Tiakitanga Pataiao Aotearoa

Import Risk Analysis

Decrowned Pineapples (Ananas comosus) for Human consumption

Version 1.0

Prepared to support the development of Import Health Standard for decrowned
pineapples (Ananas comosus) for human consumption

by Plant Risk

Animal and Plant Health Directorate

ISBN No: 978-1-991087-14-0 (online)

March 2023

New Zealand Government Manato Ahu Matua

Te Kawanatanga o Aotearoa Ministry for Primary Industries - %f‘
i g"" M



Disclaimer

While every effort has been made to ensure the information in this publication is accurate, the
Ministry for Primary Industries does not accept any responsibility or liability for error of fact,
omission, interpretation or opinion that may be present, nor for the consequences of any
decisions based on this information.

The material and information contained in the import risk analysis is preliminary and will be
updated based on any feedback received during consultation on any related import health
standards or any further feedback that may be provided by internal or external experts.
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Version information

Version No. | Comments Approved by Date of approval
1.0 For external release Enrico Perotti 10 January 2023

New Zealand is a member of the World Trade Organization and a signatory to the Agreement
on the Application of Sanitary and Phytosanitary Measures (“The Agreement”). Under the
Agreement, countries must base their measures on an international standard or an assessment
of the biological risks to plant, animal or human health.

This document provides a scientific analysis of the risks associated with importing fresh
pineapples from selected countries. It assesses the likelihood of pests and diseases being
introduced to New Zealand through decrowned pineapples imported from selected countries.
It also assesses the impacts of those organisms could have if they enter New Zealand and
establish populations here. The document has been peer reviewed and is now released
publicly for feedback. If we receive any information that alters the level of assessed risk, we
will review this document and release an updated version.
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1 Background

This import risk analysis (IRA) assesses the biosecurity risks associated with importing
commercially produced decrowned fresh pineapple fruit (Ananas comosus) for human
consumption from Australia, Ecuador, Fiji, New Caledonia, the Philippines, Thailand,
Vanuatu, the Cook Islands, Costa Rica, Indonesia, Malaysia, Papua New Guinea, Panama,
Samoa, Sri Lanka, Taiwan and Tonga. This assessment supports the development of an
import health standard (IHS) to import pineapples for human consumption.

The pathways and commodities covered in this analysis are in Table 1.1,

Table 1.1 Pathways and commodities assessed in this analysis

Commodity type Pathway description

Commercially! produced decrowned fresh
pineapple fruit (Ananas comosus) of all varieties
and ripeness (excluding over ripe2) for human
consumption. This excludes material or produce
that is visibly damaged (damage that may be a
result of the presence of a regulated pest or
could expose the commodity to regulated pests).
Fresh produce for human consumption We did not assess the risk from crown remnants
in this analysis. The pineapples may be from
Australia, Ecuador, Fiji, New Caledonia,

the Philippines, Thailand, Vanuatu, the Cook
Islands, Costa Rica, Indonesia, Malaysia, Papua
New Guinea, Panama, Samoa, Sri Lanka,
Taiwan or Tonga.

2 Objectives
Biosecurity New Zealand’s objectives in developing an import risk analysis are to:

1. identify which pests and diseases present a level of risk to New Zealand on the
commodities and pathways included in the scope; and

2. assess these pests and diseases using a method that provides enough evidence about
the biosecurity risks for risk managers to make a robust and transparent decision on
whether additional measures beyond the commaodity description are needed to
manage these pests and diseases.

! Commercial production means a process (system) where activities, such as in-field monitoring, pest control activities, harvesting, cleaning?,
sorting, and grading?® have been undertaken. These activities are carried out to minimise:

a) the presence of regulated pests;

b) commodity damage which could expose the commodity to regulated pests

Note: NPPO phytosanitary inspection, certification and documentation form part of general import requirements.

2 Overripe is equivalent to C4 or greater as per the UNECE Standard on the marketing and commercial quality control of pineapples
(reference: UNECE (2013) UNECE Standard on the marketing and commercial quality control of pineapples. Explanatory Brochure. United
Nations Economic Commission for Europe. New York and Geneva. Accessed from
https://unece.org/DAM/trade/Publications/ECE_TRADE_398E_PineappleBrochure.pdf).
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3 Scope of analysis
This analysis answers several risk management questions.

Risk management questions
Specific questions that the risk manager needs answered to make a decision. The

Purpose questions are based on the commodity description for that commodity type.
1. Is each assessed pest or disease a hazard3?
2. What is the overall risk of each assessed pest and disease?
Information (when available) on the following questions in each pest risk assessment
(PRA) will assist in making risk management decisions:
Description a) On which pineapple variety (or varieties) and at what stage of ripeness has
s ecifig 0 pest association with the fruit been observed?
trfis analysis b) Which parts of the fruit is the pest associated with (e.g. fruit, bract, stem or

crown remnant), and is it detectable by visual inspection?

c) Are different life stages of the pest associated with different parts of the
fruit?

d) Under what environmental conditions (temperature, season etc.) are
disease symptoms expressed on the fruit?

e) Does the pest burrow into the fruit without obvious symptoms or hide under
the pineapple bract?

Detailed commodity description

The commodity description defines the form of the commodity that is covered by this
analysis, e.g. the commodity species and form under consideration. The commodity
description may also include commercial production and/or grading requirements or
other commodity quality specifications.

Commodity description4

Purpose

Commercially produced decrowned fresh pineapple fruit (Ananas comosus), of all
varieties and ripeness (excluding overripe®) for human consumption. This excludes
Description | material or produce which is visibly damaged (damage which may be a result of the
specificto | presence of a regulated pest or could expose the commodity to regulated pests).
this analysis | 11 risk from crown remnant has not been considered in this analysis because
crown remnant will be deemed a non-compliance as per the commaodity description.

3 Any pest or disease that is not present in New Zealand (or is present but still represents a biosecurity risk, e.g. is capable of vectoring
pathogens not present in New Zealand), has the ability to establish and cause harm in New Zealand, and is associated with imported risk
goods and import pathways.

4 In the absence of ripeness and variety from the commodity description, pest association will be reported for all varieties and stages of
ripeness in the IRA.

5 Overripe is equivalent to C4 or greater as per the UNECE Standard on the marketing and commercial quality control of pineapples
(reference: UNECE (2013) UNECE Standard on the marketing and commercial quality control of pineapples. Explanatory Brochure. United
Nations Economic Commission for Europe. New York and Geneva. Accessed from
https://unece.org/DAM/trade/Publications/ECE_TRADE_398E_PineappleBrochure.pdf).
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Commercial production description

Commercial production means a process (system) where activities, such as in-field
monitoring, pest control activities, harvesting, cleaning®, sorting, and grading” have
been undertaken. These activities are carried out to minimise:

a) the presence of regulated pests;
b) commodity damage which could expose the commodity to regulated pests.

Note: NPPO phytosanitary inspection, certification and documentation form part of
general import requirements.

Detailed pathway description

The pathway description defines the markets and methods the commodity will be
Purpose sourced from and travel to New Zealand. The pathway description may also include
commercial-specific pathway requirements.

Commercially produced decrowned fresh pineapple fruit (Ananas comosus) for
human consumption from Australia, Ecuador, Fiji, New Caledonia, the Philippines,
Pathway Thailand, Vanuatu, Cook Island, Costa Rica, Indonesia, Malaysia, Papua New
description Guinea, Panama, Samoa, Sri Lanka, Taiwan and Tonga.

The import risk analysis development project covers both sea and air cargo. All risk
assessments consider both pathways.

4 IRA methodology

The import risk analysis process has two stages:

1. Hazard identification
2. Pest risk assessment

The risk analysis methodology used by Biosecurity New Zealand is described in more detail
in ‘Guidelines for Risk Analysis in Plant Biosecurity1.0’.

4.1 Hazard identification
We define a pest or disease as a hazard when it meets all the following criteria.

e Itisnot present in New Zealand (or is present but still represents a biosecurity risk,
e.g. is capable of vectoring pathogens not present in New Zealand).

e It has the ability to establish and cause harm in New Zealand.

e Itis associated with imported risk goods and import pathways.

In the hazard identification (hazard ID) process, we first compile a list of pests and diseases
potentially associated with the commodity. We then assess these pests and diseases against
specific risk evaluation criteria to determine which potential hazards we should assess further.

6 Cleaning will remove all extraneous plant material, debris, and soil. Large mobile pests will also be removed.
7 Grading will remove damaged produce or visibly infested produce.
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For this risk analysis, we decided to further assess any pests that met the following criteria.

a) The pest or disease is associated with fresh pineapple fruit (of any variety and
ripeness, excluding overripe®), which meets the commodity description; and

b) The pest or disease is present in any of the markets included in the project; and

c) The pest or disease has traits that indicate it may not be adequately managed
by the commodity description (including decrowning® and commercial
production methods*®); and

d) The pest or disease is able to become established in New Zealand; and/or

e) The pest or disease has the potential to cause significant impacts
(sociocultural, economic, environmental, human health).

After we have identified the hazards, we compile two lists.

e Pests and diseases that are associated with the commodity, are present in at least one
exporting market and are potentially not managed by compliance with the commodity
description: These pests are ones that we assess further. You can read about this in the
Pest risk levels section below.

Pests and diseases, including groups (e.g. genera or families) that we did not need to assess
further: for the list of these pests, please contact Plant Imports Plantimports@mpi.govt.nz.

4.2 Pestrisk assessment

The purpose of pest risk assessment is to determine the level of risk that hazard pests and
diseases (identified at the hazard ID stage as needing further assessment) pose to
New Zealand.

Pest risk assessment addresses the following:

e Likelihood of entry:

o The strength or frequency of the association with the host

o The likelihood of entry given compliance with the commodity description.
e Likelihood of exposure and establishment:

o The ability of the pest or disease to move from an imported commodity to a
host or environment suitable for the completion of development or production
of offspring (exposure)

o The suitability of the New Zealand environment for the pest or disease
(including climate, host plants and vectors)

e The potential impacts in New Zealand:

o Economic impacts: on economically important plants (symptoms on individual
plants, crop yield, costs of management practices, trade restrictions, etc.)

o Environmental impacts: on native plants and ecosystems

o Human health and sociocultural impacts

8 Qverripe is equivalent to C4 or greater as per the UNECE Standard on the marketing and commercial quality control of pineapples
(https://unece.org/DAM/trade/PublicationssECE_ TRADE_398E_PineappleBrochure.pdf).

9 This analysis does not consider the risk from crown remnants. Any crown remnant will be deemed a non-compliance as per the commodity
description.

10 Commercial production means a process (system) where activities, such as in-field monitoring, pest control activities, harvesting,
cleaning, sorting, and grading have been undertaken. These activities are carried out to minimise: a) the presence of regulated pests; b)
commodity damage which could expose the commodity to regulated pests.
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5 Pestrisk levels

Table 5.1 summarises the overall level of risk for each pest that underwent full pest risk
assessment (PRA). A more detailed summary including the rationale for allocation of risk
levels and reasons for uncertainty is presented in section 6.

Table 5.1: Pest risk levels

Pest/disease group Species requiring PRAs Risk Uncertainty
, Dickeya zeae Moderate | Moderate
Bacteria :
Pantoea ananatis Moderate | Moderate
Fusarium oxysporum Negligible | Low
Funai Fusarium verticillioides Moderate | High
g Pestalotiopsis microspora Low High
Thielaviopsis paradoxa Low High
Insects: Diptera Bactrocera dorsalis Moderate | Low
Insects: Hemiptera, " . .
Diaspididae (armoured scales) Diaspis bromeliae Negligible | Moderate
Dysmicoccus brevipes Low Moderate
, Dysmicoccus neobrevipes Negligible | Moderate
Insects: Hemiptera, —
: Ferrisia virgata Very low | Moderate
Pseudococcidae (mealybugs) _
Planococcus minor Verylow | Moderate
Pseudococcus jackbeardsleyi Negligible | Moderate
Insects: Lepidotera Anatrachyntis rileyi Very low | Moderate
Vectors of pathoaens Planococcus citri Not a hazard
pathog Pseudococcus longispinus Not a hazard

6 Summary of pest risk assessments

Organisms considered for risk assessment by MPI meet the criteria to be a hazard on fresh

decrowned Ananas comosus (pineapple) fruit for consumption (as per the commodity

description and hereinafter pineapple fruit) imported into New Zealand. These criteria are:
e They are not present in New Zealand (or if present but still represents a biosecurity

risk, e.g. is capable of vectoring pathogens not present in New Zealand);

e They have the potential to establish and cause harm in New Zealand
e They have the potential to enter New Zealand on pineapple fruit.

The following sections summarise the pest risk assessments described in detail in the annex to

this report.

6.1 Bacteria

6.1.1 Dickeya zeae (bacterial heart rot/fruit collapse)

Dickeya zeae poses an overall MODERATE risk (with MODERATE uncertainty) on
pineapple fruit imported to New Zealand.

e Dickeya zeae has a MODERATE likelihood of entering New Zealand on pineapple
fruits (LOW uncertainty).

Biosecurity New Zealand
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o Dickeya zeae is present in many of the markets in this analysis.

o It has a strong association with pineapple fruit.

o It has the potential for latency and asymptomatic traits.

o It has the potential to remain viable on pineapples during transit.

e Dickeya zeae has a MODERATE likelihood of transferring from pineapple fruit to a
suitable host in New Zealand (MODERATE uncertainty).

o There is a large quantity of unavoidable waste associated with fresh
pineapples.

o The pathogen has a wide host range and climatic tolerance and persists in
varying environmental niches.

o The pathogen causes systemic infection.

o Our uncertainty is due to the sparse data on pineapple waste and associated
diseases.

e Dickeya zeae has a MODERATE likelihood of establishing a population in New
Zealand (LOW uncertainty).

o Hosts are available for the establishment of Dickeya zeae.

o Dickeya zeae has the ability to remain latent in the environment.

o Climate matching evidence suggests countries with comparable temperatures
to New Zealand have reported occurrence of the pathogen which indicates
climate in New Zealand is not likely to prevent establishment.

e Dickeya zeae may cause a MODERATE overall impact on New Zealand

(MODERATE uncertainty).
o The potential economic impact of D. zeae on New Zealand is MODERATE
(MODERATE uncertainty).

= Dickeya zeae causes significant economic impacts overseas in areas
with a similar climate to New Zealand.
= The host range of D. zeae indicates that high-value crops such as
tomatoes, onions and potatoes grown for export and used domestically
could be affected up to, in the worst case, NZ$860.64 million over
20 years.
= Qur uncertainty is due to the sparse data on the climatic factors
involved in disease expression and the impact of climate change in
growing regions of New Zealand.
o The potential environmental impact of D. zeae in New Zealand is LOW
(HIGH uncertainty).
o The potential human health impacts of D. zeae on New Zealand are
NEGLIGIBLE (LOW uncertainty).
o The potential sociocultural impacts of D. zeae on New Zealand are LOW
(MODERATE uncertainty).

The following tables contain a summary of risk assessment against the criteria.
Criteria Rating Uncertainty

Likelihood of entry on the commaodity MODERATE LOW

leellhoo.d of transfer.rlng from imported MODERATE MODERATE
commaodity onto a suitable host
Likelihood of establishing a population in
New Zealand

MODERATE LOW
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Impgcts on New Zealand economy, . MODERATE MODERATE
environment, human health and society
Overall level of assessed risk to New Zealand MODERATE MODERATE

Specific considerations summary (see Annex 4.1.4)

Stage of ripeness at which pest
association with pineapple fruit
has been observed

C3-C4

Pineapple varieties the pest is
associated with

Cultivars Josapine, MD2, PRI 73-114 and Smooth Cayenne

Presence of pest in markets in this
IRA

Australia'!, Malaysia, Costa Rica, the Philippines, Indonesia

Parts of the fruit the pest is
associated with

Whole fruit (fruit, bract, stem, crown)

Environmental conditions needed
to express disease symptoms on
pineapple fruit

Pathogen viable between 10 °C and 41 °C, with optimal
temperature range specified as 30-35 °C

Different life stages of the pest
associated with different parts of
the fruit

N/A

Asymptomatic/latent infections on
pineapple fruit

Remains latent in plant ovary and increases population two to
three weeks before ripening

To full assessment of Dickeya zeae

6.1.2 Pantoea ananatis (fruitlet rot of pineapple)

Pantoea ananatis poses an overall MODERATE risk (with HIGH uncertainty) on
pineapple fruit imported to New Zealand.
e Pantoea ananatis has a MODERATE likelihood of entering New Zealand on
pineapple fruit (MODERATE uncertainty).
o Pantoea ananatis can cause internal infection in pineapple fruit without
externally visible symptoms when the infection is mild to moderate.
o Pantoea ananatis may be found on the surface of pineapple.
o Destructive sampling is needed to detect symptomatic pineapples.
o Itis likely that P. ananatis can survive transit conditions on pineapples
because it can grow between 6 °C—45 °C.
o The prevalence of P. ananatis in exporting markets is uncertain.
e Pantoea ananatis has a HIGH likelihood of transferring from pineapple fruit to a
suitable host/environment in New Zealand (MODERATE uncertainty).
o Fresh pineapple fruit generate a large quantity of unavoidable waste.

o The bacterium has a wide host range and climatic tolerance and is persistent in

o

varying environmental niches.
Pantoea ananatis is likely to transfer from pineapple waste to a suitable
environment and remain viable.

""Dickeya zeae has been detected in Queensland, Australia, but it is not yet clear how closely related these strains are to other
strains of D. zeae (IPCC_WGI 2014).
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o Pantoea ananatis cultures can survive temperatures between -15 °C and 56 °C,

and desiccation. P. ananati

s grows at 6 °C—45 °C.

o There are multiple modes of transmission available, including insect vectors

present in New Zealand.

o There is limited data on the viability and spread of the bacterium from infected

pineapple fruit.

e Pantoea ananatis has a HIGH likelihood of establishing a population in New Zealand

(MODERATE uncertainty).

o Current and future climates are suitable for the bacterium.

o Plant hosts are widely avail

able in New Zealand.

o Pantoea ananatis can persist in abiotic environments.
o The bacterium has wide temperature tolerances.
e Pantoea ananatis may have a MODERATE overall impact on New Zealand (HIGH

uncertainty).

o The potential economic impact of P. ananatis in New Zealand is MODERATE

(HIGH uncertainty).

Disease outbreaks are sporadic and rare.
= The environmental factors required for disease outbreaks are not fully

understood.

= The disease is likely to cause yield reduction in onion and maize.
= The disease has an estimated moderate economic impact over 20 years.
o The potential environmental impact of P. ananatis in New Zealand is VERY

LOW (HIGH uncertainty).
o The potential human health

impact of P. ananatis in New Zealand is

NEGLIGLIBLE (LOW uncertainty).

o The potential sociocultural
LOW (HIGH uncertainty).

impact of P. ananatis in New Zealand is VERY

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty
Likelihood of entering on the commodity MODERATE MODERATE
Likelihooq of transferring from the imported commodity HIGH MODERATE
onto a suitable host
Likelihood of establishing a population in New Zealand HIGH MODERATE
Impacts on the New Zgaland economy, environment, MODERATE HIGH
human health and society
Overall level of assessed risk to New Zealand MODERATE HIGH

Specific considerations (see Annex 4.2.4)

Stage of ripeness the pest is associated
with

All stages following flowering

Pineapple varieties the pest is associated
with

Appears to be associated with all varieties

Presence of pest in markets in this IRA

Australia, Ecuador, the Philippines, Thailand, Costa
Rica, Malaysia, Taiwan
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Parts of the fruit the pest is associated with

Internal tissues

Environmental conditions (temperature, Can express symptoms in any season. Infections in
season, etc.) under which disease pineapple were more pronounced when temperatures
symptoms are expressed were high (21 °C-27 °C)

This bacterium can cause infections that are not
Asymptomatic/latent infections on externally visible and is found as an epiphyte and
pineapple fruit endophyte on many plants hosts and environments,

likely including pineapple.

To full assessment of Pantoea ananatis

6.2 Fungi

6.21 Fusarium oxysporum

Fusarium oxysporum poses an overall NEGLIGIBLE risk (with LOW uncertainty) on
pineapples fruit imported to New Zealand.

e Fusarium oxysporum has a HIGH likelihood of entering New Zealand on pineapple
fruit (LOW uncertainty).

o

o

Fusarium oxysporum is recorded from all markets in scope of this analysis and
is associated with pineapple fruit from Ecuador, Malaysia and Costa Rica.
Fusarium oxysporum can be associated with pineapple fruit at all
developmental stages.

Fusarium oxysporum sometimes causes internal fruitlet rot or no symptoms, so
cannot always be detected in a visual inspection.

e Fusarium oxysporum has a HIGH likelihood of transferring from pineapple fruit to a
suitable host in New Zealand (MODERATE uncertainty).

o

o

Pineapple is a high-waste commodity, and rinds and sometimes cores are
removed and discarded.

Many strains of F. oxysporum can survive and reproduce as saprotrophs on
plant debris in the soil, including the initial pineapple waste, and in and around
plant roots, so F. oxysporum does not usually need a specific plant host to
survive.

There is moderate uncertainty in this conclusion because assumptions about
saprotrophic survival in the soil are based on reviews of the whole species
complex and research on other formae speciales, and not on specific
information about strains from pineapple.

e Fusarium oxysporum strains from imported pineapples have a HIGH likelihood of
establishing a population in New Zealand (MODERATE uncertainty).

o

It is likely that F. oxysporum strains from pineapples can survive in the
absence of particular live host plants as saprotrophs on plant debris in the soil,
and the rhizosphere (around plant roots) or through the production of resting
spores. As with other F. oxysporum strains, some strains from pineapples may
be able to colonise other plant hosts, with or without disease symptoms.

Many strains of F. oxysporum are already present in New Zealand, so the
climate is likely to be suitable for some new F. oxysporum strains.

There is moderate uncertainty in this conclusion because assumptions about
saprophytic survival in the soil are based on reviews of the whole species
complex and research on other formae speciales, and because imported
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pineapples usually originate in tropical areas and the New Zealand climate
may not be suitable.
e The potential overall impact of F. oxyporum strains from imported pineapple on
New Zealand is NEGLIGIBLE (LOW uncertainty). However, the taxonomy of the
F. oxyporum species complex is currently being revised. We will need to reassess this
if we receive new evidence (for example from the Emerging Risks System) of specific
named strains or species in the complex that are associated with pineapple and cause
disease in hosts that are economically, environmentally or culturally important to

New Zealand.

o The potential economic impact of F. oxysporum strains from imported
pineapple in New Zealand is NEGLIGIBLE (LOW uncertainty).

Pineapple is the only confirmed host of these strains.

The New Zealand pineapple industry is currently very small and
localised to a single production site in Northland. The likelihood of
F. oxysporum strains on imported pineapples being exposed to suitable
hosts is extremely low.

Weather conditions in New Zealand are unlikely to favour symptom
development in pineapple plants, even in a changing climate.

Even if F. oxysporum strains from imported pineapple occasionally
cause disease symptoms on other plant hosts in New Zealand, it is
unlikely that the impacts will be greater than the impact of

F. oxysporum strains that are already present.

o The potential environmental impact of F. oxysporum strains from imported
pineapple in New Zealand is NEGLIGIBLE (LOW uncertainty).

o The potential human health impact of F. oxysporum strains from imported
pineapple in New Zealand is NEGLIGIBLE (LOW uncertainty).

The risk of harmful mycotoxins contaminating New Zealand grown
pineapples as a result of new F. oxysporum strains from imported
pineapples is negligible.

Opportunistic F. oxysporum infections in humans are rare. Many
strains of F. oxysporum are already present in New Zealand, and the
likelihood of infections from new strains causing additional impacts is
negligible.

o The potential sociocultural impact of F. oxysporum strains from imported
pineapple in New Zealand is NEGLIGIBLE (LOW uncertainty).

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty
Likelihood of entering on the commodity HIGH LOW
Lik.elihood of transferring from the imported commodity onto a HIGH MODERATE
suitable host

Likelihood of establishing a population in New Zealand HIGH MODERATE

and society

Impacts on the New Zealand economy, environment, human health

NEGLIGIBLE | LOW

Overall level of assessed risk to New Zealand NEGLIGIBLE | LOW
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Specific considerations summary (see Annex 5.1.4)

Stage of ripeness the pest is
associated with

All stages (some strains are systemic in the plant and therefore in the
stem/core at the time of flowering, and other strains infect at the time
of flowering but remain latent until the fruit begins to ripen)

Pineapple varieties the pest
has been recorded on

MD-2, Queen Victoria, Pérola, Moris, Josapine, Gandul, Smooth
Cayenne, Spanish

Presence of pest in markets
in this IRA

Fusarium oxysporum is recorded in all markets in scope: Australia,
Cook Islands, Costa Rica, Ecuador, Indonesia, Malaysia, New
Caledonia, Panama, Papua New Guinea, The Philippines, Samoa,
Sri Lanka, Taiwan, Thailand, Tonga and Vanuatu. Fusarium
oxysporum has been reported from pineapple fruit from Ecuador,
Costa Rica and Malaysia, and there are also records from pineapple
from the Philippines with no record of the plant part the fungus was
isolated from.

Parts of the fruit the pest
associated is with

All parts of the fruit (but may depend on the particular strain)

Environmental conditions
(temperature, season, efc.)
under which disease
symptoms are expressed

Internal fruitlet core rot symptoms were expressed in ripe fruit stored
at 19 °C or 25 °C (in two separate studies). However, some strains of
F. oxysporum never show symptoms in fruit.

Different life stages of the
pest associated with different

Only asexual life-stages of F. oxysporum have been reported, but this
fungus can reproduce asexually.

infections on pineapple fruit

parts of the fruit
Fusarium oxysporum strains associated with pineapple plantation
dieback disease, a vascular wilt likely to be associated with the core
(which is a modified stem), and crown or stem remnants without
visible symptoms. These strains would not be detected by visual
inspection, although the fruit of infected plants is often undersized.
Asymptomatic/latent

Fusarium oxysporum can also cause brown rots of individual fruitlets
under the bracts of the pineapple (fruitlet core rot), which do not
always show on the surface of the fruit. Internal fruitlet core rot
symptoms can be detected if the fruit is cut along an axis that
exposes the infected fruitlets. Fusarium oxysporum has also been
isolated from fruitlets with no symptoms.

To full assessment of Fusarium oxysporum

6.2.2 Fusarium verticillioides

Fusarium verticillioides poses an overall MODERATE risk (with HIGH uncertainty) on
pineapple fruit imported to New Zealand.

e Fusarium verticillioides has a HIGH likelihood of entering New Zealand on pineapple
fruit (LOW uncertainty).
o Fusarium verticillioides is recorded from most markets in this analysis.
o Fusarium verticillioides can be associated with pineapple fruit at all
developmental stages.
o Fusarium verticillioides can survive transit conditions.
o Fusarium verticillioides is sometimes associated with internal fruitlet rots.
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o Fusarium verticillioides is sometimes asymptomatic in pineapple fruit, so it
cannot always be detected in a visual inspection even if fruit is cut in half.

e Fusarium verticillioides has a HIGH likelihood of transferring from pineapple fruit to
a suitable host in New Zealand (MODERATE uncertainty).

o Pineapple is a high-waste commodity, and rinds and sometimes cores are
removed and discarded.

o If pineapple waste infected with F. verticillioides is disposed of in domestic
compost or directly into the environment, the fungus could survive on
pineapple waste and other plant debris.

o The fungus can be spread by movement of soil and plant material (including
compost) and can colonise/infect host plants via the roots or via asexual spores
(microconidia), which are carried by water, insects or wind.

o However, there is moderate uncertainty in these conclusions, because we do
not have data on what proportion of domestic fruit and vegetable waste is
discarded into domestic compost or into the environment.

e Fusarium verticillioides has a HIGH likelihood of establishing a population in
New Zealand (LOW uncertainty).

o The climate throughout New Zealand is likely to be very suitable for
F. verticillioides.

o Suitable hosts of F. verticillioides are ubiquitous in New Zealand.

o Fusarium verticillioides can reproduce asexually, so it does not require two
different mating types.

o Competition with Fusarium species already present in New Zealand is
unlikely to limit establishment of F. verticillioides, because these species
commonly co-occur in other areas with a similar climate to New Zealand.

e Fusarium verticillioides may cause MODERATE overall impact on New Zealand
(HIGH uncertainty).
o The potential economic impact of F. verticillioides in New Zealand is
MODERATE (MODERATE uncertainty).

= Ongoing yield losses in maize from ear, stalk and root rots are expected
to range from 0-5% depending on growing conditions.

= Asingle severe outbreak of Fusarium ear rot would cause yield losses
of approximately 20% of the maize crop.

= Symptoms of F. verticillioides are rare and sporadic in other plants of
economic importance to New Zealand.

= There is moderate uncertainty in this conclusion because there is
limited information available for many non-grain hosts of
F. verticillioides.

o The potential environmental impact of F. verticillioides in New Zealand is
LOW (HIGH uncertainty).

o The potential human health impact of F. verticillioides in New Zealand is
LOW (MODERATE uncertainty).

o The potential sociocultural impact of F. verticillioides in New Zealand is
LOW (HIGH uncertainty).

The following tables contain a summary of risk assessment against the criteria.
Criteria Rating Uncertainty
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Likelihood of entering on the commodity HIGH MODERATE
Likelihood of transferring from the imported commodity onto a HIGH MODERATE
suitable host

Likelihood of establishing a population in New Zealand HIGH LOW
Impacts on the New Zealand economy, environment, human MODERATE HIGH

health and society

Overall level of assessed risk to New Zealand MODERATE | HIGH

Specific considerations summary (see Annex 5.2.4)

Stage of ripeness the
pest is associated
with

It is likely that F. verticillioides can be associated with pineapple fruit from the
earliest stages of development. Fusarium verticilliodes was isolated from
fruitlets of ripe pineapples of the Queen Victoria cultivar with and without
symptoms—the pineapples were harvested when still partially green and
ripened in storage (Vignassa et al. 2021), and fruitlet infection usually occurs
at an early stage of development before the bracts close (Fournier et al.
2015). Fusarium verticilliodes was isolated from symptomatic pineapples at
production sites in Malaysia, but the authors do not say what stage the fruit
was at when symptoms appeared (Ibrahim et al. 2017).

Pineapple varieties
the pest is associated
with

In pathogenicity tests on ripe pineapples (Gandul, Josapine and Morris
varieties) with F. verticilliodes isolates from Malaysia, Josapine showed the
most severe rot symptoms (Ibrahim et al. 2017). Fusarium verticilliodes was
associated with fruit of MD2 variety with rot symptoms (Vilaplana et al. 2018).
Fusarium verticilliodes was isolated from fruitlets of ripe pineapples of the
Queen Victoria cultivar with and without symptoms (Vignassa et al. 2021)

Presence of pest in
markets in this IRA

Fusarium verticillioides is present in most markets in scope of this analysis
(for supporting evidence, see 5.2 in Annex 5.2.5): Indonesia, Malaysia, the
Philippines, Sri Lanka', Taiwan, Thailand, Australia, Cook Islands?, Vanuatu3,
Costa Rica, Ecuador and Panama?.

Parts of the fruit the
pest associated is
with

Fusarium verticillioides has been isolated from fruitlets (i.e. internal flesh)
(Vignassa et al. 2021) and cores (Stepien et al. 2013) and was visible on the
skin (i.e. bracts) of pineapple fruit with external rot (Vilaplana et al. 2018), but
it is a systemic vascular endophyte/pathogen in many other hosts so may
also be associated with crown and stem remnants.

Environmental
conditions
(temperature,
season, etc.) under
which disease
symptoms are

Symptoms of F. verticillioides (external or internal rot or fruitlet core rot) are
likely to develop faster at higher temperatures (although the fungus can grow
slowly at temperatures as low as 5°C). In pathogenicity tests, rot symptoms
developed in pineapple fruit in cold storage at 8 °C (Vilaplana et al. 2018).
Mild rot symptoms (small brown lesions) were observed in cut fruit of three
cultivars (Gandul, Josapine, Moris) two weeks after wound inoculation with F.
verticillioides in ripe pineapple fruit incubated at 27 £ 1°C with 75%—-80%
humidity (Ibrahim et al. 2017). Fruitlet core rot symptoms in fruit with early

expressed natural infections of F. verticillioides developed in fruit stored at 19 °C,
although the authors did not confirm that F. verticillioides caused symptoms
with pathogenicity tests (Vignassa et al. 2021)

Asymptomatic/latent | Fusarium verticillioides was isolated from asymptomatic fruitlets in ripe

infections on pineapples, as well as fruitlets with core rot symptoms (brown rot under the

pineapple fruit bracts) (Vignassa et al. 2021). Internal rot of pineapple caused by
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F. verticillioides was observed during cold storage (Valencia-Chamorro et al.
2021).

1 The presence in Sri Lanka has high uncertainty. See Table 5.2 in Annex 5.2.5 for more details.

2 The presence in Cook Islands has high uncertainty. See Table 5.2 in Annex 5.2.5 for more details.
3 The presence in Vanuatu has moderate uncertainty. See Table 5.2 in Annex 5.2.5 for more details.
4 The presence in Panama has moderate uncertainty. See Table 5.2 in Annex 5.2.5 for more details.

To full assessment of Fusarium verticillioides

6.2.3 Pestalotiopsis microspora

Pestalotiopsis microspora poses an overall LOW level of risk (with HIGH uncertainty)
on pineapple fruit imported to New Zealand.

e Pestalotiopsis microspora has a LOW likelihood of entering New Zealand on
pineapple fruit (HIGH uncertainty).

o Pestalotiopsis microspora is associated with pineapple fruit.

o Pestalotiopsis microspora can go undetected in pineapple fruit if symptoms
are not yet developed.

o Pestalotiopsis microspora has the potential to remain viable on pineapples
during transit.

However:

o The association with pineapple fruit is indicated from a single record in a
country that is not one of the pineapple-exporting markets in this analysis.

o Itis uncertain whether the fungus is local to this country (such as new strain of
the fungus or a vector capable of moving it from the leaves to the fruit) or
whether fruit rot is commonly caused by the fungus but was not diagnosed
previously.

e Pestalotiopsis microspora has a MODERATE likelihood of transferring from
pineapple fruit to a suitable host in New Zealand (MODERATE uncertainty).

o The fungus has a wide variety of hosts including some invasive plants.

o The fungus can survive in the soil and water.

o Climate is unlikely to limit exposure of P. microspora.

However:

o Pestalotiopsis microspora is unlikely to survive the heat in commercial
COMpOsts.

o The requirement for open wounds on host plants limits the opportunities of
P. microspora to invade uninfected hosts.

o Pestalotiopsis microspora has a HIGH likelihood of establishing a population in
New Zealand (MODERATE uncertainty).

o Hosts are widely available for the establishment of P. microspora.

o Climate is unlikely to limit establishment of P. microspora because it occurs in
countries with similar climate to New Zealand.

o Pestalotiopsis microspora can occur in water and soil.

o Pestalotiopsis microspora may cause a LOW overall impact in New Zealand (HIGH
uncertainty).

o The potential economic impact of P. microspora in New Zealand is LOW
(HIGH uncertainty).

= Some known hosts of P. microspora are economic plants in
New Zealand.

= Pestalotiopsis microspora causes disease in hosts such as avocado in
the tropics.
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However:

= We found no evidence of P. microspora disease expression under
suitable fruit storage temperature conditions,
= The diversity of P. microspora strains may determine severity of

impact.

o The potential environmental impact of P. microspora in New Zealand is
VERY LOW (HIGH uncertainty).

= Some of the fungus’ host genera (e.g. Podocarpus) are present in
New Zealand.

However:

= Pestalotiopsis microspora mostly occurs as an endophyte in the
majority of its podocarp hosts, and, in very rare cases, it may cause
mild leaf diseases on such hosts.
o The potential human health impact of P. microspora in New Zealand is
NEGLIGIBLE (HIGH uncertainty).
o The potential sociocultural impact of P. microspora in New Zealand is VERY
LOW (HIGH uncertainty).

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty

Likelihood of entering on the commodity LOW HIGH
Likelihood of transferring from the imported commodity onto a

MODERATE | MODERATE
suitable host
Likelihood of establishing a population in New Zealand HIGH MODERATE
Impacts on the New Zealand economy, environment, human

LOW HIGH
health and society
Overall level of assessed risk to New Zealand LOW HIGH

Specific considerations summary (see Annex 5.3.4)

Stage of ripeness the pest is
associated with

The fungus is known to infect mature pineapple fruit, but it is not
clear if immature fruit can also be infected.

Pineapple varieties the pest is
associated with

The fungus is known to infect the Smooth Cayenne variety. It is
also known to infect pineapple leaves, but those varieties were not
specified, and it is not clear if their fruit can also be infected.

Presence of pest in markets in
this IRA

The fungus has been reported from Australia, Costa Rica,
Ecuador, Indonesia, Malaysia, Papua New Guinea, Sri Lanka, and
Thailand.

Parts of the fruit the pest is
associated with

The fungus causes obvious dark-coloured necrotic lesions, which
continually expand around the bracts from the sites of infection on
the fruit.

Environmental conditions
(temperature, season, etc.)
under which disease symptoms
are expressed

Cultures of the fungus and infections on pineapple fruit developed
well at 25 °C. The fungus also thrives in high humidity at room
temperature.
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Different life stages of the pest
associated with different parts of | No information
the fruit

We found no evidence that the fungus exhibits latent or
Asymptomatic/latent infections asymptomatic infection in pineapples. However, infection only
on pineapple fruits occurs in wounded fruit, and it might take up to eight days for the
pathogen to express symptoms.

To full assessment of Pestalotiopsis microspora

6.2.4 Thielaviopsis paradoxa

Thielaviopsis paradoxa poses an overall LOW level of risk, with HIGH uncertainty, on
pineapple fruit imported to New Zealand.

e Thielaviopsis paradoxa has a MODERATE likelihood of entering New Zealand on
pineapple fruit (MODERATE uncertainty).

o Although fruits are unlikely to be only taken from areas of production with
visible infections, the fungus can latently infect unripe fruit, and disease
symptoms become obvious during ripening.

o Severely infected fruit is likely to be discarded during the harvest and pre-
exporting processes.

o Transit conditions to New Zealand are not likely to support active growth and
spread of T. paradoxa, but the fungus can resume growth once returned to
ambient temperatures.

e Thielaviopsis paradoxa has a HIGH likelihood of transferring from pineapple fruit to
a suitable host in New Zealand (MODERATE uncertainty).

o Severely infected fruit is likely to be discarded into landfills or composts,

o Thielaviopsis paradoxa produces chlamydospores (resting spores), which are
known to remain viable for up to 10 years in soil and can survive on rotting
plant debris, suggesting the fungus can survive in residential composts and in
waste disposed of as animal feed,

o Asexual conidia can be spread by rain splash, used tools, rodents and insects.

o While fruit with early or mild infection is likely to be consumed, discarded
skin can also be infected.

e Thielaviopsis paradoxa has a HIGH likelihood of establishing a population in New
Zealand (MODERATE uncertainty).

o Thielaviopsis paradoxa’s optimum growing temperature is 21-22°C. The
fungus cannot survive temperatures above 52.3°C and becomes inactive below
10°C.

o Winter temperatures in areas where hosts are grown are likely too low for the
fungus to actively grow. However, the fungus can resume growth when
temperatures are optimal and can survive for up to 10 years in soil.

o Preferred horticultural hosts that are severely affected by the fungus are mostly
tropical and not widely cultivated in New Zealand. Other hosts, such as
Eucalyptus and ornamental palms, are widespread.

o There are uncertainties around the impact of climate change in New Zealand.

e Thielaviopsis paradoxa may have a LOW overall impact on New Zealand
(MODERATE uncertainty).

o The potential economic impact of Thielaviopsis paradoxa in New Zealand is

LOW (HIGH uncertainty).
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= Some hosts of T. paradoxa are widely cultivated and economically
significant to New Zealand with a total annual export and import value
of more than NZ$1 billion.
= However, no report was found on yield loss caused by T. paradoxa on
any host plants important to New Zealand.
o The potential environmental impact of Thielaviopsis paradoxa in New Zealand
is VERY LOW (MODERATE uncertainty).
o The potential human health impact of Thielaviopsis paradoxa in New Zealand
is NEGLIGIBLE (LOW uncertainty).
o The potential sociocultural impact of Thielaviopsis paradoxa in New Zealand
is VERY LOW (MODERATE uncertainty).

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty

Likelihood of entering on the commodity MODERATE MODERATE
Likelihood of transferring from the imported commodity onto

HIGH MODERATE
a suitable host
Likelihood of establishing a population in New Zealand HIGH MODERATE
Impacts on the New Zealand economy, environment, human

LOW MODERATE
health and society
Overall level of assessed risk to New Zealand LOW HIGH

Specific considerations summary (see Annex 5.4.4)

Stage of ripeness the pest is associated with

No information

Pineapple varieties the pest is associated with

Md2, Mauritius, Gold Honey, Perola

Presence of pest in markets in this IRA

Tonga, Sri Lanka, Fiji, Indonesia, Malaysia,
New Caledonia, Taiwan, Thailand, Vanuatu,
Australia, Cook Islands, Costa Rica, Papua New
Guinea, The Philippines, Panama

Parts of the fruit the pest associated is with

Can infect all parts of the pineapple fruit and plant

Environmental conditions (temperature, season,
etc.) under which disease symptoms are
expressed

No information

Different life stages of the pest associated with
different parts of the fruit

No information

Asymptomatic/latent infections on pineapple fruit

It can be present on the crown, stem end,
perianth of spike region and bracts of pineapple
fruit without causing symptoms. T. paradoxa can
remain latent on the bracts of pineapples and
become active causing disease during the
ripening process.
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To full assessment of Thielaviopsis paradoxa

6.3 Insects: Diptera

6.3.1

Bactrocera dorsalis (Oriental fruit fly)

Bactrocera dorsalis poses an overall MODERATE risk (with LOW uncertainty) on
pineapple fruit imported to New Zealand.

Bactrocera dorsalis has a VERY LOW likelihood of entering New Zealand on
pineapple fruit (LOW uncertainty).
o Bactrocera dorsalis is very unlikely to be associated with pineapple fruit.
o However, B. dorsalis is present in seven pineapple-exporting markets in this
analysis.
o Infestation symptoms may not be visible unless the fruit is cut in half and may
not be visible even when the fruit is cut.
o Bactrocera dorsalis is likely to survive transit.
o Bactrocera dorsalis shows resistance to infield insecticide usage.
Bactrocera dorsalis has a HIGH likelihood of transferring from pineapple fruit to a
suitable host in New Zealand (LOW uncertainty).
o Bactrocera dorsalis can survive and develop on the abundant waste of
pineapple fruit, some of which will be disposed of using high-risk methods.
o Bactrocera dorsalis has a very broad host range, and many plant host species
are present in New Zealand.
o Bactrocera dorsalis adults can fly long distances.
o Bactrocera dorsalis adults have relatively long lifespans.
Bactrocera dorsalis has a MODERATE likelihood of establishing a population in
New Zealand (LOW uncertainty).
Bactrocera dorsalis is a highly invasive species.
Bactrocera dorsalis has a very broad host range.
Adult B. dorsalis can cover long distances in flight.
Bactrocera dorsalis has a high reproductive rate.
Bactrocera dorsalis has multiple overlapping generations.
Bactrocera dorsalis uses pheromones to find mates.
However, only some parts of New Zealand’s North Island (Northland,
Auckland, the Coromandel Peninsula, northern Waikato and in coastal areas
south to Cape Turnagain and Foxton) have a suitable climate for the
establishment of B. dorsalis.
o The New Zealand National Fruit Fly Surveillance Programme is likely to
detect and eradicate incipient populations of B. dorsalis.
Bactrocera dorsalis may cause HIGH overall impact on New Zealand (LOW
uncertainty).
o The potential economic impact of B. dorsalis in New Zealand is HIGH (LOW
uncertainty).
= Bactrocera dorsalis is a devastating pest of a wide variety of fruits and
vegetables throughout its range, and 20-50% of commercially farmed
crops can be damaged.
* In New Zealand (2019), 80% of the horticultural export value
(NZ$3.7 billion in 2020) comes from plants that are potential fruit fly
hosts.

O O O O O O O

Biosecurity New Zealand [name] IRA, [date (month/year)] e xxii



= Bactrocera dorsalis is likely to cause impacts on many plants of major
economic importance in New Zealand, especially on the apple, citrus,
and avocado industries, but also on the kiwifruit industry.
» Independent of direct damage, an incursion of B. dorsalis could have
high impacts on exports, including market access.
= The cost of a biosecurity response to eradicate B. dorsalis would be
high.
= If B. dorsalis becomes established in New Zealand, additional
postharvest disinfestation would be necessary, at significant cost.
o The potential environmental impact of B. dorsalis in New Zealand is LOW
(MODERATE uncertainty).
= Bactrocera dorsalis hosts include plant genera with native
New Zealand plant species. However, the impact of B. dorsalis on
these fruiting plants is likely to be limited.
= Using insecticides to control invasive B. dorsalis populations could
have impacts on the environment.
= The main source of uncertainty is the infestation levels that B. dorsalis
could achieve among New Zealand native plants and in the
New Zealand climate and how much impact on the host plant
population dynamics it might have.
o The potential human health impact of B. dorsalis in New Zealand is VERY
LOW (MODERATE uncertainty).
= Using insecticides to control invasive B. dorsalis populations could
have impacts on human health.
= Consuming infested fruit could cause gastrointestinal diseases.
= The main source of uncertainty is the infestation levels that B. dorsalis
could achieve, the degree and type of insecticide usage, and the
frequency of local fruit consumption.
o The potential sociocultural impact of B. dorsalis in New Zealand is LOW
(MODERATE uncertainty).
= Bactrocera dorsalis is damaging to a number of plants grown in
domestic gardens and parks.
= The main source of uncertainty is that we were unable to find any
studies estimating the sociocultural impacts of the potential infestation
of fruit flies on taonga plant species.

