environment for pest survival  (same as % of commodity moved to suitable environment)

	Rating
	Description (likelihood, or amount moved to suitable environment is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten)
	20%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten)
	50%

	Low
	< 0.1% (less than one in one thousand)
	30%

	
	Check sum =
	100%


3.6 Come into contact with host material suitable for reproduction
Even if the final destinations of infested commodities are suitable for pest survival, suitable hosts must be available in order for the pest to survive. Consider the complete host range of the pest species. 

Information / evidence: Provide reasoning then give judgment 
There are many wild and crop host plant species but the successful transfer depends on the probability that the nematode will come into contact with a host plant before all Meloidogynes have lost their infectivity. Limited data indicated that infective juveniles can survive without host not more than 9 days in moist soils at a temperature of 15-25˚C. J2’s can only move over very short distances in soil (less than 1 meter) and M, chitwoodi can only come into contact with a host plant when the non-host is planten in very close proximity to a host plant. The likelihood that this will happen and J2’s will reach a non-host before they have lost their infectivity is rated as low also because the J2 density in soil attached to a non-host plant will be low.
	3.6: Likelihood pest will transfer to host material where it can reproduce 

	Rating
	Description (likelihood of pest transfer is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten)
	10%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten)
	40%

	Low
	< 0.1% (less than one in one thousand)
	50%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

Pathway 3: 

Tubers, bulbs and any other plant parts originating from EU-areas where M. chitwoodi is present and intended for consumption or processing (ware potatoes, starch potatoes, carrots, black salsify, etc.)

3.1 Quantity of commodity imported annually
Information / evidence: 
More than one million tonnes of potatoes for consumption and processing are traded from Belgium and the Netherlands into other EU-countries (Annex IV). Fresh carrots, turnips, black salsify and/or other fresh products that can be infested with M. chitwoodi are also traded (Annex IV). However, it is uncertain which part of the volume is originating from areas where M. chitwoodi is present. Therefore, we assign a 50% probability to a high rating and a 50% probability to a medium rating. 
	3.1: Quantity of annual imports  (Examples provided for tonnes and containers, other units can be used)

	Rating
	Tonnes imported into PRA area (per year)
	Number of containers 

(per year)
	Probability Assignment 1 

	High
	> 1,000,000
	>100 containers
	50%

	Medium
	100 -1,000,000
	10 - 100 containers
	50%

	Low
	< 100
	< 10 containers
	0%

	
	
	Check sum =
	100%


3.2 Survive postharvest treatment: 

For this sub-element, postharvest treatment refers to any manipulation, handling or specific phytosanitary treatment to which the commodity is subjected. Examples of postharvest treatments include culling, washing, chemical treatment, cold storage, etc. If there is no postharvest treatment, estimate the likelihood of this sub-element as High.

Information / evidence: Provide reasoning then give judgment 
There is no specific postharvest treatment. Part of the soil will be removed before transport during handling at the producer’s place. This will not affect Meloidoyne inside the tubers and roots. Some eggs present on the surface may be removed. Greater than one in ten is expected to survive.

	3.2: Likelihood of surviving post harvest treatments  

	Rating
	Description (likelihood of survival is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten survive)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten survive)
	0%

	Low
	< 0.1% (less than one in one thousand survive)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.3 Survive shipment

Estimate survival during shipment; assume standard shipping conditions.

Information / evidence: Provide reasoning then give judgment 
See method 3 for reasoning

	3.3: Likelihood of surviving during shipping   

	Rating
	Description (likelihood of survival is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten survive)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten survive)
	0%

	Low
	0.1% (less than one in one thousand survive)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.4 Not be detected at the port of entry

Unless specific protocols are in place for special inspection of the commodity in question, assume standard inspection protocols for like commodities. If no inspection is planned, estimate this sub-element as high.

Information / evidence: Provide reasoning then give judgment 
Low infestation levels have a high chance of not being detected. The pest can be symptomlessly present/ The processing industry accepts some symptoms (see also method 3).

	3.4: Likelihood pest will not be detected at port of entry 

	Rating
	Description (likelihood of no detection is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten will not be detected)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten will not be detected)
	0%

	Low
	< 0.1% (less than one in one thousand will not be detected)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.5 Imported or moved subsequently to an area with an environment suitable for survival

Consider the geographic location of likely markets and the proportion of the commodity that is likely to move to locations suitable for pest survival. Even if infested commodities enter the EU, perhaps not all final destinations will have suitable climatic conditions for pest survival. 

Information / evidence: Provide reasoning then give judgment 
M. chitwoodi will be protected in the tubers and roots and may survive for prolonged periods of time. 

