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This response focuses on issues concerning Moko disease as they relate to the recent Revised Draft Import Risk Analysis Report (February 2004).
1. Importation Step 2 
Importation Step 2 of the Revised Draft IRA report deals with the likelihood that a tonne of harvested fruit will be infected or infested with the pest.  A major factor leading to the recommendation that importation of fresh hard green bananas from the Philippines be permitted, subject to certain conditions, is the calculation of the likelihood that a tonne of harvested fruit will be infected with the pathogen. The likelihood that importation of the disease would occur has changed between the first draft and the Revised Draft IRA report from very low to extremely low. This change has increased the scope for the possibility of importation of fruit from the Philippines. It is important to note that importation would still be based upon the Philippines showing that the fruit is sourced from areas with pest prevalence of less than or equal to 0.005 cases per hectare per week.
Importation Step 2 is the most complex of the importation steps used in the Revised Draft IRA report and its calculation relies on data that requires interpretation prior to use in the equation for the assessment of likelihood. There are three figures, used to identify the risk that a tonne of harvested fruit will be infected or infested with R. solanacaearum race 2, which require further investigation.  These are discussed in turn below.
1.1. The time taken for disease symptoms to appear post infection

The Revised Draft IRA report uses a figure of 12 weeks to describe the time taken for disease symptoms to appear post infection.  Research from the Philippines (Soguilon, 2003) has shown that infected plants do not exhibit symptoms 13 weeks after inoculation with the pathogen. Hence, the figure used in the assessment of likelihood should obviously be greater than 13 weeks and further research will be necessary to determine the actual time required for symptoms to appear.

1.2. The proportion of plants infected that will develop (symptomless) infected bunches

The Revised Draft IRA report ascribes a value of 0.15 to the proportion of plants infected with the Moko bacterium that will develop (symptomless) infected bunches.  This figure is based upon an observation by Stover (1972) that “In Honduras plantations about 15% of the infected mats show symptoms of fruit infection.” This figure has not been used appropriately in the calculation of likelihood that a tonne of harvested fruit will be infected with the pathogen for the following reasons. Firstly, Stover (1972) states that about 15 per cent of the infected mats exhibited symptoms of fruit infection, as indicated on pages 146 and 385 of the Revised Draft IRA report. It is therefore inappropriate to use this figure as a measure of the proportion of banana plants infested with the pathogen which will develop symptomless infected bunches as used on pg 149 of the Revised Draft IRA report. Secondly, there appears to be no scientific evidence in the relevant literature to support the validity of the figure used on pg 149 of the Revised Draft IRA report.  Accordingly, the figure of 0.15 to describe the proportion of infected plants that will develop (symptomless) infected bunches has not been used appropriately in the Revised Draft IRA report’s calculation of likelihood that a tonne of harvested fruit will be infected with the Moko pathogen.
1.3. The proportion of fruit within a bunch that is likely to be infected

The Revised Draft IRA report adopts a figure of 50 per cent to describe the proportion of fruit within a bunch that is likely to be infected with the disease.  The relevance of this figure is also questionable and it is primarily based upon field observations, and not experimental evidence, with the exception of the work of Soguilon (2003), whose research suggests that R. solanacaearum was isolated from only a few hands (not fingers as mentioned in the report on page 149) of fruit. There is also a question as to the sensitivity of the isolation technique used by Soguilon [1 cm tissue in 10ml water for 30min followed by streaking of only a loop full (10-20 µl) of suspension onto the selective medium] to isolate the pathogen, which may be present in low numbers. The large dilution factor in the method employed by Soguilion (2003) would potentially underestimate the number of hands from which the bacterium can be isolated. Also, there is no data in the paper (Soguilon, 2003) to indicate how many hands exhibited vascular discolouration.  This may have resolved the issue of false negative results if the dilution levels were inappropriate.
2. Strains of R. solanacaearum race 2 present in the Philippines

A further issue which impacts on the potential threat posed by the Moko pathogen to the Australian banana industry is the question of the strain (or strains) of the pathogen present in the Philippines.

2.1. Specific strains of R. solanacaearum race 2 present in the Philippines
The Revised Draft IRA report adopts the terms “B” and “SFR” to describe the strains of R. solanacaearum race 2 that cause Moko disease. These terms are in my view inadequate and outdated and may lead to incorrect conclusions on the ecology and epidemiology of the disease and the pathogen. The differentiation of the strains causing Moko disease is historically based upon colony morphology of the pathogen which has been associated with pathogenic properties of the strain in question. This means of subdividing moko disease-causing strains does not match more recent genetic grouping of strains (Table 1). Strains identified as “SFR” (small fluidal round colony form, insect transmitted) are found in two genetic groups (MLGs 25 and 28). The strains identified as “D” (causing leaf distortion and slow wilting of banana) also belong to two genetic groups (MLGs 24 and 25). In contrast, the strains designated as “B” (large elliptical colony form, rapid wilt of banana, not commonly insect transmitted) are present only in MLG 24,  as are the strains classified as “H” (slightly pathogenic on plantain but not pathogenic to banana). As yet, no work addressing the potential ecological and epidemiological differences in strains representing each MLG has been undertaken.  It is for these reasons that one can conclude that the categories “B” and “SFR” are an oversimplification of the genetic variation in the Moko pathogen, as outlined in Prior and Fegan (2002).
Table 1. Characteristics of strains of race 2
[adapted from Thwaites et al. (2000), French and Sequeira (1970) and Prior and Fegan (2002)]
	Strain Typea
	Distributiona,b
	Characteristicsa
	Ecologya
	MLGb,c