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty

Likelihood of entering on the commodity VERY LOW LOW
L|keI|hooq of transferring from the imported commodity HIGH LOW
onto a suitable host
Likelihood of establishing a population in New Zealand MODERATE LOW
Impacts on the New Zgaland economy, environment, HIGH LOW
human health and society
Overall level of assessed risk to New Zealand MODERATE LOW

Specific considerations summary (see Annex 6.1.4)
Stage of ripeness the pest is associated with | In the field: overripe (C4)
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In the laboratory: half ripe, % ripe (interpreted as
pre-C4)

Pineapple varieties the pest is associated with

In the field: (Queen) Victoria (and potentially,
other varieties)

In the laboratory: different varieties, including
Smooth Cayenne

Presence of pest in markets in this IRA

Bactrocera dorsalis is present in pineapple-
exporting markets in this IRA: Indonesia,
Malaysia, The Philippines, Sri Lanka, Taiwan,
Thailand, Papua New Guinea, and is transient
and under eradication in Australia (Queensland,
Torres Strait).

Parts of the fruit the pest associated is with

Fruit flesh, skin (shell), surface

Environmental conditions under which infestation
was observed

In the field: Bactrocera dorsalis could have
(exceptionally) exploited pineapple as a host as a
result of competition with other fruit flies.

In the laboratory: screen cage tests on whole,
intact fruits

Different life stages of the pest associated with
different parts of the fruit

Eggs and maggots (three larval stages)

Symptoms not easily visible

Oviposition puncture marks may not be visible.
Eggs and maggots might not be visible even
cutting the fruit.

To full assessment of Bactrocera dorsalis

6.4 Insects: Hemiptera, Diaspididae (armoured scale insects)

6.4.1 Diaspis bromeliae (pineapple scale)

Diaspis bromeliae poses an overall NEGLIGIBLE level of risk (with MODERATE
uncertainty) on pineapple fruit imported to New Zealand.

e Diaspis bromeliae has a MODERATE likelihood of entering New Zealand on

pineapple fruit (LOW uncertainty).

o It can be associated with pineapple fruit.

o Some life stages are likely to survive in-field and packhouse activities.

o Eggs and immature stages can be undetected due to the uneven and rough
surface of the fruit and could hide under bracts without obvious visible

symptoms.

o Inthe last 20 years there have been interceptions of live female adults of
D. bromeliae at the New Zealand border on pineapples coming from the
Philippines, Ecuador and Fiji via sea cargo and Fiji via air cargo, suggesting
that this species can survive transit.
e Diaspis bromeliae has a VERY LOW likelihood of transferring from pineapple fruit
to a suitable host in New Zealand (MODERATE uncertainty).
o Diaspis bromeliae may survive and develop on the surface of pineapple fruit,
either whole pineapples or skin pieces.
o Most pineapple waste is likely to be disposed of using methods that are low
risk, for example, in bagged waste to landfill, or by commercial composting,
worm farming or home composting in contained bins.
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O

o

Pineapple skin that is used for animal feed or open composting could expose
D. bromeliae first-instar nymphs to the environment.

The main dispersal stage is the first-instar nymph (crawler).

Crawlers are flightless and can move short distances actively or long distances
passively.

Crawlers are highly vulnerable to biotic and abiotic factors such as
temperature, humidity and natural enemies.

Crawlers that are wind or animal dispersed are unable to actively choose to
land on a suitable host plant.

Diaspis bromeliae has a relatively limited range of host plants that are readily
available throughout New Zealand.

e Diaspis bromeliae has a VERY LOW likelihood of establishing a population in
New Zealand (MODERATE uncertainty).

o

Although Diaspis bromeliae has established populations in countries with
climates similar to some parts of New Zealand, it is generally found in the
tropics and subtropic. In temperate climates, it is found only in greenhouses.
The mode of reproduction is sexual. This may be a significant barrier for
establishment because it requires at least one adult of each sex or a mated
female to establish a population.

The dispersal capability of crawlers is limited, and they are susceptible to
abiotic and biotic factors.

Diaspis bromeliae has a limited range of host plants that are readily available
throughout New Zealand.

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty

The likelihood of entering on the commodity MODERATE LOW

The likelihood of transferring from the imported commodity onto | VERY LOW MODERATE

a suitable host

The likelihood of establishing a population in New Zealand VERY LOW MODERATE

health and society

Impacts on the New Zealand economy, environment, human N/A* N/A*

Overall level of assessed risk to New Zealand NEGLIGIBLE MODERATE

* Given that the combined likelihood of entry, exposure and establishment is negligible, according to the
‘Guidelines for Risk Analysis in Plant Biosecurity 1.0, we did not need to conduct further assessment on

impacts.
Specific considerations summary (see Annex 7.1.4)
Stage of ripeness the pest is No information—reported as “affecting pineapple mature fruit” in
associated with Australia in circumstances of high field infestations
Pineapple varieties the pest is No information—affects both smooth and rough varieties in

associated with

Australia

this IRA

Presence of pest in markets in the | Philippines, Taiwan, Indonesia, Malaysia, Australia, Costa Rica

Cook Islands, Fiji, Western Samoa, New Caledonia
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Parts of the fruit the pest The pest is associated with all parts of the fruit.
associated is with (e.g. fruit, bract,
stem, crown remnant)

the fruit

Different life stages of the pest All life stages can be associated with different parts of the fruit.
associated with different parts of

Symptoms not easily visible Diaspis bromeliae eggs and immature stages can be undetected

due to the uneven and rough surface of the fruit and could hide
under bracts without obvious visible symptoms.

To full assessment of Diaspis bromeliae

6.5 Insects: Hemiptera, Pseudococcidae (mealybugs)

6.5.1 Dysmicoccus brevipes (pink pineapple mealybug)

Dysmicoccus brevipes poses an overall LOW risk (with MODERATE uncertainty) on
pineapple fruit imported to New Zealand.

e Dysmicoccus brevipes has a MODERATE likelihood of entering New Zealand on
pineapple fruits (LOW uncertainty).

@)
@)

o

o

o

Dysmicoccus brevipes is present in every market in this analysis.
Dysmicoccus brevipes is widely associated with pineapple plants and has
been reported on pineapple fruit.

Dysmicoccus brevipes is commonly detected on imported pineapple fruit
nationally and internationally.

Dysmicoccus brevipes can remain viable through sea and air cargo freight
transit times and conditions.

Insecticides may not control D. brevipes on pineapples.

e Dysmicoccus brevipes has a LOW likelihood of transferring from pineapple fruit
to a suitable host in New Zealand (MODERATE uncertainty).

o

o

o

Disposing of organic waste into landfill is unlikely to be a D. brevipes
exposure risk.

Commercial composting and worm farming are also unlikely to be a

D. brevipes exposure risk.

Domestic composting is likely to be a D. brevipes exposure risk.
Disposing of fruit waste as animal feed is also likely to be a D. brevipes
exposure risk.

The uncertainty about the likelihood of exposure of D. brevipes to suitable
environment in New Zealand is due to the different ways in which organic
waste is disposed of and how these methods may inhibit or facilitate

D. brevipes exposure.

e Dysmicoccus brevipes has a LOW likelihood of establishing a population in
New Zealand (MODERATE uncertainty).

o

Dysmicoccus brevipes feeds on a wide range of plants (highly
polyphagous) and feeds on all plant parts. Its hosts are present, diverse and
widespread in New Zealand.

Dysmicoccus brevipes has both asexual and sexual forms.

Climate is likely to act as a barrier to establishment in most parts of

New Zealand, with the exception of the northern North Island.
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e Dysmicoccus brevipes may cause LOW overall impact on New Zealand
(MODERATE uncertainty).

©)

The potential economic impact of D. brevipes in New Zealand is VERY
LOW (MODERATE uncertainty).

The uncertainty is around whether D. brevipes would cause similar levels
of grape-crop damage to that experienced in Brazil.

The potential environmental impact of D. brevipes in New Zealand is
VERY LOW (MODERATE uncertainty).

The potential human health impact of D. brevipes in New Zealand is
NEGLIBLE (LOW uncertainty).

The potential sociocultural impact of D. brevipes in New Zealand is LOW
(MODERATE uncertainty).

The uncertainty around potential sociocultural impacts is due to a lack of
information about direct impacts of D. brevipes infestation on kiimara and
taro.

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty
Likelihood of entering on the commodity MODERATE LOW
Likelihood of transferring from the imported LOW MODERATE
commaodity onto a suitable host
Likelihood of establishing a population in LOW MODERATE
New Zealand
Impacts on the New Zealand economy, LOW MODERATE
environment, human health and society
Overall level of assessed risk to New Zealand LOW* MODERATE

* Based on the risk assessment, the overall risk of D. brevipes can be at the high end of very low according to the ‘Guideline for Risk
Analysis in Plant Biosecurity 1.0". However, given that D. brevipes has a very wide range of hosts, wide geographical distribution (including
some areas with similar climate to New Zealand) and can be reproduce asexually, MPI considers that a low overall risk is more

appropriate.

Specific considerations summary (see Annex 8.1.4)

Stage of ripeness the pest is associated with

N/A

Pineapple varieties the pest is associated with

N/A

Presence of pest in markets in this IRA

Australia (NSW, NT, QLD, WA), Cook Islands,

Costa Rica, Ecuador, Fiji, Indonesia, New Caledonia,
Malaysia, Panama, Papua New Guinea, Philippines,
Samoa, Sri Lanka, Taiwan, Thailand, Tonga,

with different parts of the fruit

Vanuatu
Parts of the fruit the pest associated is All
Different life stages of the pest associated All

Signs/damage not easily visible

Given the biology of mealybugs in general, notably
their small size, D. brevipes can likely hide under
pineapple bracts.
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To full assessment of Dysmicoccus brevipes

6.5.2 Dysmicoccus neobrevipes (grey pineapple mealybug)

Dysmicoccus neobrevipes poses an overall NEGLIGIBLE risk (with MODERATE
uncertainty) on pineapple fruit imported to New Zealand.

e Dysmicoccus neobrevipes has a MODERATE likelihood of entering New Zealand on
pineapple fruit (LOW uncertainty).

o Pineapple is one of the main hosts of D. neobrevipes, and all life stages of the
mealybug are associated with the fruit.

o However, some in-field management is likely in commercial production
because D. neobrevipes is a vector of pineapple mealybug wilt disease.

o Post-harvest processes are not likely to remove all mealybugs from infested
fruit due to their small size, tendency to hide and occurrence inside blossom
cups on fruit.

o Dysmicoccus neobrevipes adults and immatures can survive freight transit
times and conditions.

e Dysmicoccus neobrevipes has a LOW likelihood of transferring from pineapple fruit
to a suitable host in New Zealand (MODERATE uncertainty).

o Fresh pineapples produce large amounts of unavoidable waste as skins and
whole fruit, most of which is disposed of using methods that pose a low risk of
transfer to a new host.

o However, some waste is disposed of by methods that pose a higher risk of
transfer to a new host, including composting in gardens and use as animal
feed.

o Dysmicoccus neobrevipes can survive and develop on the surface of fruit
waste (whole pineapples or skin pieces).

o Crawlers, which are the main dispersal stage and flightless, can move short
distances actively and longer distances passively.

o Crawlers that are wind or animal dispersed are unable to actively choose to
land on a suitable host plant and depend on landing on or very close to a host
plant.

o Dysmicoccus neobrevipes is polyphagous, and known hosts grow in New
Zealand as commercial crops, in domestic gardens and as weeds.

o Although there is general data on food waste in New Zealand, there is no
specific data on pineapple waste to inform the likelihood of exposure for
D. neobrevipes. However, we assume pineapple waste will be a very small part
of total food waste.

e Dysmicoccus neobrevipes has a VERY LOW likelihood of establishing a population
in New Zealand (MODERATE uncertainty).

o Dysmicoccus neobrevipes is polyphagous, and hosts are available in the parts
of New Zealand most climatically suited for establishment.

o Dysmicoccus neobrevipes, which reproduces sexually, uses sex pheromones to
attract males, which increases the likelihood of finding a mate.

o Dysmicoccus neobrevipes has moderate to high fecundity. Individuals produce
around 350 to 1,000 live young.

o First-instar crawlers are the main dispersal stage and can move actively for
short distances to reach new feeding sites and passively for longer distances by
wind, on animals and movement of infested plant material and produce.
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o Climate may limit the establishment of D. neobrevipes in most of
New Zealand but may not be a limiting factor for the mealybug to establish in
locations in the warmer northern region of the North Island and in sheltered
environments.
e Dysmicoccus neobrevipes may cause a VERY LOW overall impact on New Zealand
(MODERATE uncertainty).
o The potential economic impact of D. neobrevipes in New Zealand is VERY
LOW (MODERATE uncertainty).
= Dysmicoccus neobrevipes is polyphagous, and cultivated plants of
importance in New Zealand are known hosts. There could be increased
production costs for some crops and increased phytosanitary
requirements for some that are exported. However, we found no
information on damage or economic impacts for these crops elsewhere.
= Climate is likely to limit the establishment of D. neobrevipes to
warmer northern regions of the North Island and sheltered
environments. The mealybug is likely to have difficulty reaching
numbers that have a high impact on crop production.
o The potential environmental impact of D. neobrevipes in New Zealand is
VERY LOW (MODERATE uncertainty).
= Dysmicoccus neobrevipes has a wide host range across many plant
families which means there is potential for some New Zealand native
plant species to be hosts. However, there is no specific information on
which native New Zealand plant species could act as hosts and there is
no evidence that D. neobrevipes is likely to have unwanted impacts on
any native species.
= Dysmicoccus neobrevipes is likely to have a very limited distribution
due to climatic factors.
o The potential human health impact of D. neobrevipes in New Zealand is
NEGLIGIBLE (LOW uncertainty).
o The potential sociocultural impact of D. neobrevipes in New Zealand is VERY
LOW (MODERATE uncertainty).
= Dysmicoccus neobrevipes is polyphagous, and some of its known hosts
are grown as garden and amenity plants in New Zealand.
= Given the wide host range across many plant families, there is potential
for some New Zealand species to be hosts, but there is no evidence that
D. neobrevipes is likely to have unwanted impacts on any culturally
significant species.
= Dysmicoccus neobrevipes is likely to have a very limited distribution
due to climatic factors.

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty
Likelihood of entering on the commodity MODERATE LOW
Likelihood of transferring from the imported commodity onto a
LOW MODERATE
suitable host
Likelihood of establishing a population in New Zealand VERY LOW MODERATE
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Impacts on the New Zealand economy, environment, human

VERY LOW MODERATE
health and society
Overall level of assessed risk to New Zealand NEGLIGIBLE MODERATE

Specific considerations summary (see Annex 8.2.4)

Stage of ripeness the pest is
associated with

Any stage

Pineapple varieties the pest is
associated with

The pineapple variety is generally not specified, although Baili and
Smooth Cayenne are recorded. Dysmicoccus neobrevipes is likely
to be associated with all pineapple varieties.

Presence of pest in markets in
the scope of this IRA

Indonesia, Malaysia, Philippines, Sri Lanka, Thailand, Taiwan,
Costa Rica, Panama, Cook Islands, Fiji, New Caledonia, Samoa,
Ecuador

Parts of the fruit the pest
associated is with (e.g. fruit,
bract, stem, crown remnant)

Dysmicoccus neobrevipes is likely to be associated with any
structure on the fruit surface, including bracts, and blossom cups.

Different life stages of the pest
associated with different parts of
the fruit

All life stages (first instars to adults) can be associated with the
fruit surface. Immature and mature mealybugs can feed inside
closed blossom cups.

Symptoms not easily visible

Although D. neobrevipes feeds on plant surfaces, it tends to hide
in protected parts of the pineapple surface, including bracts,
reducing the likelihood of visual detection. All life stages can occur
inside closed blossom cups and go undetected by visual
inspection, unless the fruit is cut open.

To full assessment of Dysmicoccus neobrevipes

6.5.3 Ferrisia virgata (striped mealybug)

Ferrisia virgata poses an overall very VERY LOW risk (with MODERATE uncertainty)
on pineapple fruit imported to New Zealand.

e Ferrisia virgata has a LOW likelihood of entering New Zealand on pineapple fruit
(with MODERATE uncertainty) for the following reasons.
o Pineapple is a host of F. virgata, and live F. virgata nymphs and adults have
been intercepted twice on fresh pineapples at the New Zealand border.
o Nymphs, pupae and female adults can be associated with decrowned fruit at

o

the time of harvest, while eggs may only be present on leaves.

We found no information to suggest that pineapple cultivar or ripeness affects
the association of F. virgata with pineapple fruit.

In general, infestation of F. virgata is likely to be visible, but at low population
levels, nymphs (especially crawlers) and adult females may not always be
detected during routine post-harvest activities due to their small size and
tendency to hide.

Nymphs (except crawlers) and adult females may remain attached to fruit
during general washing due to their wax-covered body, secure attachment to
the fruit surface and tendency to hide.

Nymphs, pupae and adult females can survive shipping to New Zealand.
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@)

Uncertainty: no information found indicates the temperature threshold for F.
virgata and no literature found on describing the biological association with
pineapple fruit.

e Ferrisia virgata has a LOW likelihood of transferring from pineapple fruit to a
suitable host in New Zealand (MODERATE uncertainty).

O

O

Ferrisia virgata may survive on pineapple waste, but it may not be able to
successfully find a suitable host if it arrives in New Zealand in the cold season.
Fresh pineapples produce large amounts of unavoidable waste. However, most
is likely to be disposed of as bagged waste to landfill or into in-sink disposal
units. These methods are unlikely to result in successful exposure.
Commercial composting is unlikely to result in successful exposure since
mealybugs will not survive the process.

Direct disposing of pineapple waste into the environment may result in
successful exposure, but only a very small amount of infested imported
material is likely to be disposed of by this method.

Home composting in gardens and use as animal feed could increase the
likelihood of successful exposure, since suitable host plants are very likely to
be available.

The reproductive characteristics of F. virgata are likely to aid its exposure to a
suitable host.

However, the likelihood of the mealybugs locating a suitable host is low,
because most life stages have limited mobility (apart from crawlers), and
passive movement by wind or transport by other animals cannot guarantee the
mealybug will locate a suitable host.

Uncertainty: we have no information from New Zealand specific to pineapple
waste, on the cold tolerance of F. virgata, or on the development of F. virgata
on pineapple fruit.

e Ferrisia virgata has a LOW likelihood of establishing a population in New Zealand
(MODERATE uncertainty).

@)
@)

o

Ferrisia virgata has moderate to high fecundity.

Although most studies report that it can only reproduce sexually, asexual
reproduction has also been reported.

Females produce pheromones to attract males, which increases the likelihood
of finding a mate, increasing its likelihood of establishment.

Ferrisia virgata is highly polyphagous, and acceptable hosts are widely
available in nature and modified environments in New Zealand.

Climate conditions do not favour establishment throughout New Zealand, but
it is likely that summer populations in the field (at least, in the northern

North Island) or permanent populations in protected environments (such as
greenhouses and glasshouses) could survive.

Uncertainty: most uncertainty is related to the correct identification of

F. virgata. Records of F. virgata before 2012 documenting its distribution and
host range may be incorrect and need to be verified. There are no reports
specific to the lower temperature thresholds of this mealybug. The information
on its overwintering behaviours and reproduction mode is inconsistent.

e Ferrisia virgata may cause LOW overall impacts in New Zealand (MODERATE
uncertainty).

©)

Ferrisia virgata can potentially affect many cultivated plants of economic
importance to New Zealand (such as citrus, tomato and grapevine), but the
mild temperate climate in New Zealand is likely to limit the impact.
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Controlling F. virgata could increase production costs for a number of crops,
but the impact is likely to be limited, as current mealybug control programmes
in New Zealand are likely to help control F. virgata populations.

The impact of F. virgata on market access overseas is unlikely to be high,
because it is present in the markets of most of New Zealand’s trading partners,

e.g. China, Australia and the USA.

o Ferrisia virgata may attack native species, but given that most areas in
New Zealand are not climatically suitable for this mealybug species, the
environmental impact is unlikely to be high.

o Kimara (sweet potato) and taro have been reported as hosts of F. virgata.
These plants have cultural importance to Maori and Pasifika communities
(however, no significant impacts on their crops have been reported in
association with F. virgata).

o Climate change may affect habitat suitability and provide F. virgata with the
potential to spread and become established further south. This may also
increase its impacts in New Zealand, and the unknowns around climate change
increase our uncertainty about the risk of this mealybug.

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty
Likelihood of entering on the commodity LOW MODERATE
Lik.elihood of transferring from the imported commaodity onto a LOW MODERATE
suitable host

Likelihood of establishing a population in New Zealand LOW MODERATE
Impacts on the_ New Zealand economy, environment, human LOW MODERATE
health and society

Overall level of assessed risk to New Zealand VERY LOW MODERATE

Specific considerations summary (see Annex 8.3.4)

Stage of ripeness the pest is
associated with

No information

Pineapple varieties the pest
is associated with

No information

Presence of pest in markets
in this IRA

Ferrisia virgata has been reported from all markets in this IRA.

Parts of the fruit the pest
associated is with

Ferrisia virgata is likely to be associated with every structure on the
surface of pineapple fruit.

Different life stages of the
pest associated with different
parts of the fruit

Except eggs, which may only be present on leaves, and adult males,
which are likely to be removed by commercial production process, all
other life stages of F. virgata theoretically can be associated with
pineapple fruit.

Signs/damage not easily
visible

Like most other mealybugs, F. virgata lives on the plant surface and
feeds by inserting its mouthparts into the plant phloem. It may hide in
protected parts of the pineapple surface, including bracts, reducing
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the likelihood of visual detection. There is no evidence that F. virgata
burrows into the plant as a borer.

To full assessment of Ferrisia virgata

6.5.4 Planococcus minor (Pacific mealybug)

Planococcus minor poses an overall VERY LOW level of risk (with MODERATE
uncertainty) on pineapple fruit imported to New Zealand.

e Planococcus minor has a LOW likelihood of entering New Zealand on pineapple fruit
(MODERATE uncertainty).

o

We found no information indicating that P. minor is strongly associated with
the commodity, suggesting pineapple is not a preferred plant host.

There have been just two interceptions at the New Zealand border on
pineapples since 2000. However, it is uncertain if the low interception records
are a result of existing control measures reducing the risk of entry of P. minor
or a result of weak association with pineapple fruits.

Eggs and first-instar mealybugs (crawlers) in general are inconspicuous life
stages that could go unnoticed in packhouses and survive commercial cleaning
and insecticides.

The cold tolerance and overwintering mechanisms of P. minor are unknown,
but interception records at the New Zealand border on pineapples suggest that
adults can survive transit conditions on pineapple.

The viability of P. minor eggs will likely be negatively affected during sea
freight coming from Asia or America, but eggs are likely to survive if coming
from Australia or if transported via air freight.

e Planococcus minor has a VERY LOW likelihood of transferring from pineapple fruit
to a suitable host in New Zealand (MODERATE uncertainty).

o

Pineapple skin that is bagged and sent to the landfill, commercial composting,
worm farming and home composting in plastic bins are low-risk methods of
waste disposal.

Pineapple skin that is sent for animal feed or open composting could
potentially expose the crawlers to the environment, because P. minor is a
polyphagous species, and many of its recorded hosts are present in

New Zealand.

The ability of P. minor to find a suitable host is limited because crawlers can
only walk and search over short distances and are flightless. To be transported
over long distances by passive wind dispersal, a combination of conditions
needs to occur (i.e., right wind speed, angle position on the host, host location
and survival to predation and environmental conditions).

We found no specific information on the behaviour of P. minor crawlers. This
assessment is based on information about other mealybugs.

Our information about crawlers was based on laboratory or greenhouse
experiments. It is uncertain how crawlers will survive the adversities of the
environment.

e Planococcus minor has a LOW likelihood of establishing a population in
New Zealand (MODERATE uncertainty).
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o Itis likely that P. minor’s mode of reproduction is sexual. This is a significant
barrier for establishment.

o Planococcus minor has a limited active long-range dispersal.

o Planococcus minor is a polyphagous species, and many of its recorded hosts
are present in New Zealand. It is highly likely that crawlers will find a suitable
host.

o Planococcus minor has established populations in regions with similar
climates to New Zealand.

o P. minor has a high reproductive rate and is able to produce multiple
generations.

o Crawlers can easily disperse within and across farms aided by agricultural
equipment, farm workers or movement of plant material.

e Planococcus minor may cause LOW overall impacts on New Zealand (MODERATE
uncertainty).

o There is no evidence of economic impacts attributed to P. minor on any
horticultural crops of economic importance to New Zealand.

o There are no reports of economic impacts attributed to P. minor in places
where P. minor has successfully established (e.g., Australia and Puerto Rico).

o Planococcus minor transmits viruses in plants that are not of economic
importance to New Zealand.

o The risk of ants interfering with biological control programmes targeting
P. minor in New Zealand is negligible, because successful biological control
programmes have been reported in New Zealand for mealybugs that have
established populations in the past 100 years.

o There are no reports of health impacts on people working in fields as a result
of aggressive ants being attracted by the honeydew excreted by mealybugs.

o Additional management costs to producers because of P. minor will be low,
because there have been management programmes to control mealybugs in
New Zealand vineyards since the 1960s. These programmes are likely to
control P. minor populations.

o There is no evidence of impacts to New Zealand native species or taonga and
staple food for Maori and Pasifika communities by P. minor.

o Anincursion of this mealybug could represent additional costs to producers
due to phytosanitary measures and compliance agreements imposed by other
countries where P. minor is a regulated pest.

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty
Likelihood of entering on the commodity LOW MODERATE
Likelihood of transferring from the imported commodity
VERY LOW MODERATE
onto a suitable host
Likelihood of establishing a population in New Zealand LOW MODERATE
Impacts on the New Zealand economy, environment,
LOW MODERATE
human health, and society
Overall level of assessed risk to New Zealand VERY LOW MODERATE
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Specific considerations summary (see Annex 8.4.4)

Stage of ripeness the pest is
associated with

No information

Pineapple varieties the pest is
associated with

No information

Presence of pest in markets in
this IRA

Planococcus minor has been reported in all markets in this IRA.

Parts of the fruit the pest
associated is with (e.g. fruit,
bract, stem, crown remnant)

No specific information. Other Planococcus species are found on
the base of leaves, twigs, bark, flowers and fruit. We assume
P. minor will have similar behaviour.

Different life stages of the pest
associated with different parts of
the fruit

No specific information. In other crops, such as cotton, P. minor
crawlers wander around the plant toward actively growing plant

parts before settling to feed. The female adult becomes sessile

and can be found in similar places as the crawlers.

Signs/damage not easily visible

Fruit that is highly infested with mealybugs is likely to be detected,
because adults have a visible white waxy powdery coating. Eggs
in the ovisac are also likely to be visible. However, immature
stages that have less coating and small eggs that are not
protected by the ovisac could easily go unnoticed under bracts or
crevices of the fruit.

To full assessment of Planococcus minor

6.5.5 Pseudococcus jackbeardsleyi (Jack Beardsley mealybug)

Pseudococcus jackbeardsleyi poses a NEGLIGIBLE overall level of risk (with
MODERATE uncertainty) on pineapple fruit imported to New Zealand.

e Pseudococcus jackbeardsleyi has a LOW likelihood of entering New Zealand on
pineapple fruit (MODERATE uncertainty).
o Pseudococcus jackbeardsleyi is associated with the exterior of the pineapple

fruit.

o The first instars of Ps. jackbeardsleyi may be missed during border inspections
if they are under pineapple bracts.

o Pseudococcus jackbeardsleyi can survive short transits to New Zealand,
especially if the commodity is brought in by air cargo.

However:

o We found no information to associate the mealybug with pineapple fruits apart
from interception data.
o Basic pre-export cleaning may reduce the abundance of Ps. jackbeardsleyi on

the commodity.

o Pseudococcus jackbeardsleyi is unlikely to remain viable after long transits
(weeks) in cold temperatures.
e Pseudococcus jackbeardsleyi has a VERY LOW likelihood of transferring from
pineapple fruit to a suitable host in New Zealand (MODERATE uncertainty).
o Pseudococcus jackbeardsleyi has a wide variety of hosts, and it feeds on the
stems, fruits and leaves of its hosts.
o All lifestages can disperse actively for short distances by walking.
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o Crawlers can spread passively for longer distances by wind.
However:

o Pseudococcus jackbeardsleyi is unlikely to survive commercial composting or
a landfill.
o Cold temperatures and plant secondary metabolites may impede
Ps. jackbeardsleyi’s survival.
e Pseudococcus jackbeardsleyi has a VERY LOW likelihood of establishing a
population in New Zealand (MODERATE uncertainty).
o New Zealand has many hosts of Ps. jackbeardsleyi.

However:

o The climate in New Zealand is relatively unsuitable for Ps. jackbeardsleyi.
o New Zealand has natural enemies of mealybugs, which may impede the spread
and population size of Ps. jackbeardsleyi.

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty
Likelihood of entering on the commodity LOW MODERATE
Likelihood of transferring from the imported VERY LOW MODERATE
commaodity onto a suitable host

Likelihood of establishing a population in VERY LOW MODERATE
New Zealand

Impacts on the New Zealand economy, N/A* N/A*

environment, human health, and society

Overall level of risk to New Zealand NEGLIGIBLE MODERATE

“Given that the combined likelihood of entry, exposure and establishment is negligible, according to the
‘Guidelines for Risk Analysis in Plant Biosecurity 1.0”, we did not need to further assess the impacts.

Specific considerations summary (see Annex 8.5.4)

Stage of ripeness the pest is No information
associated with

Pineapple varieties the pest is No information
associated with

Presence of pest in markets in this | Australia, Costa Rica, Ecuador, Indonesia, Malaysia, Panama,

IRA Papua New Guinea, The Philippines, Sri Lanka, Taiwan,
Thailand

Parts of the fruit the pest The pest feeds on the stems, leaves and fruit of its host plants. It

associated is with is likely to be associated with all exterior parts of the fruit.

Life stages of the pest associated | No specific information. All post-egg stages of the mealybug
with different parts of the fruit have functional legs and can move around the fruit.
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Signs/damage not easily visible Pseudococcus jackbeardsleyi feeds on and lives on the exterior

parts of its hosts. The first three instars are small and can easily
hide under pineapple bracts, groves or crown remains. Adult
females are relatively obvious. The cotton-like ovisac with eggs
is quite obvious.

To full assessment of Pseudococcus jackbeardsleyi

6.6 Insects: Lepidotera, Cosmopterigidae (cosmet moths)

6.6.1 Anatrachyntis rileyi (pink scavenger caterpillar)

Anatrachyntis rileyi poses an overall VERY LOW risk (with MODERATE uncertainty)
on pineapple fruit imported to New Zealand.

e Anatrachyntis rileyi has a HIGH likelihood of entering New Zealand on pineapple
fruit (LOW uncertainty).

o

o

o

o

o

Anatrachyntis rileyi eggs and larvae are associated with pineapple fruit.
Anatrachyntis rileyi larvae can show resistance to some types of pesticides.
Some developmental stages, such as eggs and young larvae, could be
undetected during field and packhouse activities.

Anatrachyntis rileyi can overwinter and further develop when climatic
conditions are suitable.

There have been interceptions of live A. rileyi larvae at the New Zealand border
on pineapple fruit.

e Anatrachyntis rileyi has a MODERATE likelihood of transferring from pineapple fruit
to a suitable host in New Zealand (MODERATE uncertainty).

@)
@)

o

o

Anatrachyntis rileyi may survive and develop on pineapple fruit waste.

There are waste disposal methods that could facilitate the exposure of A. rileyi
to the environment.

Some host plants can be found throughout New Zealand.

Some waste disposal methods would limit the exposure of A. rileyi to the
environment because they are under contained structures.

We do not know whether larvae can survive inside compost bins in summer
because the larvae’s upper temperature threshold is not known.

Even though A. rileyi host range is quite wide, there is some uncertainty about
the host range due to misidentifications of the moth in the past.

The information on waste disposal in New Zealand is not up to date and is
based on general waste. There is no specific information on pineapple waste.

e Anatrachyntis rileyi has a LOW likelihood of establishing a population in
New Zealand (LOW uncertainty).

o

o

o

o

O

Anatrachyntis rileyi has mostly established populations in warm tropical and
subtropical climates.

Sexual reproduction is a barrier for establishment.

Host plant availability will not be a barrier for establishment.

Anatrachyntis rileyi is a predatory and scavenger species, increasing its feeding
choices in the environment.

The larvae can overwinter and resume development when climatic conditions
are suitable.

e Anatrachyntis rileyi may cause VERY LOW overall impacts on New Zealand
(MODERATE uncertainty).
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o The potential economic impact of Anatrachyntis rileyi in New Zealand is
VERY LOW (MODERATE uncertainty).

Anatrachyntis rileyi is mainly a scavenger but can occasionally feed on
healthy plants.

Anatrachyntis rileyi is a seasonal pest of secondary importance and
with limited distribution in some crops but is a major pest in field and
stored corn.

Anatrachyntis rileyi can complete its life cycle on dead plant material
and does not rely on living plants to complete its life cycle.
Anatrachyntis rileyi is an opportunistic species, found feeding in
previously injured sugarcane and cotton plants.

We found no recent information about the impacts of A. rileyi in corn,
and we are uncertain if A. rileyi is still considered a major pest on this
crop.

There is uncertainty about the host range of this species due to past
misidentifications.

o The potential environmental impact of A. rileyi in New Zealand is VERY LOW
(MODERATE uncertainty).

We found no evidence of impacts on native plant species by A. rileyi or
other Anatrachyntis species already established in New Zealand.
Anatrachyntis rileyi is a predator of scales but is unlikely to cause
impacts on New Zealand native scales because its infestation is
seasonal and restricted due to its limited dispersal capabilities.

We are uncertain if A. rileyi will prey on native scales, because we
found no information on the predator—prey specificity of this species.

o The potential human health impact of A. rileyi in New Zealand is
NEGLIGIBLE (LOW uncertainty).

We found no evidence of human health impacts associated with
A. rileyi or other Anatrachyntis species.

o The potential sociocultural impact of Anatrachyntis rileyi in New Zealand is
VERY LOW (MODERATE uncertainty).

We found no evidence of any impacts of A. rileyi or other
Anatrachyntis species on culturally important plants in New Zealand.
Taro has been listed as an A. rileyi host plant. However, we are
uncertain if taro is a host of A. rileyi, given misidentifications with
A. badia in Hawaii in early literature.

Taro is widely grown in some parts of New Zealand, and until recently,
it was grown under glasshouse conditions.

Anatrachyntis rileyi is unlikely to cause a major negative impact on
taro, given that it is mainly a scavenger and rarely feeds on healthy
plants during high infestations.

We found no information about A. rileyi impacts on taro.

The following tables contain a summary of risk assessment against the criteria.

Criteria Rating Uncertainty

Likelihood of entering on the commodity HIGH LOW

Likelihood of transferring from the imported commodity onto a

suitable host

MODERATE | MODERATE
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Likelihood of establishing a population in New Zealand LOW LOW
Impacts on the New Zealand economy, environment, human

VERY LOW MODERATE
health, and society
Overall level of assessed risk to New Zealand VERY LOW MODERATE

Specific considerations summary (see Annex 9.1.4)

Stage of ripeness the pest is
associated with

Anatrachyntis rileyi usually infests very young fruit and appears to
do little or no damage. However, occasionally, larvae are present
when the fruit is close to ripe.

Pineapple varieties the pest is
associated with

Anatrachyntis rileyi was found feeding on Cayenne and Hilo
varieties in Hawaii and the Queen variety in South Africa.

Presence of pest in markets in
this IRA

Costa Rica, Ecuador!, Thailand, Philippines, Indonesia, Australia,
Fiji

Parts of the fruit the pest
associated is with (e.g. fruit,
bract, stem, crown remnant)

Anatrachyntis rileyi can be found inside the fruit and on the
surface (eyes of the fruit) feeding on dead floral remains.

Different life stages of the pest
associated with different parts of
the fruit

Larvae are the most damaging life stage and can be found on the
floral parts, inside and outside the pineapple fruit. Eggs are
deposited mainly on the blossom cup of the young fruit, but it is
uncertain if the female deposits eggs on the surface of the fruit
once the fruit is fully formed.

Signs/damage not easily
visible

There is evidence of A. rileyi burrowing into the fruit without
causing obvious symptoms, especially when larvae have recently
entered the ripening fruit. Young larvae can hide in the complex
surface of the pineapple fruit and find refuge under the bracts.

' Reported present in the Galapagos Islands (Roque-Alberto 2006)

To full assessment of Anatrachyntis rileyi

6.6.2 Vector analysis

Planococcus citri is not a hazard in this analysis.

e Planococcus citri can transmit one pineapple pathogen, Pineapple bacilliform
comosus virus (PBCoV), but we found no evidence that PBCoV can affect plants
other than pineapple plants.

e Planococcus citri is not known to transmit any pathogen in the HPP/SRO list in a
persistent or semi-persistent manner.

Pseudococcus longispinus is not a hazard in this analysis.

e Pseudococcus longispinus may transmit one pineapple pathogen, Pineapple mealybug
wilt-associated virus 2 (PMWaV-2), but no clear evidence could be found that
PMWaV-2 can affect plant species other than pineapple.

e Pseudococcus longispinus is not known to transmit any pathogen in the HPP/SRO list
in a persistent or semi-persistent manner.

To full vector analysis

12This list is compiled from the MPI’s high-priority pest and disease (HPP) list and the list of sector risk organisms (SRO) as
listed/described by each Government Industry Agreement (GIA) partner in either their draft operational agreement,
biosecurity plan or website. See Table 10.2 in Annex 10.
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7 Annex: Details of risk assessments
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1 Risk analysis process

The World Trade Agreement on the Application of Sanitary and Phytosanitary Measures
(SPS agreement) states that phytosanitary measures must be supported by risk assessment and
not maintained without sufficient evidence (WTO 1995). That is, to require additional
measures, MP1 must have evidence that a pathogen would not be sufficiently managed by the
application of the minimum requirements.

The Biosecurity New Zealand process for undertaking an IRA builds on the existing
international frameworks for risk analysis under the World Organisation for Animal Health
(OIE) and the International Plant Protection Convention (IPPC), and extends the scope, under
the SPS Agreement, to include all of the values required by the Biosecurity Act (1993)%.

The main output is an IRA which is used in the development or review of an IHS under the
Biosecurity Act (1993). An IHS specifies the requirements to be met for the effective
management of risks associated with importing risk goods*.

The Biosecurity Act (1993) requires a chief technical officer to begin the process of
developing an Import Health Standard by: “analysing or assessing the risks associated with
importing a class or description of goods 5. While the Biosecurity Act does not state how
the risks are to be assessed or analysed, it does state that the chief technical officer must have
regard to certain matters when developing an IHS for recommendation to the Director-
General. A number of these are part of an IRA as described by the OIE and IPPC:

* The likelihood that the goods will import organismss

e The nature of the organisms that the goods may import

e The possible effect on human health, the New Zealand environment, and the New
Zealand economy of the organisms that the goods may import

e In relation to requirements proposed for inclusion in an IHS, the extent to which the
requirements reduce or manage the likelihood or impacts of adverse effects from
organisms that may be imported on or in association with goods?

An IRA is also a relevant factor in how a country meets its obligations under the SPS
agreement and other agreements such as the Convention on Biological Diversity (CBD).
Under the SPS agreement, risk management measures either must be based on existing
international standards, guidelines or recommendations, or must be supported by a scientific

8Biosecurity Act section 24(4)(b)(iii) “...human health, the New Zealand environment, and the New Zealand economy...”
As defined in section 2(1), environment includes (a) ecosystems and their constituent parts, including people and their
communities; and (b) all natural and physical resources; and (c) amenity values; and (d) the aesthetic, cultural, economic,
and social conditions that affect or are affected by any matter referring to paragraphs (a) to (c).

'4Section 22, Biosecurity Act 1993

5Section 23(1) Biosecurity Act 1993

8From Section 2(1) Biosecurity Act 1993: “organism—(a) does not include a human being or a genetic structure derived
from a human being: (b)includes a micro-organism: (c) subject to paragraph (a), includes a genetic structure that is capable
of replicating itself (whether that structure comprises all or only part of an entity, and whether it comprises all or only part of
the total genetic structure of an entity): (d) includes an entity (other than a human being) declared by the Governor-General
by Order in Council to be an organism for the purposes of this Act: (e) includes a reproductive cell or developmental stage of
an organism: (f) includes any particle that is a prion”

"From section 2(1) Biosecurity Act 1993, “environment includes— (a) ecosystems and their constituent parts, including
people and their communities; and (b) all natural and physical resources; and (c) amenity values; and (d) the aesthetic,
cultural, economic, and social conditions that affect or are affected by any matter referred to in paragraphs (a) to (c)”
'8Section 23(4)(b) and (d) Biosecurity Act 1993
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justification'®. Measures must not be maintained without sufficient scientific evidence?.
Measures must also not be unnecessarily trade restrictivez. In order to meet these obligations,
the SPS agreement requires that measures are based on a risk analysis. Under the CBD,
countries must consider environmental impacts in decision-making and prevent the
introduction of, and control or eradicate alien species that threaten ecosystems, habitats and
species.

The MPI process is equivalent to the process for plant health risk analysis under the
International Standards for Phytosanitary Measures (ISPM) under the IPPC2 (the main
differences being in terminology).

1.1 Overview of the risk analysis process

The individual steps in the process for developing an IRA are the same for both the OIE and
IPPC. However, the standards, guidelines and recommendations for animal health (sanitary)
and plant health (phytosanitary) measures are developed by different international bodies.
This means that there are differences in the detail of how IRA is done for animal health (OIE)
and plant health (IPPC). The MPI process and methodology for undertaking an IRA is
summarised in Figure 1.1.

19SPS Agreement 1995 Article3(1) and (3)

2SPS Agreement 1995 Article 5(7)

21SPS Agreement Article 5(6)

2|1SPM2: Framework for Pest Risk Analysis (Link).
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Figure 1.1 BNZ'process and metvhodolog'y for undertaking an import risk analysis

1.2 Risk assessment ranking

For each of the likelihoods of entry, exposure, establishment, the following ranking scales
will be used. The column containing the “quantitative guidance” provides a quantitative
scale to help guide the analyst on the scale of each ranking.

Scale

Qualitative guidance

- Extending above the normal or average level

Moderate  Around the normal or average level
Low Less than average, coming below the normal level
Very low | Close to insignificant

- Not worth considering; insignificant

Quantitative guidance
More than 2 events in 3 years
110 2 events in 3 years
1 eventin 3 to 20 years
1 eventin 20 to 100 years
Less than 1 eventin 100 years

45 o [name] IRA, [date (month/year)]

Biosecurity New Zealand



For consequences, the following ranking scales will be used:

Scale Qualitative guidance Quantitative guidance
- Well above the normal or average level More than 10 billion $NZ
- Extending above the normal or average level Between 1 and 10 billion $NZ

Moderate = Around the normal or average level Between 100 million and 1 billion $NZ

Low ILe?lzsl than average, coming below the normal Between 10 and 100 million $NZ

Verylow | Close to insignificant Between 1 and 10 million $NZ

Not worth considering; insignificant Less than 1 million $NZ

While the values provided in the quantitative guidance are New Zealand dollars over a 20 to
30 year period, the analyst considers how non-economic impacts can be monetarised (e.g.,
the dollar value of damage to ecosystem services) or considered equivalent (e.g., how much
social impact is equivalent to these economic values).

1.3 Hazard identification

Hazard identification®® is the process of identifying pests and diseases that are associated with
imported risk goods and have the ability to cause harm to New Zealand. In this process, we
compile a list of potential hazards and then assess them against criteria to see whether they
warrant further consideration. Hazard identification answers two questions.

e Does the species meet the criteria to be considered a biosecurity risk to New Zealand?
e s the species potentially associated with the commodity that is being assessed?

The criteria for a quarantine pest for New Zealand are derived from the Biosecurity Act and
the IPPC and WOAH. These criteria are:

e s the pest or disease absent from New Zealand?
e OR isthe pest or disease present in New Zealand, but it meets one of the following
criteria?

o The species is under official control.

o The species is a vector of a quarantine pest or disease.

o There are subspecific taxa (subspecies, varieties, strains, etc.) within the pest
species that are an increased risk to New Zealand compared with those already
present.

o There are other factors that would mean that the pest or disease may still be of
concern in associated with imported goods (e.g. increased exposure to people
through imported goods?4).

e AND does the pest or disease have the potential to establish in New Zealand and harm
“human health, the New Zealand environment, and the New Zealand economyzs”?