	3.5: Likelihood commodity that will be moved to suitable environment for pest survival  

	Rating
	Description (likelihood, or amount moved to suitable environment is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten)
	0%

	Low
	< 0.1% (less than one in one thousand)
	0%

	
	Check sum =
	100%


3.6 Come into contact with host material suitable for reproduction
Even if the final destinations of infested commodities are suitable for pest survival, suitable hosts must be available in order for the pest to survive. Consider the complete host range of the pest species. 

Information / evidence: Provide reasoning then give judgment 
Pathway 3a: waste water is purfied 

Tubers and roots intended for consumption will be cleaned, packed or processed before sold to the end-consumer. Waste products (e.g. potato peels) will be composted or burnt and usually not come into contact with a living host plant. Waste water can contain eggs and J2s hatching from the eggs or present in the soil adhering to the plant products and that have been released into the water during the washing process. Data are lacking about survival in the waste water. In the Netherlands and probably many other EU-countries, the water is purified following standard procedures including fermentation and filtering through sand and it is assumed that Meloidogyne eggs and juveniles will not survive these treatments. 
	3.6: Likelihood pest will transfer to host material where it can reproduce 

	Rating
	Description (likelihood of pest transfer is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten)
	0%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten)
	0%

	Low
	< 0.1% (less than one in one thousand)
	100%

	
	Check sum =
	100%


Pathway 3b: waste water is applied to a field

	3.6: Likelihood pest will transfer to host material where it can reproduce 

	Rating
	Description (likelihood of pest transfer is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten)
	50%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten)
	50%

	Low
	< 0.1% (less than one in one thousand)
	0%

	
	Check sum =
	100%


Pathway 4: 
Soil attached to or associated with tubers, bulbs and any other plant parts originating from areas or fields in EU countries where M. chitwoodi is present and intended for consumption or processing

Information / evidence: Provide reasoning then give judgment 
The weight limit for waste (earth, whether adhering or not, and foreign bodies) in EU trade of potatoes established by RUCIP (2006) is 1% of the weight of the product for new potatoes and ware potatoes and 2% for industrial potatoes destined for the production of alcohol or animal feed stuffs. For industrial potatoes for processing into products for human consumption, the tolerance limit by weight is set according to an agreement between the trading parties. In practice the amount of soil adhering to the potatoes may be higher in some cases, up to 3-5%. The Netherlands and Belgium trade about 1.2 – 1.4 million tones per year which means that about 10,000 to 20,000 tonnes of soil is moved with the trade of ware and industrial potatoes from these countries to other EU-countries. Assuming that 1-2% of the agricultural fields is infested in these countries, 100 – 400 tonnes of soil is moved from infested fields to other EU-countries. The percentage of infested field may also be lower (data are lacking) and the amount of soil could also be less than 100 tonnes.
	3.1: Quantity of annual imports  (Examples provided for tonnes and containers, other units can be used)

	Tonnes imported into PRA area (per year)
	Number of containers 

(per year)
	Probability Assignment 1 

	> 1,000,000
	>100 containers
	0%

	100 -1,000,000
	10 - 100 containers
	70%

	< 100
	< 10 containers
	30%

	
	Check sum =
	100%


3.3 Survive shipment

Estimate survival during shipment; assume standard shipping conditions.

Information / evidence: Provide reasoning then give judgment 
Populations will decline during transport especially when the soil moisture decreases. Data are lacking about survival and population dynamics of M. chitwoodi attached to plant products. It is, however, assumed that because of the relatively short transport time within Europe (usually less than a week) the likelihood of surviving is greater than 10%.
	3.3: Likelihood of surviving during shipping   

	Rating
	Description (likelihood of survival is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten survive)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten survive)
	0%

	Low
	0.1% (less than one in one thousand survive)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.4 Not be detected at the port of entry

Unless specific protocols are in place for special inspection of the commodity in question, assume standard inspection protocols for like commodities. If no inspection is planned, estimate this sub-element as high.

Information / evidence: Provide reasoning then give judgment 
See pathway 3a

	3.4: Likelihood pest will not be detected at port of entry 

	Rating
	Description (likelihood of no detection is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten will not be detected)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten will not be detected)
	0%

	Low
	< 0.1% (less than one in one thousand will not be detected)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.5 Imported or moved subsequently to an area with an environment suitable for survival

Consider the geographic location of likely markets and the proportion of the commodity that is likely to move to locations suitable for pest survival. Even if infested commodities enter the EU, perhaps not all final destinations will have suitable climatic conditions for pest survival. 