	SFR (Small fluidal round)
	Central America, Venezuela, Columbia, Caribbean
	Small fluidal round, slight formazan pigment, 
	Highly pathogenic, Insect transmission high, soil transmission low
	25, 28

	B (banana rapid wilt)
	Central and South America, The Philippines
	Large elliptical colonies, slight formazan pigment
	Highly pathogenic, Insect transmission high for bugtok disease, soil transmission high
	24

	D (Distortion)
	Costa Rica, Surinam, Guyana
	As for B strain above
	Low pathogenicity for banana/ plantain / heliconia
	24, 25

	H 
	Costa Rica
	As for B strain above
	Pathogenic for plantain but not banana
	24

	A
	Peru
	Near round, slight formazan pigment
	Highly pathogenic, Insect transmission high
	25


a from Thwaites et al (2000)
b from Fegan and Prior (2002)
c from French and Sequeira (1970)
2.2. Transmission of R. solanacaearum race 2 in the Philippines
As indicated in the Revised Draft IRA report, both Bugtok and Moko disease in the Philippines are caused by the same strain of R. solanacaearum which belongs to the MLG 24 group. Therefore, given that Bugtok disease is an insect-transmitted disease, all genetic groups of R. solanacaearum (MLG 24, 25 and 28) contain strains that can be insect transmitted (see Table 1). The strains of Moko disease from the Philippines are therefore insect transmitted, at least on cooking banana, and the potential for insect transmission of the disease in dessert banana by the strains of the pathogen in the Philippines requires further scientific investigation.
The Revised Draft IRA report states that the insect spread of the disease between plants within plantations in the Philippines is thought to be rare (pg 146). However, there remains a possibility that there is insect transmission between plants within a Cavendish plantation or from Bugtok- infected cooking bananas outside of the plantation. The random or “patchy” distribution of moko disease in banana plantations in the Philippines, mentioned in the “Philippines’ response to the clarificatory questions raised by the Risk Analysis Panel” (2002b), coupled with the evidence that Moko disease has been detected in two banana plants in a recently established 250 hectare plantation at Bukidnon as reported by Biosecurity Australia (2002a), is suggestive of insect transmission of the disease rather than mechanical spread or spread via root-to-root contact. Hence, the issue of potential spread of the disease by insects requires more in-depth comment than that given within the Revised Draft IRA report.
References

French, E. R. & Sequeira, L. (1970). Strains of Pseudomonas solanacearum from Central and South America: a comparative study. Phytopathology 70, 506-512.

Plant Biosecurity Australia (2002a).  “Outcomes of a meeting 10-11 April 2002 between the Philippines, Biosecurity Australia, the risk analysis panel and technical working groups for the import risk analysis on bananas from the Philippines.”  <http://www.affa.gov.au/content/publications.cfm?Category=Biosecurity%20Australia&ObjectID=B537BCFA-3448-4A60-8370BB669DC074FE>.

Plant Biosecurity Australia (2002b).  “Philippine response to the clarificatory questions raised by the Risk Analysis Panel under PBPM 2002/08” <http://www.affa.gov.au/content/publications.cfm? Category=Biosecurity%20Australia&ObjectID=54DD17A2-19BB-43EE-A6A62CC55B76AA6C>.

Prior, P. & Fegan, M. (2002). Unravelling the Musa subgroups of Ralstonia solanacearum using multiplex PCR. In 3rd International Bacterial Wilt Symposium, pp. 85. White River, South Africa.

Soguilon C. E. (2003). Asymptomatic or sub-clinical infection of Cavendish banana fruit. Unpublished report, Philippines Bureau of Plant Industry, DNCRDC, Bago Oshiro, Davao City, The Philippines.
Stover, R. H. (1972). Banana, Plantain and Abaca diseases. Surrey, England: Commonwealth Mycological Institute.

Thwaites, R., Eden-Green, S. J. & Black, R. (2000). Diseases caused by bacteria. In Diseases of Banana, Abaca and Enset, pp. 213-239. Edited by D. R. Jones. Wallingford UK: CABI Publishing.



� This reference (Stover, 1972) is incorrectly cited in the Revised Draft IRA report as it relates to the issues concerning the statement: "In Honduras plantations about 15% of the infected mats show symptoms of fruit infection."  This statement appears on pg 198 of the book, in the chapter “Bacterial Diseases”, not in a chapter “Virus Diseases” on pgs 217-240, as cited in the Revised Draft IRA report. 