Association with the commaodity is based on:

23 Under the IPPC, the hazard identification process is known as pest categorisation in ISPM 2 (FAO 1995) and ISPM 11 MfE (FAO 2013).
24 One example is venomous spiders on fresh fruit. Even if present in a country, there may be a higher likelinood of people getting bitten if
the spiders are associated with fruit sold at a supermarket.

5 Bjosecurity Act 1993
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e association with the commaodity species or genus;

e association with the specific parts of the commodity; and

e whether a particular pest will stay associated with a commodity during preparation
and/or transit to New Zealand — for example, a large flying insect is unlikely to stay
on a piece of fruit when it is picked.

Different approaches may be taken to compiling and presenting the list of potential hazards
depending on the information needed for pests or diseases in each pest/disease group. The
approach for each group may be determined in the project plan, once the risk management
question and risk evaluation criteria have been established. The specific approaches to hazard
identification used in this import risk analysis are discussed further in chapter 3.

1.4 Risk assessment

At the end of hazard identification, we compile a list of hazards that require risk assessment.
A risk assessment evaluates the likelihood of introduction (entry, exposure and
establishment) and consequence for a particular hazard, as well as the uncertainty in the
conclusions. The SPS agreement describes the factors to take into account when assessing
risk. These factors include:

available scientific evidence;

relevant processes and production methods;

relevant inspection, sampling and testing methods;

prevalence of specific diseases or pests;

relevant ecological and environmental conditions; and

potential damage in the event of the entry, establishment or spread of a pest or
disease.

A qualitative approach is suitable for most import risk analyses and is currently the most
common type of assessment we use to support the development and review of import
requirements.

1.5 Assessment of uncertainties

The SPS agreement states that measures must be applied “only to the extent necessary and
must be supported by sufficient scientific evidence?8. Therefore, if there is insufficient
evidence indicating that an organism meets the criteria for additional measures, then MPI
usually does not consider it a hazard (see section 1.3). In some cases there may be good
reason to consider a pest or disease a hazard even when evidence is insufficient (e.g.
similarity to known pests or diseases). In these cases, we may still assess the pest or disease
further. If there is insufficient evidence but significant uncertainty, then the decision maker
may apply measures, but under those circumstances the measures are provisional and further
conditions may be required?’.

Therefore, documenting significant uncertainty is an essential part of risk assessment. We
have documented uncertainties such as contradictions in the evidence or a lack of evidence in
this analysis. If we identify significant uncertainty that affects the conclusions of our risk

26 SpS Agreement 1995 Article 2.2
27 SpPS Agreement 1995 Atrticle 5.7
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assessment, we have indicated this in the wording of the conclusion. The rationale for our
uncertainty rating is as follows.

Scale Criteria

e Scarce or no data available; evidence provided in unpublished reports of unknown
authenticity; or

o Few observations and personal communications; and/or

o Authors’ or experts’ conclusions vary considerably

High

¢ Some or only incomplete data available; evidence provided in small number of
references; authors’ or experts’ conclusion vary; or

Moderate o Limited evidence from field/lab observations; or

¢ Solid and complete data available from other species that can be extrapolated to
the species being considered

¢ Solid and complete data available; strong evidence in multiple references with most
Low authors coming to the same conclusions; or
o Considerable and consistent experience from field observations

1.6 Expert review

Expert review is a fundamental component of risk analysis. It ensures the analysis is based on
the most up-to-date and credible information available.

Expert reviewers may check that the import risk analysis is based on the best available and
most credible information, that the document is clear and logical, that assumptions are valid
and that conclusions are consistent with the evidence, with other conclusions in the risk
analysis and with relevant conclusions in other assessments.

1.7 References for Annex 1

FAO (1995) Guidelines for pest risk analysis. International Standard for Phytosanitary
Measures No. 2. Published by FAO on behalf of the Secretariat of the International Plant
Protection Convention (IPPC); Rome, Italy.

FAO (2013) Pest risk analysis for quarantine pests. International Standard for Phytosanitary
Measures No. 11. Published by FAO on behalf of the Secretariat of the International Plant
Protection Convention (IPPC); Rome, Italy.

WTO (1995) World Trade Organization (WTO) Sanitary and Phytosanitary Measures
Agreement (SPS). www.wto.org/english/tratop_e/sps_e/sps_e.htm.
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2 IRA scope and information

We have developed this import risk analysis (IRA) in response to a request to update the
import health standards (IHS) for the importation of fresh pineapples (Ananas comosus) for
the seven currently approved markets (Australia, Ecuador, Fiji, New Caledonia,

the Philippines, Thailand, Vanuatu) and to add an additional 10 markets (Cook Islands, Costa
Rica, Indonesia, Malaysia, Papua New Guinea, Panama, Samoa, Sri Lanka, Taiwan, Tonga).
The purpose of the risk analysis is to identify and assess biosecurity risks associated with
commercially produced decrowned pineapple (Ananas comosus) for human consumption (of
all varieties and ripeness (excluding overripe)). The decisions that this risk analysis will
inform are:

a. whether MPI should require additional measures for any pests and diseases on
commercially produced, decrowned pineapple (Ananas comosus) for human
consumption ((of all varieties and ripeness (excluding overripe)), beyond the
measures covered by the commodity description;

b. whether MPI should remove any pests and diseases from the current standards for
commercially produced, decrowned pineapple (Ananas comosus) for human
consumption that do not require additional measures due to new scientific evidence;
and

c. what measures are available that could manage the pest risks to an appropriate level.

The objective of the risk analysis is to:

a. ldentify which pests and diseases present a level of risk to New Zealand on the
commodity and pathways included in the scope; and

b. assess these pests and diseases using a method which provides sufficient evidence
about the biosecurity risks to assist risk managers to determine a robust and
transparent decision on whether additional measures beyond the commodity
description proposed for the IHSs are required to manage these pests and diseases.

For any particular risk goodzs, there is a commodity description that describes the minimum
condition of the commaodity that is covered by this IRA. The commaodity description is
important as many pests and diseases may not be associated with a commodity that is defined
in a certain way (e.g. more pests may potentially be associated with a commaodity definition
of fresh beans for consumption than a commodity definition of frozen beans for
consumption).

2.1 Descriptions of the commodity and pathway

This risk analysis considers the effects on the New Zealand economy, environment, society
and human health29 from organisms potentially associated with the importation of
commercially produced, decrowned pineapple fruit (Ananas comosus) for human
consumption. A detailed description of the commodity and pathway is provided in Table 2.1.

28 Regulated article under IPPC

29 gpecifically, this IRA covers sections 23(4)(b)(i), (i) and (iii) of the Biosecurity Act:

(i) the likelihood that the goods will import organisms:

(ii) the nature of the organisms that the goods may import:

(iii) the possible effect on human health, the New Zealand environment, and the New Zealand economy of the organisms that the goods may
import
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Table 2.1 Detailed description of the commodity and the pathway(s) of entry to New Zealand.

Commodity description

Commodity description

Commercially produced decrowned fresh pineapple fruit (Ananas comosus), of all varieties and
ripeness (excluding over ripe3') for human consumption. This excludes material or produce which is
visibly damaged (damage which may be a result of the presence of a regulated pest or could
expose the commodity to regulated pests). The risk from crown remnant has not been considered in
this IRA because crown remnant will be deemed a non-compliance as per the commodity
description.

Commercial production description

Commercial production means a process (system) where activities, such as in-field monitoring, pest
control activities, harvesting, cleaning®, sorting, and gradings3 have been undertaken. These
activities are carried out to minimise:

a) the presence of regulated pests;

b) commodity damage which could expose the commodity to regulated pests.

Note: NPPO phytosanitary inspection, certification and documentation form part of general import
requirements.

Pathway description

Commercially produced decrowned fresh pineapple fruit (Ananas comosus) for human consumption
from Australia, Ecuador, Fiji, New Caledonia, The Philippines, Thailand, Vanuatu, Cook Islands,
Costa Rica, Indonesia, Malaysia, Papua New Guinea, Panama, Samoa, Sri Lanka, Taiwan and
Tonga.

The import risk analysis project is applied to both sea and air cargox. Therefore, all risk
assessments will consider both pathways.

2.2 General information related to likelihood of entry

The following aspects of the commodity and pathway description will affect the likelihood
that pests or diseases will enter New Zealand:

1. The pineapples are required to be commercially produced. Commercial production
means a process (system) where activities, such as in-field monitoring, pest control
activities, harvesting, cleaning, sorting, and grading have been undertaken. Note:
NPPO phytosanitary inspection, certification and documentation form part of general
import requirements. This excludes material or produce which is overripe or visibly
damaged (damage which may be a result of the presence of a regulated pest or could
expose the commodity to regulated pests).

These activities are carried out to minimise:

a) the presence of regulated pests;

30 In the absence of ripeness and variety from the commodity description, pest association will be reported for all varieties and stages of
ripeness in the IRA.

31 Overripe is equivalent to C4 or greater as per the UNECE Standard on the marketing and commercial quality control of pineapples: Link
32 Cleaning will removal extraneous plant material, debris, and soil. Large mobile pests will also be removed.

33 Grading will remove damaged produce or visibly infested produce.

34 See Annex.Appendix 3 for transit conditions.
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b) commodity damage which could expose the commodity to regulated pests.

2. The pineapples are also to be decrowned. This prevents the association of leaf and
foliage infecting pests and diseases as well as minimises contamination with weed
seeds (see section 2.2.1).

The import risk analysis project is applied to both sea and air cargo. Therefore, all risk
assessments will consider both pathways. Transit conditions of these pathway are described
in Annex.Appendix 3.

2.21 Risk of introducing weed seeds on fresh pineapple

According to an MPI trip report to pineapple exporting countries (MPI1 2018), despite control
measures reducing weed prevalence to very low levels amongst fruiting pineapple plants,
small amounts of weed plants were observed amongst the fields. The report also indicates
that the common area of seed contamination is in the crown of pineapple. However,
contaminating seeds is unlikely to be associated with imported fresh decrowned Ananas
pineapple fruit as per the commodity description in this IRA because these seeds would likely
be detected or removed during decrowning, cleaning and inspection in the commercial
production process.

Supporting information

The MPI Horticultural Imports team confirmed with importers that from at least 2018 only
decrowned pineapple fruit have been imported in spite of it not being a requirement to
decrown. This provided a basis to use interception data as a tool to assess whether seeds were
still associated with imported decrowned pineapple fruit.

Interception reports (from 2002 to August 2021) from QuanCargo (2021) shows that there
was a decrease in seed contamination particularly from 2018 onwards when pineapple fruit
was being voluntarily decrowned even though the volume of pineapple fruit is generally
higher than earlier years (Figure 2.1). The percentage of consignments with seed
contamination has also decreased in recent years (Figure 2.2).
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Figure 2.1 Total volumes in tonnes for imported pineapple fruit and numbers of consignments
with seed contamination from 2002 until August 2021 (QuanCargo 2021)
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Figure 2.2 Percentage of consignment entries of pineapple fruit with seed contamination from
2002 until August 2021 (QuanCargo 2021)

Similarly, LIMS (2022) interception database records also show only a spike between 2000
and 2003 and virtually nothing thereafter (Figure 2.3). Of particular note is that no records of
seed interceptions were recorded after 2018 in this database.
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Figure 2.3 Graph showing total number of seeds found on imported pineapple fruit in from 1986 until
2021(LIMS 2022).

For the years when pineapple fruit were voluntarily decrowned (2018 to August 2021), three
interceptions of seeds were identified and all were in 2019 (QuanCargo 2021; Table 2.2).

Table 2.2 Records of seed interceptions since 2018 from QuanCargo (2021).
Exporting countries | Inspection date | Genera of seeds

Cyperus sp.
Ecuador 13/05/2019

Dinehra sp.
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Brachiaria sp.
Philippines 5/11/2019 Digitaria sp.

Setaria sp.
Ecuador 17/01/2019 Crepis sp.

The Quarantine officers who completed the inspections were contacted to determine where
the seeds were found on these particular consignments. They confirmed that for one of the
consignments the seeds were found in the remnants of the crown still attached to the fruit.
The pineapple fruit were not very well decrowned, meaning that it was not cleanly cut close
to the fruit and had more crown than other consignments in general. While this does not
classify as a non-compliance (decrowning is not currently required) it does explain and
confirm that crowns are indeed a reservoir for seed contamination. The other consignment
had seeds found in a section of the stem which was, again, not cut off to the standard one
would expect it to be, leaving bracts underneath the fruit which trapped the seeds. The third
consignment recalls that the seeds (Crepis sp.) may have been windblown and attached to the
side of the pineapple fruit. These seeds are “fluffy” in appearance and could become stuck
onto the spiky bracts on the side of the fruit. Generally, these seeds would be detected during
cleaning and inspection and should be removed as part of the commercial production system.
Therefore, if the pineapple fruit are effectively destemmed, decrowned, cleaned and inspected
in accordance with the commodity description, weed seeds is unlikely to be associated with
the commaodity as per the commaodity description.

2.3 General information related to likelihood of exposure and
establishment

When a pest or disease arrives in a new area, it usually needs to transfer from the imported
commodity or inanimate object, to a host or environment suitable for the completion of
development or production of offspring. This is termed “exposure” in Biosecurity New
Zealand risk assessments.

For pineapple fruit, the intended use is human consumption, not propagation. There are two
ways a pest or disease arriving with plant products may come into contact with a growing
host plant:

1. A pest may fly or be washed, blown or carried off the plant product and find a host
plant. Examples include mobile pests such as thrips and psyllids, as well as some
fungi and bacteria.

2. The plant product is discarded into an environment that allows the pest or disease to
continue its life cycle and eventually come into contact with a host plant. Examples
include flies, scales and citrus canker.

The likelihood of the first case (mobile pest) occurring depends largely on the mobility of the
pest. However, the more mobile the pest is, the less likely it is to be associated with harvested
and packed plant product in the first place, due to the level of handling the plant product
receives during these processes.

The likelihood of the second case (discarded plant product material) occurring depends on
waste material generated from the commaodity (either parts of the commodity not generally
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consumed, e.g. rinds or seeds, or parts generally consumed that have degenerated to the point
of being considered inedible). Waste material discarded into bagged rubbish that goes to
landfill, or into kitchen disposal units that flush into the sewerage system, is unlikely to be a
risk. However, waste discarded into compost bins, under plants as mulch or distributed as
animal feed presents a potential exposure pathway.

Climate factors may impact on the likelihood of pest or disease exposure or establishment in
New Zealand.

2.31 Waste analysis

Summary of the analysis

e Pineapple is one of the higher waste fresh produce compared to many other types of
fresh produce. Over 50% of the weight of a decrowned pineapple is often discarded as
unavoidable waste.

e Disposal methods pose different levels of risk: food waste that is bagged and goes to
landfill, or is disposed of into in-sink disposal units, is unlikely to be a risk;
commercial compost and worm farming are a low risk methods; garden or home
composting can be a high risk method; fruit waste distributed as animal feed may also
represent a potential exposure pathway.

e A recent survey shows that 13.8% of the total supermarket food waste is directed to
animal feed.

e Auvailable data suggests that 71% and 13% of household organic waste was landfilled
and disposed of into in-sink disposal units, respectively. Approximately 13% of
household organic waste was composted.

Note: The proportions in the studies that used in this analysis are for total food or organic
waste, and as such, the proportion that comprises imported produce or pineapple is much
smaller and will be affected by seasonal differences in fruit supply. The accurate proportion
of food waste or pineapple waste disposed of by different methods is not known.

Supporting information

Some fresh produce commodities can be entirely consumed and they generate no unavoidable
waste, for example blueberries or leafy vegetables. Others such as apples or summerfruit
generate small or moderate amounts (the cores or stones). However, fresh pineapples produce
large amounts of unavoidable waste; the thick rind is always removed and disposed of, and
the fruit is also sometimes cored. The weight percentage of peel and core of a typical fruit of
the Cayena Lisa variety of pineapple with the crown on is 41% and 6% respectively (Medina
and Garcia 2005). Based on these data, the percentage weight of peel and core of a
decrowned Cayena Lisa variety pineapple is 51.25% and 7.5% respectively, that is, over 50%
of the pineapple is likely to be discarded as unavoidable waste.

The disposal of whole fruits (e.g. culled and unsold fruits, uneaten and fruit remains) is not
uncommon during wholesale and retail marketing, or even by consumers. In addition,
pineapple is a commonly sold commodity. Therefore, pests and pathogens associated with
pineapple waste could be expected to have a higher likelihood of exposure than those
associated with many other kinds of fresh produce.
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Disposal methods

Food waste disposal methods in New Zealand include landfill, commercial compost, garden
compost or worm farming, animal feed, disposal into waste water via in-sink units and direct
disposal into the environment, e.g. by roadsides, in parks etc. In New Zealand, landfill is the
most common method of disposing of municipal solid waste and organic waste (Askarany
and Franklin-Smith 2014). Different disposal methods pose different levels of risk. Food
waste that is bagged and goes to landfill, or is disposed of into in-sink disposal units, is
unlikely to be a risk. However, garden or home composting can be a high risk method.
Garden composting encompasses a wide range of practices, from open compost piles to
commercially produced containers. Also, compost sites are not always covered and are often
situated close to weeds, grasses and garden plants. A study conducted in Palmerston North
found that although 63% of households that have home composts used manufactured plastic
bins for composting, the majority of the others used ‘open’ composting systems, such as open
compost piles and piles fenced with wire (Mensah 2017), which will increase the likelihood
of exposure. Fruit waste distributed as animal feed also represents a potential exposure
pathway. In contrast, commercial compost is a low-risk method. WasteMINZ (2009)
describes that waste is put into tunnels for a period of three to four days at greater than 55°C
for pasteurisation. WasteMINZ (2009) defines pasteurisation as the process whereby organic
materials are treated to kill plant and animal pathogens and weed propagules, so these
conditions are likely to kill many pathogens (WasteMINZ 2009). Worm farming is
considered to be a low-risk method, as contained worm bins are likely to be used.

Disposal pathways

Fresh produce waste may be disposed of by wholesalers, retailers (e.g. supermarkets), food
services (e.g. restaurants, hospitals and schools) and/or consumers (MP1 2014). The
percentage of the total loss of fruit and vegetables during distribution/retail marketing and at
the consumer stage for North America, Australia and New Zealand collectively, is 12% and
28% respectively (NRDC 2012 in Porat et al. 2018). In New Zealand, landfill is the most
common disposal method, but the accurate proportion of food waste disposed of by different
methods is not known. Recent food waste audits (WasteNotConsulting 2015; SunshineYates
2018) in New Zealand only include analysis of food waste disposed of through domestic
kerbside refuse collection. They do not include analysis of food waste disposed of through
disposal units, home compost and animal feed, as this information is difficult to survey
(WasteNotConsulting 2009). Despite the lack of accurate data, there are studies investigating
disposal pathways used by people and households.

It is important to note that the proportions in the following studies are for total food or
organic waste, and as such, the proportion that comprises imported produce or pineapple is
much smaller and will be affected by seasonal differences in fruit supply.

Wholesalers

MPI (2014) conducted an analysis of fruit waste in New Zealand, but noted that wholesale
fruit disposal pathways and practices were not covered. A recent search on literature and data
on wholesale fruit disposal returned no related studies.

Retailers — supermarkets

Although normal commercial practice is to reduce waste, fruit waste in New Zealand may be
collected from unpacking areas (e.g. supermarket preparation rooms) and taken to rural areas
where it is placed on the ground for eventual consumption by pigs or other farmed animals
(MPI 2014). A recent survey on waste from supermarkets in New Zealand (Goodman-Smith
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2018) found that 13.8%, 1.38%, 13% and 0.65% of the total supermarket food waste directed
to animal feed, landfill, food donation and composting is fresh fruit waste, which make up
28.83% of the total supermarket food waste.

Food services

A recent study indicates fruit waste accounts for 9% of the 24,366 tonnes food waste
produced from cafés and restaurants annually in New Zealand (WasteMINZ 2018). Food
services are estimated to waste up to 20% of all food entering their operations. Some cafés
and restaurants donate food scraps as animal feed (although this may not be legal) and may
also be taken home for domestic compost (Chisnall 2018), and these two disposal methods
are considered to be high risk methods.

Goodman-Smith et al. (2020) conducted a food waste audit in 16 retail stores and found that
fresh fruits contributed 17% of discarded product. Disposal methods used for food waste
produced from these stores were low risk methods including landfill, protein reprocessing
and commercial compost.

Goonan et al. (2014) studied food waste from hospitals in New Zealand and indicated that
regulations on food safety and quality control limit the use of composting and animal feed as
disposal methods from plate waste. However, hospital food waste (kitchen waste) prior to
patient consumption may be composted (Goonan 2013). In a broader food service context, a
2009 environmental survey showed that 13% of operators participated in composting organic
waste (Anonymous 2009, cited in Goonan 2013). However, it is not known what composting
system was used by these operators.

Households

Most of household organic waste was disposed of using low risk methods in New Zealand:
Available data suggests that 71% and 13% of this waste was landfilled and disposed of in
disposal units (both are low risk methods), respectively, and approximately 13% of household
organic waste was composted (Hogg et al. 2010, cited in MPI 2014). There are a few surveys
and audits on food waste from households in New Zealand (summarised in Table 2.2),
however, these surveys have not measured the proportion of food waste disposed of by
different methods. These surveys indicate that a large proportion of the people or households
surveyed used high risk disposal methods, and that high risk disposal methods including
garden composting and animal feed tend to be more common in rural areas
(WasteNotConsulting 2009). Since different methods were used and the surveys were
conducted in different regions, it is difficult to compare the results in order to understand the
trend of change in food waste disposal behaviour. However, a recent survey (Rabobank 2021)
found that total household food waste, as a percentage of New Zealand household spend, was
similar in 2021 and in 2019 (8.6% and 10.2% respectively). Fruit and vegetables account for
around two thirds of all food waste, and New Zealanders are more likely to be using compost
or worm farms in 2021 than in 2019. The only survey found that investigated the proportion
of food waste disposed of through different disposal methods is Hogg et al. (2010, cited in
MPI 2014).

Table 2.2 Summary of household food waste survey in New Zealand.
| Reference | Locations | Main findings on disposal methods
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Moore et al. (2002), cited | Christchurch 57% of people surveyed were found to compost at

in WasteNotConsulting home, and 60% used council collection or via in-
(2013) sink disposal.

Cameron (2002), cited in | Rural Areas 67% of households surveyed are reported to
WasteNotConsulting compost for Franklin District, 59% for Hauraki
(2009) District, and 50% for the Waikato Region.
Feldhaeuser (2003), cited | National 43% of people composted at every opportunity;
in WasteNotConsulting 14% at most; 6% at ‘some’ and 3% at a ‘few’
(2013) opportunities.

Taranaki Rural Taranaki 75% of farmers fed food waste to farm animals.

Sustainability Group
(2004), cited in

WasteNotConsulting

(2009)

Johnson et al. (2008), Not specified 63% composted garden waste and kitchen scraps

cited in at home. In the urban North Island, the survey found

WasteNotConsulting that 58% of people composted and 12% worm

(2013) farmed.

Mobius Research and Auckland 39% of people composted at least some of their

Strategy Ltd (2011), cited garden waste, with 31% stating that they composted

in WasteNotConsulting half or more of garden and kitchen food waste.

(2013)

WasteNotConsulting National New Zealand food waste audits in 2015 and 2018

(2015); Sunshine Yates shows that 42 and 39% households surveyed used

(2018) compost or worm farm, 29 and 28% households use
animal feeds disposal methods (Table ...), and 28
and 32% used in-sink disposal, which indicates that
the proportions of households that used high risk
methods for disposing food waste in these two
audits are similar.

Mensah (2017) Palmerston 36% of households surveyed were home

North composters.

2.3.2 Potential for the exposure of seed-transmitted and vector-transmitted pathogens

Commercial production pineapples are not grown from seeds. Pineapple can be potentially
grown from slips, suckers, crowns and ratoons. The commaodity description and commercial
production description of this IRA do not allow these propagation materials remain on the
pineapple fruit. There is no evidence that seed from discarded pineapple fruit results in
seedlings. Seeds are occasionally present in imported pineapple fruits. If seeds are present,
they could be deliberately planted; however, given that this is not the intended end-use and is
unlikely to happen frequently, deliberate propagation is not considered further in this IRA.
Pathogens that could only be transferred into the environment via seed growth have therefore
been excluded from this IRA.

There are also vector-transmitted pathogens that may be detected in fruit, for example via
PCR tests, but have no way of getting from fruit and onto a growing host in the absence of a
vector. These have also been excluded from this IRA if the vector is not in New Zealand and
not likely to be associated with the commodity under the commodity description.
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2.3.3 New Zealand climates

New Zealand in general exhibits a mid-latitude oceanic temperate climate (Cfb temperate
with maritime climate in the Koppen classification (Képpen 1936; Rubel and Kottek 2010).
Annual precipitation varies substantially due to topography, from dry eastern and inland areas
to very high precipitation (on a global scale) in west coast areas3ss. The driest New Zealand
climates barely reach a conventional water deficit on average (although they can do so in
extreme years and months). The New Zealand climate ‘space’ can be visualised as a three-
dimensional simplified climate niche (Figure 2.1). This represents the average monthly
temperature and precipitation for each month of the year for 42 New Zealand climate
stations.
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Figure 2.1 Climate niches of New Zealand. Thin grey lines: average monthly temperature (1981-2010) for 42 New
Zealand climate stations (data from NIWA (2020)). Each polygon is composed of the 12 months of the year. Small
black ellipse: average conditions for those 42 sites. Large ellipse: 95% inclusive ellipse.

As a consequence of being a small landmass in a large ocean, New Zealand has relatively low
diurnal and seasonal temperature fluctuations (equable climate). Rainfall is close to evenly
distributed between summer and winter. These features are similar in equatorial climates.
However, there can be relatively rapid variations between days as large weather systems
alternate over the oceans. Although such variations may also occur in continental climates, a
key difference for organisms is the proximity of these variations to biological thresholds
(such as frost).

Unlike many Northern Hemisphere continental climates with reliable lengthy warm and cold
periods, a small temperature variation in a mild oceanic climate means a more significant
change in the number of days crossing threshold degrees, which may in some cases restrict
the ability of some organisms to establish. This feature is also common to smaller land
masses and mountains of the Southern Hemisphere, which is why, globally, some of the most
similar climate conditions to New Zealand are in the montane regions of the Andean Yungas

35 This summary is written with crop pests and diseases in mind, focusing on the climate in inhabited and cultivated areas of New Zealand.
Rainy outliers (e.g. Milford and Mt Cook) and high mountain climates are not considered, as they represent extremes with relatively low
human and agricultural activity
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cloud forests and grasslands (Halloy et al. 2008). This is reflected in high morphological
similarities of adaptations (Halloy and Mark 1996).

Together with tussock grasslands, temperate rainforests are the global biome climate types
most represented in New Zealand. The northernmost areas of New Zealand approximate
subtropical temperature conditions, with an ability to grow a range of subtropical plants.

The northern part of New Zealand is the most climatically suitable for the establishment of
new pests and diseases coming from a subtropical/tropical climate. The area includes Kaitaia,
Kerikeri, Whangarei, Auckland (New Zealand’s largest city) and Tauranga. The latter two
cities both contain large active sea ports.

The climate overlap between New Zealand and where a pest or disease has been reported can
be assessed using the tool described in Phillips et al. (2018). This tool is based on the
composite (or climate) match index (CMI) CLIMEX-MCR of CLIMEX version 3.3. The tool
allows the comparison of New Zealand’s climate in general or more specifically, with areas
where a pest or disease occurs overseas. The higher the CMI, the more similar the climate of
the region to which the CMI pertains and the New Zealand climate. A CMI of 0.7 or more
between the New Zealand climate and the existing range of the pest or disease may indicate a
high likelihood of climatic suitability for that pest or diseases to establish in New Zealand
(Phillips et al. 2018).

For many of the pests or diseases assessed, this tool may be a sufficient indication of climatic
suitability in New Zealand for the pest or disease to establish. A whole-world map with CMI
data from Phillips et al. (2018) is provide in Error! Reference source not found..2. When u
sing the tool, the map can be enlarged to show more detail at a regional level.
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Figure 2.2 Climate match index (CMI). World climate similarities with All New Zealand (Phillips et al. 2018).

2.3.4 Shifting New Zealand climates with climate change

The global climate is warming rapidly and will continue to warm even faster as a result of
greenhouse gas emissions (IPPC 1995; Allen et al. 2018; WMO 2019). Several studies have
examined the effects of these changes on the New Zealand climate (NIWA 2017; MfE 2018).
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Warming temperatures and changing precipitation patterns will affect existing biodiversity,
pests and diseases, and will change the likelihood of establishment of new arrivals (Gerard et
al. 2013; Kean et al. 2015).

However, climate change is not just a scenario for the future. Average New Zealand
temperatures have risen substantially over the last century, with concomitant but more
variable changes in threshold and extreme conditions (including frosts, heatwaves, droughts,
tropical storms, etc). Sea surface temperatures (SSTs) around New Zealand are closely
correlated with atmospheric warming, and in recent decades (since 1981), have been rising in
the order of 0.1-0.3°C per decade (Sutton and Bowen 2019). This would equate to 1-3°C per
century, close to the modelled predictions for 2100. Such trends are, to some degree, hidden
by inter-annual variability, but are already significant for the biota, agriculture and human
occupation.

These ‘shifting goal posts’ may lead to some confusion when reading climate change
scenarios. Climate scenarios are expressed as degrees of change up to 2100, for example, a
2°C increase. However, the baseline for that increase may not be explicit to the reader. The
baseline is sometimes referred to as ‘conditions pre-industrial age’, or ‘beginning of 20th
century’. Other times, it may be the ‘1961-1990 average’, or more recently, the ‘1981-2010°
average. Because of the continuous change since the pre-industrial period, the first baseline
would lead to a 2°C increase by 2100. However, adding the same 2°C to a 1981-2010
baseline would mean ~3°C increase by 2100 in respect to pre-industrial conditions.

In New Zealand, some of the last years have already approximated a 2°C increase on pre-
industrial levels. Although cool years will still occur, for an organism, some conditions in
some years already approximate some models for 2100. Model scenarios for temperature
increases for 2100 depend on many factors, but most scientists now expect there is little
chance of keeping the increases below 2°C (Wallace-Wells 2019). For illustration’s sake,
exploring a conservative 2°C average increase (as in NIWA scenariosss) and a 10-mm
monthly increase in precipitation allows us to investigate the consequences without making
any judgement as to which is more likely.

We can then consider the likelihood of such scenarios. To give an idea of how conservative a
+2°C is, consider that the average temperature in the last century has already climbed >1°C
over pre-industrial values. As averages shift, so do the extremes of the distribution and the
thresholds for frosts, degree days, etc. Note, for example, that the midpoint of July 2009—
2018 is where extreme warm years were in 1928-1937; the extreme has already become the
norm (Figure 2.3)¥. Moreover, the pace of increase is accelerating, greenhouse gas emissions
are still rising, and a series of potential tipping points may soon be breached. Due to
prolonged lag times, the abrupt decline in emissions triggered from March 2020 due to the
Covid-19 pandemic are not likely to affects trends in the next decades. If such declines were
to continue, they could reduce the centennial temperature increase.

362°C is an 'in between' of the 0.7°C to 3°C range of scenarios in NIWA: https://niwa.co.nz/our-science/climate/information-and-
resources/clivar/scenarios, 20171221. However, in more detail, https://ofcnz.niwa.co.nz/#/localCharts shows an increase to 2100 of 2°C
(RCP 6) to 3°C (RCP 8.5) annual mean (for six-model average) for Christchurch. Annual precipitation remains almost the same. Spring °C
and mm follow the same pattern. Summer (DJF) increases less (1.5°C to 2.3°C). For rainfall, possible increases are around 10 mm; however,
there will be considerable geographic variation and this is only illustrative.

37 Note that climatologists typically prefer to use 30 years to represent a climatic period. Decadal periods are, however, useful for biological
systems, as a decade is a long enough time to determine whether an organism can perish, establish or invade.
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Figure 2.3 Schematic normalised frequency distribution of mean monthly temperatures for July (left) and January
(right) for Wellington, New Zealand. The blue line is 1928-1937, the orange line 2009-2018. Calculated from NIWA
National Climate Database (https://cliflo.niwa.co.nz/). Note that actual frequency distributions tend to skew further
right.

As a result of such shifts, in future scenarios, frosts decrease substantially, by 30% (RCP 2.6)
to 50% (RCP 8.538) for the year 2040 (MfE 2018).

2.4 General information related to impacts of pests and diseases

2.41 Potential for spread

Until recently, pineapples were not grown in New Zealand. There is now a plantation in
Northland that produces a number of premium fruits for the local domestic market. They
currently have 20, 000 plants. Pineapples require a tropical climate, which means their
distribution is likely to be restricted to warmer parts of New Zealand, such as Northland and
potentially Auckland (TropicalFruitGrowers 2021). Currently, pineapple specific pests (pests
that pineapple is the only documented host) are unlikely to establish and spread in New
Zealand, given the limited availability of host plants. However, pests and diseases of
pineapple, which have other hosts, may be able to spread and establish in New Zealand based
on host and climate suitability.

2.4.2 Potential impacts in New Zealand

Ananas comosus (pineapple) is a member of the family Bromeliaceae. The (NZflora 2021)
database lists this plant family as ‘sometimes present, exotic (casual)’. There are no native
Bromeliaceae in New Zealand (NZflora 2021; NZPCN 2022) and they are not widespread in
the New Zealand environment. Therefore, pests and diseases only documented to affect
pineapples are unlikely to cause environmental/cultural/social impacts to New Zealand.
However, pineapples may harbour pests and diseases that affect multiple hosts, which may
cause such impacts.

38 In the latest IPCC report, RCPs (representative concentration pathways) are used to indicate emission scenarios, where 2.6 and 8.5 are
the lowest and highest (e.g (IPCC_WGI 2014; MfE 2018)).
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2.4.3 Potential for economic impacts to the pineapple industry

Currently the New Zealand pineapple industry is small. There is one registered grower in
Northland with 22,000 plants. They supply premium fruit to the local domestic market. The
industry does not experience significant pest problems, with ants being the biggest issue. The
introduction of pineapple pests and diseases, although unlikely to cause economic impacts for
the whole of New Zealand, may cause issues for expanding the range of pineapples in New
Zealand. It should be noted however, that the likelihood of transfer of pineapple specific pests
from fresh imported pineapple to the single growing area in Northland is extremely low.
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3 Hazard identification
A hazard is a pest or disease that:

e isnot present in New Zealand (or is present but still represents a biosecurity risk, e.g.
is capable of vectoring pathogens not present in New Zealand);

e has the ability to establish and cause harm in New Zealand; and

e isassociated with imported risk goods and import pathways.

Hazard identification (hazard ID) is the process where, depending on the scope of the IRA, a
list of pests and diseases potentially associated with the commodity is compiled and then
assessed against specified criteria, in order to determine which species require further
assessment. The objective for hazard identification in this IRA is to identify all pests and
diseases that meet the risk evaluation criteria for further assessment.

In this IRA pests or diseases that were determined to require a PRA were those that are
associated with pineapple fruit (as per the commodity description), are not present in New
Zealand and have the ability to establish and cause harm here.

Pineapple specific pests and diseases (pests and diseases that pineapple is the only
documented host) were excluded, because host availability in New Zealand is limited to
pineapple, meaning that they are unlikely to be exposed to a suitable host and therefore
unlikely to establish. This however may need to be reassessed if and when the New Zealand
pineapple industry grows or becomes more widespread.

A list of species identified at the hazard identification stage as associated with the
commodity, present in at least one exporting market and potentially not being managed by
compliance with the commodity description, and therefore requiring further assessment (a
Pest Risk Assessment), is provided in Table 3.1.

Table 3.1: Pest groups and species for risk assessment following hazard identification.

Pest/disease group Pests or diseases requiring Pest Risk Assessments (PRAs)
Dickeya zea

Pantoea ananatis

Fusarium oxysporum

Fusarium verticillioides

Bacteria

Fungi Pestalotiopsis microspora
Thielaviopsis paradoxa
Insects: Order Diptera Bactrocera dorsalis
Insects: Order Lepidoptera Anatrachyntis rileyi
Insects: Hemiptera, Diaspididae | Diaspis bromeliae

Dysmicoccus brevipes
Dysmicoccus neobrevipes
Ferrisia virgata

Insects: Hemiptera,

Pseudococcidae .
Planococcus minor
Pseudococcus jackbeardsleyi
Vectors of pathogens Mealybugs: Planococcus citri, Pseudococcus longispinus
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4 Pestrisk assessments: Bacteria

4.1 Dickeya zeae (bacterial heart rot/fruit collapse)

The bacterial genus Dickeya contains many species that are important plant pathogens.
Dickeya zeae causes soft rot disease on plants all over the world and significant economic
losses in tropical, subtropical, and temperate regions, especially on crops such as maize, rice
and banana in Southeast Asian countries. The known host range of D. zeae includes over 40
plant species.

411 Taxonomic description

Scientific name: Dickeya zeae Samson et al. 2005

Order: Enterobacteria Family: Enterobacteriaceae

Other names: Bacterium carotovorum f. sp. zeae; Erwinia carotovora; Erwinia carotovora f.
sp. zeae; Erwinia carotovora var. chrysanthemi; Erwinia chrysanthemi; Erwinia
chrysanthemi corn pathotype; Erwinia chrysanthemi pv. zeae; Erwinia maydis;
Pectobacterium carotovorum f. sp. zeae; Pectobacterium carotovorum var. graminarum;
Pectobacterium chrysanthemi; Pectobacterium chrysanthemi pv. zeae; Bacterial soft rot of
tobacco; bacterial stalk rot of maize; soft rot; wet rot; bacterial heart rot; pineapple fruit
collapse.

Taxonomic notes:

Bacterial heart rot was first recorded in 1927, and pineapple fruit collapse was first recorded
in 1935. These diseases were attributed to Erwinia carotovora subsp. carotovora. However,
taxonomic changes resulted in the pathogen being reclassified as Erwinia chrysanthemi
(Cano-Reinoso et al. 2021). A significant taxonomic change was later proposed in which

E. chrysanthemi was divided into six species that were transferred to a new genus, Dickeya.
Tesoriero (2018) described or redescribed D. zeae, D. dadantii, D. chrysanthemi,

D. diffenbachiae, D. dianthicola and D. paradisiaca. Both D. zeae and D. oryzae were
distinct enough to be initially grouped into two clades (Samson et al. 2005), after which

D. oryzae was elevated to a new species (Wang et al. 2020; Van Gijsegem et al. 2021).
Dickeya zeae strains have diverged enough to be distinct, phenotypically, and genetically,
even if they infect the same host species (Hu et al. 2018).

4.1.2 Hazard identification

Dickeya zeae is not considered to be present in New Zealand.

e Although Dickeya zeae is recorded as present in New Zealand (BiotaNZ 2022; ICMP
2022), the conditions (collection event details) under which these specimens were
collected cannot be verified.

o There are 35 specimens, recorded in New Zealand, in the ICMP (2022), which
were originally determined to be Erwinia chrysanthemi, and of these, nine
were renamed as D. zeae (Table 4.1). However, the reasons why these
specimens were renamed and how the specimens were determined to be D.
zeae is uncertain (R. Taylor (PHEL), pers. comm) (MPI 2021).

o Of these nine isolates, one (ICMP 11094) has subsequently been reassigned to
the genus Pseudomonas. Three isolates (ICMP# 3915, 7131 & 7149) were
confirmed to be D. zeae in 2022 by sequencing at 3 protein coding loci
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(Landcare 2022). The remaining five (ICMP# 7135, 7139, 7140, 7142 &
7143) appear to have been collected at the same time and locality as isolate
7131 from Zea mays plant showing the same stem rot symptoms and it is
assumed that these too are D. zeae.

o The eight isolates identified as D. zeae were all collected between 1974 and
1981 (Table 4.1).

o Dickeya zeae has a wide host range, including widely cultivated crops such as
carrots, maize, tomatoes, potatoes and onions, broad temperature tolerance
(between 10°C and 41°C) (Aeny et al. 2020), can persist in the environment,
has caused symptoms in hosts grown in temperate, tropical and subtropical
climates, has a short (22 — 38 days) survival time in soil (Van Gijsegem et al.
2021) and can have severe impacts (Kumar et al. 2017; Van Gijsegem et al.
2021; Velez-Negron et al. 2022).

o Impacts caused by Dickeya species can be sporadic and require specific
conditions for symptoms to be expressed and for the disease symptoms to
spread (Van Gijsegem et al. 2021). The New Zealand climate appears to be
suitable for symptoms to be expressed in hosts such as maize and onion.
Isolates collected in Pukekohe and Mount Albert in 1981 (Table 4.1) all came
from Zea mays plants presenting stalk rot symptoms. Studies have reported D.
zeae causing similar symptoms on maize in several provinces in China (Li et
al. 2020), Korea (Hu et al. 2018) and Japan (Takeuchi and Kodama 1992)
where climate matching (Philips et al. 2018) indicates temperatures are similar
to New Zealand. No symptoms were recorded in the collection details for the
single isolate of D. zeae collected from onion (Allium cepa) in Pukekoe in
1974. However, (Palacio-Bielsaa et al. 2007) report bacterial soft rot in basal
stem and leaves of onion caused by Pectobacterium chrysanthemi biovar 3
(later re-isolated and identified as Dickeya sp. “probably D. zeae” based on
97% partial 16S rDNA sequence similarity with the type strains of D. zeae)
from Zaragoza, Spain. Climate matching with this area of Spain returns an
80% similarity to the New Zealand climate (Phillips et al. 2018), suggesting
that symptoms of D. zeae are likely to be expressed in onion growing in New
Zealand.

o Itseems likely, given the above traits, that if D. zeae were still present in
New Zealand then symptoms would have been observed and reported on in the
years since the bacterium was last recorded here in 1981 (ICMP 2022).

o Taking the above evidence into account, for the purposes of this risk
assessment, MPI does not consider D. zeae as being present in New Zealand.

e There is no entry of Dickeya zeae in PPIN (2022). However, Erwinia chrysanthemi
pv. zeae has been recorded on Zea mays leaf stalk in Gisborne (PPIN 2022). No
further information was recorded, and it cannot be determined if the strains
molecularly match D. zeae or the isolates recorded in BiotaNZ (2022) and ICMP
(2022).

e Dickeya zeae is not regulated and is not an unwanted organism (ONZPR (2022)).

Dickeya zeae has the potential to establish a population, spread and cause harm to
New Zealand.

e Dickeya zeae has a wide geographic distribution (Pedron and Van Gijsegem 2019;
Hugouvieux-Cotte-Pattat et al. 2020; ERS 2021; Van Gijsegem et al. 2021). It can
complete its lifecycle in a variety of climates and is known to persist in soil and
irrigation waters.

67 e [name] IRA, [date (month/year)] Biosecurity New Zealand



Dickeya zeae is associated with pineapple fruit.

Dickeya zeae is known to infect more than 40 plant species, from 24 families,
including pineapple fruit, Allium cepa (onion), Solanum tuberosum (potato) and

S. lycopersicum (tomato) (Hu et al. 2018; Aeny et al. 2020; Van Gijsegem et al.
2021). Host range assessments were conducted by using D. zeae bacterial suspension
isolated from symptomatic pineapple leaves found in Lumpang, Indonesia (Aeny et
al. 2020). These host range assessments confirmed soft rot symptoms in Aloe vera,
Brassica chinensis (cabbage), Hylocereus undatus (dragonfruit), Solanum melongena
(eggplant), Lactuca sativa (lettuce) and Allium fistulosum (spring onion). However, it
IS important to note that these symptoms were obtained after artificial inoculation in a
laboratory setting and not from natural field observations.

Dickeya zeae has the potential to cause harm to plant species of economic importance
in New Zealand (e.g., tomato, potato, and maize) and to common amenity species
such as chrysanthemums and orchids (Hu et al. 2018; Aeny et al. 2020; Van Gijsegem
et al. 2021).

Dickeya zeae has been reported from pineapple fruit and has been identified as the
causal agent of pineapple fruit collapse and bacterial heart rot. (Aeny et al. 2017,
Aeny et al. 2020).

Given the arguments and evidence above, MPI considers Dickeya zeae a hazard on pineapple
fruit imported to New Zealand.

Table 4.1. Collection details of nine isolates identified as Dickeya zeae collected in New Zealand
between 1974 and 1992.

ICPM | Original Current Host Collection | Collection | Symptoms

# determination | determination Locality date

3915 | Erwinia Dickeya zeae | Allium cepa | Pukekohe | Feb 1974 Collected
carotovora Samson etal. | L. (onion) from bulb.
subsp. 2005 No
carotovora symptoms
(Jones 1901) recorded
Bergey et al.