Information / evidence: Provide reasoning then give judgment 
The plant products with the soil will arrive at the processing industry where the soil will be removed and stored for a while (up to 1-2 years) and if present M. chitwoodi populations will continue to decline in absence of a host plant. Survival percentages will depend on storage time and climatic conditions. Populations will decline more rapidly in warm areas (see also Appendix I: datasheet on survival of J2s and eggs and PRA method 3). Data are, however, lacking on the possible presence and survival of M. chitwoodi in waste soil. Here, we assume that in 50% of the cases, the soil arrives during a period when temperatures are low enough for M. chitwoodi populations to survive for at least 3 months in the soil in absence of a host plant (survival of eggs in soil incubated at 15˚C or lower was 90 days or longer according to data from one experiment (Kok & de Heij, 2004). This would mean that at least in 10% of the cases the commodity is moved to an environment suitable for survival.
Note, for Meloidogyne populations in soil, a question which asks for the proportion that will survive may be more appropriate than % of commodity moved to a suitable environment.
	3.5: Likelihood commodity that will be moved to suitable environment for pest survival  (same as % of commodity moved to suitable environment)

	Rating
	Description (likelihood, or amount moved to suitable environment is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten)
	100%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten)
	0%

	Low
	< 0.1% (less than one in one thousand)
	0%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.6 Come into contact with host material suitable for reproduction
Even if the final destinations of infested commodities are suitable for pest survival, suitable hosts must be available in order for the pest to survive. Consider the complete host range of the pest species. 

Information / evidence: Provide reasoning then give judgment 
Soil will be removed from the product and stored for a while near the processing industry. In the Netherlands, the final destination of the soil can be variable: meadows, agricultural or non-agricultural destinations (information obtained from the processing industry in the Netherlands). In each of these cases soil can come into contact with a host plant suitable for reproduction but the likelihood that this will occur is lowest when it is used for non-agricultural purposes, e,g, landfill. J2s of M. chitwoodi cannot move over large distances and soil containing the nematode should be placed close to a host plant, probably within several decimetres of roots/tubers of the host plant. We assess that between 0.1 and 10% of the soil will come into contact with roots or tubers of host plants in such a way that when Meloidogyne would be present, it could transfer to the host plant. This percentage may also be higher or lower since data are lacking about the exact destination of the soil in the various EU-countries. 
The time of the year that soil is spread on a field will largely influence the probability of transfer. When the soil is applied on an agricultural field in the autumn the soil may only come into contact next spring when the population has declined further. 
	3.6: Likelihood pest will transfer to host material where it can reproduce 

	Rating
	Description (likelihood of pest transfer is ....)
	Probability Assignment 1 

	High
	> 10% (greater than one in ten)
	20%

	Medium
	Between 0.1% - 10% (between one in one thousand to one in ten)
	60%

	Low
	< 0.1% (less than one in one thousand)
	20%

	
	Check sum =
	100%


1 spread your judgment according to your belief / evidence 

3.7 Potential for introduction via individual pathways

The potential for spread from infested areas in the EU to non-infested areas was analyzed in detail for 4 pathways. The pathways are also potential ways for introduction from third countries but because of the lack of data on trade volumes and because EU internal trade is much more important pathway than import only the pathways for human assisted spread were analysed in detail in this PRA.
Pathway 1: Plants intended for planting of host plants with or without soil attached originating from EU-areas where M. chitwoodi is present. This pathway includes any propagation material except plants derived from tissue culture

M. chitwoodi is present in several EU-countries including the Netherlands which is a major producer of plant propagation material including seed potatoes. The pest has been found in seed potato lost. Likelihood of introduction: HIGH.

Pathway 2: Plants intended for planting of non-host plants with soil attached originating from EU-areas where M. chitwoodi is present. This pathway includes any propagation material except plants derived from tissue culture.

In the absence of a host plant M. chitwoodi populations will decline rapidly. The probability of transfer is rated as low - medium and, therefore, the likelihood of introduction has been assessed as LOW.

Pathway 3: Tubers, bulbs and any other plant parts originating from EU-areas where M. chitwoodi is present and intended for consumption or processing

M. chitwoodi is present in several EU-countries. The pest has been found in ware potatoes, carrots and black salsify in the Netherlands and Belgium. 
Likelihood of spread when waste water and other waste material is properly treated (pathway 3a): LOW
Likelihood of spread when waste water and other waste material is properly treated (pathway 3b): HIGH

Pathway 4: Soil attached to or associated with tubers, bulbs and any other plant parts originating from areas in the EU where M. chitwoodi is present and intended for consumption or processing

High population densities of M. chitwoodi have been shown in soil from which ware potatoes were harvested. During transport and storage, soil attached to tubers and other plant products will dry out and population will decline. Soil removed from the tubers before processing is usually stored for several months or longer which will also add to the decline. Egg masses present on roots and tubers which can come into the waste soil after washing of the roots and tubers may, however, be better protected against desiccation. Likelihood of introduction: MEDIUM.