1923

7131, | Erwinia Dickeya zeae | Zeamays | Pukekohe | Jan 1981 sour-

7135, | chrysanthemi Samsonetal. | L. (corn) smelling

7139, | pv. zeae (Sabet | 2005 stalk rot

7140, | 1954) Victoria et

7142, | al. 1975

7143

7149 | Erwinia Dickeya zeae | Zea mays | Mount Feb 1981 stalk rot of
chrysanthemi Samsonetal. | L. var. Albert seedling
pv. zeae (Sabet | 2005 rugosa
1954) Victoria et Bonaf.
al. 1975 (sweetcorn)

11094 | Erwinia Pseudomonas | Zeamays | Gisborne | Unspecified, | stalk rot,
chrysanthemi Migula 1894 L. but before | foul odour,
pv. zeae (Sabet | near (corn) May 1992 | translucent
1954) Victoria et | Pseudomonas leaf spots
al. 1975 mediterranea

68 e [name] IRA, [date (month/year)]

Biosecurity New Zealand



4.1.3 Risk assessment

4.1.3.1 Biology

Hosts and geographical distribution

Dickeya zeae has a wide host and geographic range (Appendix: Table 1). The pathogen is
likely to have originated in Malaysia (Aeny et al. 2020; Cano-Reinoso et al. 2021) and has
been recorded in the African, Asian, American, and European continents (Appendix: Table 1)
(Pedron and Van Gijsegem 2019; Hugouvieux-Cotte-Pattat et al. 2020; ERS 2021; Van
Gijsegem et al. 2021). It can complete its lifecycle in a variety of climates and has been
known to persist in soil and irrigation waters (Kaneshiro et al. 2008; Lin et al. 2016).

Symptoms

Dickeya zeae is a facultative, anaerobic bacterium that survives in soil and causes water-
soaking and rot symptoms in pineapple fruits. The disease can remain latent and cause
systemic rot which move from leaves to heart (or vice versa) (Cano-Reinoso et al. 2021).

Symptoms on infected pineapple fruit, commonly known as fruit collapse, include soft rot
accompanied by gas bubbles and fruit collapse two to three weeks prior to normal ripening
(Figure 1A and B) (Cano-Reinoso et al. 2021). Dickeya zeae establishes its growing pattern
by fermenting the carbohydrates in the fruit flesh, releasing gas bubbles in the process. The
colour of the fruit shell turns olive-green (similar to pineapple fruit colour classified as C1 on
the pineapple ripeness scale mentioned in Annex 2.2), and the internal part of the fruit shows
cavities within the flesh’s skeletal fibres (Figure 1) (Cano-Reinoso et al. 2021). These
symptoms were comparable to symptoms observed on pineapple fruit, caused by Dickeya
spp. (recorded as Erwinia chrysanthemi in the primary literature) in Hawaii (Kaneshiro et al.,
2008) and Malaysia (Sahilah et al., 2008).

Disease symptoms on pineapple plants, while not part of the commodity description, known
as bacterial heart rot, can appear as bloated and dark water-soaked lesions on the plant leaves
(Figure 1C and D). Late symptoms showed blister-like lesions on the upper surface of the leaf
lamina (Ramachandran et al. 2015).

Symptoms from different countries can vary (Kaneshiro et al. (2008). For example, wrinkled
and dry necrotic lesions were found on Philippine pineapple plant samples. Costa Rican and
Honduran pineapple plant samples had light tan or brown water-soaked blisters on the leaf
lamina and broad, brown, or dark brown water-soaked areas extending from the leaf down to
the stock tissues in the plant heart.

Dickeya zeae is viable between 10 — 41°C, with the optimal temperature range specified as
30-35°C on rice crops (Lin et al. 2016; Aeny et al. 2020). The optimal temperature range on
pineapple fruit has not been described in the available literature. Dickeya zeae favours low
soil temperatures, with the pathogen surviving in a loamy sand for 38 days at 8°C, for 22
days at 20°C and for 12 days at 30°C. Slightly longer survival periods (32 days) were found
at low soil moisture levels (30 %) than at those exceeding 60% (22 days) (Van Gijsegem et
al. 2021).

In laboratory conditions, D. zeae symptoms can be observed 72 hours after inoculation, on
pineapple plants. The final stage of the disease was recorded 21 days after inoculation
(Ramachandran et al. 2015).
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Latency of symptoms

Latent infection appears to be a common trait of D. zeae. The disease has previously been
found to be asymptomatic for approximately 10 years in rice plantations in China, eventually
resulting in 90% losses (Hu et al. 2018).

In pineapple fruit collapse, D. zeae invades the plant ovary through the style, generating
water-soaked necrosis symptoms. The pathogen remains viable but quiescent for up to two
months, and then breaks out to invade the entire fruit (Aeny et al. 2017; Aeny et al. 2020;
Cano-Reinoso et al. 2021). Disease activity increases between two to three weeks before
ripening, when sugar levels increase rapidly and enzyme levels like polyphenol oxidase
decline (Aeny et al. 2020; Boluk et al. 2021; Cano-Reinoso et al. 2021). The pathogen can
multiply rapidly before symptoms become visible (Cano-Reinoso et al. 2021).

According to Parkinson et al. (2009), isolates or strains that have been present and latent in
the environment for a relatively long period might accumulate molecular variation and this
may contribute to diversity within a species. This is likely applicable for D. zeae in Malaysia,
where it has been present since 1927 (Ramachandran et al. 2015).

Pineapple variety susceptibility

Fruit collapse and bacterial heart rot are common diseases in low-acid pineapple fruit hybrids
due to increased susceptibility to natural flowering abrasion injuries and their physiochemical
properties (Cano-Reinoso et al. 2021). The Malaysian hybrid pineapple fruit cultivars
Josapine and MD2 have been found to be seriously infected by D. zeae (Ramachandran et al.
2015; Nor et al. 2019). The low acid cultivar PRI 73-114 pineapple fruit, imported from
Costa Rica and Honduras to Hawaii, in 2003, was found to be infected with D. zeae (Sueno et
al. 2014). The Josapine and Smooth Cayenne cultivars have been found to be more
susceptible to bacterial heart rot (Sueno et al. 2014).

Reproduction and transmission

Dickeya zeae infection occurs through the stomata and invades the plant ovary. In pineapple
plants, D. zeae penetrates tissue via the plant’s natural openings, lesions, and injuries, and
mainly during the opening phase of flowering weeks prior to harvest (Cano-Reinoso et al.
2021). The primary inoculum source of bacterial heart rot and fruit collapse is considered to
be exuded juice of previously infected plants. The process and symptomology are similar
across different host plant types and species (Van Gijsegem et al. 2021).

The bacterium can be transmitted by insects, e.g. Pheidole megacephala (big-headed ant) and
Linepithema humile (Argentine ant) (Cano-Reinoso et al. 2021); both present in New Zealand
(NZOR 2022), wind and windblown rain (Aeny et al. 2020; Boluk et al. 2021; Cano-Reinoso
et al. 2021). However, the extent and rate at which this occurs is unclear.

The pathogen can be present on the surface of field and processing machinery, stores and
storage boxes and graders etc. It may also occur in artificial media used to grow plants and
can be a major problem for cut flowers. Superficial, or epiphytic, colonisation is likely a
natural part of the Dickeya species lifecycle as the disease can remain on the surface of
different plants both with and without subsequent disease development (Van Gijsegem et al.
2021).
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Figure 4.1 The symptoms of fruit collapse and bacterial heart rot in pineapple, caused by Dickeya zeae. A.
Release of gas bubbles together with olive-green colour in the shell (red circle), after harvest. B. Cavities
within the skeletal collapse fibres in the flesh (black circle), after harvest. C. Aerial view of pineapple plant
peduncle (red circle). D. Internal view after removing the peduncle (yellow circle). C. and D. In both images, a
water-soaked lesion can be on white basal portion of leaves, located in the central whorl. The green mid-part
of the leaves shows the olive-green colour and dark border formation. Images adapted and used with
permission from (Medina and Garcia 2005; MfE 2018).
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4.1.3.2  Likelihood of entry

Dickeya zeae has a wide distribution and host range (Appendix: Table 1). The countries
considered within the scope of this IRA project and where D. zeae is present are Malaysia,
Costa Rica, the Philippines, and Indonesia (Rohrbach and Johnson 2003; Korres et al. 2010;
Prasetyo and Aeny 2014; Cano-Reinoso et al. 2021; Van Gijsegem et al. 2021). In these
regions, D. zeae cause bacterial wilt and fruit rot on pineapples. Of these countries the
bacterium has been reported causing pineapple fruit collapse in Malaysia, Brazil and
Indonesia (Rohrbach and Johnson 2003; Korres et al. 2010; Prasetyo and Aeny 2014; Cano-
Reinoso et al. 2021) and bacterial heart rot disease in Malaysia, Costa Rica, Brazil, the
Philippines and Hawaii (Rohrbach and Johnson 2003; Kaneshiro et al. 2008; Ramachandran
et al. 2015; Pires de Matos 2017; Cano-Reinoso et al. 2021). Dickeya zeae has been detected
on pineapples in Queensland, Australia (included within the scope of this IRA) but it is as yet
unclear how closely related these strains are to other strains of D. zeae (Tesoriero 2018).

A search of New Zealand interception records show no records of D. zeae or known
synonyms, between 20002020 (LIMS 2022). The European & Mediterranean Plant
Protection Organization records interceptions of Erwinia sp. and E. chrysanthemi on potato
seeds and tissue culture from the United Kingdom, Netherlands, Belgium, France, Taiwan
and Thailand (EPPO 2022).

Symptoms on infected pineapple fruit include soft rot accompanied by gas bubbles and fruit
collapse two to three weeks prior to normal ripening (see detail in Annex 4.1.3.1 Symptoms;
Figure 4.1A and B) (Cano-Reinoso et al. 2021). Dickeya zeae can also occur in many host
plants in the tropics and subtropics region as this pathogen can thrive at higher temperatures
than other soft rot bacteria (Rohrbach and Johnson 2003; Sipes and de Matos 2018).

Latent infection appears to be a common trait of D. zeae infection (see detail in Annex 4.1.3.1
Latency of symptoms). The pathogen remains viable but quiescent for up to two months and
can invade the entire fruit (Aeny et al. 2017; Aeny et al. 2020; Cano-Reinoso et al. 2021). We
found no evidence in the literature to suggest D. zeae can develop resistance to in-field
bactericides or fungicides.

It is likely that visibly symptomatic pineapple fruit, due to D. zeae, will be excluded during
packhouse activities. However, asymptomatic fruit will likely not be excluded. Furthermore,
due to the disease’s temperature tolerance (Rohrbach and Johnson 2003; Lin et al. 2016;
Aeny et al. 2020) and latency traits (Rohrbach and Johnson 2003; Lin et al. 2016; Aeny et al.
2017; Aeny et al. 2020; Cano-Reinoso et al. 2021), it is likely to be viable on pineapple fruit
during transit conditions (as described in Appendix 3).

Given that;

e Dickeya zeae is present in many of the countries included within the scope of this
IRA,;

e it has a strong association with pineapple fruit;

¢ it has the potential for latent and asymptomatic infection; and

e it has the potential to remain viable on pineapple fruit during transit;

MPI considers the likelihood of Dickeya zeae entering New Zealand associated with
pineapple fruit to be MODERATE, with LOW uncertainty.
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4.1.3.3 Likelihood of exposure

This assessment is made on the assumption that Dickeya zeae has entered New Zealand
undetected.

Fresh pineapple fruit generates substantial amounts of unavoidable waste; the thick rind is
always removed and disposed of, and the fruit is also sometimes cored (see waste analysis in
Annex 2.3.1). The disposal of whole fruit (e.g., culled/unsold fruit, uneaten fruit remains) is
not uncommon during wholesale, retail and by consumers. This suggests that D. zeae may
have a higher likelihood of exposure when associated with fresh pineapple fruit than when it
is associated with other kinds of fresh produce.

D. zeae is a systemic bacterial pathogen with a wide host range (Appendix to Risk
Assessment of Dickeya zeae: Table 1) (Kaneshiro et al. 2008; Aeny et al. 2020). Dickeya
species can survive in a variety of environmental niches, including water, soil and on insects,
which is likely to aid their spread to susceptible hosts and/or enable persistence in an
environment (Van Gijsegem et al. 2021). Discarded waste from imported infected fruit could
act as a vehicle for exposure of the bacteria to the environment. Characteristics of the
pathogen that increase this likelihood are its variable temperature tolerance (between 10—
41°C) (Lin et al. 2016), wide host range (Kaneshiro et al. 2008; Aeny et al. 2020), ability to
remain latent in aquatic and biotic niches (Van Gijsegem et al. 2021) and ability to infect all
parts of the plant. Infected soil or crop residue disturbed from compost over host plants would
act as a primary source of inoculum. Dickeya zeae can be carried internally or externally on
crop residues or as free bacterial cells in soil. Free water can also provide access into and
spread bacteria in host plants. The pathogen can also be introduced and spread through insect
feeding activity (see detail in Annex 4.1.3.1 Reproduction and transmission). These
characteristics of the pathogen can enable not only its spread in the environment, but also its
survivability until suitable host/climate is found.

Uncertainty
Uncertainty associated with likelihood of exposure in New Zealand to D. zeae is attributed to
the sparse data available regarding pineapple fruit waste and associated diseases.

Given that:
e the large quantity of unavoidable waste associated with fresh pineapple fruit;
e the pathogen’s wide host range, climatic tolerance, and persistence in varying
environmental niches;
e the pathogen’s systemic nature of infection, and
¢ the pathogen can be transmitted by insects, wind, windblown rain, and free water;

the likelihood of exposure of Dickeya zeae in New Zealand from pineapple fruit is considered
to be MODERATE, with MODERATE uncertainty.

4.1.3.4 Likelihood of establishment

This assessment is made on the basis that Dickeya zeae has been successfully exposed to a
suitable host plant in the New Zealand environment.

Dickeya zeae has a broad host range (Appendix: Table 1). Many known hosts of D. zeae are
either grown commercially in New Zealand (e.g., tomatoes and potatoes) or as backyard
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plants in many home gardens. Therefore, hosts for the establishment of Dickeya zeae are
readily available.

Climate similarity to New Zealand is assessed using the climate match index (CMI) (Phillips
et al. 2018). If a country has a CMI of =0.7 then it is considered to have climate similar to
all of New Zealand. Currently, D. zeae is mostly present (on various hosts, including
pineapples) in countries where climate does not closely match New Zealand. For example,
pineapple fruit collapse associated with D. zeae has been recorded in Malaysia (CMI 0.5),
Brazil (CMI 0.4-0.5) and Indonesia (0.4-0.6) (Rohrbach and Johnson 2003; Korres et al.
2010; Prasetyo and Aeny 2014; Cano-Reinoso et al. 2021). Bacterial heart rot of pineapple
associated with D. zeae has been recorded in Malaysia, Costa Rica (0.4-0.6), Brazil, the
Philippines (CMI 0.3-0.6) and Hawaii (0.5-0.8) (Rohrbach and Johnson 2003; Kaneshiro et
al. 2008; Ramachandran et al. 2015; Pires de Matos 2017; Cano-Reinoso et al. 2021).

However, Dickeya zeae has been reported in Chinese provinces of Jiangsu (CMI 0.7), Fujian
(CMI 0.7), Hunan (0.7), Guizhou (0.7) and Guangdong (CMI 0.6) (Hu et al. 2018), Korea
(CMI10.7) (Myung et al. 2010) and Hokkaido, Japan (CMI 0.7 — 0.8) (recorded as

E. chrysanthemi pv. zeae) (Takeuchi and Kodama 1992). Also, variable temperature tolerance
of the pathogen and the continued impacts of climate change, which has been predicted to
increase the minimum temperature of the coldest month, increases the risk of D. zeae
establishing a population in New Zealand in the future (Grlter et al. 2022).

The pathogen can also persist in soil and water, increasing likelihood of establishment.
Furthermore, northern parts of New Zealand have a warmer and more humid climate than the
rest of the country, similar to optimal climate range of D. zeae while the rest of the country
has comparable climate to regions overseas where the bacterium has been recorded.

Given that:
e assumptions made indicate that D. zeae is no longer present in New Zealand,;
e hosts are available for the establishment of Dickeya zeae;
e Dickeya zeae’s ability to remain latent in the environment, and
e climate matching evidence suggesting countries with comparable temperatures to
New Zealand reporting evidence of the pathogen indicates climate in New Zealand is
not likely to prevent establishment;

the likelihood of Dickeya zeae establishing in New Zealand is considered to be MODERATE,
with LOW uncertainty.

4.1.3.5 Impacts in New Zealand

This assessment is made on the assumption that Dickeya zeae has successfully established in
the New Zealand environment.

Economic impacts
For this assessment, MP1 does not consider D. zeae present in New Zealand, and no major
economic impacts associated with D. zeae have been recorded in New Zealand.

Dickeya zeae causes significant economic impacts for the Malaysian and Indonesian
pineapple fruit industry. Given the broad host range of D. zeae species, it is likely that
pineapple fruits would not be the only commercially produced hosts affected by this pathogen
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(Appendix: Table 1). Severe infection of some high value crops (e.g., rice and maize) can
cause economic losses of up to 90%. Crop yield and quality can diminish after infection,
reducing marketability (Toth et al. 2011; Van Gijsegem et al. 2021). For example, in Israel,
yield reductions of 20-25% resulting from Dickeya infections have been recorded on various
potato cultivars, where disease incidence was greater than 15% (Toth et al. 2011).

An experimental study by Lin et al. (2016) found, that the optimal temperature range for
disease expression of D. zeae on maize is between 30-35°C. This indicates that current
climate in New Zealand (NIWA 2022) may not be optimal for development and growth of D.
zeae. However, maize stalk rot symptoms caused by D. zeae have been reported in Korea
(Myung et al. 2010), Hokkaido, Japan (recorded as E. chrysanthemi pv. zeae) (Takeuchi and
Kodama 1992) and several provinces in China (Jiangsu, Fujian, Hunan, Guizhou,
Guangdong) (Hu et al. 2018). Based on climate matching index (Phillips et al. 2018), Korea
(0.7 CMI), Hokkaido (0.7 — 0.8 CMI) and the provinces in China (0.6 — 0.7 CMI) have
comparable climatic conditions to New Zealand. Regions where majority of maize crops are
grown (Waikato, Gisborne, Bay of Plenty and Hawkes Bay) (StatsNZ 2018) do not currently
have climate optimal for growth and development of D. zeae (NIWA 2022). However, given
disease symptoms have been reported in maize grown in comparable environments overseas,
it is likely that maize rot symptoms would be observed in these regions if D. zeae were to or
had already established in the country. If the climate warms and D. zeae established in New
Zealand, there are likely to be significant economic consequences for the grain and arable
crop industry, which provides essential raw material for the wider food industry.

In 2020, the cumulative domestic value of fresh fruit and vegetables listed as known hosts of
D. zeae was NZ$645.1m with a much smaller proportion (NZ$211.7m) exported
internationally (Appendix: Table 1). This included the domestic sale and exports of high
value crops such as tomatoes, maize, potatoes and onions (Plant & Food Research 2021).

Disease incidence in D. zeae varies between 20 — 60%, depending on host and environmental
conditions (Kumar et al. 2017; Van Gijsegem et al. 2021; Velez-Negron et al. 2022). An in-
house MPI model predicted, at most a total economic impact of NZ$860.64m (disease
incidence estimated to be 60%) or at least NZ$286.88m (disease incidence estimated to be
60%) over 20 years in the domestic market.

e This is based on the estimated combined annual value of domestically grown hosts of
D. zeae amounting to NZ$645.1m (Appendix: Table 1);

e The bacteria is assumed to take one year to achieve greatest impacts, to allow time for
effective spread across New Zealand;

e Time for recovery was assumed to be four years as the horticultural industries are
likely to make use of resistant cultivars, effective infield treatments and other
measures to limit spread, similar to other countries around the world (Van Gijsegem
et al. 2021).

Dickeya zeae is not listed as a quarantine pest for any other country according to the
importing countries phytosanitary requirements (ICPR) and thus there would be no
immediate trade impacts.

Uncertainty
Uncertainty associated with economic impacts caused by D. zeae in New Zealand is
attributed to the sparse data available regarding climatic factors involved in disease
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expression and the impact of climate change in growing regions of economically important
crops.

Given that:
«  Dickeya zeae is known to cause significant economic impacts overseas with similar
climate to New Zealand, and
«  the host range of D. zeae indicates export and domestically high value crops such as
tomatoes, onions and potatoes could be affected to, in the worst case, a total sum of
NZ$860.64 over 20 years;

MPI considers the economic impact of Dickeya zeae on New Zealand to be MODERATE,
with MODERATE uncertainty.

Environmental impacts

It is not known if D. zeae is able to infect any endemic plant species, however some known
host genera include species that are native to New Zealand, e.g. Apium, Ipomoea, Solanum
and Dendrobium (Hu et al. 2018; Aeny et al. 2020; NZPCN 2022), which indicates that
endemic plant species may be hosts.

Given the likelihood that D. zeae can survive in soils, waterways and on surfaces, under
variable temperature ranges and can infect numerous plant hosts, this pathogen could have a
wide range of environmental impacts. Furthermore, control and eradication measures for
D. zeae are unlikely to be implemented due to its ability to persist in soil and water (Van
Gijsegem et al. 2021). Thus, impacts in the environment will likely last for more than one
season.

Uncertainty associated with likelihood of exposure in New Zealand to D. zeae is attributed to
the limited field or laboratory observations specifically addressing spread and establishment
of D. zeae in native environments.

Given the arguments and evidence above, MPI considers the impact on environment from the
establishment of D. zeae in New Zealand is LOW, with HIGH uncertainty.

Human health impacts

We used the terms ‘Dickeya zeae,” ‘Erwinia chrysanthemi’ and combinations of these to
search PubMed, Google Scholar, CAB Abstracts and Google and found no mention of
adverse effects on humans or animals.

MPI considers the health impacts of Dickeya zeae on New Zealand to be NEGLIGIBLE, with
LOW uncertainty.

Sociocultural impacts

Many hosts of D. zeae are commonly grown in home gardens (e.g., tomatoes, potatoes,
carrots). Dickeya zeae symptoms may make vegetables less attractive to consumers but are
unlikely to cause scarcity in local markets.

Hu et al. (2018) artificially inoculated Ipomoea batatas (kiimara). This is a culturally
important crop for tangata whenua in New Zealand. Kaimara has been grown in New Zealand
for many years in home gardens and is associated with cultural identity. No other taonga
species are known to be hosts of D. zeae.
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MPI considers the sociocultural impacts of Dickeya zeae on New Zealand to be LOW, with
MODERATE uncertainty.

Overall impact to New Zealand
The overall impact of Dickeya zeae on the New Zealand economy, environment, health, and
society is considered to be MODERATE, with MODERATE uncertainty.

4.1.3.6  Overall risk to New Zealand
Based on the assessments of likelihood and consequences above, that:

o the likelihood of entry is MODERATE with LOW uncertainty,

e assuming entry, the likelihood of exposure is MODERATE with MODERATE
uncertainty,

e assuming successful exposure, the likelihood of establishment is MODERATE with
LOW uncertainty,

e the overall impact on the New Zealand economy, environment, human health, and
society is considered to be MODERATE with MODERATE uncertainty,

MPI assesses the overall level of assessed risk to New Zealand from D. zeae on pineapple
fruit is MODERATE, with MODERATE uncertainty.

414 Specific considerations

On which pineapple fruit variety (or varieties) and at what stage of ripeness has Dickeya
zeae association with pineapple fruit been observed?

Fruit collapse and bacterial heart rot are common diseases in low-acid pineapple fruit hybrids
due to increased susceptibility to natural flowering abrasion injuries and their physiochemical
properties (Cano-Reinoso et al. 2021). The Malaysian hybrid pineapple fruit cultivars
Josapine and MD2 have been found to be seriously infected by D. zeae (Ramachandran et al.
2015; Nor et al. 2019). The low acid cultivar PRI 73-114 pineapple fruit, imported from
Costa Rica and Honduras to Hawaii, in 2003, was found to be infected with D. zeae (Sueno et
al. 2014). The Josapine and Smooth Cayenne cultivars have been found to be more
susceptible to bacterial heart rot (Sueno et al. 2014).

The pathogen has been found to affect pineapple fruit between C3 — C4 stage of ripeness
(Cano-Reinoso et al. 2021).

Which parts of the pineapple fruit is Dickeya zeae associated with (e.g., fruit, bract,
stem, or crown remnant), and is it visually detectable?

Dickeya zeae can cause systematic rot which move from leaves to heart (or vice versa). The
pathogen has been reported from whole pineapple fruit and plant and has been identified as
the causal agent of pineapple fruit collapse and bacterial heart rot. (Aeny et al. 2017; Aeny et
al. 2020).

Under what environmental conditions (temperature, season, etc.) are Dickeya zeae
symptoms expressed on pineapple fruit?
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Dickeya zeae is viable between 10-41°C, with optimal temperature range specified as 30—
35°C (Lin et al. 2016; Aeny et al. 2020). However, it should be noted that this temperature
range was described on rice in Taiwan. An optimal temperature range on pineapple fruit has
not been described in the available literature.

Does Dickeya zeae exhibits latent/asymptomatic traits?

Latent infection appears to be a common trait of D. zeae. In pineapple fruit collapse the
pathogen invades the ovary through the style, generating water-soaked necrosis symptoms.
The pathogen remains viable but dormant for up to two months, and then breaks out to invade
the entire fruit (Aeny et al. 2017; Aeny et al. 2020; Cano-Reinoso et al. 2021). Disease
activity increases between two to three weeks before ripening, (Aeny et al. 2020; Boluk et al.
2021; Cano-Reinoso et al. 2021). The pathogen can multiply rapidly before symptoms
become visible (Cano-Reinoso et al. 2021).
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4.1.6 Appendix to risk assessment of Dickeya zeae

Table 4.2. Host range of Dickeya zeae, as recorded in the current, available English literature.
Countries included within the scope of this Import Risk Analysis are in bold. The value in the

New Zealand market of significant hosts were calculated using a report by Plant & Food Research
(2021). Total domestic value of fresh produce hosts of Dickeya zeae was NZ$645.1 million. Total export
value was NZ$211.7 million. Total value of D. zeae hosts is NZ$856.8 million.

Country

Value in NZ

Host family Host species Common name recorded from | market (in NZS) Reference
Amaranthaceae | Beta vulgaris Beets Inda, . - Hu et al. (2018)
Indonesia
Amaryllidaceae | Clivia sp. Bush Lily China - Hu et al. (2018)
USA, Brazil,
France, Italy,
Senegal, Cuba, .
Egypt, Mexico, | DOMestic 858 m) |y ot a1 2018);
Daucus carota Carrots India. K Export ($7.7 m CABI (2021
Apiaceae ndla, rorea, (fresh)) ( )
P Iran, Japan,
China,
Thailand
Apium graveolus Celery China (D$<1n21e53:10) é%r]zyoft al
Colocasia Taro India . Hu et al. (2018)
esculenta
Dieffenbachia sp. Dumb canes China - Hu et al. (2018)
Araceae Monstera sp. ;\g fts cheese China - Hu et al. (2018)
. . China, Hu et al. (2018);
Philodendron sp. Philodendron Indonesia - CABI (2021)
Syngonium sp. Arrowhead vine | Indonesia - Hu et al. (2018)
Dracaena Dragon tree . CABI (2021)
marginata
Asparagaceae Hu et al. (2018);
Hyacinthus sp. Hyacinth India - Toth (262 1) ’
Hu et al. (2018);
Allium fistulosum Spring onion Netherlands - Aeny et al.
(2020)
Domestic Hu et al. (2018);
Asparagales | Allium cepa Onion China ($23.4 m) Aeny etal.
Export ($147.6 m) | (2020)
Belamcanda sp. Blackberry lily China - Hu et al. (2018)
Iris sp. Iris India - Hu et al. (2018)
Aloe vera Aloe USA, UK i é%gyoft al.
Asphodelaceae China
Hemerocallis sp. Daylilies o - Hu et al. (2018)
Indonesia
%%Zﬂ;emum Florists daisy | USA, UK 2/“\;} ?2'0(% 8);
Export ($0.1 m)
Asteraceae Chrysanthemum Chrysanthemum | China Aeny etal.
indicum (2020)
Lactuca sativa Lettuce India E)?[r)]:)?tszgo(?fr?w)m) é%r;yo;at al
. Impatiens .
Balsaminaceae balsamina Garden balsam | China - Hu et al. (2018)
Brassicaceae | Brassica oleracea Cabbage Domestic ($22 m) | Hu et al. (2018)
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Ivory Coast,
Jamaica,
Brassica rapa Mustard Panama, - Hu et al. (2018)
Martinique,
China
) L Chinese , Aeny et al.
Brassica chinensis cabbage China - (2020)
Martinique, )
) Ananas comosus Pineapple Queensland, - ;Igﬂ? t(ggg(f;) 18);
Bromeliaceae Malaysia
Aechmea fasciata Silver vase China - CABI (2021)
Gymnocalycium sp. | Chin cactus India - Hu et al. (2018)
Cactaceae Hylocereus undatus | Dragon fruit China - é%r;yo;at al.
y , . . Aeny et al.
Opuntia littoralis Prickly pear China - (2020)
. . (Yang et al.
Cannaceae .Ca’?”a edulis syn. Indian shot China, . - 2019); CABI
indica Indonesia
(2021)
Japan, the
Philippines,
Bangladesh,
. , China, India,
Caricaceae Carica papaya Papaya Indonesia, - Hu et al. (2018)
South Korea,
North Korea,
Italy
Australia,
Caryophyllaceae | Dianthus sp. Carnation Papua New - Hu et al. (2018)
Guinea
Ipomoea batatas
Convolvulaceae | (artificial Sweet potato India Domestic ($35 m) Hu etal. (2018)
. : CABI (2021)
inoculation)
Aeonium sp. Tree houseleek Sgiijc:’ USA, - Hu et al. (2018)
Crassulaceae Kalanchoe
thyrsiflora Paddle plant India - Hu et al. (2018)
Cucumis sativus Cucumber China Domestic ($22 m) | Hu et al. (2018)
Cucurbitaceae L uffa cviindri S d China, H L (2018
uffa cylindrica ponge gour Indonesia - uetal. (2018)
. Euphorbia . . . i Hu et al. (2018);
Euphorbiaceae pulcherrima Poinsettia Cuba, India CABI (2021)
. Greece, USA,
Arachis hypogaea Peanut Florida - Hu et al. (2018)
Fabaceae Domestic Hu et al. (2018);
Phaseolus vulgaris | Common bean | China Aeny et al.
($12.4 m)
(2020)
, Saintpatia African violet | India China, CABI (2021)
Gesneriaceae | fonantha Indonesia
Streptocarpus sp. Cape primrose Indonesia - Hu et al. (2018)
. Hu et al. (2018);
Musaceae Musa sp. Banana China - Toth (2021)
. . . Aeny et al.
Myrtaceae Psidium guajava Guava China - (2020)
Calanthe sp. Christmas China . Toth (2021)
. orchids
Orchidaceae Aeny et al
Dendrobium sp. Dendrobium China - (2020)
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Phalaenopsis sp. Moth Orchids India - CABI (2021)
Brachiaria sp. Signalgrass Netherlands - Hu et al. (2018)
Paspalum sp. Cowgrass Guyana - CABI (2021)
Pennisetum Napier grass China - CABI (2021)
purpureum
Imperata cylindrica | Cogon grass China - CABI (2021)
Megathyrsus Guineagrass | China i CABI (2021)
maximus
Hu et al. (2018);
. . . Aeny et al.
Oryza sativa Rice China - (2020): CABI
(2021)

Poaceae Pennisetum sp. Fountaingrasses | China - Hu et al. (2018)
Saccharum Sudarcane China i Hu et al. (2018);
officinarum 9 CABI (2021)

) . Hu et al. (2018);
Sorghum bicolor Sorghum Indonesia - CABI (2021)
Sorghum Sudan grass Indonesia - CABI (2021)
sudanense
Urochloa mutica Buffalo grass Indonesia - CABI (2021)
Domestic Hu et al. (2018);
: Aeny et al.
Zea mays Corn Indonesia ($27.5 m) (2020): CABI
Export ($0.1 m) ’
(2021)
Primulaceae Cyclamen sp. Sowbread - CABI (2021)
. . . Domestic ($35 m)
Capsicum sp. Capsicum China Export ($24.7 m) Hu et al. (2018)
Nicotiana tabacum | Tobacco China - Hu et al. (2018)
Petunia hybrida Petunia China - CABI (2021)
Domestic Hu et al. (2018);
Solanum China, Aeny et al.
. Tomato . ($120 m) ,
Solanaceae lycopersicum Indonesia (2020); CABI
Export ($11.2 m)
(2021)
Solanum Hu et al. (2018);
Eggplant Indonesia Domestic ($12 m) | Aeny et al.
melongena
(2020)
Domestic .
z%:yoin;m Potato Indonesia ($222.3 m) ?gtﬁt(ggz(fs 18);
Export ($19.6 m)
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4.2 Pantoea ananatis (fruitlet rot of pineapple)

Pantoea ananatis is an emerging pathogen of multiple important agricultural crops
worldwide. It is one of the causative agents of pineapple fruitlet brown-rot/marbling disease,
which causes internal tissues to turn black and harden. A versatile bacterium, it can be found
as an epiphyte, endophyte, or pathogen in its hosts and can persist in an abiotic environment.
Pantoea ananatis can cause disease outbreaks in onion, maize, eucalyptus, melon and rice.

421 Taxonomic description

Scientific name: Pantoea ananatis corrig. (Serrano 1928) Mergaert et al. 1993

Order: Enterobacterales Family: Erwiniaceae

Other names: Pantoea annaus, Erwinia herbicola var. ananas, Erwinia uredovora, Erwinia
ananus; Marbling disease, Bacterial fruitlet brown-rot of pineapple.

Taxonomic Notes:

Pantoea ananatis was first recorded as Erwinia ananus by Serrano (1928). Dye (1969)
divided the genus Erwinia into four clusters and revised E. ananus to E. herbicola var.
ananas. Following the creation of the genus Pantoea by Gavini et al. (1989), Mergaert et al.
(1993) revised E. herbicola var. ananas to P. ananas. This was changed to ananatis (Traper
et al. 1997), meaning “of pineapple”. Pantoea uredovora was also synonymised in the
revision to Pantoea ananatis (Mergaert et al. 1993).

There is an emerging body of work suggesting that there may be different strains of Pantoea
ananatis that are only pathogenic to some hosts (Goszczynska et al. 2006; Kido et al. 2010).
Pineapple isolates were pathogenic to Allium cepa (onion) and Zea mays (maize) (Kido et al.
2010). More recent genomic work (Asselin et al. 2018; Stice et al. 2021) suggests that
pineapple strains are pathogenic to onion, but not to the same level of aggressiveness of the
P. ananatis strains isolated from onion from Georgia, USA. While there is emerging work on
P. ananatis strains, there are no formally described strains of P. ananatis reported in
literature.

4.2.2 Hazard identification

Pantoea ananatis is not known to be present in New Zealand.

e There is no entry of Pantoea ananatis in NZOR (2022).

e Pantoea ananatis and its synonyms are recorded as absent from New Zealand in
BiotaNZ (2022).

e There is no entry of Pantoea ananatis, Erwinia herbicola var. ananas and Erwinia
ananas in Hussien et al. (2017).

« Pantoea ananatis is a regulated pest for New Zealand and has unwanted status
ONZPR (2022).

Pantoea ananatis has the potential to establish a population and spread in New Zealand.

e Pantoea ananatis has been recorded in the African, Asian, Australian, American, and
European continents. It can be found acting as an epiphyte, endophyte, saprophyte,
and pathogen and is present in a wide range of environments (Coutinho and Venter
2009). Pantoea ananatis can complete its lifecycle in a variety of climates and has
been known to persist in soil and irrigation water (Lai and Hsu 1974; Pileggi et al.
2012).
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e Pantoea ananatis has been recorded on over 90 living plant hosts since 1928,
including as a pathogen of Zea mays (maize) and Allium cepa (onion) and is
associated with Ananas comosus (pineapple), Vitis vinifera (grapes), Solanum
tuberosum (potato), Populus spp. (poplars), Solanum lypercosum (tomato), Prunus
spp. (stonefruit) and Eucalyptus spp.

Pantoea ananatis has the potential to cause harm to New Zealand.
e Economically important species of New Zealand can be affected by P. ananatis
including maize and onions (Gitaitis and Gay 1997; Alippi and Lépez 2010).

Pantoea ananatis is associated with pineapple fruit.
e Pantoea ananatis has been reported as the causative agent of brown fruitlet rot in
pineapple (Serrano 1928), and the type strain was isolated from pineapple fruit in
Brazil. Rohrbach (1989) reports P. ananatis was present on the external surfaces of
pineapple fruit.

Given the arguments and evidence above, MPI considers Pantoea ananatis is a hazard on
decrowned Ananas comosus (pineapple) fruit (as described in the commodity description)
imported to New Zealand.

4.2.3 Risk assessment

4.2.3.1 Biology

Hosts and geographical distribution

Pantoea ananatis has a wide host range of over 20 families (Gitaitis et al. 2002). Pantoea
ananatis has been recorded on over 90 living plant hosts since 1928, including as a pathogen
of Ananas comosus (pineapple), Allium cepa (onion), Eucalyptus spp., and Zea mays (maize)
and is associated with, Vitis vinifera (grapes), Solanum tuberosum (potato), Populus spp.
(poplars), Solanum lypercosum (tomato), Prunus spp. etc (MPI 2021). Pantoea ananatis was
intercepted multiple times on Dracaena from Costa Rica (LIMS 2022). The infected material
contained viable bacteria, that were confirmed to be Pantoea ananatis. The bacterium can be
found acting as a plant epiphyte, endophyte, pathogen and saprophyte, in the gut and blood of
humans, and can be present in the environment without a plant host (Coutinho and Venter
2009).

Pantoea ananatis has been found in a substantial range of abiotic hosts, although this
commonly relies on genetic sequencing of the 16S rDNA. Pantoea species often retain the
section of genome (16S rDNA) used for identification, which can cause difficulties in
differentiating between related species (e.g., Pantoea agglomerans)(Stackebrandt and Goebel
1994). Other methods include Multilocus sequence analysis (MLSA) for identification to a
species level (Brady et al. 2008).

Pantoea ananatis has been isolated from soil (Hara et al. 2012; Kim et al. 2012) and was
fully sequenced to confirm identity, showing it can be viable in soil. Viable Pantoea ananatis
has been isolated from freshwater (Morohoshi et al. 2007; Pileggi et al. 2012) and was
present in salt water (Jatt et al. 2015). These aquatic isolates rely on sequencing of the 16s
rDNA genome for identification. Viable P. ananatis was isolated from outdoor air, and
confirmed via sequencing to be P. ananatis (Luhung et al. 2018).

Pantoea ananatis has been recorded in the African, Asian, Australian, American, and
European continents (Coutinho and Venter 2009). This places Pantoea ananatis in both
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highly similar climatic environments to New Zealand, and also highly divergent
environments.

Table 4.3 Geographical distribution of Pantoea ananatis (MPI 2022). Names in bold are markets in the
scope of this IRA.

Continent/Region | Country/area/market

Benin, Burkina Faso, Cameroon, Egypt, Morocco, South Africa, Sudan, Togo,

Africa Uganda, Zimbabwe

Asia Cambodia, China, East Timor, India, Indonesia, Iran, Iraq, Israel, Japan, Korea,
Malaysia, the Philippines, Singapore, Taiwan, Thailand, Turkey, Yemen

America Argentina, Brazil, Canada, Colombia, Costa Rica, Ecuador, Guatemala, Haiti,

Mexico, Uruguay, USA, Venezuela

Australia Australia

Belgium, Czech Republic, Finland, Germany, Italy, Poland, Russia, Slovakia,
Spain, UK, Ukraine

Europe

Symptoms

External symptoms of the bacterial fruitlet brown-rot disease on pineapple fruit caused by P.
ananatis may not be visible, with mild to moderate infections resulting in no visible external
symptoms (Serrano 1928). Severe infections may result in a dull ripening colour, with
extremely small purple dots. These severe infections cause the fruit to desiccate internally,
and result in the fruit becoming extremely hard (Serrano 1928).

Internal infections infect individual fruitlets (fruit segments from a single flower). Multiple,
or all fruitlets can be infected (Serrano 1928). Infected fruitlets appear brown, with infections
beginning in the placental tissues and radiating inwards. Infections can cause entire fruitlets
to turn black (Serrano 1928).

Infected fruitlets are initially soft, but as the disease progresses, the fruitlets desiccate, and
can become hard enough to resist cutting (Serrano 1928). While the disease appears to be
mostly limited to fruitlets, severely infected fruit will show symptoms similar to fruitlet
infections in the core of the fruit and in connective tissues (Serrano 1928).

Fruitlet brown-rot disease on pineapple develops when the fruit is ripening and is not found
to continue spreading after ripening. Disease symptoms do not appear to be present in green
and immature fruits (Serrano 1928).

It is likely that Pantoea ananatis is present as an epiphyte on the surface of pineapple
(Serrano 1928). Infection appears to occur via flowers and wounds under certain unknown
environmental conditions, which are likely to be high temperatures combined with rainfall
(Serrano 1928, 1935). If these conditions are not met, it is likely that Pantoea ananatis may
be present on the surface of pineapples without causing symptoms.

The first report of P. ananatis in pineapple had the disease described as bacterial fruitlet
brown-rot of pineapple (Serrano 1928) and again in (Thompson 1937) , but this appears to
not have entered wide spread use, with a paper in 1950 (Smith and Ramsey 1950), and the
last use appearing to be in Huang and Du (1960). This common name appears to have
dropped out of usage, although CABI (2022) does still refer to “fruitlet rot of pineapple”.
Marbling disease is also listed as a common name of P. ananatis.
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Rohrbach and Pfeiffer (1974) described marbling disease of pineapple, “characterized by a
brittle, granular hardening of affected fruit tissues”. In order to inoculate, and identify the
causative agent of marbling disease in pineapple, two tentively identified Acetobacter spp.
were used. Pantoea ananatis was not used in this inoculation, or mentioned in the text.
Rohrbach (1984) states marbling is caused by Acetobacter spp. and P. ananatis referencing
(Rohrbach and Pfeiffer 1974). This is repeated in two later papers (Rohrbach 1989; Rohrbach
and Phillips 1989). Despite this discrepancy, modern articles and handbooks have accepted
this addition, and the pineapple disease caused by P. ananatis is now commonly known as
marbling disease (Rohrbach and Johnson 2003b; Sipes and Wang 2017; Ploetz 2018). Due to
this unclear referencing, the association of marbling diseases and P.ananatis is uncertain.

In maize, infection with P. ananatis causes leaf blight. The bacterium causes centre rot in
onion, where tissues become soft and brown (Coutinho and Venter 2009).

Pineapple variety susceptibility
Smooth Cayenne, Costa, Prickly Queen, Pula and Puti were reported to be susceptible
(Serrano 1928).

Reproduction and transmission
The bacterium can grow between 6°C and 45°C degrees and the optimum temperature range
is 30°C to 35°C (Serrano 1928).

Pantoea ananatis can spread actively and passively. Pantoea ananatis has swimming and
twitching motility, which enable P. ananatis to locate and attach to onion leaf surfaces and
spread across the surface (Weller - Stuart et al. 2017). Pantoea ananatis is transmitted in
seed (Goszczynska et al. 2006), by Thrips tabaci (Dutta et al. 2014) and Western corn
rootworm (Diabrotica virgifera virgifera) (Krawczyk et al. 2021). It remains viable in soil
(Hara et al. 2012), water (Morohoshi et al. 2007), and air (Luhung et al. 2018) and is assumed
to spread to new biotic hosts from these media.

The bacterium can be vectored by insects (Serrano 1928; Ploet et al. 1994). Pantoea ananatis
is assumed to enter fruitlets during flowering. It was proposed that insects and arachnids
including red mites, mealybugs, thrips and ants, found on pineapple fruit could carry the
pathogen on their feet, but no original references are cited (Serrano 1928). Pantoea ananatis
is also present in insect hosts including the European honeybee (Apis mellifera) (Ka¢aniova
et al. 2017), brown plant hoppers (Nilaparvata lugens) (Watanabe et al. 1996), mulberry
pyralid (Glyphodes pyloalis) (Takahashi et al. 1995) and cotton fleahoppers
(Pseudatomoscelis seriatus) (Bell et al. 2007). Thrips tabaci and the European honeybee are
present in New Zealand (NZOR 2022).

Pantoea ananatis can spread by infected plant material and is suggested to spread by soil,
water (Kido et al 2010) and potentially by air. Pantoea ananatis can be dispersed by infected
seed (Walcott et al. 2002) as it is seed-borne and seed-transmitted (Goszczynska et al. 2006).
It was present on cut plant material (LIMS 2022), that contained viable bacteria. Pantoea
ananatis remains viable in soil (Lai and Hsu 1974; Verma et al. 2014) (Perez-y-Terron et al
2009; Hara et al 2012) and water (Coutinho and Venter 2009; Morohoshi et al 2007; Pileggi
et al 2012). The bacterium was found in water near known plant hosts, but the researchers
(Pileggi et al. 2012) did not mention whether the nearby hosts had the bacteria. It is likely
that Pantoea ananatis requires moisture in soil for exposure and transmission. Wounds and
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natural openings allow bacterial suspensions of P.ananatis (liquid and vapor) to infect
healthy plants (Serrano 1928; Rohrbach and Pfeiffer 1974). Furthermore, Pantoea ananatis
was isolated from outdoor air in Singapore, and was viable (Luhung et al. 2018).

4.2.3.2  Likelihood of entry

Pantoea ananatis has been recorded in over 50 countries and every continent except for
Antarctica. Of the 17 exporting markets, seven had records of P. ananatis or its synonyms
(Table 4.4).

Table 4.4: Pineapple exporting markets with records of P. ananatis

Exporting Markets Reference

Australia Cother et al. (2004)

Ecuador Toaza et al. (2021)

The Philippines Serrano (1928)

Thailand Arayaskul et al. (2020)

Costa Rica LIMS (2022)*

Malaysia Bradbury (1986); Azizi et al. (2019); Toh et al.
(2019) Thompson (1937)

Taiwan Wang et al. (2018)

* A literature search using searching terms “Pantoea ananatis” or common synonyms, and “Costa Rica”
returned no results.

Papua New Guinea, Panama and Sri Lanka all share land borders with or are geographically
close to countries with known distributions of P. ananatis. As P.ananatis can be spread by
air, water, soil and plant material, countries with shared borders are more likely to have P.
ananatis. Due to the epiphytic nature of P. ananatis, the distribution may be wider than
reported, as testing of healthy plants and hosts is less likely to occur compared to the testing
of symptomatic plants.

Pantoea ananatis was reported causing disease on pineapple in the Philippines (Serrano
(1935), Malaysia (Thompson 1937) and Taiwan (Hesu et al. 2008). Cother et al. (2004) notes
that there are no reliable references showing P.ananatis as a pathogen of pineapple in
Australia. There are recent reports of P.ananatis in pineapple in Japan (Kido et al. 2010),
Taiwan (Hesu et al. 2008) and India (Chand et al. 2021).

Sources consistently state that pineapple fruit infected with P. ananatis cannot be detected
visually without destructive sampling (Serrano 1928; Weber 1973; Rohrbach 1989; Ploetz
2018). External symptoms of the bacterial fruitlet brown-rot disease on pineapple fruit may
not be visible, with mild to moderate infections resulting in no visible external symptoms
(Serrano 1928). Severe infections may result in a dull ripening colour, with extremely small
purple dots (refer to Symptoms in Annex 4.2.3.1) Barker (1924) reported that immature
fruitlets at the top of the pineapple are not infected.

Pantoea ananatis may be present on the exterior of the pineapple (Serrano 1928; Rohrbach
and Pfeiffer 1974). No specific information was found regarding the removal of P.ananatis
from fresh produce surfaces. An outbreak of P.agglomerans infections in a medical
environment was linked to inadequate chlorination of water (below 0.2ppm) suggesting
chlorination is able to provide a level of control of Pantoea spp.
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Pantoea ananatis cultures grew at 6°C — 45°C, with an optimum at 30°C — 35°C (Serrano
1928), as such it is likely to survive transit conditions of pineapple fruit (see Appendix 2
Transit conditions). We have no records of P.ananatis interceptions on pineapple (LIMS
2022).

Uncertainty
Uncertainty is attributed to the lack of data around prevalence in exporting markets.

Given that:

e Pantoea ananatis can cause internal infection in pineapple fruit without externally
visible symptoms when the infection is mild to moderate;

e Pantoea ananatis may be found on the surface of pineapple;

e Destructive sampling is needed to detect symptomatic pineapples;

e Itis likely that P. ananatis can survive transit conditions on pineapple fruit because
they can grow between 6°C — 45°C; and

e The prevalence of P. ananatis in exporting markets is uncertain;

MPI considers the likelihood of Pantoea ananatis entering New Zealand associated with A.
comosus fresh fruit for consumption (as described in the commodity description) is
MODERATE, with a MODERATE level of uncertainty.

4.2.3.3 Likelihood of exposure

This section assesses the likelihood of P. ananatis being exposed to a suitable host or
environment if it enters New Zealand undetected.

Discarded waste from imported infected fruit could expose the bacterium to the environment.
Infected pineapple fruit remains may be a source of inoculum in field conditions (Serrano
1928; Sanewski et al. 2018). Fruit waste in New Zealand may be collected from unpacking
areas (e.g., supermarket preparation rooms) and taken to rural areas where it is placed on the
ground for eventual consumption by pigs or other farmed animals (MPI 2014).

The commodity is intended to be sold to consumers in New Zealand. Fresh pineapple fruit
generates substantial amounts of unavoidable waste; the thick rind is always removed and
disposed of, and the fruit is also sometimes cored (see waste analysis Annex 2.3.1). The
disposal of whole fruit (e.g., culled/unsold fruits, uneaten fruit remains) is not uncommon
during wholesale, retail and by consumers. This suggests Pantoea ananatis on pineapple fruit
may have a higher likelihood of exposure than P. ananatis on many other kinds of fresh
produce.

Pantoea ananatis is likely to survive in the outdoor environment in New Zealand as it has
biological characteristics that indicate climatic conditions would not be a limiting factor.
Pantoea ananatis has a wide temperature range for survival (between -15°C and 56°C)
(Serrano 1928)and active growth (between 6°C — 45°C), resistance to desiccation and
survival in freezing temperatures (Serrano 1928). The bacterium showed extreme resistance
to desiccation, with bacteria remaining viable on sterile cover strips for over four months at
room temperature (Serrano 1928).

Pantoea ananatis is likely to survive and grow on pineapple waste and is likely to survive
and grow as a saprophyte/environmental bacterium in the environments where pineapple
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waste is disposed of, for example on garden compost and soil. Pantoea ananatis remains
viable in soil (Hara et al. 2012), water (Morohoshi et al. 2007), and air (Luhung et al. 2018),
and would be able to transfer from waste material to these environments by direct contact and
vectors.

Pantoea anantis can be transmitted from pineapple waste to other plants or the environment
by insect vectors. Insect vectors are known, notably Frankliniella fusca (Gitaitis et al. 2003),
Thrips tabaci (Dutta et al. 2014) and Diabrotica virgifera virgifera (Krawczyk et al. 2021).
Thrips tabaci is present in New Zealand (NZOR 2022) and feed on pineapple (Linford 1931).
Dutta et al. (2014) noted that thrips faeces passively transferred P. ananatis into onion,
showing movement of bacteria into a host.

Uncertainty

There is limited data on viability and spread from infected pineapple fruit and around the
amount of pineapple waste being exposed to the environment. However, any pineapple waste
discarded into the environment would expose the bacterium to the environment where it can
grow on. Therefore, the overall uncertainty is MODERATE.

Given that:
e there is limited evidence of spread from infected pineapple;

However,

o fresh pineapple fruit generate a large quantity of unavoidable waste;

e the bacterium has a wide host range and climatic tolerance and is persistent in varying
environmental niches;

e Pantoea ananatis is likely to transfer from pineapple waste to a suitable environment,
and remain viable;

e Pantoea ananatis cultures can survive temperatures between -15°C and 56°C, and
desiccation, and grows at 6°C — 45°C;

e there are multiple modes of transmission available, including insect vectors present in
New Zealand,;

MPI considers the likelihood of exposure of Pantoea ananatis in New Zealand from
pineapple fruit is HIGH, with MODERATE uncertainty.

4.2.3.4 Likelihood of establishment

This assesses the likelihood of P. ananatis establishing a population if it enters New Zealand
and is exposed to a suitable habitat.

Many known hosts of Pantoea ananatis are present in New Zealand (Coutinho and Venter
2009) as recorded in (NZOR 2022), including commercially grown crops like onion (Allium
cepa) (Gitaitis et al. 2003), Eucalyptus (Coutinho et al. 2002) and maize (Zea mays) (Alippi
and Lopez 2010; Krawczyk et al. 2021; Toaza et al. 2021). Because it is viable epiphytically
(Coutinho and Venter 2009) and in soil (Hara et al. 2012), water (Morohoshi et al. 2007), and
air (Luhung et al. 2018), and is found in countries with similar climatic conditions, MPI
considers New Zealand hosts and environments are suitable for establishment.

It is unlikely that there will be major climatic limitations to its establishment in New Zealand.
The current distribution of P. ananatis includes climates that are similar to the general
New Zealand climate. Climate similarity are assessed using the composite match index
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(CMI) (Phillips et al. 2018). An area with CMI over 0.7 is considered having similar climate
to the whole of New Zealand. Pantoea ananatis is present in countries with close climate
matches to New Zealand such as Italy (CMI 0.8-0.9), Poland (CMI 0.8-0.9), Belgium (CMI
0.8-0.9) and the USA (CMI 0.7-0.8), although the pathogen is also found in dissimilar
climates, such as areas of Central and South America (Brazil, Costa Rica, Colombia, and
Guatemala at 0.3-0.4). Pantoea ananatis survived epiphytically under different temperature
and moisture regimes that mimicked conditions in Georgia, USA (CMI 0.7 — 0.8).
Furthermore, P.ananatis cultures grew at 6°C — 45°C, with an optimum at 30°C — 35°C
(Serrano 1928). Cultures died after fifteen days at freezing temperatures. The bacterium
showed extreme resistance to desiccation, with bacteria remaining viable on sterile cover
strips for over four months at room temperature (Serrano 1928).

Variable temperature tolerance of the pathogen and the continued impacts of climate change,
which has been predicted to increase the minimum temperature of the coldest month,
increases the risk of Pantoea ananatis establishing in New Zealand.

Given that:
e current and future climates are suitable for the bacterium;
e plant hosts are widely available in New Zealand,;
e Pantoea ananatis can persist in abiotic environment; and
e the bacterium has wide temperature tolerances;

MPI considers the likelihood of Pantoea ananatis establishing a population in New Zealand
is HIGH with LOW uncertainty.

4.2.3.5 Impacts in New Zealand

This assessment is made on the assumption that Pantoea ananatis has successfully established
in the New Zealand environment.

Economic impacts

Given the broad host range of P. ananatis and known pathogenicity of pineapple strains to
onions (Kido et al. 2010), it is likely that P. ananatis on pineapples would affect other
commercially produced hosts.

The impacts of P. ananatis can vary dramatically and disease outbreaks tend to occur
sporadically. Since 2010 there have been no major reported epidemics in onion (Carr et al.
2010),although there have been smaller outbreaks(Kim et al. 2012). There have been recent
outbreaks in rice in Asia (Arayaskul et al. 2020) and maize in South America (Toaza et al.
2021). If the pathogen establishes a population in New Zealand, impacts are could be limited
by climate, but the USA (onion) South Africa (maize), and Poland (wheat) have reported
disease outbreaks of Pantoea ananatis in areas with similar climate conditions to New
Zealand. The most severe impacts on onion were reported in Georgia, USA. The state has a
similar climate (CMI 0.8 (Phillips et al. 2018)), but is more humid, and is classified as a
humid subtropical climate, compared to New Zealands maritime climate.lt is likely that
climate change will result in a more humid environment in areas of new Zealand, notably
Pukekohe and Matamata, two major onion growing regions.

Onion (Allium cepa) and maize (Zea mays) are the highest value crops that could be impacted
by the establishment of P. ananatis in New Zealand. The onion industry in Georgia (USA)
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reported 25 — 100% losses for growers in 1997 due to P. ananatis, as well as 10% pre- and
post-harvest yield losses between 1998 and 2001 (Gitaitis et al. 2002). The disease appears to
emerge randomly, with South Korea reporting 30 — 50% losses in five affected fields in 2009
—2010 (Gitaitis and Gay 1997; Kim et al. 2012). In New Zealand, fresh, frozen, and processed
onion exports were worth NZ$170m, with onion seed worth an additional NZ$3.6m (Plant &
Food Research 2020; Plant & Food Research 2021). Onion cultivars resistant to Pantoea sp.
are not commercially available (Gitaitis et al. 2003). Thrip management, weed control, crop
rotation and bactericides may provide a level of control, but information is limited. The use
of only one control method will not provide effective control (Stumpf et al. 2021).

Impacts on maize appear to vary. In South Africa, 10 — 70% of the crop was affected, with
the disease being attributed to P. ananatis and an undescribed Pantoea sp. (Goszczynska et
al. 2007). The impacts in South America have not been described, and only symptoms were
reported (Alippi and Lopez 2010). In Indonesia, 1 — 8% of fields were infested, with a disease
incidence of 5 — 8% (Aini et al. 2013). It is unclear if these infestations are ongoing. Maize is
not commercially exported, but the New Zealand domestic market was estimated at
NZ$722m in 2016 (Nixon 2015).

Wheat (Triticum spp.) has been reported as a host, but there is limited literature on the
impacts of infection in wheat, or occurrence, as the first record was only in 2020 (Krawczyk
et al. 2020) and only in association with cereal leaf beetle (Oulema melanopus) and western
corn rootworm (Diabrotica virgifera virgifera) (Krawczyk et al. 2021). Neither of these
potential vectors are present in New Zealand (NZOR 2022). Early reports suggest P. ananatis
infection rates of ~6% on wheat and symptoms are only associated with insect feeding
damage (Krawczyk et al. 2021).

Some level of chemical control is possible in other crops with bactericides, but due to the
bacteria’s presence on volunteer plants and insect hosts, reinvasion is a constant threat

(Stumpf et al. 2021).

An in-house MPI model predicted a moderate level of economic impact over 20 years.

e |t was assumed that the greatest level of combined annual economic impact on onion
and maize would be NZ$19m. This is based on the assumption of an worst case
scenario, where 8% (Gitaitis et al. 2003) of all onions in New Zealand are affected,
causing an impact of ~NZ$14 million to the NZ$173.6m industry. The value of 8%
considers that the disease appears to be climatically limited and would reach higher
and lower impacts in specific regions. An estimated 0.6% of maize would be affected,
based on (Aini et al. 2013), causing ~NZ$5m worth of impacts.

e The bacterium is assumed to take 5 years to achieve greatest impacts, to allow time
for effective spread across New Zealand.

e Due to little information on effective control, it is assumed the industries never
recover (>100 years).

Economic impacts assume that once the bacteria establish a population, they will be prevalent
throughout the environment, and it will not be possible to eradicate them. Information on
reducing impacts through management is limited in the literature. Resistant onion cultivars
are not currently available. Insecticide management of thrips and foliar bactericide
applications appear to help limit impacts, but can be expensive, and have associated negative
externalities. These would likely have to occur alongside weed management and crop
rotation. While outbreaks may be managed, pre-emptive control would likely be difficult and
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expensive. Research is still ongoing on effective management of the disease in onion, which
may result in effective management in the future (Stumpf et al. 2021). Any period of
recovery between 10 —100 years would result in moderate economic impacts. Pantoea
ananatis is present in a wide range of niches, and specific host control would not remove
reservoirs.

Uncertainty

There is a high level of uncertainty around economic impacts. There is limited information on
environmental or other factors that encourage disease outbreaks. Impacts are often sporadic.
Impacts often have wide ranges and may be highly restricted spatially to small production
areas.

Given that:
e disease outbreaks are sporadic and rare;
e The environmental factors required for disease outbreaks are not fully understood,;
e the disease is likely to cause yield reduction in onion and maize; and
e the disease has an estimated moderate economic impacts over 20 years;

MPI considers the economic impact of Pantoea ananatis in New Zealand is MODERATE,
with HIGH uncertainty.

Environmental impacts

Pantoea ananatis has never been recorded in New Zealand, which has a high level of
endemic species. Invasions by microorganisms into new environments can have dramatic
effects on hosts and recipient environments due to host naivety (Thakur et al. 2019). There
are no recorded hosts at a species level that would suggest environmental impacts. However,
at a family level there are 14 families, with over 1050 species endemic to New Zealand.
These include species that are considered to be threatened — Nationally Endangered.
Furthermore, Pantoea ananatis has been recorded on 20 families of plants, and multiple
abiotic hosts suggesting a high level of non-host specificity. As there is no evidence of the
impacts of P. ananatis on native hosts, there is a high level of uncertainty due to the lack of
information about host range and pathogenicity.

Given the arguments and evidence above, that is:
e Pantoea ananatis has never been recorded in New Zealand, which may increase
impacts due to host naivety;
e A very wide host range; and
e There is no evidence of environmental impacts;

MPI considers the potential environmental impact of Pantoea ananatis in New Zealand is
VERY LOW, with HIGH uncertainty.

Human health impacts

Blood infections with Pantoea ananatis have been reported in humans (Lind and Ursing
1986; De Baere et al. 2004). Pantoea ananatis appears to be an opportunistic human
pathogen. It was associated with septicaemia after a person was wounded with plant material
and with hospital-acquired infections from contaminated hospital materials (De Baere et al.
2004). There are no recorded deaths from P. ananatis, and all patients recovered following
treatment with broad spectrum antibiotics.

Given that:
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e infection with P. ananatis in humans is rare and treatable; and
e no deaths have been recorded;

MPI considers the potential human health impacts of P. ananatis in New Zealand are
NEGLIGIBLE, with LOW uncertainty.

Sociocultural impacts

Many hosts of P. ananatis are commonly grown in home gardens (e.g., onions and maize).
Pantoea ananatis symptoms may make vegetables less attractive to consumers but are
unlikely to cause scarcity in local markets. There are no recorded hosts of Pantoea ananatis
that would suggest cultural impacts. However, because P. ananatis has never been recorded
in New Zealand, there may be increased impacts due to host naivety. As there is no evidence
of impacts of P. ananatis on plant species with high cultural value, there is a high level of
uncertainty due to the lack of information about the host range and pathogenicity.

Given that:
e Pantoea ananatis has never been recorded in New Zealand, which may increase
impacts due to host availability;
e Pantoea ananatis has a very wide host range across multiple families, including the
native genus Dracaena, and
e there is no evidence of impacts on species with sociocultural value to New Zealand,;

MPI considers the sociocultural impact of Pantoea ananatis in New Zealand is VERY LOW,
with HIGH uncertainty.

4.2.3.6 Overall impact to New Zealand

MPI considers the overall impact of Pantoea ananatis on the New Zealand economy,
environment, health, and society is MODERATE, with HIGH uncertainty.

4.2.3.7 Overall risk to New Zealand
Based on the assessments of likelihood and consequences above, that:

o the likelihood of Pantoea ananatis entering New Zealand is MODERATE with
MODERATE uncertainty;

e assuming entry, the likelihood of the bacteria being exposed to a suitable habitat is
HIGH with LOW uncertainty;

e assuming exposure, the likelihood of it establishing a population is HIGH with LOW
uncertainty; and

o the overall impact on the New Zealand economy, environment, human health, and
society is MODERATE with HIGH uncertainty;

MPI considers the overall level of risk to New Zealand from Pantoea ananatis on imported
A. comosus fresh fruit for consumption (as per the commodity description) is MODERATE,
with HIGH uncertainty.

4.24 Specific considerations

On which pineapple fruit variety (or varieties) and at what stage of ripeness has
Pantoea ananatis association with pineapple fruit been observed?
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Pantoea ananatis has been associated with the varieties Smooth Cayenne, Costa, Pula and
Puti (Serrano 1928). The bacteria are thought to enter internal tissues via flowers, natural
openings, and wounds.

Which parts of the pineapple fruit is Pantoea ananatis associated with (e.g., fruit, bract,
stem, or crown remnant), and is it visually detectable?

Once present in internal tissues (the flesh of pineapple), slight and moderate symptoms are
not detectable by external visual inspection.

Under what environmental conditions (temperature, season, etc.) are Pantoea ananatis
symptoms expressed on pineapple fruit?

Infection appears to occur via flowers and wounds under certain unknown environmental
conditions, which are likely to be high temperatures combined with rainfall (Serrano 1928,
1935).

Does Pantoea ananatis exhibits latent/asymptomatic traits?

There are no recorded asymptomatic infections in pineapple. This is likely due to the
causative bacteria being present as epiphytes on the surface of the fruit (Rohrbach 1989).
Epiphytes would not be detected in fresh produce.

More recent reports of Pantoea ananatis causing marbling disease in pineapple include
Acetobacter spp. and A. peroxydans as causative agents (Rohrbach and Johnson 2003a;
Ploetz 2018). It is possible that marbling disease in pineapples is an emergent disease from
the interaction of Acetobacter spp. and P. ananatis.
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5 Pest risk assessments: Fungi

5.1 Fusarium oxysporum

Fusarium oxysporum is a very widespread soilborne fungus that is often saprophytic (lives on
dead plant material) in the soil. Many F. oxysporum strains can colonise the root system
and/or the vascular system of living plants with or without disease symptoms. Fusarium
oxysporum is a common cause of root rots, seedling decays, vascular wilts, post-harvest fruit
rots and other plant diseases but individual strains may be non-pathogenic, pathogenic to only
one host or have a broad host range. In pineapple, F. oxysporum has been reported as the
cause of pineapple plantation dieback disease, a vascular wilt and as a cause of internal and
external fruit rots.

Context of this PRA:

Preliminary hazard identification indicated that F. oxysporum was associated with fresh
pineapple and present in markets in scope of the Import Risk Analysis. This PRA aimed to
answer the question of whether there are strains of F. oxysporum that are not present in New
Zealand, can be associated with pineapple and would cause impacts in New Zealand on hosts
other than pineapple. Pests and diseases only documented to affect pineapples are unlikely to
be exposed to a new host and establish in New Zealand due to limited host availability and
cause environmental, cultural or social impacts to New Zealand (see Annex 2.4.2 Potential
impacts in New Zealand).

To determine whether F. oxysporum required assessment on the pineapple pathway, the
project leads asked the MPI Plant Health and Environment Laboratory (PHEL) for additional
information about strains of F. oxysporum found on pineapple. In general, the available
sequences of F. oxysporum strains from pineapple do not match sequences of known New
Zealand isolates (Katharina Hofer, PHEL, pers. comm. 2022). Searches of sequences in
GenBank provided no information about whether strains of F. oxysporum from pineapple
were associated with other hosts or pathogenic in other hosts (Katharina Hofer, PHEL, pers.
comm. 2022). According to Edel-Hermann and Lecomte (2019), “Molecular identification of
F. oxysporum formae speciales would ideally target pathogenicity-related genes”. Whole
genome sequencing, in order to identify virulence markers, would be necessary to determine
host-specificity and/or identify F. oxysporum to the formae speciales level via molecular
methods in the future (Katharina Hofer, PHEL, pers. comm. 2022). Unfortunately, this is not
feasible with the methods currently available to PHEL and there is no reference material
available for the known pineapple isolates (Katharina Hofer, PHEL, pers. comm. 2022).
Details of the advice from PHEL are provided in the appendix (Annex 5.1.5) to this PRA.

Given that
e Fusarium oxysporum strains from pineapple are not recorded in New Zealand; and
e initial information from hazard identification provided no insight into whether
F. oxysporum from pineapple can be associated with other hosts or is pathogenic in
other hosts
the decision was made to assess F. oxysporum on the pineapple fresh produce pathway,
taking into account general information on the biology and host specificity of the wider
F. oxysporum species complex.
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5.1.1 Taxonomic description

Scientific name: Fusarium oxysporum Schltdl. 1824

Order: Hypocreales Family: Nectriaceae

Other names: Fusarium bulbigenum Cooke & Massee; Fusarium bulbigenum var. batatas
Wollenw; Fusarium orthoceras Appel & Wollenw.

In addition, some of the subspecific taxa currently referred to as formae speciales (see below;
singular forma specialis, abbreviated to f. sp.) were formerly described as separate Fusarium
species, e.g. F. cepae for F. oxysporum f. sp. cepae, or as varieties of F. oxysporum,

F. bulbigenum or F. orthoceras.

Taxonomic notes:

Fusarium oxysporum is now recognised as a species complex, with cryptic species (i.e. hard
to separate on the basis of morphology alone) that can be plant pathogens or non-pathogenic.
Some individual species have been recently named within the complex.

Plant pathologists often classify F. oxysporum into subspecific taxa called ‘formae speciales’
(special forms), which are named according to the plant species on which they were reported
to cause symptoms. Although F. oxysporum has been reported from pineapple (Ananas
comosus) in several countries, searchesss found only one record in a Costa Rican publication
that referred to the strain or strains causing pineapple cultivation dieback in Costa Rica and
Peru as F. oxysporum f. sp. ananas (Blanco-Menéses et al. 2022) and no other named strains
on pineapples. However, there is evidence suggesting that other strains of F. oxysporum are
associated with fruitlet core rot and fruit rot in pineapple and records of F. oxysporum from
asymptomatic pineapple fruit or commercially purchased fruit where symptoms are not
described (Stepien et al. 2013; Ibrahim et al. 2015; Souza et al. 2018; Barral et al. 2020;
Vignassa et al. 2021).

There is high morphological similarity between certain Fusarium species. Some Fusarium
isolates/pathogens from culture collections may have been misidentified as F. oxysporum in
the past. For example, a study by Silva et al. (2014) identified two isolates as F. solani,
although they had originally been identified as F. oxysporum f. sp. phaseoli and

F. oxysporum f. sp vasinfectum. This PRA includes some records of F. oxysporum from
pineapple that did not include molecular identification, so there may be uncertainty about
whether the information relates to F. oxysporum or another Fusarium species.

5.1.2 Hazard identification

Fusarium oxysporum is now considered to be a species complex (the FOSC). Although
F. oxysporum and other taxa within this complex are reported to be present in New Zealand,
there are F. oxysporum strains from pineapple that are different from the recorded New
Zealand strains:
e Fusarium oxysporum is recorded in NZOR (2022).
e Fusarium oxysporum is recorded in New Zealand in BiotaNZ (2022), PPIN (2022),
both of which record collections from many different plant hosts throughout New
Zealand.

39 Search terms in Google Scholar: with Fusarium oxysporum" and “Ananas comosus" or “pineapple”, first 50 records checked, then search
limited with -banana* -plantain and - -cubense; Search terms in CAB abstracts "Fusarium oxysporum" and “Ananas comosus" or
“pineapple”; Farr and Rossman (2022), Mycobank (2022) and Species fungorum (2022).
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e Most available sequences of F. oxysporum isolates from pineapple (from the
Philippines, Brazil, Costa Rica, Cameroon, and Dominican Republic) do not match
sequences available from any New Zealand isolates (Katharina Hofer, PHEL, pers.
comm. 2022, see appendix for additional details).

e Many subspecies or strains of F. oxysporum have previously been assessed as an
increased risk to New Zealand compared with those already present.

o ONZPR (2022) records the regulatory status of F. oxysporum as not assessed,

with an action upon interception on fresh fruit and vegetables of “Request
technical advice from Plant Imports”.

ONZPR (2022) records the following named strains as regulated:

F. oxysporum f. sp. aechmeae; F. oxysporum var. nicotianae; and

F. oxysporum formae speciales albedinis, batatas, canariensis, capsici,
cattleyae, chrysanthemi, ciceris, coriandrii, cubense, fragariae, garlic, hebes,
lactucae, lagenariae, lilii, melongenae, nicotianae, passiflorae, pini, radicis-
lycopersici, ranunculi, sesami, tracheiphilum, trifolii, tuberosi, vasinfectum
and zingiberi.

Strains/species in the F. oxysporum species complex (not present in New Zealand) have the
potential to establish and spread in New Zealand:
e Fusarium oxysporum can survive as a saprotroph on plant debris in the soil, and the
rhizosphere (around plant roots) and by colonising the vascular system of host plants
(Pietro et al. 2003; Gordon 2017).
e Many other strains of F. oxysporum are already present in New Zealand (BiotaNZ
2022; PPIN 2022), so the climate is likely to be suitable for some new F. oxysporum

strains.

Strains/species in the F. oxysporum species complex (not present in New Zealand) have the
potential to cause harm to New Zealand.
e Fusarium oxysporum has the potential for economic impacts

o

o

it is considered one of the ‘Top 10’ fungal pathogens in terms of economic and
scientific importance (Dean et al. 2012)

it is commonly reported as a cause of root and storage tuber rots and vascular
wilts of many crops that are economically important to New Zealand,
including onion, tomato, legumes and cucurbits (van Dam et al. 2016; Gordon
2017; Edel-Hermann and Lecomte 2019).

new strains of F. oxysporum have the potential to harm host plants of
economic importance that are currently unaffected or to cause more severe
impacts than the strains that are already in New Zealand.

Fusarium oxysporum was assessed further because comparison of available
sequences from pineapple isolates with other records in GenBank provided no
insight into whether F. oxysporum from pineapple can be associated with other
hosts or are pathogenic in other hosts (Katharina Hofer, PHEL, pers. comm.
2022, see appendix (Annex 5.1.5) for additional details).

Fusarium oxysporum is associated with pineapple fruit.

e Fusarium oxysporum has been recorded from pineapple plants and pineapple fruit in
commercial production areas (Jiménez and Granados 2014; Ibrahim et al. 2015; Souza
et al. 2018; Vignassa et al. 2021) and from commercially purchased pineapple fruit
(Stepien et al. 2013; Manthou et al. 2021)

104 e [name] IRA, [date (month/year)] Biosecurity New Zealand



Given the arguments and evidence above, strains/species in the F. oxysporum species
complex (not present in New Zealand) associated with decrowned Ananas comosus
(pineapple) fruit (as described in the commodity description) imported to New Zealand are
considered to be a hazard.

5.1.3 Risk assessment

51.3.1 Biology

Geographical distribution of F. oxysporum

Fusarium oxysporum senso latu is recorded in all markets in scope. Farr and Rossman (2022)
record F. oxysporum sensu lato as present in Australia, Cook Islands, Costa Rica, Ecuador,
Indonesia, Malaysia, Panama, Papua New Guinea, The Philippines, Samoa, Sri Lanka,
Taiwan, Thailand and Tonga. The Pacific Islands Pest List Database (2022) records

F. oxysporum in Cook Islands, New Caledonia, Fiji, Tonga and Vanuatu. However, it is not
known whether new strains/species in the F. oxysporum species complex (not present in
New Zealand) are associated with pineapple in all of these markets. Fusarium oxysporum has
been reported from pineapple fruit from Costa Rica, Ecuador and Malaysia and from
pineapple plants (no plant part specified) in the Philippines, but searches found no reports
from pineapple in the other markets. Table 1 (see appendix) gives further details of searches#
of literature, fungal collections, or the GenBank nucleotide sequence database for records of
F. oxysporum from pineapple in these markets.

Reproduction and spread

Fusarium oxysporum produces conidia (asexual spores) in and on live plant tissue, on dead
plant tissue and on plant debris in the soil (Pietro et al. 2003; Gordon 2017; Edel-Hermann
and Lecomte 2019). The main way of F. oxysporum spreading is via conidia produced on
plant debris in contaminated soil (Pietro et al. 2003; Gordon 2017; Edel-Hermann and
Lecomte 2019). Airborne spread of conidia has also been reported. For example,

F. oxysporum f. sp. basilici produced large numbers of conidia in lesions on the stems of
basil plants and viable airborne conidia were collected in spore traps (Gamliel et al. 1996).

Fusarium oxysporum forms durable chlamydospores (resting spores) that can persist in soil
and later germinate in the presence of root exudates to infect the roots of host plants (Gordon
2017). Conidia can be converted to chlamydospores (resting spores that survive harsh
conditions) when no host material is available and/or environmental conditions are unsuitable
for germination (e.g. drought) (Smith and Snyder 1972; Pietro et al. 2003; Gordon 2017).
Chlamydospores of some formae speciales of F. oxysporum have been reported to survive for
six to eight years in soil (Jiménez-Diaz et al. 2015; EFSA Panel on Plant Health et al. 2018).

Symptoms of F. oxysporum in pineapple

Fusarium oxysporum has been reported cause pineapple plantation dieback disease, fruit rot
fruitlet core rot, post-harvest fruit rot and channelled rot of pineapple fruit (mancha con
galerias) in pineapple.

40 GenBank (Clark et al. 2016); Google Scholar; CAB abstracts; USDA Fungal Database (Farr and Rossman 2022), HerbIMI (2022) and the
Pacific Islands Pest List Database (2022) were searched with the term “Fusarium oxysporum”. Search terms for Google Scholar; CAB
abstracts were "Fusarium oxysporum" and “Ananas comosus" or “pineapple” and the country name. Google scholar searches were limited
where appropriate with -banana -plantain -Panama (not when searching for records in Panama) -cubense
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In Costa Rica, Brazil and Peru, F. oxysporum is reported to cause pineapple cultivation
dieback disease (Jiménez and Granados 2014; Rojas 2020; Blanco-Meneses et al. 2022), a
vascular wilt disease. In farms in Venecia, San Carlos, affected by “pineapple cultivation
dieback”, patches of pineapple plants (cultivar MD-2) showed dieback symptoms caused by
fungal obstruction of the vascular symptom of the stems (Jiménez and Granados 2014;
Blanco-Menéses et al. 2022). Jiménez and Granados (2014) identified a fungus isolated from
infected pineapple stems as F. oxysporum based on morphological symptoms, PCR-
Restriction Fragment Length Polymorphisms, and elongation factor 1 (EF-1) gene sequences,
but did not confirm its pathogenicity with tests. Blanco-Menéses et al. (2022) also identified
fungal isolates from stems, stem-bases, roots and leaves of pineapples in Costa Rica as

F. oxysporum based on TEF1-a sequences. Symptoms of infected plants included yellowing,
wilting and eventually complete dessication of the top 15 cm of the leaves, slow plant
growth, and death of the root system (Jiménez and Granados 2014; Blanco-Menéses et al.
2022). Fruit from plants infected with F. oxysporum were asymptomatic (Blanco-Menéses et
al. 2022) and did not show external symptoms such as gummosis or staining (Jiménez and
Granados 2014). In affected plantations, yield losses due to underweight fruit were between
2000 to 4000 boxes/hectare (Jiménez and Granados 2014). None of the studies of pineapple
cultivation dieback reported isolating F. oxysporum from fruit. However, given that

F. oxysporum was isolated from pineapple stems and the core of the pineapple fruit is a
modified stem, it is highly likely it can be present in the core of pineapples grown on infected
plants.

Fruitlet core rot of pineapple causes brown rot of the flesh in individual fruitlets under the
bract of the mature fruit. (Barral et al. 2020; Vignassa et al. 2021). Fruitlet core rot of
pineapple occurs as a result of Penicillium and Fusarium spp. invading pineapple flowers at a
very early stage of development before the fruit forms (Fournier et al. 2015). Fruitlet core rot
pathogens remain latent during fruit development, but when the fruit begin to ripen, the
individual fruitlets develop disease symptoms (Fournier et al. 2015). The first symptoms of
fruitlet core rot occur inside mature fruit, when the flesh under the bract begins to turn brown.
As symptoms develop, the rotten area can spread as far as the core, but does not spread into
the core or other fruitlets (Barral et al. 2020). On ripe fruit, the eyes (bracts) may appear
necrotic, with brown soft rot symptoms (Fournier et al. 2015). Photographs of fruitlet core rot
lesions included in the publications by Souza et al. (2018) and Vignassa et al. (2021) suggest
that larger lesions would be externally visible as discoloured and/or squishy patches on the
skin, but the fruit would need to be cut to observe smaller lesions in the flesh under the bract.
Fusarium oxysporum is not the most prevalent cause of fruitlet core rot in pineapple in most
countries. However, on Réunion Island, 8% of Fusarium isolates from mature pineapples
(nine isolates from fruitlet core rot spots and one from a healthy fruitlet) were F. oxysporum
(Barral et al. 2020) and in a study of fruitlet core rot in Brazil, F. oxysporum species complex
isolates comprised one third of the Fusarium isolates from fruitlet core rot lesions (Souza et
al. 2018). Fruitlet core rot in pineapple fruit has also been reported from Malaysia (Ng 2009),
although the pathogens causing it were not identified.

In Malaysia, F. oxysporum and F. solani (syn. Neocosmopora solani) were isolated from
rotten pineapple fruit with sunken skin and brown lesions (Ibrahim et al. 2015). In some cases
fungal mycelia were observed in the lesions (Ibrahim et al. 2015). Ibrahim et al. (2015) did
not report any molecular identification or characterisation of strains, but did carry out testing
to confirm pathogenicity. The disease symptoms were observed on growing fruit, and the
developmental stage of the plants/fruit was not reported. In pathogenicity tests, a toothpick
colonised by fungal mycelia was inserted through the skin of detached fruit (Ibrahim et al.
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2015). After two weeks (no storage/incubation conditions described), infected fruit were cut
vertically to expose brown lesions with mycelia on the surface (Ibrahim et al. 2015). The
authors do not comment on whether symptoms were visible on the outside of the pineapple
before they were cut.

In Peru, F. oxysporum is one of the fungi reported to cause channelled rot of pineapple fruit
(mancha con galerias), a rot associated with attack by Pineapple Fruit Fly (Melanoloma
canopilosum) (Bello Amez and Julca Otiniano 2005). Fusarium oxysporum has also been
isolated from pineapple fruit from Vietnam (Stgpien et al. 2013) and pineapple fruit with
post-harvest rot in India (Biswal et al. 2007).

Conditions favouring F. oxysporum symptom development in pineapple

Fruitlet core rot symptoms, detected in cut fruit, developed in pineapples ripened in storage at
19 °C from the C1 stage (when approximately a quarter of the skin was yellow) to fully ripe
(Vignassa et al. 2021), although the authors do not record how long it took for the fruit to
ripen or whether they checked for internal symptoms at the earlier stage. In pathogenicity
tests with F. oxysporum, isolates from pineapples on Réunion Island, a solution of conidia
was injected into ripe pineapple fruit (described by Vignassa et al. (2021) as “a blossom cup
of fruitlets”). Rot symptoms (black spots in the flesh under the bracts) were observed when
the fruitlets were cut open after seven days at 19 °C. In pathogenicity testing with isolates in
the F. oxysporum complex from Brazilian pineapples with fruitlet core rot, 0.5 mm discs of
mycelia were inoculated into wounds in fruit made with a sterile needle (Souza et al. 2018).
All but two of the isolates caused internal rotten lesions in fruit in cut fruit after 7 days stored
at 25 °C (Souza et al. 2018).

Host-specificity of F. oxysporum

Searches of Google Scholar and CAB Abstracts using the terms “Fusarium oxysporum” and
“pineapple” or “Ananas” found no studies that considered the pathogenicity of isolates from
pineapple to other hosts. However, there are many reports of strains of F. oxysporum that are
pathogenic on one host colonising the roots or vascular systems of numerous other ‘non-
susceptible’ species such as weeds or other crops growing nearby (for example, Abawi and
Lorbeer 1972; Helbig and Carroll 1984; Gordon et al. 1989; Altinok 2013; Imazaki and
Kadota 2015; Pegg et al. 2019).This suggests that imported plant products such as pineapple
might sometimes carry strains pathogenic to other plant species, with no visible symptoms of
infection on the pineapple fruit.

A recent review of the literature on formae speciales and races of pathogenic F. oxysporum
reported that many formae speciales have several hosts within the same genus or family. For
example, f. sp. gladioli is reported from gladiolus (Gladiolus spp.), but also from other
flowers such as crocuses (Crocus sp.), irises (Iris spp.) and freesias (Freesia sp.) (Edel-
Hermann and Lecomte 2019). Some formae speciales of F. oxysporum have a broader
reported host range, including plants from several different families, e.g. forma specialis apii
is reported from hosts in the Apiaceae (Apium graveolens, celery), Fabaceae (Pisum sativum,
pea), Asteraceae (Tithonia rotundifoli, Mexican sunflower), Asparagaceae (Asparagus
officinalis; asparagus), Malvaceae (Gossypium spp.), Solanaceae (Solanum melongena,
eggplant) (Edel-Hermann and Lecomte 2019). It is uncertain whether strains of F. oxysporum
entering New Zealand on pineapple fruit will be pathogenic only to pineapple, particularly if
pineapple crops had been alternated with a different crop or planted in areas near other crops.

There is recent evidence that chromosomes or regions of chromosomes with pathogenicity
factors can be transferred from F. oxysporum strain to another without sexual reproduction
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(i.e. horizontal transfer) (Ma et al. 2010; Mehrabi et al. 2011; Ma et al. 2013; Lombard et al.
2019). Non-pathogenic strains F. oxysporum became pathogenic to tomato due to horizontal
transfer of an F. oxysporum f. sp. lycopersici chromosome carrying genes for pathogenicity
factors (Ma et al. 2010; Vlaardingerbroek et al. 2016). Recent genomic studies have found
evidence that suggests there has been recent horizontal transfer of genes for the ‘secreted in
xylem’ (SIX) pathogenicity/virulence factors in other F. oxysporum formae speciales (for
example, van Dam et al. 2016; Czislowski et al. 2018; Deltour et al. 2018). This suggests the
possibility that local lineages that are well adapted to thrive in the New Zealand environment
can acquire new pathogenicity/virulence factors via horizontal transfer from imported
strains/formae speciales.

Pineapple variety susceptibility

There are reports of F. oxysporum associated with most varieties of pineapples and several
different pineapple diseases. Fusarium oxysporum has been reported from the MD-2 cultivar
in Réunion Island (fruit with fruitlet core rot) (Barral et al. 2020; Vignassa et al. 2021) and
Costa Rica (pineapple plants with cultivation dieback symptoms). Fusarium oxysporum was
also isolated from fruit of the Queen Victoria cultivar in Réunion Island (Barral et al. 2020;
Vignassa et al. 2021) and the Pérola cultivar in Brazil. In Malaysia, F. oxysporum was
isolated from fruit of the Moris, Josapine, and Gandul varieties with rot symptoms. In Peru,
the Smooth Cayenne cultivar is susceptible to channelled rot of pineapple fruit (mancha con
galerias), caused by F. oxysporum and other fungi (Bello Amez and Julca Otiniano 2005).

In information on diseases of pineapple from the Kerala Agricultural University website, Joy
and Sindhu (2012) report that Smooth Cayenne pineapples in Kerala usually show no
external symptoms of fruitlet core rot (attributed to F. guttiforme and P. funiculosum),
whereas in the Mauritius cultivar (in the Queen cultivar group) infected fruitlets fail to ripen,
remaining green (known as “green eye”). Assuming that this is a characteristic of the disease
and does not reflect the particular Fusarium species, fruitlet core rot may be easier to detect
in ripe Queen pineapples than in the Smooth Cayenne cultivar.

5.1.3.2  Likelihood of entry

Fusarium oxysporum has been reported to cause pineapple plantation dieback disease, fruit
rot, fruitlet core rot, post-harvest fruit rot and channelled rot of pineapple fruit (mancha con
galerias) in pineapple.

It is likely that symptoms of F oxysporum will sometimes, but not always, be detected on
pineapple fruit during production, preparation for export using visual inspection. For
example, F. oxysporum was recorded on pineapple fruit in Malaysia, causing rotten lesions
that sometimes contained visible mycelia (Ibrahim et al. 2015). External lesions on fruit such
as the ones described in this study are likely to be detected during production and/or removed
during preparation for export. The “pineapple cultivation dieback” strain of F. oxysporum
reported from Costa Rica was isolated from stems and it is likely that it can be systemic in the
vascular system of the fruit core, which is a modified stem (Jiménez and Granados 2014;
Blanco-Menéses et al. 2022). Fruit from plants infected with this strain do not have visible
lesions. However, fruit from infected plants is often undersized (Jiménez and Granados 2014;
Blanco-Menéses et al. 2022) and undersized fruit is likely to be rejected during preparation
for export. Fusarium oxysporum is also reported as a cause of fruitlet core rot. Fruitlet core
rot pathogens are thought to infect the flowers and enter the fruit as it forms, but symptoms
remain latent until the fruit is mature (Fournier et al. 2015). In pathogenicity tests, rot
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symptoms were observed in cut fruitlets after seven days at 19 °C. This suggests that fruitlet
core rot symptoms caused by F. oxysporum will develop quickly once fruit ripens if it is
stored at (or returned to) ambient temperatures (Vignassa et al. (2021). However, pineapples
exported to New Zealand may be at the mature green stage and symptoms are unlikely to
develop while the fruit is kept cool. Fruitlet core rot symptoms are often confined to an
individual fruitlet and internal (see above), although symptoms may sometimes be visible on
the skin as a brown rot (Fournier et al. 2015) or a bract that has remained green when the fruit
ripened (Joy and Sindhu 2012). Symptoms of fruitlet core rot can be entirely internal (see
above) and in this case they would not be detected in a visual inspection unless the fruit was
cut on an axis that exposed the infected fruitlet. Fusarium oxysporum has not specifically
been recorded as associated with fruitlet core rot in markets in scope of the PRA.

Pineapples are usually shipped at 7-13 ° C under 85-90% moisture for 14-28 days (see
Annex.Appendix 3). Fusarium oxysporum may not be growing actively at this temperature,
as growth tends to slow or stop at low temperatures (for example, mycelium of F. oxysporum
f. sp. ciceris (Fusarium wilt of chickpeas) grew at temperatures between 7.5-35 °C (Jiménez-
Diaz et al. 2015). In pineapple ripened at 19 °C, some fruitlets developed core rot symptoms,
(Vignassa et al. 2021), suggesting the fungus remained viable and was capable of growth at
this temperature. Fusarium oxysporum in ready-to-eat commercial pineapple stored at 4 °C
also remained viable and subsequently grew in culture (Manthou et al. 2021). Therefore, it is
considered highly likely that most strains of F. oxysporum can remain viable through sea
freight transit times and that transit conditions are likely to allow survival but unlikely to
promote development of F. oxysporum symptoms.