3.8 Overall potential for introduction
The likelihood of introduction is HIGH (see above). 
The output of the BBN-model on the likelihood of introduction does not correspond with the assessment of the experts. For example, the low probability of transfer makes introduction through pathway 3 (plant products intended for processing or consumption) very unlikely. However, the model gives a HIGH (58%) likelihood of introduction through this pathway.
4.0 Overall pest risk 
A combination of Consequences of introduction (2.1 to 2.5) with potential for introduction (3.0 to 3.8) (Include results from Willem)

See methods 2 and 3 for a description of the overall risk. Here we discuss the results by the BBN-model.
The overall risk as calculated by the BBN-model is MEDIUM (48%) – HIGH (49% risk) for the most important pathway plants for planting of host plants. However, it was agreed that the environmental impact should be rated LOW in stead of MEDIUM (it was rated medium (90%) according to the rating guidance since introduction of the pest was expected to lead to some increase in the use of nematicides which will locally and temporarily lead to a disruption of the soil microbial community). By changing the environmental impact from medium (90%) to low (100%), the overall risk as calculated by the BBN-model changed to MEDIUM (59%) – HIGH (32%) (see v2 in the diagrams below).
A wide host range increased the risk using the model. However, a wide host range does not necessarily means that a higher pest risk. For M. chitwoodi many hosts do not suffer much damage but the wide host range makes control by crop rotation more difficult. However, this aspect is already included in the assessment of the economic impact.

The overall risk has been assessed as MEDIUM because of HIGH INTRODUCTION POTENTIAL and LOW-MEDIUM impact of the pest.
5.0 Conclusion 
M. chitwoodi is presently a quarantine pest in the EU. Under certain conditions, M. chitwoodi can cause significant economic impact mainly by affecting the quality of the product especially of potato, carrot and black salsify. M. chitwoodi is already fairly widespread in some areas in the Netherlands and Belgium and has also been reported from Germany, France and Portugal although the latter one needs confirmation. It is, however, thought that the pest is already more widespread than presently known. 

Pathway 1: plants for planting of hosts (medium environmental impact)
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Pathway 2: plants for planting of non-hosts with soil (medium environmental impact)
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Pathway 3a: plant parts for consumption, waste properly treated (medium environmental impact)
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Pathway 3b: plant parts for consumption, waste water applied to field (medium environmental impact)
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Pathway 4: soil attached to plant parts intended for consumption or processing (medium environmental impact)

[image: image7.png]21 Cimate—Host 2.4 Potential 28 Environmental .
© Interaction e ©23 3 © Consquences. ©
low 0% [ow 0% [Cow—e0%] [Fow 0] [Cow—10%]
Iiedium 10% ] [Medium  0%| Iiedium20% [F] [1edium 0% |IIT] |wedium 0% ]
A Jign _100% A lgn__ox| (A
Consequences of
© Introduction
[ow o]
[Mecum 7354 ]
Jign _23%]
37 Lieinood of
© Introduction
[row 0%
Inecumz5%% ]
tigh _74%
3.1 Quantty of |35 Come into contact]
[© commaty impartea = |©  with host materal
annualy o 32sumive == sutable for reprod
sostharvest reatmen moved subseauenty
[tow 0% 0 23 survve sngmen| | 34 ot be tectes tansreawinane.| |Low 20%]
[necum 04| r— meporotenty | fow o] Inecumeose |
7] [Hedum 0% [ow 0% T lnecum 0% Jign _20%]
[Hign__100%] [Medium 0% [Medium 0% [High _ 100%|
lhign 100 lhign 100





Pathway 1: plants for planting of host plants (low environmental impact)
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Pathway 2: plants for planting of non-hosts with soil (low environmental impact)
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Pathway 3a: plant parts for consumption, waste properly treated (low environmental impact)
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Pathway 3b: plant parts for consumption, waste water applied to field (low environmental impact)
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Pathway 4: soil attached to plant parts intended for consumption or processing (low environmental impact)
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� ISPM No. 11 available at https://www.ippc.int/id/13399


� EFSA Journal 2010, 8(2),1495-1561, Available at  http://www.efsa.europa.eu/en/scdocs/doc/1495.pdf


�  http://europa.eu.int/eur-lex/en/consleg/pdf/2000/en_2000L0029_do_001.pdf














� Council Directive 92/43/EEC (as amended) on the Conservation of natural habitats and of wild fauns and flora. Available at ttp://www.central2013.eu/fileadmin/user_upload/Downloads/Document_Centre/OP_Resources/HABITAT_DIRECTIVE_92-43-EEC.pdf
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