There are no border interceptions of any Fusarium species, only two fungi and no other
pathogens identified by the MPI diagnostic laboratories from border interceptions on
imported fresh pineapples between 2000-2020 (LIMS 2022). This could be interpreted as
evidence that fungi are not frequently associated with the fresh pineapple pathways.
However, given the evidence presented above, it is likely that F. oxysporum can be associated
with asymptomatic pineapple fruit or remain latent in fruit stored at cold temperatures so that
fruit does not show symptoms until it is returned to a temperature that allows the fungus to
grow (as described above for fruitlet core rot caused by F. oxysporum).

Given the high volume of fresh pineapples imported to New Zealand, and the high likelihood
that some F. oxysporum infections of pineapple fruit will remain undetected because
symptoms are internal or the fruit is asymptomatic, even a low prevalence of infection would
equate to a high likelihood of entry (one—two infected fruit entering New Zealand
undetected/year)

Uncertainty

There is low uncertainty (strong evidence from several studies) that F. oxysporum can be
associated with commercially produced pineapple fruit, for example Stepien et al. (2013),
Ibrahim et al. (2015), Souza et al. (2018), Jiménez and Granados (2014), Barral et al. (2020),
Vignassa et al. (2021). There is also low uncertainty (strong evidence from several studies)
that F. oxysporum can sometimes be present in pineapple fruit without showing symptoms,
for example Souza et al. (2018), Barral et al. (2020) and Vignassa et al. (2021). Overall, there
is low uncertainty that F. oxysporum can enter New Zealand associated with commercial
pineapple fruit.

Given that
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e Fusarium oxysporum is recorded from all markets in scope of the IRA although it is
not known whether new strains/species in the F. oxysporum species complex (not
present in New Zealand) are associated with pineapple in all of them;

e Fusarium oxysporum has been recorded as associated with pineapple fruit from
Ecuador, Malaysia and Costa Rica, countries in scope of the IRA;

e Fusarium oxysporum sometimes causes external fruit rot symptoms in pineapple, and
sometimes causes internal fruitlet rot or no symptoms;

e Fusarium oxysporum can be associated with mature commercially produced
pineapple fruit at the time of export, but visually detectable symptoms are unlikely to
develop in fruit stored at cool temperatures;

e Internal symptoms caused by F. oxysporum will only be detected if the fruit is cut
along an axis that exposes the infected parts of the fruit. Asymptomatic infections
cannot be detected in a visual inspection;

MPI considers the likelihood of new strains/species in the F. oxysporum species complex (not
present in New Zealand) entering New Zealand associated with pineapple fruit is HIGH with
LOW uncertainty.

5.1.3.3 Likelihood of exposure

This assessment is made on the basis that new strains/species in the F. oxysporum species
complex (not present in New Zealand) have entered New Zealand undetected in/on fresh
pineapple.

Exposure is considered to be the transfer of a pest or disease from an imported commodity or
inanimate object, to a host or environment suitable for the completion of development or
production of offspring.

Imported fresh pineapple fruit is intended for human consumption, therefore, when the fruit
arrives in New Zealand it will be distributed throughout New Zealand for wholesale or retail
sale. Fresh pineapple fruit generates substantial amounts of unavoidable waste; the thick rind
is always removed and disposed of, and the fruit is also sometimes cored (see waste analysis
Annex 2.3.1). Pineapple dieback strains of F. oxysporum are likely to be associated with the
core of the pineapple. Fruitlet core rot produces internal brown rot of fruitlets (the flesh under
an individual bract) and rotten parts of the pineapple are also more likely to be discarded by
consumers. The disposal of whole fruit (e.g., culled/unsold fruit, uneaten fruit remains) is not
uncommon during wholesale, retail and by consumers. This suggests that F. oxysporum may
have a higher likelihood of exposure when associated with fresh pineapple fruit than when it
is associated with other kinds of fresh produce that are generally eaten whole.

In New Zealand the most common method of disposal of organic waste is bagged into landfill
(Askarany and Franklin-Smith 2014); this is unlikely to be a risk. However, there are other
disposal methods that could increase the exposure likelihood of the fungus, such as feeding
out to animals, home composting and direct disposal into the environment. Fruit waste may
be collected from unpacking areas (e.g., supermarket preparation rooms) and taken to rural
areas where it is placed on the ground for eventual consumption by pigs or other farm
animals (MPI 2014). The waste materials may also be used in worm farming. Using the waste
materials to feed animals may inadvertently expose F. oxysporum to the soil and waterways
before it eventually finds a suitable host. Many reviews and studies suggest that most or all
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strains of F. oxysporum can live in the soil as saprophytes on dead plant debris (e.g. crop
residues and probably pineapple waste) (for examples, see Gordon et al. 1989; Olivain and
Alabouvette 1997; Imazaki and Kadota 2015; Gordon 2017; Deltour et al. 2018).

Commercial composting can suppress many plant pathogens because the internal temperature
of the compost can exceed 55°C (Hoitink et al. 1997; Mehta et al. 2014) and F. oxysporum is
unlikely to survive in such conditions. However, the fungus is likely to thrive in home
composts since their temperatures mostly range between 15°C and 30°C (Mensah 2017). If
pineapple waste infected with F. oxysporum is disposed of in domestic compost, fed to
animals or discarded directly into the environment, the fungus is highly likely to persist on
the pineapple waste itself and on other plant debris in compost or soil. Due to its saprophytic
lifestyle, F. oxysporum would not require a live plant host for exposure to occur.

Uncertainty

There is moderate uncertainty in these conclusions because assumptions about survival of
F. oxysporum strains from pineapple in the soil and rhizosphere are based on reviews of the
whole species complex and specific research on other formae speciales.

Given that:
e pineapple is a high waste commodity and rinds and sometimes cores are removed and
discarded; and
e if pineapple waste infected with F. oxysporum is disposed of in domestic compost or
directly into the environment, the fungus can survive and reproduce on pineapple
waste and other plant debris. It does not require a live plant host.

MPI considers the likelihood of exposure of new strains/species in the F. oxysporum species
complex (not present in New Zealand) in New Zealand from pineapple fruit is HIGH, with
MODERATE uncertainty.

5.1.3.4 Likelihood of establishment

This assessment is made on the basis that strains/species in the F. oxysporum species
complex (not currently present in New Zealand) entering New Zealand on pineapples have
been successfully exposed to suitable host material in the New Zealand environment.

The reported host range of F. oxysporum strains isolated from pineapple is pineapple (Ananas
comosus) and it is not known whether these strains can colonise other live plant hosts.
However, a partial review of the extensive literature on F. oxysporum suggests that most or
all strains are able to live as saprophytes on plant debris, on nutrients in the rhizosphere
(around the root systems) and many strains can colonise the roots and vascular systems of
nearby plants to some extent (for example, Abawi and Lorbeer 1972; Helbig and Carroll
1984; Gordon et al. 1989; Altinok 2013; Imazaki and Kadota 2015; Pegg et al. 2019).
Therefore, although pineapple is not widespread in New Zealand, it is highly likely that

F. oxysporum strains entering New Zealand on pineapple would be able to live in the soil
even if no suitable live host plants were available (see section above), assuming other
environmental conditions favoured their survival.

Fusarium oxysporum sensu lato is widespread in New Zealand; BiotaNZ (2022) and PPIN
(2022) record collections of F. oxysporum (sometimes identified as a particular forma
speciales) from a large range of hosts throughout New Zealand. Therefore, it is assumed that

111 o [name] IRA, [date (month/year)] Biosecurity New Zealand



the climate in New Zealand will not limit the establishment of new strains of F. oxysporum.
Although imported pineapples originate in tropical areas and it is possible that some strains
entering New Zealand in pineapple will not adapt well to New Zealand climate conditions,
F. oxysporum can produce chlamydospores (resting spores) to survive when environmental
conditions become limiting (Jiménez-Diaz et al. 2015; Gordon 2017; EFSA Panel on Plant
Health et al. 2018). Fusarium oxysporum chlamydospores have been reported to survive in
soil for several years until suitable host material is available and the environment favours
development of the fungus (Jiménez-Diaz et al. 2015; Gordon 2017; EFSA Panel on Plant
Health et al. 2018).

Uncertainty

There is moderate uncertainty in this conclusion because assumptions about survival of

F. oxysporum strains from pineapple in the soil and the rhizosphere are based on reviews of
the whole species complex and specific research on other formae speciales.

Imported pineapples originate in tropical areas. The areas where F. oxysporum has been
reported from cultivated pineapple are mostly tropical areas. For example, in Malaysia,

F. oxysporum was isolated from plants in Kedah, Penang, Perak, Selangor, Negeri Sembilan,
and Johor (Ibrahim et al. 2015). These areas have a climate match index of 0.5, indicating
that the climate is not very similar to any part of New Zealand (Phillips et al. 2018). The
pineapple cultivation dieback strain of F. oxysporum is reported from Venecia, San Carlos,
Costa Rica (Jiménez-Diaz et al. 2015), which has a very different climate from New Zealand
(Phillips et al. 2018). Therefore, there is also moderate uncertainty about whether these
strains will survive in New Zealand’s sub-tropical-temperate climates or compete
successfully with microorganisms (including F. oxysporum strains present in New Zealand)
that are already well adapted to thrive in New Zealand. However, F. oxysporum in pineapple
stored at 19 °C remained viable and the fruit developed symptoms (Vignassa et al. 2021),
suggesting the fungus was capable of growth at this temperature. Fusarium oxysporum in
ready-to-eat commercial pineapple stored at 4 °C remained viable and subsequently grew in
culture (Manthou et al. 2021).

Given that:

e many strains of F. oxysporum are able to live as saprophytes on plant debris and in the
rhizosphere (around the root systems), so it is likely that F. oxysporum entering New
Zealand on pineapple would be able to live in the soil even in the absence of
particular live host plants;

e many strains can colonise the root and vascular systems of nearby plants to some
extent;

e Fusarium oxysporum can produce chlamydospores (resting spores) and these spores
can survive for several years and germinate when conditions favour development of
the fungus;

e Fusarium oxysporum sensu lato is widespread in New Zealand and reported from
many different host plants, so the New Zealand environment is known to be suitable
for many strains of F. oxysporum;

MPI considers the likelihood of new strains/species in the F. oxysporum species complex (not
currently present in New Zealand) from pineapple establishing in New Zealand is HIGH,
with MODERATE uncertainty.
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5.1.3.5 Impacts in New Zealand

This assessment is made on the assumption that strains/species in the F. oxysporum species
complex (not currently present in New Zealand) entering New Zealand on pineapples has
successfully established in the New Zealand environment.

It is likely that some F. oxysporum strains from pineapple will be able to establish local
populations in the soil (see above). New strains of F. oxysporum can be carried to new areas
by human movement of soil and infected plant material. Although the only reported host of
F. oxysporum strains that affect pineapple is pineapple, some Fusarium oxysporum strains are
reported to cause disease in more than one host e.g. forma specialis apii is reported from
hosts in the Apiaceae (Apium graveolens, celery), Fabaceae (Pisum sativum, pea); the
Asteraceae (Tithonia rotundifolia; Mexican sunflower), Asparagaceae (Asparagus officinalis;
asparagus), Malvaceae (Gossypium spp.), Solanaceae (Solanum melongena; eggplant) (Edel-
Hermann and Lecomte 2019). However, without additional molecular data, there is no way of
knowing whether any isolates from other hosts are the same as pineapple strains.

Fusarium oxysporum is widespread in New Zealand on many hosts, including hosts of
economic importance to New Zealand. Any assessment of impacts would be purely
speculative because there is no specific evidence that regulated/unwanted named species, or
formae speciales, or as yet undescribed species/strains in the F. oxysporum complex, are
associated with pineapple or that F. oxysporum strains recorded from pineapple are
pathogenic on other plant species. The biosecurity risks associated with F. oxysporum on
pineapple are similar to the biosecurity risks associated with F. oxysporum on other fresh
produce pathways that are not known to be host regulated or unwanted F. oxysporum strains.
For a newly introduced strain/species in the F. oxysporum species complex to have impacts
on hosts other than pineapple beyond the existing impacts from F. oxysporum already present
in New Zealand, it would need to be able to colonise and cause disease symptoms in plant
hosts of economic importance or environmental significance to New Zealand, and out-
compete local Fusarium strains in the soil and/or in plant hosts. The likelihood of this
sequence of events is assessed as negligible. Even if F. oxysporum strains from imported
pineapple occasionally cause disease symptoms on plant hosts in New Zealand, it is unlikely
that the impacts will be greater than the impact of F. oxysporum strains that are already
present. Overall, it is most likely that F. oxysporum strains entering New Zealand associated
with pineapple will be pathogenic only to pineapple, or opportunistic post-harvest pathogens,
or non-pathogenic strains and the economic or environmental impact of such strains to New
Zealand is considered to be negligible. There is low uncertainty in these conclusions.

Economic impacts

The only reported host of F. oxysporum strains that affect pineapple is pineapple. The New
Zealand pineapple industry is currently very small and localised to a single production site in
Northland. For an imported strain of F. oxysporum to have impacts on pineapple in New
Zealand, it would have to establish close to where pineapples are grown or be spread there by
movement of contaminated soil or plant material.

Reports on the climate/weather conditions that lead to F. oxysporum causing severe disease in
pineapples (see above) suggest that the weather in Northland (or elsewhere in New Zealand if
pineapple production expanded) would seldom be consistently warm and wet enough for
these strains to have an impact on pineapple production. Weather conditions that are reported
to favour symptom development in pineapple plants infected with the Costa Rican “pineapple
cultivation dieback” F. oxysporum strain (>80% humidity and daytime temperatures from
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28-35 °C for a prolonged period (Jiménez and Granados 2014)) are extremely unlikely to
occur in New Zealand, even in a changing climate. In contrast, development of fruitlet core
rot symptoms on Réunion Island, is favoured by high rainfall and temperatures between 16—
21 °C at the time of flowering (Fournier et al. 2015), conditions that may sometimes occur in
Northland. However, F. oxysporum is not often reported as a prevalent cause of fruitlet core
rot in pineapple, apart from a single study in Brazil by Souza et al. (2018).

Uncertainty

There is low uncertainty in this conclusion because there is very limited evidence that
F. oxysporum strains from pineapple can be pathogenic to other hosts, and because it is
considered highly unlikely that pineapple strains imported from tropical areas will out-
compete local F. oxysporum strains.

Given that

e the only reported host of F. oxysporum strains from pineapple is pineapple;

e the New Zealand pineapple industry is currently very small and localised to a single
production site in Northland,;

e weather conditions (prolonged periods of high temperature and humidity) that
promote symptom development in F. oxysporum-infected pineapple plants are
extremely unlikely to occur in New Zealand, even in a changing climate;

e for anewly introduced strain of F. oxysporum to have economic impacts on other
plant hosts it would need to spread to production areas, out-compete local Fusarium
strains in the soil or plant hosts and be pathogenic (or acquire pathogenicity) to
economic hosts other than pineapple, and the likelihood of this sequence of events is
considered negligible;

e even if F. oxysporum strains from imported pineapple occasionally cause disease
symptoms on other plant hosts in New Zealand, it is unlikely that the impacts will be
greater than the impact of F. oxysporum strains that are already present;

MPI considers the economic impact of new strains/species in the F. oxysporum species
complex (not currently present in New Zealand) from pineapple in New Zealand is
NEGLIGIBLE, with LOW uncertainty.

Environmental impacts

Given that it is likely that F. oxysporum strains entering New Zealand associated with
pineapple will be pathogenic only to pineapple, or opportunistic post-harvest pathogens, or
non-pathogenic strains (see above), MPI considers the environmental impact of new
strains/species in the F. oxysporum species complex (not currently present in New Zealand)
from pineapple in New Zealand is negligible, with low uncertainty.

Human health impacts

Searches (see above) found no specific evidence that F. oxysporum strains from pineapple
cause human disease, but two studies reported that F. oxysporum strains from pineapple
could produce harmful mycotoxins in culture.

Numerous studies record F. oxysporum as a human pathogen in immunocompromised people
and infections are sometimes reported in immunocompetent people (Lombard et al. 2019),
and F. oxysporum has been reported to cause approximately 20% of cases of fusariosis
(Guarro 2013). Systemic Fusarium infections in humans are often difficult to treat because
they are resistant to commonly used antifungal treatments (Guarro 2013). Although pineapple
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strains of F. oxysporum have not been recorded as human pathogens, it is likely that they can
sometimes cause opportunistic infections in humans, particularly if they are
immunocompromised. However, given that such opportunistic infections are rare, and many
strains of F. oxysporum are already present in New Zealand (BiotaNZ 2022), the likelihood
of additional impacts from new strains is considered to be negligible.

Fusarium oxysporum can produce toxins in food that are harmful to human health when
eaten. For example, F. oxysporum isolates from pineapple contain the gene for producing the
mycotoxin beauvericin (Stepien and Waskiewicz 2013; Waskiewicz and Stepien 2013).
Barral et al. (2020) reported that F. oxysporum culture from pineapple produced beauvericin.
Eating a diet contaminated with beauvericin and enniatins (another class of mycotoxins)
caused liver and gut lesions, changes in liver function, decreased diversity of the gut
microbiome and reduced growth in recently weaned piglets (Novak et al. 2021). Fusarium
oxysporum has also been reported to produce fumosinin analogs which may also be harmful
to human health (Rheeder et al. 2002) and fusaric acid (Lopez-Diaz et al. 2018) in culture.
However, for new F. oxysporum strains to produce mycotoxins in New Zealand grown
pineapples, they would first have to establish in New Zealand in this host, which is highly
unlikely. Therefore, the health impacts for consumers from mycotoxins produced by

F. oxysporum in New Zealand grown pineapples are negligible. Although there is potential
for human health impacts from mycotoxins produced by F. oxysporum in imported
pineapples, this is out of scope of this PRA.

Given that:
e the risk of harmful mycotoxins contaminating New Zealand grown pineapples as a
result of new F. oxysporum strains from imported pineapples is negligible;
e opportunistic F. oxysporum infections in humans are rare, many strains of
F. oxysporum are already present in New Zealand and the likelihood of additional
infections from new strains is considered to be negligible;

MPI considers the human health impact of new strains/species in the F. oxysporum species
complex (not currently present in New Zealand) from pineapple in New Zealand is
NEGLIGIBLE, with LOW uncertainty.

Sociocultural impacts

The only reported host of F. oxysporum strains that affect pineapple is pineapple, which is
only occasionally grown in home gardens in New Zealand. It is unlikely that F. oxysporum
strains from pineapple are pathogenic to hosts unrelated to pineapple (see above). Therefore,
MPI considers the sociocultural impact of F. oxysporum strains from pineapple in New
Zealand is NEGLIGIBLE, with LOW uncertainty.

5.1.3.6  Overall impact to New Zealand

MPI considers the overall impact of strains/species in the F. oxysporum species complex (not
present in New Zealand) on the New Zealand economy, environment, health and society is
NEGLIGIBLE, with low UNCERTAINTY.

5.1.3.7 Overall risk to New Zealand

Based on the assessments of likelihood and consequences above, that:
e the likelihood of entry is HIGH,
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e assuming entry, the likelihood of exposure is HIGH,

e assuming successful exposure, the likelihood of establishment is HIGH, and

e the overall impact on the New Zealand economy, environment, human health, and
society is considered to be NEGLIGIBLE,

MPI considers the overall level of assessed risk to New Zealand from strains/species in the
F. oxysporum species complex (not present in New Zealand) on pineapple fruit is
NEGLIGIBLE with LOW uncertainty.

5.1.4 Specific considerations

On which pineapple variety (or varieties) and at what stage of ripeness has

F. oxysporum association with pineapple fruit been observed?

There are reports of F. oxysporum associated with most varieties of pineapples and several
different pineapple diseases. Fusarium oxysporum has been reported from the MD-2 cultivar
in Réunion Island (fruit with fruitlet core rot) (Barral et al. 2020; Vignassa et al. 2021) and
Costa Rica (pineapple plants with cultivation dieback symptoms). Fusarium oxysporum was
also isolated from fruit of the Queen Victoria cultivar in Réunion Island (Barral et al. 2020;
Vignassa et al. 2021) and the Pérola cultivar in Brazil. In Malaysia, F. oxysporum was
isolated from fruit of the Moris, Josapine, and Gandul varieties with rot symptoms. In Peru,
the Smooth Cayenne cultivar is susceptible to channelled rot of pineapple fruit (mancha con
galerias), caused by F. oxysporum and other fungi (Bello Amez and Julca Otiniano 2005).
Jiménez and Granados (2014) also mention that a strain of F. oxysporum was isolated from
plants of the Smooth Cayenne and Spanish cultivars with dieback symptoms in Venezuela,
but the original reference to this was not sourced.

In information on diseases of pineapple from the Kerala Agricultural University website, Joy
and Sindhu (2012) report that Smooth Cayenne pineapples in Kerala usually show no
external symptoms of fruitlet core rot (attributed to F. guttiforme and P. funiculosum),
whereas in the Mauritius cultivar (in the Queen cultivar group) infected fruitlets fail to ripen,
remaining green (known as “green eye”). Assuming that this is a characteristic of the disease
and does not reflect the particular Fusarium species, fruitlet core rot may be easier to detect
in ripe Queen pineapples than in the Smooth Cayenne cultivar.

Fusarium oxysporum can be isolated from fruit at all stages of development. In fruitlet core
rots, Fusarium spp. are reported to enter the flower associated with mites, so the fungi are
present from the earliest stages of fruitlet development, although the fungus remains latent
until fruit is ripe (Fournier et al. 2015). There are reports of F. oxysporum:

e on developing fruit at production sites (Ibrahim et al. 2015),

o sampled from fully ripe fruit with completely yellow skin (C4 stage). Partially ripe
fruit was harvested when ¥4 of the skin was yellow (C1 stage) and ripened at 19 °C
(Vignassa et al. 2021),

e isolated from mature fruit at the time of harvest (Barral et al. 2020),

e isolated from commercially available ripe fruit (Stepien et al. 2013) and from
samples of ready to eat pineapple (fresh-cut pineapple packed in PVC trays) supplied
by a manufacturer in Athens, Greece (Manthou et al. 2021).

Which part(s) of the pineapple fruit is Fusarium oxysporum associated with (e.g. fruit,
bract, stem or crown remnant) and is it detectable by visual detection?
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Fusarium oxysporum is reported as the cause of pineapple plantation dieback disease, a
vascular wilt, in Costa Rica (Jiménez and Granados 2014; Blanco-Menéses et al. 2022), and
possibly the Philippines, based on the descriptions of accessions MZ604650.1, MZ604651.1,
and MZ604652.1 in GenBank. Pineapple plantation dieback disease strains of F. oxysporum
are most likely to be associated with the core (which is a modified stem), and crown or stem
remnants without visible symptoms. These strains would not be detected by visual inspection.

Fusarium oxysporum can also be associated with individual fruitlets under the bracts of the
pineapple, although it is not the most frequently reported cause of fruitlet core rots (Souza et
al. 2018; Barral et al. 2020; Vignassa et al. 2021). Fruitlet core rot symptoms develop
sometimes as soft brown spots of visible rot on the bracts or skin (Fournier et al. 2015; Souza
et al. 2018). However, photos of cut sections of diseased fruitlets in Souza et al. (2018) and
Vignassa et al. (2021), suggest that fruitlet core rots can sometimes be entirely internal and
these would escape detection during post-harvest processing and visual inspection. Both these
authors also reported isolating F. oxysporum from asymptomatic fruit. In the Mauritius
cultivar (in the Queen cultivar group) fruitlets with fruitlet core rot may fail to ripen,
remaining green (known as “green eye”) (Joy and Sindhu 2012). In many cases fruitlet core
rot would only be detected if the fruit was cut along an axis that exposed the infected fruitlets.

In an outbreak in Malaysia, rotten lesions containing fungal mycelium were reported on the
outside of the fruit (Ibrahim et al. 2015), and a rot such as this would be easily detected
during production or preparation for export.

Are different life stages of F. oxysporum associated with different parts of the pineapple
fruit?

No sexual stages of F. oxysporum have been observed (Gordon 2017), so only the asexual
stage is associated with pineapple.

Under what environmental conditions (temperature, season etc) are F. oxysporum
symptoms expressed on pineapple fruit?

On Réunion Island, where F. oxysporum was sometimes associated with fruitlet core rot
(Barral et al. 2020; Vignassa et al. 2021), disease development is favoured by high rainfall
and temperatures between 16-21 °C at the time that pineapple flowers, although symptoms
do not develop until the fruit ripen (Fournier et al. 2015). Rot symptoms (black spots in the
flesh under the bracts) developed in pathogenicity tests on mature fruit after seven days at 19
°C. Harvested fruit developed symptoms after ripening fully at 19 °C, but these were
observed by cutting the fruit and symptoms may remain internal. In pathogenicity tests with
F. oxysporum isolates from pineapple in Brazil, the fungus caused internal rotten lesions in
fruit after 7 days stored at 25 °C (Souza et al. 2018).

Does F. oxysporum exhibit latent/asymptomatic traits?
Asymptomatic colonisation of the vascular system of above ground parts of host plants by F.
oxysporum is reported (for example, Imazaki and Kadota 2015, see section above).

In pineapple, F oxysporum has been isolated from fruitlet core rots, in which infection occurs
at the time of flowering, but symptoms remain latent (do not develop) until the fruit begins to
ripen (Fournier et al. 2015). It is highly likely that pineapple cultivation dieback strains of
Although the only visible symptom of pineapple cultivation dieback in fruit is reduced size in
severe infections (Jiménez and Granados 2014; Blanco-Menéses et al. 2022), it is highly
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likely that F. oxysporum can be systemic in the vascular system of the plant, including the
core of the fruit and stem or crown remnants (see above).

5.1.5

Appendix to risk assessment of Fusarium oxysporum

Information from MPI Plant Health and Environment Laboratory

The project leads asked the MPI Plant Health and Environment Laboratory (PHEL) for
additional information about whether strains of F. oxysporum found on pineapple fruits are
present in NZ and whether these strains are specific to pineapple. Answers to these questions
are detailed in the appendix.

Most available sequences of F. oxysporum strains found from pineapple do not match
sequences of known New Zealand isolates:

Of the 316,360 Fusarium oxysporum sequences in GenBank, 23 were recorded as
associated with pineapple (Katharina Hofer, PHEL, pers. comm. 2022). None of these
records derived from New Zealand isolates, but from isolates obtained from the
Philippines, Brazil, Costa Rica, Cameroon, and Dominican Republic (Katharina
Hofer, PHEL, pers. comm. 2022).

There is no evidence that any of the pineapple-associated F. oxysporum strains with
sequences in GenBank are present in New Zealand. BLAST analysis showed that
most of these pineapple-associated sequences did not match sequences from known
New Zealand isolates (Katharina Hofer, PHEL, pers. comm. 2022).

The ITS region sequence from one isolate matched the sequence of a New Zealand
isolate (Katharina Hofer, PHEL, pers. comm. 2022). However an ITS sequence alone
is not sufficient to identify Fusarium species or subspecies (Katharina Hofer, PHEL,
pers. comm. 2022). Another gene region (e.g. TEF or RPB2) would need to be
analysed to determine if this isolate is identical to the New Zealand isolate (Katharina
Hofer, PHEL, pers. comm. 2022). Note that this only one of the 23 isolates, so even if
this strain were present, the others are not.

Searches of F. oxysporum sequences in GenBank provided no information about whether
strains of F. oxysporum from pineapple were associated with other hosts or pathogenic in
other hosts.

Although many of the 23 pineapple-associated F. oxysporum sequences found in
GenBank searches matched with other publicly available records, each of these
matches was based on a single gene region (ITS, TEF, or RPB2) from a pineapple-
associated F. oxysporum isolate (Katharina Hofer, PHEL, pers. comm. 2022).
Matches across more than one would be necessary to draw conclusions whether a
certain isolate is identical to another one (Katharina Hofer, PHEL, pers. comm. 2022).
Many of the matching records in GenBank do not state the host they were isolated
from and/or have not been published in scientific papers, so do not provide any
insight into host-specificity or pathogenicity of the pineapple isolates (Katharina
Hofer, PHEL, pers. comm. 2022). Therefore, there is no specific information about
whether strains of F. oxysporum from pineapple can cause disease in other hosts.
According to Edel-Hermann and Lecomte (2019), “Molecular identification of F.
oxysporum formae speciales would ideally target pathogenicity-related genes”. Whole
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genome sequencing, in order to identify virulence markers, would be necessary to
determine host-specificity and/or identify F. oxysporum to the formae speciales level
via molecular methods in the future (Katharina Hofer, PHEL, pers. comm. 2022).
Unfortunately, this is not feasible with the methods currently available to PHEL, and
there is no reference material available for the known pineapple isolates (Katharina
Hofer, PHEL, pers. comm. 2022).

Geographical distribution of F. oxysporum from pineapple

Table 5.1 shows the reports of F. oxysporum from pineapple in markets in scope of the IRA
found in literature and database searches41.

Table 5.1. Records of Fusarium oxysporum, from pineapple, in markets in scope of this IRA.

Market Record of F. oxysporum from pineapple

Isolated from commercially available Costa Rican pineapple fruit with
fungal symptoms (sometimes in coinfection with other Fusarium species)
(Stepien et al. 2013). Identified based on translation elongation factor tef-
10 sequence alignment.

Isolated from stalks of plants (MD-2 cultivar) with symptoms of the
disease "pineapple cultivation dieback" (see below) collected from farms
in Venecia, San Carlos. Identified by morphological characteristics, PCR-
Restriction Fragment Length Polymorphisms and comparison of TEF
gene sequences with accessions in GenBank. (Stepien et al. 2013;
Jiménez and Granados 2014; Umafia-Castro 2018; Blanco-Menéses et
al. 2022)

Isolated from commercially available pineapple fruit from Ecuador with
fungal symptoms (sometimes in coinfection with other Fusarium species)
(Stepien et al. 2013). Identified based on translation elongation factor tef-
1a sequence alignment (Stepien et al. 2013); No other information found
in searches of literature, fungal collections or the GenBank nucleotide
sequence database.

Isolated from pineapple fruit (varieties Moris, Josapine, and Gandul) with
disease symptoms (rotten lesions and visible mycelia) in Kedah, Penang,
Perak, Selangor, Negeri Sembilan, and Johor (Ibrahim et al. 2015) and
this record is cited in the USDA Fungal Database (Farr and Rossman
2022) Collections from Sabah and Peninsular Malaysia in HerbIMI (2022).
No further evidence found in searches of literature, fungal collections.
Three translation elongation factor 1-alpha (tef1-a) sequences in
GenBank (Clark et al. 2016) identified as F. oxysporum from Ananas
comosus leaf from an unpublished study of pineapple cultivation dieback
in the Philippines (GenBank: MZ604650.1, MZ604651.1, MZ604652.1).

Costa Rica

Ecuador

Malaysia

The Philippines

41 GenBank (Clark et al. 2016); Google Scholar; CAB abstracts; USDA Fungal Database (Farr and Rossman 2022), HerbIMI
(2022) and the Pacific Islands Pest List Database (2022) were searched with the term “Fusarium oxysporum”. Search terms
for Google Scholar; CAB abstracts were "Fusarium oxysporum" and “Ananas comosus" or “pineapple” and the country
name. Google scholar searches were limited where appropriate with -banana -plantain -Panama (not when searching for
records in Panama) -cubense
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No record of F. oxysporum from pineapple found in searches of literature,
fungal collections or the GenBank nucleotide sequence database. No
record of F. oxysporum on pineapple in a report by Summerell et al.
(2010) cataloguing Fusarium species associated with plants in Australia.

Australia

Indonesia, Panama, Sri
Lanka, Taiwan,
Thailand

No record of F. oxysporum from pineapple found in literature searches,
fungal collections or sequence databases.

Pacific countries: Cook
Islands, Fiji, New
Caledonia, Papua New
Guinea, Samoa, Tonga
Vanuatu

No record of F. oxysporum from pineapple found in searches of literature,
fungal collections or the GenBank nucleotide sequence database. No
record of F. oxysporum from pineapple in the Pacific Islands Pest List
Database (2022)
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5.2 Fusarium verticillioides

Fusarium verticillioides is a fungal pathogen that often colonises its hosts systemically as an
endophyte and causes disease symptoms when the plant is stressed or injured. It causes
economically significant yield losses due to stalk, ear and kernel rots in some grain crops,
especially maize, and causes occasional outbreaks of seedling, stem and root rots, vascular
wilts or post-harvest fruit rots in many other plant crops. It is probably an opportunistic
pathogen of pineapple and can be associated with either asymptomatic fruit or fruit with rot
symptoms.

5.21 Taxonomic description

Scientific name: Fusarium verticillioides (Sacc.) Nirenberg 1976

Order: Hypocreales Family: Nectriaceae

Other names: Gibberella fujikuroi mating population A; Oospora verticillioides Sacc. 1881;
Alysidium verticillioides (Sacc.) Kuntze 1898; Fusarium moniliforme J. Sheld. 1904;
Gibberella moniliformis Wineland 1924; Fusarium ear rot (of maize).

Taxonomic notes:

Fusarium verticillioides was part of the historic species named as F. moniliforme, but they
are not exact synonyms. Fusarium moniliforme-included six or more reproductively isolated
mating populations from the Fusarium fujikuroi species complex (some of which have since
been described as separate species), and Seifert et al. (2003) designated one of these mating
populations as F. verticillioides. The name F. moniliforme should not be considered to be
equivalent to F. verticillioides, particularly when dealing with older literature (Seifert et al.
2003; Yilmaz et al. 2021). However, this PRA has referred some older studies describing the
biology of F. moniliforme in maize (a well-studied host of economic importance to New
Zealand), since this probably relates to F. verticillioides or a closely related species with
similar biology.

5.2.2 Hazard Identification

Fusarium verticillioides is not known to be present in New Zealand.

e Fusarium verticillioides is recorded as “not present in NZ” BiotaNZ (2022).

e There is no entry of Fusarium verticillioides in PPIN (2022). Although
F. moniliforme is recorded in New Zealand, BiotaNZ (2022) says that the record of
F. moniliforme by Fullerton (1978) is unlikely to be F. fujikuroi Mating Population A
(that is F. verticillioides), and PPIN does not record any collections of
F. verticillioides.
Fusarium verticillioides is a regulated pest for New Zealand (ONZPR 2022).

Fusarium verticillioides has the potential to establish and spread in New Zealand.
e Fusarium verticillioides has a broad geographical distribution and is widespread in
many areas with a similar climate to the whole of New Zealand (based on a climate
match index of >0.7 using the CLIMEX tool of (Phillips et al. 2018)).
e Fusarium verticillioides has a broad host range including commonly grown New
Zealand plants and many weed species (Postic et al. 2012; Farr and Rossman 2022),
and suitable hosts are likely to be available throughout New Zealand.
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e Fusarium verticillioides produces spores on infected tissues and plant debris, which
can be spread by water and insects (Parsons and Munkvold 2012; Drakulic et al.
2017) and are adapted for air (wind) dispersal (Ooka and Kommedahl 1977).

Fusarium verticillioides has the potential to cause harm to New Zealand.
e Fusarium verticillioides is reported to cause disease symptoms in many horticultural
hosts that are important to New Zealand, such as stem and ear rots of maize (Zea
mays) (Goertz et al. 2010; Parsons and Munkvold 2012).
e Fusarium verticillioides can cause disease in humans and other animals (Nucci and
Anaissie 2007; Benedict et al. 2017; Oldenburg et al. 2017; Blacutt et al. 2018).

Fusarium verticillioides has been isolated from commercially produced pineapple fruit, with
and without disease symptoms (Stepien et al. 2013; Ibrahim et al. 2017; Vilaplana et al. 2018;
Valencia-Chamorro et al. 2021; Vignassa et al. 2021).

Given the arguments and evidence above, F. verticillioides is considered to be a hazard on
decrowned pineapple (Ananas comosus) fruit (as described in the commodity description)
imported to New Zealand.

5.2.3 Risk Assessment

5.2.3.1 Biology

Hosts and geographical distribution

Fusarium verticillioides has a widespread distribution in tropical, sub-tropical and temperate
areas, including many areas with a similar climate to New Zealand. For example,

F. verticillioides has been reported in Spain (Aguin et al. 2014), Serbia (Krnjaja et al. 2018),
Germany (Pfordt et al. 2020), Kansas, lowa, Georgia, Tennessee California and North
Carolina, USA (Bush et al. 2004; Parsons and Munkvold 2012), Italy (Cao et al. 2013),
Poland (Czembor et al. 2019), Germany (Goertz et al. 2010), Serbia (Krnjaja et al. 2018),
Croatia (Postic et al. 2012), Slovakia (Srobarova et al. 2002), eastern China (Anhui and
Jiangsu) (Qiu et al. 2015), and Australia (New South Wales) (Watson et al. 2014), all areas
with a climate similar to the whole of New Zealand (based on a climate match index values
of >0.7 using the CLIMEX model of Phillips et al. (2018)).

Fusarium verticillioides is reported from pineapple (Ananas comosus) fruit (Stgpien et al.
2013; Ibrahim et al. 2017; Vilaplana et al. 2018; Vignassa et al. 2021, discussed in detail in
the next section). There are specific reports of F. verticillioides on pineapple in Costa Rica,
Malaysia and Ecuador (markets in scope of this import risk analysis). However, searches
using the terms “Fusarium verticillioides” and “pineapple” or “Ananas comosus” found no
evidence that F. verticillioides isolates would be specific to pineapples, so this assessment
has assumed that the fungus can be associated with pineapple anywhere that it is present.
Table (appendix) shows evidence from literature and database searches42 that

F. verticillioides is present in most markets in the scope of this import risk analysis.

42 GenBank (Clark et al. 2016); Google Scholar; CAB abstracts; USDA Fungal Database (Farr and Rossman 2022), HerbIMI (2022) and the
Pacific Islands Pest List Database (2022) were searched with the term “Fusarium verticillioides”. Search terms for Google Scholar; CAB
abstracts were " Fusarium verticillioides " and the country name. An additional search on the terms “Fusarium moniliforme” and the country
name. was included in Google scholar and CAB abstract searches if no records were found in the initial search, but country presence records
based on this synonym have high uncertainty (see taxonomic notes).
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Fusarium verticillioides has a broad host range across many plant families (Farr and
Rossman 2022), and yield losses are commonly reported in grains and grasses (Poaceae),
especially maize (Parsons and Munkvold 2012; Watson et al. 2014; Li et al. 2019; Pfordt et
al. 2020) Although the major economic host of importance to New Zealand of

F. verticillioides is maize, it has also sometimes been reported to cause disease symptoms in
other crops of economic importance to New Zealand, e.g. head rot affecting Chinese
flowering cabbage (Brassica rapa L. parachinensis) plants (Akram et al. 2020), post-harvest
fruit rot of grapes (Vitis vinifera) (Lorenzini and Zapparoli 2015), root rot of asparagus
(Asparagus officinale) (Ismail et al. 2017), vascular wilt of tomato (Chehri 2016; Murad et al.
2016; Chang et al. 2018) and spring onion (Dissanayake et al. 2009) and bulb rot of garlic
(Delgado-Ortiz et al. 2016).

Fusarium verticillioides has also been isolated from soil and crop debris and weed species in
some areas (Postic et al. 2012; Martinez et al. 2021). Fusarium verticillioides is reported to
cause economic impacts in some other hosts of less importance to New Zealand, such as
sugarcane (Saccharum officinarum), rice (Oryza sativa), sorghum (Sorghum bicolor) and
cotton (Gossypium hirsutum) (not discussed in detail in this PRA but see references in the
entry for F. verticillioides in Farr and Rossman 2022 if more information about impacts in
these crops is required)

In addition to causing disease in plant hosts, F. verticillioides has been reported as pathogenic
to insects and mites (Pelizza et al. 2011; Abdel Galil et al. 2019; Patel and Ghetiya 2019;
Sain et al. 2021; Ni et al. 2022). For example, blue winged grasshoppers (Tropidacris collaris
(Stoll); Orthoptera: Acridoidea: Romaleidae) were collected, and kept in conditions that
favour fungal development of entomopathogenic fungi (30 °C, 14:10 light-dark photoperiod,
60% relative humidity) (Pelizza et al. 2011). Fusarium verticillioides was isolated from
grasshoppers that died within 10 days of collection. In pathogenicity tests, a spur-throated
grasshopper species (Ronderosia bergii (Stal); Orthoptera: Acridoidea: Acrididae:
Melanoplinae) were infected with F. verticillioides and approximately 60% of the insects
were dead by 10 days after inoculation.

Symptoms of F. verticillioides in pineapple

There are several recent records confirming that F. verticillioides can be present in pineapple
fruit as an asymptomatic endophyte or in disease lesions alone or with other pathogens
(Stepien et al. 2013; Ibrahim et al. 2017; Vilaplana et al. 2018; Vignassa et al. 2021).
Fusarium verticillioides can be associated with all parts of the pineapple fruit. Fusarium
verticillioides has been isolated from the cores (Stepien et al. 2013), internal fruitlets
(Vignassa et al. 2021) and external lesions of the skin and flesh (e.g. brown discolouration,
dry rot and sunken patches, fungal mycelium, brownish ooze) (Ibrahim et al. 2017; Vilaplana
et al. 2018). Infected pineapple plants also showed symptoms including gum exudation,
rotten or sunken stems, dry rot of leaves and leaf chlorosis and necrosis (Ibrahim et al. 2017).

Fusarium verticillioides can be asymptomatic or cause only internal symptoms in pineapple
fruit. The fungus was isolated from healthy pineapple fruitlets and from fruitlets with core rot
symptoms in pineapples harvested partially green and ripened in storage at 19 °C (Vignassa
et al. 2021). Vignassa et al. (2021) did not carry out pathogenicity tests to confirm that

F. verticillioides isolates could cause fruitlet core rot symptoms. Fruitlet core rot is rot of
individual fruitlets under the bracts which can develop into soft brown spots of visible rot on
the bracts or skin (Fournier et al. 2015), but photos of cut sections of diseased fruitlets in
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Vignassa et al. (2021) suggest that symptoms can sometimes be entirely internal and would
escape detection unless the fruit was cut along an axis that exposed the infected fruitlets.
Internal rot of pineapple caused by F. verticillioides was observed during cold storage
(\Valencia-Chamorro et al. 2021).

The evidence summarised above suggests that F. verticillioides is usually a mild (probably
opportunistic) pathogen in pineapple fruit and may be present as an asymptomatic endophyte
or in disease lesions along with other pathogens. Whether symptoms of F. verticillioides are
external and can be detected by visual inspection in pineapple fruit probably depends on the
interaction of many factors including time and route of infection, environmental conditions,
coinfection with other pathogens, whether the pineapple plant or fruit is damaged or injured,
packhouse fungicide treatments, fruit ripeness and the strain of the fungus.

Conditions favouring F. verticillioides symptom development in pineapple

In pathogenicity tests in puncture-inoculated pineapple fruit (MD2 variety), lesions of F.
verticillioides developed in cold storage at 8 °C (relative humidity = 80%), reaching
approximately 25 mm in diameter after 21 days (Vilaplana et al. 2018). These lesions
expanded to 35 mm diameter when the fruit was returned to an ambient temperature of 20 °C
(relative humidity = 85%) for seven days (Vilaplana et al. 2018). Vilaplana et al. (2018) do
not record cutting the fruit, so it is assumed that the rot lesions were externally visible.
Fusarium verticillioides lesions developed much more slowly in pineapple fruit treated with
the fungicide prochloraz (to a final size of approximately 10 mm diameter), and Vilaplana et
al. (2018) report that this fungicide treatment is a standard packhouse treatment for fruit from
Ecuador.

Mild fruit rot symptoms (brown lesions) were observed in cut pineapple fruit, two weeks
after wound inoculation with F. verticillioides isolates from pineapple (fruit incubated at 27 +
1°C with 75%-80% humidity)(Ibrahim et al. 2017). Ibrahim et al. (2017) do not state the
stage of development, but the fruit shown in the figure illustrating symptoms on pineapple
fruit in the field appears yellow and detached mature fruit were used for pathogenicity tests.

Pineapple variety susceptibility

In pathogenicity tests on ripe pineapples (Gandul, Josapine and Morris varieties) with

F. verticilliodes isolates from Malaysia, Josapine showed the most severe rot symptoms
(Ibrahim et al. 2017). Fusarium verticilliodes was associated with fruit of MD2 variety with
rot symptoms (Vilaplana et al. 2018). Fusarium verticilliodes was isolated from fruitlets of
ripe pineapples of the ‘Queen Victoria’ cultivar with and without symptoms (Vignassa et al.
2021).

Life cycle, reproduction and transmission

Spread: Fusarium verticillioides is a seed and soilborne pathogen and microconidia, or small
asexual spores, are the main form of inoculum and are spread by wind (up to 400km), water
splash and insects (Ooka and Kommedahl 1977; Munkvold et al. 1997; Munkvold 2003;
Presello et al. 2007; Wilke et al. 2007; Ortiz et al. 2015; Blacutt et al. 2018). Although F.
verticillioides can produce spores through sexual reproduction (for example Gomes et al.
(2020)), different mating types would not be required for F. verticillioides to establish in New
Zealand. Fusarium verticillioides can systemically colonise maize plants via the soil (Oren et
al. 2003; Gai et al. 2018). Western flower thrips (Frankliniella occidentalis) are associated
with the spread of F. verticillioides in maize (Parsons and Munkvold 2010, 2012; Drakulic et
al. 2017) and are present in New Zealand (BiotaNZ 2022). Lepidopteran ear borers such as
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Helicoverpa armigera, Conogethes punctiferalis, Ostrinia nubilalis and O. furnacalis are also
reported to spread F. verticillioides in maize (Darvas et al. 2011; Mazzoni et al. 2011;
Niculina et al. 2019; Li 2021), but of these species, only H. armigera is reported in New
Zealand (BiotaNZ 2022). Sap beetles, rootworm beetles and picnic beetles have also been
reported to carry spores of F. verticillioides (Gilbertson et al. 1986; Sobek and Munkvold
1999; Drakulic et al. 2017).

Growth and reproduction of F. verticillioides: In culture, the optimum temperature for
growth of F. verticilliodes was between 28 —30°C and the fungus grew at temperatures
between 4-36 °C (Wilke et al. 2007), although Reid et al. (1999) reported 5 °C as the
minimum temperature for growth.

In culture, production of conidia (asexual spores) of F. verticillioides isolates from maize in
Italy increased progressively from 5 °C to the optimum temperature of approximately 27—
30°C (Rossi et al. 2009). Sporulation declined rapidly above this temperature, with only at
low levels at 40°C and no spore production at 45°C (Rossi et al. 2009). Conidia of

F. verticillioides germinated between 5-37 °C in culture, with an optimum of 25°C (Marin et
al. 2004)

Environmental reservoirs of F. verticillioides

Fusarium verticillioides survives in crop residues in the soil and this serves as a reservoir and
primary source of fungal inoculum to infect hosts systemically via the roots, or via water
splash or wind dispersal of spores) (Leslie et al. 1990; Wilke et al. 2007; Murillo-Williams
and Munkvold 2008). Fusarium verticillioides does not produce chlamydospores (resting
spores) but overwinters on crop residues as sclerotia (quiescent thickened hyphae) which
resume growth when environmental conditions become favourable again (Munkvold 2003;
Parsons and Munkvold 2012). Fusarium verticillioides (as F. moniliforme) was recovered
from corn, sorghum, and soybean crop residues (Leslie et al. 1990). Fusarium verticillioides
remained viable in maize stalk residue on the soil surface or buried for at least 630 days and
on wheat stalks on the soil surface for 180 days (when the experiment ended) (Palazzini et al.
2013).Fusarium verticillioides can survive in soil and potting mix (Karim et al. 2016;
Mohammadian et al. 2017; Puértolas et al. 2018).

Weed species from diverse monocot and dicot families can act as environmental reservoirs of
F. verticillioides including Agrostemma githago (Caryophyllaceae), Amaranthus retroflexus
and Chenopodium album (Amaranthaceae), Avena fatua, Hordeum sp. and Sorghum
halepense (Poaceae), Capsella bursa-pastoris (Brassicaceae), Papaver rhoeas
(Papaveraceae), Helianthus sp., Portulaca oleracea (Portulacaceae) and Xanthium
strumarium (Asteraceae) and Datura ferox (Solanaceae) (Postic et al. 2012; Martinez et al.
2021).

5.2.3.2 Likelihood of entry

Fusarium verticillioides has been reported from the fruitlets of pineapple fruit (Vignassa et al.
2021) and the flesh and skin. Although systemic endophytic infections have not specifically
been reported from pineapple, they are common in many other monocot hosts (e.g. maize,
wheat) and it is likely that F. verticillioides from the soil can systemically colonise the stems
of pineapple, and be present in the core (a modified stem) and stem and crown remnants of
fruit.
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Fusarium verticillioides can be asymptomatic, or disease symptoms may be entirely internal
in pineapple fruit (Vignassa et al. 2021), see description of fruitlet core rot (section 4.1.3.1).
It is likely that internal fruitlet core rot symptoms would escape detection in the packhouse or
visual inspection.

Fusarium verticillioides sometimes produces external rot symptoms on pineapple fruit. For
example, Vilaplana et al. (2018) describe symptoms of F. verticillioides as light to dark
brown discoloured sunken patches on fruit, covered with fungal mycelium and a brownish
exudate. Fusarium verticillioides was one of the Fusarium species recorded on pineapple
fruit in Malaysia, causing brown discolouration of fruit, dry rot and sunken fruit skin and
internal fruitlet rot (Ibrahim et al. 2017). External lesions on fruit such as the ones described
in these studies are likely to be detected during production and/or removed during preparation
for export.

In pathogenicity tests with isolates from fruit with external rot symptoms, mild rot symptoms
were observed in detached mature fruit by cutting the fruit vertically after 2 weeks incubation
(27 £ 1°C with 75%-80% humidity) (Ibrahim et al. 2017). In pathogenicity tests, an isolate of
F. verticillioides caused external rot symptoms in ripe pineapples even at 8 °C (Vilaplana et
al. 2018). Fruitlet core rot symptoms in fruit infected with Fusarium spp. early in
development do not usually develop until fruit is ripe (Fournier et al. 2015). This suggests
that rot symptoms caused by F. verticillioides may develop once fruit ripens. However,
pineapples exported to New Zealand may be at the mature green stage and rot symptoms do
not seem to be reported in unripe fruit. In addition, pineapple fruit for export may be treated
with fungicides to slow development of post-harvest rots. For example, Vilaplana et al.
(2018) note that in Ecuador, pineapples are usually treated in the packhouse with the
fungicide prochloraz and in their study rotten lesions of F. verticillioides developed more
slowly in fruit sprayed with prochloraz. This suggests that symptoms of F. verticillioides on
pineapple fruit will often be mild and difficult to detect, or still internal at the time of arrival
in New Zealand.

Pineapples are usually shipped at 7-13 ° C under 85-90% moisture for 14-28 days (see
Annex.Appendix 3). Studies have shown that isolates of F. verticillioides can grow in culture
(Reid et al. 1999; Marin et al. 2004; Wilke et al. 2007) and even produce conidia (Rossi et al.
2009) at temperatures as low as 5 °C (although this temperature is far below the optimum, see
4.1.3.1). Fusarium verticillioides can overwinter as sclerotia on plant debris (Munkvold
2003b; Parsons and Munkvold 2012). Fusarium verticillioides is widespread in areas such as
Poland (Czembor et al. 2019), Germany (Goertz et al. 2010), Serbia (Krnjaja et al. 2018),
Croatia (Postic et al. 2012), Slovakia (Srobarova et al. 2002) and corn-growing regions of
mainland USA (Parsons and Munkvold 2012) where winter temperatures are regularly below
freezing point. Therefore, it is considered highly likely that F. verticillioides can remain
viable through sea freight transit times and that transit conditions are likely to allow survival
of F. verticillioides but unlikely to promote rapid development of symptoms, especially in
less ripe fruit.

There are no border interceptions of any Fusarium species on imported fresh pineapples
between 2000-2020 (LIMS 2022), only two fungi and no other pathogens identified by the
MPI diagnostic laboratories. This could be interpreted as evidence that fungi are not
frequently associated with the fresh pineapple pathways. However, given the evidence
presented above, it is likely that F. verticillioides can be associated with asymptomatic
pineapple fruit and remain latent in fruit stored at cold temperatures. Pineapple fruit may not
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show symptoms until it is returned to a temperature that allows the fruit to ripen and the
fungus to grow more rapidly (as described above for fruitlet core rot caused by
F. verticillioides).

Given the high volume of fresh pineapples imported to New Zealand, and the high likelihood
that some F. verticillioides infections of pineapple fruit will remain undetected because
symptoms are internal or the fruit is asymptomatic, even a low prevalence of infection would
equate to a high likelihood of entry (one—two infected fruit entering New Zealand
undetected/year)

Uncertainty

There is low uncertainty (evidence from several studies) that F. verticillioides can be
associated with commercially produced pineapple fruit (Stepien et al. 2013; Ibrahim et al.
2017; Vilaplana et al. 2018; Vignassa et al. 2021). There is evidence that F. verticillioides
can sometimes be present in pineapple fruit without showing symptoms (Vignassa et al.
2021) or causes only small lesions in fungicide-treated fruit (a common packhouse treatment
in Ecuador) (Vilaplana et al. 2018) that might be missed in a visual inspection because of the
complex architecture of the fruit.

Given that:

e Fusarium verticillioides is recorded from most markets in scope of the IRA;

e Fusarium verticillioides can be associated with pineapple fruit at all developmental
stages;

e Fusarium verticillioides can survive transit conditions;

e Fusarium verticillioides is sometimes associated with internal fruitlet rots;

e Fusarium verticillioides is sometimes asymptomatic in pineapple fruit so cannot
always be detected in a visual inspection even if fruit is cut in half;

the likelihood of F. verticillioides entering New Zealand associated with pineapple fruit is
considered to be high, with low uncertainty.

5.2.3.3 Likelihood of exposure

This assessment is made on the basis that F. verticillioides has entered New Zealand
undetected.

Exposure is considered to be the transfer of a pest or disease from an imported commodity or
inanimate object, to a host or environment suitable for the completion of development or
production of offspring.

Imported fresh pineapple fruit is intended for human consumption, therefore, when the fruit
arrives in New Zealand it will be distributed throughout New Zealand for wholesale or retail
sale. Fresh pineapple fruit generates substantial amounts of unavoidable waste; the thick rind
is always removed and disposed of, and the fruit is also sometimes cored (see waste analysis
Annex 2.3.1). Given that F. verticillioides often colonises plants via the vascular system (the
water and nutrient transport system that runs through the roots and stems), it is likely that it
can be present in the cores of pineapple fruit with internal infections. Fusarium verticillioides
is also an occasional fruitlet core rot pathogen — infected skin and localised areas of rotten
flesh are likely to be discarded by consumers. The disposal of whole fruit (e.g. culled/unsold
fruit, uneaten fruit remains) is not uncommon during wholesale, retail and by consumers.
This suggests that F. verticillioides may have a higher likelihood of exposure when
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associated with fresh pineapple fruit than when it is associated with other kinds of fresh
produce that are generally eaten whole.

In New Zealand the most common method of disposal of organic waste is bagged into landfill
(Askarany and Franklin-Smith 2014); this is unlikely to be a risk. However, there are other
disposal methods that could increase the exposure likelihood of the fungus, such as feeding
out to animals, home composting and direct disposal into the environment. Fruit waste may
be collected from unpacking areas (e.g., supermarket preparation rooms) and taken to rural
areas where it is placed on the ground for eventual consumption by pigs or other farm
animals (MPI 2014). The waste materials may also be used in worm farming. Using the waste
materials to feed animals may inadvertently expose F. verticillioides to the soil and
waterways before it eventually finds a suitable host. Fusarium verticillioides can persist in
host residue (e.g. crop residues and probably pineapple waste) on or in the soil (Leslie et al.
1990; Postic et al. 2012) for almost two years (Cotten and Munkvold 1998). Fusarium
verticillioides can overwinter as sclerotia (Munkvold 2003; Parsons and Munkvold 2012).
Viable F. verticillioides was recovered commercial potting mix at 17 months after
inoculation (when sampling ended) (Puértolas et al. 2018). Fusarium verticillioides has been
isolated from soil samples, although it was less prevalent than other Fusarium species (Karim
et al. 2016; Mohammadian et al. 2017).

Commercial composting can suppress many plant pathogens because the internal temperature
of the compost can exceed 55°C (Hoitink et al. 1997; Mehta et al. 2014) and F. verticillioides
is unlikely to survive in such conditions. However, the fungus is likely to thrive in home
composts since their temperatures mostly range between 15°C and 30°C (Mensah 2017). This
suggests that F. verticillioides can survive on pineapple waste in domestic compost and be
transferred into the environment when the compost is spread in the garden.

Fusarium verticillioides spores can be spread by water splash, wind and insects (Ooka and
Kommedahl 1977; Munkvold et al. 1997; Munkvold 2003; Presello et al. 2007; Wilke et al.
2007; Ortiz et al. 2015; Blacutt et al. 2018), so it is likely that F. verticillioides spores
produced on pineapple waste in the compost can spread to nearby plants (rodents and
invertebrates visiting the compost bin or pile could also contribute to this). Suitable hosts are
highly likely to be growing near anywhere that pineapple waste is discarded into home
compost, if it is fed to animals outside, and in garden areas where domestic compost is likely
to be spread. Fusarium verticillioides can colonise many plant species that commonly grow
in home gardens, including tomatoes (Chehri 2016; Chang et al. 2018; Mwangi et al. 2021),
garlic (Delgado-Ortiz et al. 2016), corn (Parsons and Munkvold 2012), rhododendron (Ares
2020), several species of pine (Salerno and Lori 2007; Martin-Pinto et al. 2008; Maciel et al.
2017), and sunflowers, poppies and common weed species including sorghum and amaranth
(Postic et al. 2012)

Uncertainty

There is moderate uncertainty in these conclusions, because it is uncertain what proportion of
domestic fruit and vegetable waste is discarded into domestic compost or into the
environment (see waste analysis Annex 2.3.1). However, given that pineapple is a high waste
commodity, and a high volume of pineapple is imported, it is assumed that some infected
waste will be discarded in home compost.

Given that:
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e Pineapple is a high waste commodity and rinds and sometimes cores are removed and
discarded; and

e If pineapple waste infected with F. verticillioides is disposed of in domestic compost
or directly into the environment, the fungus can survive on pineapple waste and other
plant debris.

e The fungus can be spread by movement of soil and plant material (including compost)
and can colonise/infect host plants via the roots or via microconidia (asexual spores)
which are carried by water, insects, or wind.

e Suitable hosts are widespread in New Zealand.

e The environment throughout New Zealand is likely to be suitable for F. verticillioides

the likelihood of exposure of F. verticillioides in New Zealand from pineapple fruit is
considered to be high with moderate uncertainty.

5.2.3.4 Likelihood of establishment

This assessment is made on the basis that F. verticillioides has been successfully exposed to a
suitable host plant in the New Zealand environment.

The climate in New Zealand is highly unlikely to limit the establishment of F. verticillioides.
The fungus is reported to have a worldwide distribution and is widespread in areas with a
similar climate to the whole of New Zealand, that is areas with a climate match index >7
according to the CLIMEX model of Phillips et al. (2018) (for examples see section 4.1.3.1).
In cooler climates, F. verticillioides can overwinter as sclerotia (thickened hyphae).

Microconidia (small asexual spores) can be wind, water and insect-borne and are the main
form of inoculum for spread of F. verticillioides (Ooka and Kommedahl 1977; Munkvold
2003; Drakulic et al. 2017; Blacutt et al. 2018). Given that asexual spores are the main form
of inoculum for spread of F. verticillioides (Ooka and Kommedahl 1977), different mating
types would not be required for F. verticillioides to establish in New Zealand, although

F. verticillioides can also produce spores through sexual reproduction (Gomes et al. 2020).

Hosts of F. verticillioides are ubiquitous in the New Zealand environment and include
tomatoes (Chehri 2016; Chang et al. 2018; Mwangi et al. 2021), garlic (Delgado-Ortiz et al.
2016), maize/corn (Parsons and Munkvold 2012), rhododendron (Ares 2020), several species
of pine (Salerno and Lori 2007; Martin-Pinto et al. 2008; Maciel et al. 2017), and sunflowers,
poppies and common weed species including sorghum and amaranth (Postic et al. 2012).

Competition with F. graminearum, F. proliferatum, F. oxysporum and other Fusarium
species common in New Zealand is unlikely to limit establishment of F. verticillioides.
Fusarium verticillioides co-occurs with these species throughout its range (for examples see
Windels et al. 1976; Presello et al. 2007; Petrovic et al. 2009; Goertz et al. 2010; Ili¢ et al.
2012; Li et al. 2019; Jabtonska et al. 2020; Pfordt et al. 2020).

There is low uncertainty in these conclusions.

Given that:
e The climate of New Zealand is likely to be very suitable for F. verticillioides
e Suitable hosts of F. verticillioides are ubiquitous in New Zealand
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e Fusarium verticillioides can reproduce asexually, so does not require two different
mating types

e Microconidia of Fusarium verticillioides are spread by wind, water splash and insects
(some species of which are present in New Zealand)

e Competition with Fusarium species already present in New Zealand is unlikely to
limit establishment of F. verticillioides.

the likelihood of F. verticillioides establishing in New Zealand is considered to be high, with
low uncertainty.

5.2.3.5 Impacts in New Zealand

This assessment is made on the assumption that F. verticillioides has successfully established
in the New Zealand environment.

It is highly likely that F. verticillioides can spread throughout New Zealand, given that the
climate is likely to be suitable and microconidia can be spread over long distances (up to 400
km) by wind (Ooka and Kommedahl 1977), as well as by movement of plant material and
soil (see 4.1.3.1). Insects have also been reported to spread F. verticillioides and increase its
impacts in maize, including Western flower thrips (Frankliniella occidentalis) (Parsons and
Munkvold 2010, 2012) and Helicoverpa armigera, (Darvas et al. 2011; Niculina et al. 2019).
These species are reported in New Zealand (BiotaNZ 2022).

Economic impacts

Fusarium verticillioides has the potential to cause harm to New Zealand, primarily by
causing ear rots and reduced yield in maize. Fusarium verticillioides has also sometimes been
reported to colonise and/or cause disease symptoms in other crops of economic importance to
New Zealand, but this is not expected to result in economic losses (discussed below).
Fusarium verticillioides is reported to cause economic impacts in some other hosts of less
importance to New Zealand, such as sugarcane (Saccharum officinarum), rice (Oryza sativa),
sorghum (Sorghum bicolor) and cotton (Gossypium hirsutum) (not discussed further in this
PRA but see references in the entry for F. verticillioides in Farr and Rossman 2022 if more
information about impacts in these crops is required).

Maize is likely to be the main economic host of F. verticillioides in New Zealand. Mould
symptoms and reduced kernel weight due to F. verticillioides infection can cause reductions
to maize grain yields and consequently economic losses in areas with a similar climate to
New Zealand43, for example Argentina (Presello et al. 2007), maize-growing regions of USA
(Parsons and Munkvold 2012) Chongging, China (Zhou et al. 2018) and New South Wales,
Australia (Watson et al. 2014). The proportion of kernels with mould or starburst44 symptoms
attributed to F. verticillioides typically ranges from 0% to 10%, depending on the
susceptibility of hybrid and seasonal growing conditions (Presello et al. 2007; Parsons and
Munkvold 2012). However, symptoms and yield losses can be more severe when
environmental conditions favour disease development. For example, in maize grain grown in
Kauai county (Hawaii) and Yolo county (California), the proportion of mouldy kernels
attributed to F. verticillioides was greater than 70% in some samples (Parsons and Munkvold
2012). (Parsons and Munkvold 2012). Parsons and Munkvold (2012) reported that mould
symptoms were highly correlated with thrips populations Outbreaks of cob rot in sweetcorn

43 areas where maize was grown in these studies have a similar climate to the whole of New Zealand based on a climate match index of
0.7-0.8 according to the CLIMEX model of Phillips et al. (2018).
44 white or pink streaks radiating from the base of the kernel which reduce kernel weight and quality
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and maize attributed to F. verticillioides caused processors and stockfeed suppliers to reject
several crops in New South Wales Australia because local regulations do not allow mould
kernels (Watson et al. 2014).

There is strong evidence suggesting that F. verticillioides will cause additional impacts on
maize, greater than the impact of the Fusarium species that are already present in New
Zealand, particularly in hotter dryer growing seasons. Fusarium verticillioides is often the
most prevalent Fusarium pathogen colonising maize, although it often coexists with other
pathogens, including F. graminearum, F. temperatum,, F. proliferatum and F. oxysporum
(Munkvold 2003; Goertz et al. 2010; Krnjaja et al. 2018; Zhou et al. 2018; Li et al. 2019; Liu
et al. 2019; Pfordt et al. 2020). Prior infection of maize with F. graminearum (which is
present in New Zealand) can lead to increased rates of F. verticillioides infection (Picot et al.
2012)) Fusarium verticillioides reached higher levels in maize ears than F graminearum
when maize plants had been co-inoculated with both species (Picot et al. 2012). This suggests
that the presence of F. graminearum in New Zealand may contribute to the spread and
impacts of F. verticillioides. Some in-field management measures such as ploughing that are
used to control F. graminearum in maize may favour F. verticillioides infection (Pfordt et al.
2020), These species are also favoured by different climatic conditions. Moderate
temperatures and frequent rainfall during the growing season promote infection by

F. graminearum and F. temperatum, whereas hotter drier (drought) seasons favour F.
verticillioides (Goertz et al. 2010). This suggests that the impacts of F. verticillioides are
likely to be highest in hotter, drier regions and at times of drought when crops and stock are
already experiencing the effects of water and heat stress.

MPI has estimated that that impacts of F. verticillioides in New Zealand over a 20-year
period would be moderate, based on yield losses to the $389 million/year maize industry and
the following assumptions:

e Fusarium verticillioides is likely to cause approximately 3% losses annually to maize
production, based on a scenario in which between 1-8% of the crop develops fungal
symptoms (usually at the lower end), depending on hybrids and growing conditions in
a given year. This is based on the assumption that F. verticillioides widely colonises
maize plants as it has in other areas with similar climates to New Zealand and that
mould symptoms are scattered and mild in most cultivars and growing seasons.

e The fungus was assumed to take 5 years to achieve its maximum spread across maize
production areas of New Zealand.

e Management measures for Fusarium species are not completely effective (and
different, and sometimes incompatible controls are useful for F. verticillioides from
other maize-infecting Fusarium species in New Zealand, see above), so we have
assumed that the maize industry will never fully recover (>100 years).

e In addition, we have assumed that there will be at least one growing season in the 20-
year period where F. verticillioides has higher impacts (yield losses of approximately
10%) across one or more maize production areas due to weather conditions favouring
development of disease symptoms (hot and dry years).

There are likely to be downstream impacts of yield losses from F. verticillioides (see
Robertson and Hurren (2022), which estimates the total economic impact of maize, including
downstream industries such as animal production and food manufacture as $843
million/year), but these are difficult to quantify as downstream industries would presumably
source grain from elsewhere if New Zealand maize yields were lower in one season. This
PRA has not estimated the economic impacts of animal illness or mortality due to high
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mycotoxin levels, nor impacts of mycotoxin contamination on sales of maize here or in
overseas markets. However, in areas with a similar climate to New Zealand and high
prevalence of F. verticillioides, fumonisin levels in maize grain are sometimes above
regulatory limits. For example, in Umbria (Italy), mean fumonisin levels were above 4 mg/g
(the maximum limit set by the European Union) in both 2006 and 2007 and this was
attributed primarily to F. verticillioides (Covarelli et al. 2011). In a survey in China between
2016-2018, 8.2% of maize kernel samples had fumonisin levels above 4.0 mg/kg, and 20.4%
had fumonisin levels above 2.0 mg/kg (the maximum limit set by the United States Food and
Drug Administration) (Li et al. 2019). Shipments of grain with fumonisin levels above
maximum limits might be rejected for export causing losses for the producer. Fumonisins
caused heart inflammation and intestinal lesions (atrophy and fusion of the villi in the
jejunum) in piglets fed on feed contaminated with 3.7 mg/kg fumonisins, below the European
Union (EU) recommended maximum of level of 5 mg/kg of total fumonisins in swine
(Terciolo et al. 2019). Equine leukoencephalomalacia disease caused by fumonisins has
occurred several times in Australia, resulting in the death of several thoroughbred horses
(Summerell et al. 2010). This suggests that outbreaks of F. verticillioides in maize have the
potential for flow-on effects on animal health and productivity

Wheat (Triticum spp.) and barley (Hordeum vulgare) are frequently reported as hosts of

F. verticillioides and the fungus can cause stalk rot and kernel symptoms (rot or black point)
in these species (Cosic et al. 2007; Busman et al. 2012; Gagkaeva and Yli-Mattila 2020) and
reduce germination rates (Duan et al. 2007) However, infection rates of F. verticilliodes in
wheat and barley samples were low compared with other Fusarium species such as

F. graminearum, F. proliferatum F. avenaceum and F. poae (Loiveke 2006; Cosic et al.
2007; Duan et al. 2007; Busman et al. 2012; Ji et al. 2019), which BiotaNZ (2022) records as
present in New Zealand). Isolates of F. graminearum from Croatian wheat and barley had a
higher kernel infection rate in pathogenicity tests in wheat and barley and caused much larger
reductions in seed germination and total kernel weight (that is grain yield) than isolates of

F. verticilliodes (Cosic et al. 2007). Therefore, it is considered unlikely that Fusarium
verticillioides will cause yield losses in wheat and barley beyond those already caused by
Fusarium species present in New Zealand.

Before the recent arrival of pitch pine canker (Fusarium circinatum) in Europe,

F. verticillioides, along with F. oxysporum and F. proliferatum, was among the main causes
of damping-off of Pinus spp. in European nurseries (Elvira-Recuenco et al. 2020). Isolates of
F. verticillioides from pine seeds of several species have been shown to reduce seedling
emergence cause damping-off symptoms such as wilting, low, seedling-survival rate, reduced
root development and root rot and leaf chlorosis in pathogenicity tests (Salerno and Lori
2007; Maciel et al. 2017). Fusarium verticillioides was isolated from symptomatic P. radiata
nursery plants in Portugal, although the authors did not specify the exact symptoms or
confirm pathogenicity with testing (Ares 2020). Damping-off associated with F. oxysporum
is infrequent in Australasian nurseries in normal growing conditions (Dick and Simpson
2003) and there is no evidence that F. verticillioides will have higher impacts on plantation
pine species than F. oxysporum and other Fusarium species that are present in New Zealand.
Therefore, impacts on pine were not assessed in detail.

There are isolated reports of F. verticillioides causing post-harvest fruit rots, vascular wilts,
leaf spots and defoliation and root rots (usually confirmed by pathogenicity testing) at
isolated production sites or at low prevalence in disease surveys in other crop plants that are
economically important to New Zealand, for example, grapes (Vitis vinifera), avocado
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(Persea Americanum), tomato (Solanum lycopersicum), cabbages (Brassica spp.), beets (Beta
vulgaris), garlic (Allium sativum), sweet potato (Ipomoea batatas), Welsh onion (Allium
fistulosum) and asparagus (Asparagus officinale) (Zhang et al. 2008; Dissanayake et al. 2009;
Lorenzini and Zapparoli 2015; Chehri 2016; Delgado-Ortiz et al. 2016; Ismail et al. 2017;
Cao et al. 2018; Chang et al. 2018; Akram et al. 2020; Ekhuemelo and Nsobundu 2020; Jitjak
and Sanoamuang 2021; Mwangi et al. 2021). Several of these reports are from an area very
different climate from New Zealand,45 such as Guangdong, China (Akram et al. 2020),
Thailand (Jitjak and Sanoamuang 2021), Malaysia (Ismail et al. 2017) or Benue, Nigeria
(Ekhuemelo and Nsobundu 2020). Due to the scattered nature of these reports, it appears that
infections of F. verticillioides in crops other than grains are sporadic. Impacts in these crops
were not modelled because we have assumed that it is unlikely that the fungus will cause
disease outbreaks in these crops with impacts greater than the Fusarium species already
present in New Zealand, such as F. proliferatum, F. solani or F. oxysporum which were
found in coinfection with F. verticillioides in these hosts (for examples, see Zhang et al.
2008; Dissanayake et al. 2009; Lorenzini and Zapparoli 2015; Chehri 2016; Delgado-Ortiz et
al. 2016; Cao et al. 2018; Chang et al. 2018).

Uncertainty

This conclusion is based on the assumption that F. verticillioides will have negligible impacts
on hosts that are economically important in New Zealand, other than maize. There is good
information from several studies available for barley and wheat that although

F. verticillioides can be quite prevalent in these crops, it usually occurs in coinfection with
other Fusarium species, particularly F. graminearum which was more pathogenic to these
hosts in tests (Cosic et al. 2007) and is present in New Zealand (BiotaNZ 2022). For most of
the other hosts described above, searches (of Google Scholar and CAB abstracts, using the
terms “Fusarium verticillioides” and “host species name” or “host common name”) found
zero, one or very few reports of symptomatic infections with F. verticillioides. Disease
outbreaks were often localised to a single production site and F. verticillioides was usually a
minor component of the Fusarium community isolated from infected plants. Although this
PRA has assumed that F. verticillioides is rarely a major cause of disease in hosts other than
maize, there is moderate uncertainty in this conclusion because there is limited information
available for each of these hosts, diseases caused by Fusarium species are common, and the
agents are not always identified.

Given that:

e estimates of economic impacts to New Zealand based on a single severe outbreak of
ear rot in maize caused by F. verticillioides causing yield losses of approximately
20% of the crop in that season, and ongoing yield losses of 0-5% depending on
growing conditions in that season.

e There are rare reports of outbreaks of symptomatic disease associated with
F. verticillioides in other plants of economic importance to New Zealand.

e Impacts in crops other than maize are assumed to be unlikely given that impacts will
not be greater than the Fusarium species already present in New Zealand.

the economic impact of F. verticillioides in New Zealand is considered to be moderate, with
moderate uncertainty.

45 Based on a climate match index of <6 using the Climex model of (Phillips et al. 2018) indicating the climate is not similar to the whole of
New Zealand
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Environmental impacts

Fusarium verticillioides has the potential to cause harm to indigenous plant species.
Fusarium verticillioides has an extremely broad host range, but disease symptoms are
commonly reported in grain species in the Poaceae family such as sorghum (Kelly et al.
2017; Félix-Gastélum et al. 2022), wild and cultivated rice (Oryza sativa, O. australiensis)
(Pak et al. 2017) and maize (Parsons and Munkvold 2012; Watson et al. 2014). The New
Zealand Plant Conservation Network lists 101 native or endemic plants in the Poaceae
family, all of which are considered ‘at risk’ or ‘threatened” (NZPCN 2022). Fusarium
verticillioides was also associated with disease symptoms in an exotic Pittosporum species
(P. tobira) in a Portuguese nursery but no pathogenicity testing was reported, and other
Fusarium species associated with these plants may have been responsible for the symptoms.
The New Zealand Plant Conservation Network lists 23 native or endemic Pittosporum
species or varieties, of which 13 have a conservation status of ‘threatened’ or ‘at risk’
(NZPCN 2022).

Fusarium verticillioides has the potential to cause harm to indigenous arthropod species.
Fusarium verticillioides has been reported to cause disease and death in insects and mites and
is sometimes used for biocontrol (Pelizza et al. 2011; Abdel Galil et al. 2019; Patel and
Ghetiya 2019; Sain et al. 2021; Ni et al. 2022). New Zealand has indigenous species in the
Acrididae and has endemic species in Orthoptera with ‘at risk’ or ‘threatened’ conservation
status (NZTCS 2022). Fusarium verticillioides caused high mortality in naturally infected
blue winged grasshoppers (Tropidacris collaris Orthoptera: Romaleidae) in the wild and
approximately a spur-throated grasshopper species (Ronderosia bergii, Orthoptera:
Acrididae) (Pelizza et al. 2011). Orthopterans tend to aggregate, especially to mate, so it is
likely that the pathogen would have the opportunity to spread if it infected endemic
communities in New Zealand. However, the insects in this study were kept in captivity in
conditions that favour symptom development of fungal pathogens of insects (30 °C, 14:10
light-dark photoperiod, 60% relative humidity) (Pelizza et al. 2011), so there is high
uncertainty about whether insects would develop symptoms of fungal infection under natural
conditions

Overall, there is high uncertainty about whether F. verticillioides will cause disease in
indigenous species in the natural environment because there is no direct evidence that

F. verticillioides causes disease symptoms in particular indigenous plant or insect species.
Grains in commercial production and nursery plants are grown at high density and are likely
to be subject to different stresses from plants growing in the natural environment in New
Zealand. Fusarium verticillioides is unlikely to pose a significant threat to species that are
abundant or distributed widely across New Zealand, but even localised disease symptoms that
reduce the fitness of a few plants or insects might impact a rare or threatened species.

Given that;

e Fusarium verticillioides is reported to cause disease in plant and insect genera and
families that include indigenous species with “at risk” or “threatened” conservation
status, but there is no direct evidence that F. verticillioides causes disease symptoms
in particular indigenous plant or insect species

the environmental impact of F. verticillioides in New Zealand is considered to be very low
with high uncertainty.
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Human health impacts

Fusarium verticillioides can cause disease in humans (Nucci and Anaissie 2007; Benedict et
al. 2017). Fusarium verticillioides is one of the fungi that causes superficial keratitis,
especially in soft contact lens users or cases of eye trauma (Kamle et al. 2019). It can
occasionally cause deep infections, systemic infections or even death, although usually in
immunocompromised patients (Nucci and Anaissie 2007; Tortorano et al. 2008; Benedict et
al. 2017). A cluster of severe F. verticillioides infections in seven hospitalised internal
medicine patients (not immunocompromised) as a result of a hospital reconstruction in
Greece resulted in the deaths of four patients (Benedict et al. 2017). Infections caused by
species in the Fusarium solani complex (e.g. F. petroliphilum) and F. oxysporum species
complex cause approximately 80 % of human clinical cases and infections by

F. verticillioides are comparatively rare and more often susceptible to antifungal drugs
(Guarro 2013).

Fusarium verticillioides can also produce mycotoxins (fumonisins) in food crops, especially
maize grain, that are associated with liver or kidney disease, cancer and birth defects in
humans (Ortiz et al. 2015; Oldenburg et al. 2017). Fumonisin levels are sometimes over the
European Union and United States limits in maize grain from areas with a similar climate to
New Zealand (see 0 Economic impacts)

There is low uncertainty in this conclusion.

Given that:
e Fusarium verticillioides can cause minor localised skin or eye infections but can
occasionally cause systemic or fatal infections.
e In maize and other food crops, F. verticillioides can produce fumonisin and other
mycotoxins that are associated with liver or kidney disease, cancer and birth defects.
e However, fumonisin levels are usually below the European Union and United States
limits in maize grain areas with a similar climate to New Zealand
the human health impact of F. verticillioides in New Zealand is considered to be very low,
with low uncertainty.

Sociocultural impacts

Fusarium verticillioides has the potential to cause harm to some taonga species. Fusarium
verticillioides was one of the fungi isolated from leaf spot lesions on sweet potato (Ipomoea
batatas) plants growing in Makurdi, Benue State, Nigeria (Ekhuemelo and Nsobundu 2020).
The climate match index of this area is 0.4 indicating that the climate is not similar to all of
New Zealand (based on the CLIMEX model of Phillips et al. (2018)). Ipomoea batatas is the
sweet potato species that includes the taonga plant kumara. In pathogenicity tests in which
the plants were inoculated by spraying with an F. verticillioides spore suspension, dark
brown necrotic lesions developed on the leaves and approximately 37% of leaves were lost
by four weeks after inoculation (Ekhuemelo and Nsobundu 2020). There is some uncertainty
about the reliability of the identification because Ekhuemelo and Nsobundu (2020) identified
F. verticillioides based on morphological features only. Given that there is only a single
report of F. verticillioides causing disease in sweet potato (along with other fungi), overall
impacts on kumara are likely to be negligible, although there may be localised instances of
F. verticillioides causing disease symptoms in kumara plants.
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Searches of Google Scholar using the terms “Fusarium verticillioides” and each genus of the
taonga species listed in Table 5.3 found host records relating to three of these genera,
Phormium, Pittosporum and Solanum. Fusarium verticillioides was associated with disease
symptoms in nursery plants of the endemic taonga species harakeke (New Zealand Flax;
Phormium tenax) in nursery plants in Portugal, along with other Fusarium species

(F. oxysporum, F. subglutinans, F. graminearum) (Ares 2020), all of which are present in
New Zealand (BiotaNZ 2022). Wharariki (mountain flax, Phormium cookianum), another
endemic species is also in this genus. Fusarium verticillioides was also associated with an
exotic Pittosporum species (P. tobira) (Ares 2020), and tarata (lemonwood; P eugenioides)
and Kahurangi pittosporum (P. dallii) are in the genus Pittosporum. The taonga poroporo
(Solanum laciniatum and S aviculare) is in the genus Solanum and F verticillioides can
cause vascular wilt in tomato (S. lycopersicum; confirmed by pathogenicity tests) (Chehri
2016; Chang et al. 2018) and was isolated from potatoes (S. tuberosum) with storage rot
(Loiveke 2006).

Given that isolates of F. verticillioides caused disease and death in species of two different
families in the Orthoptera (Pelizza et al. 2011; discussed in detail above), the fungus might be
capable of infecting wéta in some conditions.

Overall, there is high uncertainty about whether F. verticillioides will cause disease in taonga
species in the natural environment because there is no direct evidence that F. verticillioides
causes disease symptoms in particular indigenous plant or insect species. Given that

F. verticillioides is commonly isolated from diverse weed species it may be able to colonise
taonga plants growing in the wild, and environmental conditions may occasionally favour
development of disease symptoms in some plants in a localised area, but impacts are likely to
be low.

Given that:

e There is a single report of F. verticillioides causing leaf spot disease in I[pomoea
batatas (the sweet potato species that includes New Zealand kumara cultivars), but
only in an area of Nigeria with very different climate to New Zealand, so
F. verticillioides is unlikely to pose a threat to kumara.

e Fusarium verticillioides is reported to cause disease in plant and insect genera and
families that include indigenous taonga species, including species with “at risk” or
“threatened” conservation status, but there is no direct evidence that F. verticillioides
causes disease symptoms in particular indigenous plant or insect species.

the sociocultural impact of F. verticillioides in New Zealand is considered to be very low
with high uncertainty.

5.2.3.6  Overall impact to New Zealand

MPI considers the overall impact of F. verticillioides on the New Zealand economy,
environment, health and society is MODERATE with HIGH uncertainty.

5.2.3.7 Overall risk to New Zealand

Based on the assessments of likelihood and consequences above, that:
e the likelihood of entry is HIGH
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e assuming entry, the likelihood of exposure is HIGH

e assuming successful exposure, the likelihood of establishment is HIGH

e the overall impact on the New Zealand economy, environment, human health, and
society is considered to be MODERATE

MPI considers the overall level of assessed risk to New Zealand from F. verticillioides on
pineapple fruit is MODERATE with HIGH uncertainty.

5.2.4 Specific considerations

On which pineapple variety (or varieties) and at what stage of ripeness has Fusarium
verticillioides association with pineapple fruit been observed?

It is likely that F. verticillioides can be associated with most or all pineapple varieties and
pineapple fruit at all stages of development. Fusarium verticilliodes was isolated from
fruitlets of ripe pineapples of the ‘Queen Victoria’ cultivar with and without symptoms — the
pineapples were harvested when still partially green and ripened in storage (Vignassa et al.
2021), and fruitlet infection usually occurs at an early stage of development before the bracts
close (Fournier et al. 2015). Fusarium verticilliodes was isolated from symptomatic
pineapples at production sites in Malaysia, but the authors do not say what stage the fruit was
at when symptoms appeared (Ibrahim et al. 2017). In pathogenicity tests on ripe pineapples
(Gandul, Josapine and Morris varieties) with F. verticilliodes isolates from Malaysia,
Josapine showed the most severe rot symptoms (Ibrahim et al. 2017). Ripe pineapples of the
MD2 variety showed fusariosis symptoms (Vilaplana et al. 2018).

Which part(s) of the pineapple fruit is F. verticilliodes associated with (e.g. fruit, bract,
stem or crown remnant) and is it detectable by visual detection?

Fusarium verticillioides has been isolated from fruitlets (i.e. internal flesh) (Vignassa et al.
2021) and the core (Stepien et al. 2013), and was visible on the skin (i.e. bracts) of pineapple
fruit with fusariosis (Vilaplana et al. 2018). It is a systemic vascular endophyte/pathogen in
many other hosts so may also be associated with crown and stem remnants.

Are different lifestages of F. verticillioides associated with different parts of the
pineapple fruit?
Not applicable

Under what environmental conditions (temperature, season etc) are F. verticillioides
symptoms expressed on pineapple fruit?

Symptoms of F. verticillioides (fusariosis or fruitlet core rot) are likely to develop faster at
higher temperatures (although the fungus can grow slowly at temperatures as low as 5°C). In
pathogenicity tests, fusariosis (external rot) symptoms developed in pineapple fruit in cold
storage at 8 °C (Vilaplana et al. 2018). Mild rot symptoms (brown lesions) were observed in
cut fruit of three cultivars (Gandul. Josapine, Moris), two weeks after wound inoculation with
F. verticillioides in ripe pineapple fruit incubated at 27 + 1°C with 75%-80% humidity
(Tbrahim et al. 2017). Fruitlet core rot symptoms in fruit with early natural infections of

F. verticillioides developed in fruit stored at 19 °C, although the authors did not confirm that
F. verticillioides caused symptoms with pathogenicity tests (Vignassa et al. 2021).

Does F. verticillioides exhibit latent/asymptomatic traits in pineapple fruit?
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Yes. Fusarium verticillioides was isolated from asymptomatic fruitlets in ripe pineapples, as
well as fruitlets with core rot symptoms (Vignassa et al. 2021).

5.2.5 Appendix to risk assessment of Fusarium verticillioides
Table 5.2 Evidence for Fusarium verticillioides in markets in scope of this IRA

Market | Recorded in market Uncertainty
Asia

Yes (for example, Nugroho et al. 2013; Pakki 2016;
Dhanti et al. 2017; Maryani et al. 2019; Widiastuti
et al. 2020; Mirsam et al. 2021; Farr and Rossman
2022).

Yes (Hsuan et al. 2011; Ibrahim et al. 2017; Ismail
Malaysia et al. 2017; Najihah et al. 2017; Ibrahim et al. Low. Strong evidence based on many reports.
2020; Yazid et al. 2021; Farr and Rossman 2022)
Yes (for example,Cumagun et al. 2009; Alvindia
and Acda 2010; Magculia and Cumagun 2011; Van
Hove et al. 2011; Singh et al. 2014; Hussien et al.
2017; Farr and Rossman 2022)

Yes, but record of F. verticillioides from maize is
unreliable. Adikaram and Yakandawala (2020)
records as present in maize based on Senevirathna
and Aoki (2008), but the maize samples in that
study were from a Japanese collection (but
published in a Sri Lankan journal). Seneviratne and
Sri Lanka Jeyanandarajah (2004) record F. moniliforme, syn.
F. verticillioides as a cause of Bakanae disease in
rice. Fusarium moniliforme is recorded as an
important pathogen in rice (Fernando et al. 2022,
conference abstract only). No record in Farr and
Rossman (2022) and no records found in CAB
abstracts searches.

Yes (for example, Hsieh et al. 2020; Sun et al. 2020;
Farr and Rossman 2022) In addition, GBIF records
F. verticillioides from Taiwan (Tianliao's Moon
World, Taiwan, Taiwan; Chiayi, Taiwan). No
records found in searches of CAB abstracts and
Google Scholar.46

Yes (for example, Boonyapranai et al. 2008; Van
Thailand Hove et al. 2011; Mohamed Nor et al. 2019; Low. Strong evidence based on many reports.
Srihom et al. 2021; Farr and Rossman 2022),

Indonesia Low. Strong evidence based on many reports

Philippines Low. Strong evidence based on many reports.

High, because there are no reliable reports of F. verticillioides,
only F. moniliforme. However, F. verticillioides is reported in
many neighbouring countries, including India and is highly likely
to be present in Sri Lanka. .

Taiwan Low. Strong evidence based on several reports.

Oceania

(Summerell et al. 2010; Watson et al. 2014; Liew et
) al. 2016; Kelly et al. 2017; Farr and Rossman 2022) h

Australia ’ ! Low. Strong evidence based on many reports.
GBIF has records from Queensland, New South J v rep
Wales and Western Australia.

Fiji, New

Caledonia, No record in Pacific Islands Pest List Database High. There is no record of either presence. or a?se‘nce ‘(l.e. no

Papua New . survey data), so given the broad geographical distribution of

X (2022), nor Farr and Rossman (2022). No records in e - R .

Guinea, 3 F. verticillioides, its presence in these countries cannot be ruled
other searches.

Samoa, out.

Tonga
Yes, collected from Musa sp. in Aitutaki in 1982

Cook ! X R P . High. Presence inferred based on single historic record in reliable
(preserved specimen in Landcare collection PDD .

Islands database, but with no molecular data.

44561)

Yes. Collected from maize stem in Efate, Teoumu
Gardens in 1996, Vanuatu, redetermined in 2014
Vanuatu based on EF1a DNA sequence (a record in GBIF is
derived from this record) (BiotaNZ 2022). No other
records found in searches.?

Central and South America

Moderate, based on a single (reliable) record.

46 GenBank (Clark et al. 2016); Google Scholar; CAB abstracts; USDA Fungal Database (Farr and Rossman 2022), HerbIMI (2022) and
the Pacific Islands Pest List Database (2022) were searched with the term “Fusarium verticillioides”. Search terms for Google Scholar; CAB
abstracts were " Fusarium verticillioides " and the country name. An additional search on the terms “Fusarium moniliforme” and the country
name. was included in Google scholar and CAB abstract searches if no records were found in the initial search, but country presence records
based on this synonym have high uncertainty (see taxonomic notes).
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(Danielsen and Jensen 1998; Danielsen et al. 1998;
Stepien et al. 2013; Guido-Mora et al. 2021)

Yes (Pacin et al. 2003; Moretti et al. 2004; Patifio
Ecuador et al. 2006; Silva et al. 2007; Vilaplana et al. 2018; Low, several references, including molecular identification.
Valencia-Chamorro et al. 2021)

Costa Rica Low, several references, including molecular identification.

Moderate, F. verticillioides is recorded from nearby countries
including Costa Rica. Note (Van Hove et al. 2011) record isolates
of F. musae (a close relative of F. verticillioides lacking the
fumonisin gene cluster) from Panama that may have originally
been recorded as F. verticillioides — (Patifio et al. 2006) recorded
non- fumonisin producing isolates of F. verticillioides from
banana (M. sapientum) Patifio et al. (2006) recorded non-
fumonisin producing isolates of F. verticillioides from banana

(M. sapientum) which may be the closely related F. musae (which
lacks the fumonisin gene cluster)

Panama Yes (Moretti et al. 2004; Patifio et al. 2006).

Table 5.3 List of some taonga species (EPA 2018) checked for association with F. verticillioides
(Search of Google Scholar with search terms “Fusarium verticillioides” and the genus name)

Metrosideros fulgens, Metrosideros perforata, Metrosideros colensoi, Metrosideros diffusa, Dodonaea viscosa, Geniostoma rupestre
var. ligustrifolium, Phormium tenax, Elaeocarpus dentatus, Pseudopanax crassifolius, Pseudowintera colorata, Pseudowintera axillaris,
Hoheria sexstylosa var. ovata, Dacrycarpus dacrydioides, Pennantia corymbose, Coprosma grandifolia, Kunzea ericoides, Kunzea
arenaria, Corynocarpus laevigatus, Aciphylla glaucescens, Aciphylla ferox, Coprosma robusta, Coprosma lucida, Ripogonum scandens,
Porphyra columbina, Hierochloe redolens, Libocedrus plumosa, Macropiper excelsum ssp. excelsum, Freycinettia banksia, Dysoxylum
spectabile, Tetragonia implexicoma, Tetragonia tetragonioides, Anisotome aromatic, Hebe salicifolia, Hebe leiophylla, Peraxilla
colensoi, Fuchsia excorticata, Sophora microphylla, Sophora longicarinata, Elaeocharis sphacelate, Melicytus ramiflorus, Aristotelia
serrata, Asplenium bulbiferum, Cyathea medullaris, Manoao colensoi, Lepidothamnus intermedius, Leptospermum scoparium,
Prumnopitys taxifolia, Rorippa divaricate, Leucopogon fasciclatus, Prumnopitys ferruginea, Lepidium banksii, Lepidium oleraceum,
Gingidia haematitica, Dracophyllum elegantissimum, Dracophyllum traversii, Dracophyllum townsonii, Dracophyllum latifolium,
Myoporum laetum, Rhopalostylis sapida, Schefflera digitata, Polystichum richardii, Pimelea prostrata, Pimelea carnosa, Ficinia spiralis,
Acaena anserinifolia, Peraxilla tetrapetala, Peraxilla colensoi, Cyathea dealbata, Solanum laciniatum, Solanum aviculare, Passiflora
tetrandra Laurelia novae-zelandiae, Pteridium esculentum, Brachyglottis repanda, Metrosideros umbellata, Metrosideros robusta,
Raukaua edgerleyi, Typha orientalis, Arthropodium cirrhatum, Dacrydium cupressinum, Lophomyrtus obcordate, Phyllocladus
trichomanoides, Cyperus ustulatus, Pittosporum eugenioides, Pittosporum dallii, Rubus australis, Rubus schmidelioides, Cordyline
australis, Alectryon excelsus ssp. excelsus, Austroderia richardii, Cordyline indivisa, Podocarpus totara, Podocarpus hallii, Leptecophylla
Jjuniperina, Coriaria arborea, Phormium cookianum, Entelea arborescens, Pseudopanax arboreus, Dicksonia squarrosa, Dicksonia
fibrosa, Juncus pallidus, Agathis australis,
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5.3 Pestalotiopsis microspora

Pestalotiopsis microspora is an endophytic pathogen of over 90 plant species from 48
different families and these include pineapple, kiwifruit, blueberry, and pine trees. The
pathogen often expresses disease symptoms on fruits, leaves and twigs of its hosts. Notable
disease symptoms caused by P. microspora include black spots, scab disease, root rot and
post-harvest fruit rot fruits.

5.3.1 Taxonomic description

Scientific name: Pestalotiopsis microspora (Speg.) G.C. Zhao & N. Li 1995

Order: Amphisphaeriales  Family: Sporocadaceae

Other names: Pestalotia microspora Spegazzini 1880; Pestalotiopsis

microspora var. philippinensis (Saccardo & P. Sydow) Batista & Peres 1966;

Pestalotia dichaeta Spegazzini 1911; Pestalotia royenae Guba 1932; Pestalotiopsis royenae
(Guba) Steyaert 1949; Pestalotia microspora var. philippinensis Saccardo & P. Sydow 1913

Taxonomic notes:

Pestalotiopsis was first recognised as a distinct genus in a taxonomic revision of the genus
Pestalotia and genus Monochaetia (Steyaert 1949), thus Pestalotia microspora became
known as Pestalotiopsis microspora (Batista et al. 1966). Recognition of the genus
Pestalotiopsis was further supported by molecular and taxonomic evidence (Jeewon et al.
2002). However, some research articles published before 2000 still used Pestalotia
microspora instead of Pestalotiopsis microspora.

Metz et al. (2000) proposed that Pestalosphaeria hansenii is the teleomorph (sexual form) of
P. microspora, which would mean that it would now be considered to be the same species.
Although Pestalosphaeria hansenii is present in New Zealand, it is not recognised as the
teleomorph of Pestalotiopsis microspora because there is insufficient evidence to assert that
the two species are synonymous (Bevan Weir*" pers. comm.). The 18S rDNA sequences used
in the Metz et al. (2000) study have poor species resolution and there is no sequence data
confirming the synonymy of the two species in the ICMP+ cultures (Bevan Weir?, pers.com).
Pestalosphaeria hansenii is not given as a synonyn of Pestalotiopsis microspora in the major
fungal taxonomy databases (BiotaNZ 2022; Farr and Rossman 2022; Index Fungorum 2022;
Mycobank 2022).

Cultural and genetic characteristics of Pestalotiopsis microspora are very diverse such that
multiple distinct isolates can occur in an individual plant (Li et al. 1996). The genetic
variability in the different isolates of P. microspora may determine the kind of chemical
compounds they can produce (Li et al. 1996), and possibly their pathogenic effects on plant
hosts (Maharachchikumbura et al. 2011).

5.3.2 Hazard identification
Pestalotiopsis microspora is not known to be present in New Zealand.

47 Bevan Weir, Research Leader, Biological Collections and Databases, Manaaki Whenua — Landcare Research
48 International Collection of Microorganisms from Plants (ICMP)
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e Pestalotiopsis microspora is recorded as "absent” in New Zealand (BiotaNZ 2022;
NZOR 2022).

e There is no entry of Pestalotiopsis microspora in PPIN (2022).

e Pestalotiopsis microspora (syn Pestalotia microspora) is a regulated pest for New
Zealand and has an unwanted status in ONZPR (2022).

Pestalotiopsis microspora has the potential to establish and spread in New Zealand.

e The geographic distribution of P. microspora includes many countries (Farr and
Rossman 2022) and some of these countries have a similar climate with New Zealand.

e Pestalotiopsis microspora has a wide host range (Farr and Rossman 2022) and some
of the hosts (e.g. kiwifruit, blueberries and monterey pines) are commonly grown in
many areas of New Zealand.

e The common ivy and monterey pine are known hosts of P. microspora (Farr and
Rossman 2022) and these species are also widely distributed invasive species in New
Zealand.

Pestalotiopsis microspora has the potential to cause harm to New Zealand.

e Pestalotiopsis microspora has the potential to harm economically important plants
(e.g. kiwifruit) in New Zealand by damaging their fruits or leaves.

e Pestalotiopsis microspora has the potential to expand its host range to include some
native plants because it has host species in the same genera in its realised geographic
range.

e Pestalotiopsis microspora has the potential to affect ornamental trees which are
commonly planted in parks and recreational areas.

Pestalotiopsis microspora is associated with pineapple fruit.
e Pineapple is a reported host of P. microspora (Rao and Mhaskar 1973;
Maharachchikumbura et al. 2011) and the fungus is known to cause post-harvest fruit
rot in pineapples (Yaouba et al. 2021).

Given the arguments and evidence above, Pestalotiopsis microspora is considered to be a
hazard on decrowned Ananas comosus (pineapple) fruit (as described in the commodity
description) imported to New Zealand.

5.3.3 Risk assessment

5.3.3.1 Biology

Fungi in the genus Pestalotiopsis are mostly identified by their conidia (Wei et al. 2005) and
they may occur in plants, soil and water (Guba 1961; Maharachchikumbura et al. 2011). They
commonly occur as endophytes of many plant species (Strobel 2002) and are also known to
occur as saprobes (Guba 1961; Osono and Takeda 1999). Pestalotiopsis spp. may inhabit tree
bark and leaves without causing symptoms but symptoms can develop when host plants are
stressed or wounded (Maharachchikumbura et al. 2011). They are frequently not host
specific but opportunistic pathogens (Hopkins and McQuilken 2000). Pestalotiopsis spp. are
able to infect a wide range of host plants, usually requiring openings caused by mechanical or
insect injuries (Hopkins and McQuilken 2000; Elliott 2006).

Pestalotiopsis spp. are common in both tropical and subtropical ecosystems (Strobel 2002;
Wei et al. 2007). Some species in this genus which includes P. microspora have received
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attention from scientists because they produce compounds which are useful in pharmaceutical
science (Strobel et al. 1996; Strobel et al. 2002). A very interesting aspect of Pestalotiopsis
microspora is that they are very diverse in their morphological and genetic characteristics
(Strobel 2002). For example, Li et al. (1996) found that each of the 16 P. microspora isolates
sampled from seven twigs in a bald cypress tree had distinctive cultural features except for
two isolates. In addition, only nine of the 6 isolates were capable of producing a medically
important compound known as Taxol, and the degree of Taxol production among the nine
isolates varied significantly (Li et al. 1996).

As pathogens, P. microspora cause a variety of diseases depending on host species. For
example, P. microspora is known to cause leaf blight in rubber trees (Ngobisa et al. 2018),
leaf spot in blueberry (Yi-Lan et al. 2021), root rot in loquat (Lu et al. 2016), postharvest fruit
rot in Kiwifruit (Li et al. 2016; Li et al. 2017), scab disease in guava (Keith et al. 2006) and
twig disease in bayberry (Ren et al. 2013). Although P. microspora has not been established
as the causative agent of some diseases like mango tree decline (Dianda et al. 2018) and
cacao leaf spot (Villavicencio et al. 2020), its association with such diseases indicates that it
may likely foster their prevalence.

Hosts and geographical distribution

Pestalotiopsis microspora is known to associate with a wide range of plant species (Farr and
Rossman 2022). Although P. microspora has been recorded in about 90 plant species from
over 45 families (Annex 5.3.6), the list is not exhaustive because the fungus may only occur
as an endophyte in some plant species without causing any disease. For example, P.
microspora is not known to cause any disease in Camellia sinensis (Wei et al. 2005; Wei et
al. 2007), Terminalia arjuna (Tejesvi et al. 2007) and Artocarpus heterophyllus (Riga et al.
2019). Pestalotiopsis microspora has also been reported from soil and fresh water (EBI
2022). The distribution record of P. microspora spans across all continents including
Antarctica (Table 5.4).

Table 5.4 Geographic distribution of Pestalotiopsis microspora (CMI: 0.3 — 0.9) mostly based on Farr
and Rossman (2022). Markets in the scope of this IRA are recorded in bold while distributions with cited
references are not recorded in Farr and Rossman (2022).

Continent/Region Country/Area/Market

Burkina Faso (Dianda et al. 2018), Cameroon (Yaouba et al. 2021),
Africa Egypt (El-Argawy 2016), Ghana (iBOL 2022), Kenya, Morocco (EBI
2022), Réunion Islands (EBI 2022), Tanzania (Telenius 2016).
Bangladesh, China, Hong Kong, India, Indonesia (Suwandi et al. 2012),
Iraq (EBI 2022), Japan, Lebanon (Verkleij 2020), Malaysia (EBI 2022),

Asia Myanmar, Nepal, Singapore, South Korea, Sri Lanka (EBI 2022),
Thailand (Tibpromma et al. 2018).
Netherlands (Verkleij 2020), UK (BMS 2022), Spain (Berbegal et al.
Europe
2010).
North America and the | Cuba, Mexico, USA (Oregon, New Jersey, Hawaii, Florida) Bermuda,
Caribbean Islands West indies, Canada (EBI 2022), Costa Rica (Gall 2022)
Oceania and Antarctica (Gongalves et al. 2015), Australia, Papua New Guinea
Antarctica (Strobel et al. 2002)

Argentina, Brazil, Colombia (Chaves et al. 2022), Ecuador (Villavicencio

South America et al. 2020), Venezuela, Uruguay
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Symptoms

Pestalotiopsis microspora is predominantly known to be a leaf pathogen in pineapple, but
one study recently reported rot symptoms in pineapple fruit in the field and demonstrated
that the fungus was the cause of these symptoms. Postharvest fruit-rot of pineapples caused
by P. microspora has been reported on the ‘smooth Cayenne’ variety (Yaouba et al. 2021)
but it is not certain whether all other pineapple varieties can equally be infected. Infected
pineapple fruits with rot symptoms were collected from different farms after harvest (YYaouba
et al. 2021) indicating that the infection was naturally occurring on mature pineapple fruits in
the fields. Diseased fruits show dark coloured necrotic lesions which expand from the point
of infection and these lesions often appear darker in the grooves surrounding the bracts
(Yaouba et al. 2021). Because P. microspora was reported to cause rot symptoms in
pineapple fruit for the first time just recently, it is unclear whether the rot symptoms were
common in pineapple fruit but the fungus has only been identified as the causative agent, or
whether there is a newly emerged strain that affects fruit as well as causing leaf blotch.

Disease symptoms on pineapple plants, while not part of the commodity description, may
appear as leaf blotch (Rao and Mhaskar 1973) or on dead leaves (Guba 1961). Infected plants
show pale brown circular or irregular necrotic lesions on the tips or central parts of the leaves
and these lesions produce dark fruiting bodies (sporodachia) from which the conidia may be
dispersed (Rao and Mhaskar 1973).

Separate pathogenicity tests for P. microspora on pineapple fruit (Yaouba et al. 2021) and
leaves (Rao and Mhaskar 1973) in the laboratory showed that infected samples may express
symptoms between 8-10 days at room temperature (25°C) but it is not clear if the same time
is required in natural environments. Cultured specimens isolated from fruit and leaves thrived
well at a temperatures close to 25°C (Rao and Mhaskar 1973; Yaouba et al. 2021). The
fungus is also known to survive well at a pH range of 6-7 and a temperature range of 24—
26°C (Chen et al. 2016). Rao and Mhaskar (1973) also noted that sporulation of P.
microspora cultures may continue for up to 15 days while Yaouba et al. (2021) noted that the
cultures produce abundant white mycelia at the top while the base remains brownish black in
colour.

Transmission

Pestalotiopsis spp. are typically transmitted to uninfected hosts by rain or water splashes
(Hopkins 1996). Pathogenicity tests on pineapple fruits (Yaouba et al. 2021) and leaves (Rao
and Mhaskar 1973) using spray inoculation techniques provides evidence that P. microspora
can be transmitted via water droplets. However, the experimental inoculation on pineapple
fruits and leaves required open wounds (Rao and Mhaskar 1973; Yaouba et al. 2021).
Pestalotiopsis microspora may occur as an endophyte (Wei et al. 2007) but it is unclear
whether pineapple fruits are principally infected via the vascular tissues of or via secondary
transmission from other inoculum sources. Given that P. microspora spores can develop on
the exterior parts of pineapple fruits, it is possible that direct contact between wounded fruits
and infected fruits may further transmit the disease.

Pestalotiopsis spp. may also be transmitted mechanically (Hopkins and McQuilken 2000).
Although no evidence was found to assert that P. microspora can be transmitted
mechanically on pineapples, it is still possible that equipment used to harvest or decrown
pineapples may aid transmission where infected plants or fruits occur.
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5.3.3.2 Likelihood of entry

Pestalotiopsis microspora is globally distributed (Table 5.4) and has a wide range of hosts. It
is reported from some markets within the scope of this IRA project, including Australia,
Costa Rica, Ecuador, Indonesia, Malaysia, Papua New Guinea, Sri Lanka, and Thailand
(Table 1). While P. microspora is known to be associated with pineapple (Rao and Mhaskar
1973; Yaouba et al. 2021), most records have been associated with other plant hosts.
Pestalotiopsis microspora has been observed on pineapple fruits in Cameroon (Yaouba et al.
2021). Although Rao and Mhaskar (1973) demonstrated that P. microspora is associated with
pineapple leaves in India, it was not certain if the pineapple fruits there were also infected.

No interception record of P. microspora has been found on pineapple fruits in Europe (EPPO
2022) or New Zealand (LIMS 2022). However, there are over 100 interceptions of the genus
Pestalotiopsis on other hosts in the LIMS 2000-2020 database (LIMS 2022) and about half
of these interceptions have not been identified to species level. Records from Quancargo
database (QuanCargo 2021) shows that pineapple fruits have been imported from countries
where P. microspora occur (i.e. Australia, Ecuador and Thailand) since 2001 but there was
no interception record of P. microspora on the commodity (LIMS 2022).

Pineapple fruits infected by P. microspora are likely to be intercepted during border
inspection because the symptoms are obvious — these include rotting patches and dark
necrotic lesions (Yaouba et al. 2021; refer to Symptom in Annex 5.3.3.1). However, the
expression of symptoms within eight days or more after infection (Yaouba et al. 2021)
suggests that infected pineapple fruits could enter undetected. Given that P. microspora
primarily depends on open wounds to infect its hosts, the process of harvesting and
decrowning of pineapples may increase the chances of infection and thus infected fruits may
enter undetected if they arrive New Zealand less than a week after harvest. In addition, the
temperature which was suitable for the development of symptoms on fruits within eight days
in the pathogenicity test was 25 °C. The temperature required for transit (7—13 °C) is lower
than the temperature in the pathogenicity test and may not be suitable for symptom
development during transit.

Uncertainty

There is high uncertainty that P. microspora could arrive on the commodity because it has
not been recorded on pineapples in any of the export markets within the scope of this IRA.
Strobel (2002) explained that P. microspora isolates occurring in one location are often
highly diverse in their genetics and biology which may be reflected by their different
chemical by-products. Therefore, the pathogenic strain associated with pineapples in
Cameroon (Yaouba et al. 2021) may be further different from the ones occurring in markets
within the scope of this IRA.

Symptom development of P. microspora on pineapple fruits may be favoured by
temperatures close to 25 °C (Yaouba et al. 2021). Therefore, it is uncertain if symptoms will
take longer to be expressed in the colder conditions (7—13 °C) required for transit, this might
increase the likelihood of entry.

Given that:
e itisassociated with pineapple fruit;
e it can be undetected in pineapple fruits if symptoms are yet to be produced.
e it has the potential to remain viable on pineapple fruit during transit;

but considering that:
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e Association with pineapple fruit is indicated from a single record in a country which
is not one of the pineapple exporting markets in this IRA.

e It is uncertain whether it is local to this country (such as new strain of the fungus or a
vector capable of moving it from the leave to the fruit) or whether fruit rot is
commonly caused by the fungus but has not been diagnosed previously.

MPI considers the likelihood of P. microspora entering New Zealand associated with
pineapple fruit is LOW, with HIGH uncertainty.

5.3.3.3 Likelihood of exposure

This assessment is made on the assumption that Pestalotiopsis microspora has entered New
Zealand undetected. Exposure is considered to be the transfer of a pest or disease from an
imported commodity or inanimate object, to a host or environment suitable for the
completion of development or production of offspring.

Imported fresh pineapple fruit is intended for human consumption, therefore, when the fruit
arrives in New Zealand it will be distributed throughout New Zealand for wholesale or retail
sale. Fresh pineapple fruit generates substantial amounts of unavoidable waste; the thick rind
is always removed and disposed of, and the fruit is also sometimes cored (see waste analysis
Annex 2.3.1). The disposal of whole fruit (e.g. culled/unsold fruit, uneaten fruit remains) is
not uncommon during wholesale, retail and by consumers. This suggests that P. microspora
may have a higher likelihood of exposure when associated with fresh pineapple fruit than
when it is associated with other kinds of fresh produce that are generally eaten whole. Given
that Pestalotiopsis spp. are typically transmitted by rain or water splashes (Hopkins 1996), P.
microspora from pineapple waste can be easily exposed to uninfected hosts or soil.

In New Zealand the most common method of disposal of organic waste is bagged into landfill
(Askarany and Franklin-Smith 2014); this is unlikely to be a risk. However, there are other
disposal methods that could increase the exposure likelihood of the fungus, such as feeding
out to animals, home composting and direct disposal into the environment. Fruit waste may
be collected from unpacking areas (e.g., supermarket preparation rooms) and taken to rural
areas where it is placed on the ground for eventual consumption by pigs or other farm
animals (MPI 2014). The waste materials may also be used in worm farming. Using the waste
materials to feed animals may inadvertently expose P. microspora to the soil and waterways
before it eventually finds a suitable host. Pestalotiopsis microspora has been reported to
occur in the soil (Thiruvengadam et al. 2020; EBI 2022) and water (Nor et al. 2018; ENA
2022).

Commercial composting can suppress many plant pathogens because the internal temperature
of the compost ranges between 45-65°C and NZS 4454 stipulates it must be held at 55°C for
at least three days for pasteurisation (Hoitink et al. 1997; WasteMINZ 2009; Mehta et al.
2014) While the reported upper lethal temperature for P. microspora is 56 °C for 20 minutes
(Chen et al. 2016), the fungus is unlikely to survive exposure to the mandatory 72 hours at
55°C required for pasteurisation of commerical compost. However, the fungus is likely to
thrive in home composts since their temperatures mostly range between 15°C and 30°C
(Mensah 2017). Pestalotiopsis spp. may occur in the soil (Thiruvengadam et al. 2020) or used
growing media (McQuilken and Hopkins 2004) and are known to withstand harsh
environmental conditions such as cold weather and dryness (Maharachchikumbura et al.
2011). Given that some hosts of P. microspora occur widely in New Zealand, the chances of
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encountering a host is relatively high. Home composting methods may likely increase the
likelihood of exposure of the fungus to immediate hosts that are commonly found in New
Zealand gardens and backyards (e.g., common ivy, lemon, red alder and monterey pine trees).
In addition, environmental temperature is unlikely to limit the exposure of P. microspora to
its hosts because the fungus occurs in both tropical and temperate regions (Table 5.4).

Uncertainty

Information regarding food waste in New Zealand is based on general data and there is no
specific information on pineapple waste. Therefore, it is assumed that the quantity of
pineapple fruit skin which are not disposed in the landfill in New Zealand will be much lower
than the volume disposed in the landfill.

It is uncertain if the heat in commercial composts may be sufficient to render P. microspora
spores non-viable. Since P. microspora often invade their hosts through open wounds, it is
not clear if it will survive for long time before finding an opening in a suitable host.

Given that:
e the fungus has a wide range of hosts available in New Zealand including some
invasive plants,
e the fungus can survive in the soil and water,
e climate is unlikely to limit exposure of P. microspora,
but considering:
e the uncertainty surrounding its survival in commercial composts,the requirement for
open wounds on host plants limits the opportunities of P. microspora to invade
uninfected hosts

the likelihood of exposure of P. microspora in New Zealand from pineapple fruit is
MODERATE, with MODERATE uncertainty.

5.3.3.4 Likelihood of establishment

This assessment is made on the basis that Pestalotiopsis microspora has been successfully
exposed to a suitable host plant in the New Zealand environment.

Pestalotiopis microspora has a wide range of hosts (Farr and Rossman 2022). Some of the
known hosts occur in New Zealand as commercially cultivated crops (e.g. kiwifruit,
blueberry and lemon) and/or forest timber trees (e.g. Monterey pine and red alder).
Pestalotiopis microspora is often pathogenic on many of its hosts but its symptom expression
may depend on the host species (Maharachchikumbura et al. 2011). Alternatively, the fungus
may occur as an endophyte in some species e.g. jackfruit (Riga et al. 2019) where it is not
known to cause any symptom. Common ivy is a known host of the fungus (Guba 1961; Farr
and Rossman 2022) and this plant is an invasive plant which occurs widely in New Zealand
(Froude 2002). The unusually wide range of host plants strongly suggests that P. microspora
will find new hosts in New Zealand. Availability of hosts and variability of disease symptom
expression will likely favour the establishment of P. microspora because infected plant

parts may increase spread and propagule pressure.

Pestalotiopis microspora is distributed across a wide geographical range (Table 1). However,
most of the countries where P. microspora exist have either tropical or subtropical climates.
Some parts of New Zealand’s North Island have a slightly warmer climate, which is typical
of countries where P. microspora occurs. Following the observation by Chen et al. (2016)
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that the optimum conditions for P. microspora include a temperature range of 24-26°C and a
pH range of 6-7, these conditions may frequently be achieved in many parts of the North
Island. Climatic similarity between New Zealand and other parts of the world can be assessed
using the composite match index (Phillips 2018). The CMI values range from 0.2to 1. If a
location has a CMI of > 0.7, its climate is similar to the climate of all of New Zealand. While
the ranges of CMI values in most of the countries where P. microspora occurs are less than
0.6, it also occurs in other countries like China (0.5-0.9), Japan (0.6-0.8), Uruguay (0.5-0.8),
USA (0.5-0.8), and Spain (0.7-0.9), which demonstrates its potential to establish a
population in New Zealand. The isolation of P. microspora from rhizosphere soil of the
Antarctic hair grass (Deschampsia antarctica) in Antarctica (Gongalves et al. 2015) strongly
suggests that the cold climate in New Zealand is unlikely to be a limiting factor for its
establishment.

The existence of P. microspora in the soil (Thiruvengadam et al. 2020), fresh water (ENA
2022) or aquaculture biofloc water (Nor et al. 2018) increases its likelihood of establishment
if exposed in the New Zealand environment. Consequently, the fungus can potentially spread
to new areas through flowing water and movement of infected plants with the soil
surrounding their roots. The detection of P. microspora in pine seeds (Cleary et al. 2019)
suggests that it could be spread through seed trade. Conidia of P. microspora from the
pycnidia of infected leaves are a common source of inoculum (Maharachchikumbura et al.
2011) and these may spread further to new areas when the infected plant parts are blown off
their trees by strong winds.

Uncertainty

Evidence for the existence of P. microspora in water mostly come from studies in the tropics
(Indonesia and Malaysia). Additionally, the detection of P. microspora in fresh water (ENA
2022) was based on a molecular evidence and it is not clear if it was viable. Therefore, it is
uncertain whether the fungus can remain viable in water under the cold climate in New
Zealand. Although spores of Pestalotiopsis spp. can often survive harsh
conditions(Maharachchikumbura et al. 2011) like intense cold and dryness, it is not clear if
they can survive in cold water for a long time.

Given that:
e hosts are widely available for the establishment of P. microspora,
e climate is unlikely to limit the establishment of P. microspora,
e the fungus can occur in water and soil
but considering:
e the uncertainty of the fungus’ viability and possible growth after long exposures in
water,

the likelihood of Pestalotiopis microspora establishing in New Zealand is HIGH, with
MODERATE uncertainty.

5.3.3.5 Impacts in New Zealand

This assessment is made on the assumption that P. microspora has successfully established in
the New Zealand environment.

Economic impacts
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Pestalotiopsis microspora occurs in a wide variety of hosts (Farr and Rossman 2022) as
either a pathogenic fungus or non-pathogenic endophyte (Strobel 2002; Maharachchikumbura
et al. 2011). Some of its known hosts which are important for New Zealand’s economy
include pines, kiwifruits, grapes, blueberries and avocados but it is not pathogenic on all
these hosts.

The negative impact of P. microspora depends on the host species. The fungus is known to
cause post-harvest rot in kiwifruit (Li et al. 2016) and represents up to 11% of the causative
agents of the rot in China (Li et al. 2017). Liu et al. (2020) indicated that the incidence of
post-harvest rot in kiwifruit could be up to 20% and this means that in worst case scenario, P.
microspora alone can account for 2% of the disease in China.

Similarly, P. microspora is a known causative agent of anthracnose disease on avocado
where it accounts for up to 43% of fungal isolates associated with the disease in Kenya
(Kimaru et al. 2018). In Kenya, anthracnose disease causes up to 60% loss in avocado fruit
production (Wasilwa et al. 2004) and this means 26% of this loss could be attributed to P.
microspora infection.

The fungus is also associated with blueberry leaf lesions in Hawaii (Keith et al. 2006).
Although Yi-Lan et al. (2021) argued that blueberry leaf spot caused by P. microspora can
affect the quality and quantity of fruits, they provided no data to support their assertion. The
fungus has also been isolated from healthy blueberry twigs and a pathogenicity test revealed
that it is not pathogenic on the shoots (Sessa et al. 2018).

In 2021, the cumulative value of kiwifruit, avocado and blueberry produced in New Zealand
was NZ$2.9 billion. The export value of kiwifruit alone is about NZD 2.7 billion which
accounts for about 40% of New Zealand’s horticultural revenue. Based on the available
impact data on only kiwifruit (2%) and avocado (26%), an inhouse model predicted a
moderate economic impact over 20 years as the worst case scenario.
e This is based on the estimated combined annual impact on kiwifruit and avocado
which amounts to NZD 83 million.
e The fungus is assumed to take 2 years to achieve its greatest impact because even
when it spreads, it requires wound openings to infect its hosts.
e The time taken to full recovery was assumed to be 2 years because Pestalotiopsis spp.
are susceptible to fungicides (Hopkins 1996; EI-Argawy 2016) and they can be
controlled by managing water regime (Elliott 2006).

However, it is highly unlikely that P. microspora can have a significant impact on kiwifruit
as postharvest fruit-rot pathogen because Li et al. (2017) showed that naturally infected fruits
require temperatures in range of 15-20 °C for two weeks in order for symptoms to be
expressed — this is enough time and condition for the fruits to naturally deteriorate.
Furthermore, successful inoculation of P. microspora was only achieved in wounded
kiwifruits (Li et al. 2017) which suggests that potential to affect healthy and well packed
kiwifruit may likely be negligible. Similarly, the avocado damage caused by P. microspora in
Kenya is not likely to occur in a similar magnitude in New Zealand because of the
environmental differences between Kenya and New Zealand.

Although grapes (Vitis spp) and pines (Pinus radiata) are significant for New Zealand’s
economy, no evidence was found to indicate that they can be negatively affected by P.
microspora. The fungus was isolated from healthy fruits of grape (Ma et al. 2009). It was also
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recorded as an endophyte of pine (Nattrass 1961; Cleary et al. 2019) and tea (Wei et al. 2005;
Wei et al. 2007). The occurrence of P. microspora in both heathy and yellow leaves of lemon
at a low rate (<1% of all fungal isolates) (Douanla-Meli et al. 2013), suggests that it may not
be pathogenic on the plant.

Uncertainty

Potential for P. microspora to harm other crops important to New Zealand’s economy, such
as avocado, may be linked with physiological and environmental factors. It is possible that
climate change may increase the impacts of this fungus in some sectors. Lee et al. (1995)
demonstrated that P. microspora may not cause disease as an endophyte in Torreya taxifolia
but may become pathogenic when there is a significant physiological or environmental
change. The biological and genetic diversity of the fungus (Strobel 2002) may be another
source of uncertainty as It is unclear form the available information whether the strains of P.
microspora associated with pineapple fruit will be pathogenic on hosts of economic
importance to New Zealand or whether pathogenicity is host specific. Furthermore, the
evidence that infected fruits would develop symptoms under appropriate fruit storage
conditions is lacking — this implies that fruit rot caused by P. microspora may be largely
linked with natural fruit senescence.

Given that:

e some known hosts of P. microspora are considered as economic plants in New
Zealand, and

e the fungus is known to cause significant economic damage to hosts such as avocado
in the tropics.

but considering:
e the lack of evidence for disease expression under suitable fruit storage conditions,
e diversity of P. microspora strains may determine severity of impact

the economic impact of Pestalotiopsis microspora in New Zealand is considered to be LOW,
with HIGH uncertainty.

Environmental impacts

The known hosts of Pestalotiopsis microspora are mostly tropical, subtropical and temperate
plants. No native New Zealand plants have been identified as hosts of P. microspora.
However, it has the potential to expand its host range to include some native plant species
because it has hosts in the same genera, for example Fuchsia and Podocarpus. Among the
known podocarp-hosts of P. microspora, Podocarpus is the only known genus which has
native species occuring in New Zealand and the fungus is not known to cause any disease on
Podocarpus spp. Pestalotiopsis spp. can be managed with fungicides (Hopkins 1996) but
soil invertebrates may be inadvertently affected in the process (Carniel et al. 2019).

Uncertainty
Uncertainty associated with the potential of P. microspora to cause environmental impacts
includes the lack of information about its association with native plant species. There is no
certainty that P. microspora will find suitable hosts among native plant species or cause any
significant harm on such species even though some of its hosts’ genera are present in New
Zealand.
Given that:

e some of the fungus’ host genera are present in New Zealand, and
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e endemic invertebrates can be inadvertently killed when fungus is managed with
fungicides

the environmental impact of P. microspora in New Zealand is considered to be VERY LOW,
with HIGH uncertainty.

Human health impacts

There is no evidence to link P. microspora to any human health impact. However,
unidentified species in the genus Pestalotiopsis have been isolated from eyes of patients with
corneal abrasions (Sutton 1999). Unidentified Pestalotiopsis spp. have also been isolated
from human sinuses, scalp, feet and fingernails (Sutton 1999). It is not clear if any of those
Pestalotiopsis spp. are P. microspora or if they actually cause any human disease.

Given that there is no evidence of P. microspora causing any human disease, the human
health impact of P. microspora in New Zealand is considered to be NEGLIGIBLE, with
HIGH uncertainty.

Sociocultural impacts

Pestalotiopsis microspora affects a wide variety of plant species which include tea (Camellia
sinensis) and Podocarpus macrophyllus (Farr and Rossman 2022). Camellia species are
common in many public and private gardens in New Zealand hence there is a possibility that
P. microspora may infect some of them if it establishes. This may potentially have a slight
sociocultural impact on many people who are used to having Camellia plants around their
homes and outdoor amenity spaces. Pestalotiopsis microspora has been isolated as an
endophyte in Podocarpus macrophyllus in China. Nevertheless, P. microspora is unlikely to
affect Podocarpus totara which is considered taonga by Maori because the fungus is not
known to cause any disease Podocarpus hosts. No evidence was found to indicate that the
fungus can have any sociocultural impact in New Zealand.

Given that there is no evidence that P. microspora may have a sociocultural impact, the
sociocultural impact of P. microspora in New Zealand is considered to be VERY LOW with
HIGH uncertainty.

5.3.3.6  Overall impact to New Zealand

MPI considers the overall impact of Pestalotiopsis microspora on the New Zealand economy,
environment, health and the society is LOW with HIGH uncertainty.

5.3.3.7  Overall risk to New Zealand
Based on the assessments of likelihood and consequences above, that:

o the likelihood of entry is LOW with HIGH uncertainty,

e assuming entry, the likelihood of exposure is MODERATE with MODERATE
uncertainty,

e assuming successful exposure, the likelihood of establishment is HIGH with
MODERATE uncertainty,

e the overall impact on the New Zealand economy, environment, human health, and
society is considered to be is LOW with HIGH uncertainty
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MPI considers the overall level of assessed risk to New Zealand from Pestalotiopsis
microspora on pineapple fruit is LOW with HIGH uncertainty.

5.3.4 Specific considerations

On which pineapple variety (or varieties) and at what stage of ripeness has
Pestalotiopsis microspora association with pineapple fruit been observed?

The fungus is known to infect the ‘smooth cayenne’ variety of pineapple fruit (Yaouba et al.
2021). It is also known to infect pineapple leaves (Guba 1961; Rao and Mhaskar 1973) but
those varieties were not specified and it is not clear if their fruits can also be infected.

Which part(s) of the pineapple fruit is Pestalotiopsis microspora associated with (e.g.
fruit, bract, stem or crown remnant) and is it detectable by visual detection?

The fungus causes obvious dark-coloured necrotic lesions which continually expand around
the bracts from the sites of infection on the fruit (Yaouba et al. 2021). Given that symptoms
may take up to eight days to be expressed (Yaouba et al. 2021), infected fruits be not be
detected if they reach New Zealand within a week from harvest.

Are different lifestages of Pestalotiopsis microspora associated with different parts of the
pineapple fruit?

No information was found to indicate whether any specific life stage of the fungus is
associated or not associated with pineapple fruit.

Under what environmental conditions (temperature, season etc) are Pestalotiopsis
microspora symptoms expressed on pineapple fruit?

Cultures of the fungus and infections on pineapple fruits developed well at 25°C (Yaouba et
al. 2021). The fungus is also known to thrive under high humidity at room temperature (Rao
and Mhaskar 1973). Chen et al. (2016) also observed that the optimum conditions for P.
microspora include a temperature range of 24-26°C and a pH range of 6-7.

Does Pestalotiopsis microspora exhibits latent/asymptomatic traits?

No evidence was found to indicate that the fungus exhibits latent or asymptomatic traits in
pineapples. However, Yaouba et al. (2021) observed that infection only occurs in wounded
fruits and it might take up to eight days for the pathogen to express symptoms.
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5.3.6  Appendix to risk assessment of Pestalotiopsis microspora
Known hosts of Pestalotiopsis microspora.

Family Host species Country recorded from Database or reference
Actinidiaceae Actinidia chinensis China (Farr and Rossman 2022)
Actinidia sp. China (Farr and Rossman 2022)
Anacardiaceae Mangifera indica Burkina Faso (Dianda et al. 2018)
Spondias dulcis Malaysia (EBI 2022)
Apocynaceae Adenium obesum Brazil (Farr and Rossman 2022)
Araceae Anthurium andraenum Thailand (EBI 2022)
Araliaceae Aralia nudicaulis Canada (EBI 2022)
Hedera helix Argentina, Italy (Farr and Rossman 2022)
Araucariaceae Araucaria bidwilli China (Farr and Rossman 2022)
Araucaria sp. Bermuda (Farr and Rossman 2022)
Araucaria sp. Myanmar (Farr and Rossman 2022)
Asparagaceae Reineckea carnea China (Farr and Rossman 2022)
Berberidaceae Mahonia bealei (Syn Berberis bealei) | China (Farr and Rossman 2022)
Mahonia confusa China (Farr and Rossman 2022)
Nandina domestica China (Farr and Rossman 2022)
Betulaceae Alnus rubra USA (oregon), (Farr and Rossman 2022)
Corylus chinensis China (Farr and Rossman 2022)
Bromeliaceae Ananas comosus Bermuda, India (Farr and Rossman 2022)
Boraginaceae Cordia dichotoma India (Dhakshinamoorthy and
Packiam 2021)
Burseraceae Canarium album China (Chen et al. 2018)
Combretaceae Terminalia arjuna India (Farr and Rossman 2022)
Terminalia morobensis Papua New Guinea (Strobel et al. 2002)
Terminalia chebula India (Farr and Rossman 2022)
Cupressaceae Biota orientalis (syn Platycladus China (Farr and Rossman 2022)
orientalis)
Cunninghamia lanceolata China (Farr and Rossman 2022)
Cupressus funebris China (Farr and Rossman 2022)
Juniperus bermudiana Bermuda (Farr and Rossman 2022)
Cupressaceae Sabina chinensis (syn Juniperus China (Farr and Rossman 2022)
chinensis)
Taxodium ascendens China (Farr and Rossman 2022)
Taxodium distinchum India (Farr and Rossman 2022)
Dipterocarpaceae Shorea macrophylla Malaysia (EBI 2022)
Ebenaceae Diospyros kaki Spain (Berbegal et al. 2010) 2010
Ericaceae Vaccinium corymbosum Uruguay (Farr and Rossman 2022)
Euphorbiaceae Hevea brasiliensis Cameroon (Wilton 2022)
Jatropha curcas China (Xiao et al. 2010)
Fabaceae Acacia mangium Malaysia (EBI 2022)
Copaifera sp. Brazil (Farr and Rossman 2022)
Hymenaea sp. Brazil (Farr and Rossman 2022)
Fagaceae Lithocarpus glaber China (Farr and Rossman 2022)
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Family Host species Country recorded from Database or reference
Quercus acutissima China (Farr and Rossman 2022)
Quercus coccinea USA (New Jersey) (Farr and Rossman 2022)
Graminae Oryza australiensis Australia (Farr and Rossman 2022)
Sorghum sp. Nepal (Farr and Rossman 2022)
Hypericaceae Hypericum androsaemum China (Farr and Rossman 2022)
Hypericum patulum Japan (Farr and Rossman 2022)
Juglandaceae Carya cathayensis China (Farr and Rossman 2022)
Carya illinoensis (Syn Carya pecan) | Brazil, China (Farr and Rossman 2022)
Lauraceae Cinamomum verum Sri Lanka (EBI 2022)
Lindera obtusiloba Korea (Farr and Rossman 2022)
Machilus nanmu China (Farr and Rossman 2022)
Lauraceae Persea americana Kenya (Kimaru et al. 2018)
Lythraceae Lagerstroemia speciosa China (Farr and Rossman 2022)
Sonneratia sp. Indonesia (EBI 2022)
Malvaceae Theobroma cacao Ecuador (Villavicencio et al. 2020)
Meliaceae Azadirachta indica India (Farr and Rossman 2022)
Musaceae Musa sp. Bangladesh (Farr and Rossman 2022)
Myricaceae Myrica rubra China (Farr and Rossman 2022)
Myristicaceae Otoba gracilis Colombia (Chaves et al. 2022)
Myrtaceae Campomanesia sp. Brazil (Farr and Rossman 2022)
Psidium guajava USA (Hawaii) (Farr and Rossman 2022)
Onagraceae Fuchsia hybrid cultivar ECUADOR (EBI 2022)
Orchidaceae Stanhopea bucephalus Mexico (Farr and Rossman 2022)
Vanilla planifolia Reunion (EBI 2022)
Palmae (syn Archontophoenix alexandrae China, Singapore (Farr and Rossman 2022)
Arecaceae)
Elaeis guineensis China, Indonesia (Farr and Rossman 2022)
Pandanaceae Pandanus sp. Thailand (Tibpromma et al. 2018)
Phyllanthaceae Bridelia monoica China (Farr and Rossman 2022)
Bridelia stipularis China (Farr and Rossman 2022)
Pinaceae Abies beshanzuensis China (Farr and Rossman 2022)
Pinus radiata Kenya (Farr and Rossman 2022)
Platanaceae Platanus orientalis China (Farr and Rossman 2022)
Podocarpaceae Podocarpus macrophyllus China (Farr and Rossman 2022)
Primulaceae Aegiceras corniculatum Hong Kong (Farr and Rossman 2022)
Amomum tsao-ko (syn Lanxangia China (Farr and Rossman 2022)
tsao-ko)
Ardisia sp. China (Farr and Rossman 2022)
Rosaceae Eriobotrya japonica (Syn China (Farr and Rossman 2022)
Rhaphiolepis bibas)
Fragaria virginiana Canada (EBI 2022)
Malus halliana China (Farr and Rossman 2022)
Photinia x Fraseri China Guan (Guan et al. 2013)
Rubiaceae Faramea capillipes Ecuador (EBI 2022)
Ixora chinensis Malaysia (EBI 2022)
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Family Host species Country recorded from Database or reference
Rutaceae Citrus limon Cameroon (Farr and Rossman 2022)
Sapindaceae Acer palmatum China (Farr and Rossman 2022)
Taxaceae Taxus wallichiana Nepal (Farr and Rossman 2022)
Taxus cuspidata Korea (Farr and Rossman 2022)
Taxaceae Torreya grandis China (Farr and Rossman 2022)
Torreya taxifolia USA (Florida), North America (Farr and Rossman 2022)
Theaceae Camellia oleifera China (Lietal. 2011)
Camellia sinensis China (Farr and Rossman 2022)
Vitaceae Vitis sp. Morocco (EBI 2022)
Zingiberaceae Hedychium coronarium Cuba, Venezuela, West indies | (Farr and Rossman 2022)
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5.4 Thielaviopsis paradoxa (pineapple black rot)

Thielaviopsis paradoxa is a soil-borne wound parasite, capable of infecting all parts of a
plant. The fungus was first reported in 1886 from France, causing rot in pineapple fruits. The
fungus has spread to other warm temperate and tropical regions of the world and the
associated rot disease is recognised as an economically important problem for sugarcane,
banana, and pineapple crops.

5.41 Taxonomic description

Scientific name: Thielaviopsis paradoxa (De Seynes) Hohn. 1904

Order: Microascales Family: Ceratocystidaceae

Other names: Ceratocystis paradoxa (Dade) C. Moreau 1952; Chalara paradoxa (De
Seynes) Sacc. 1892; Ceratostomella paradoxa Dade, (1928); Sporoschisma paradoxum De
Seynes 1886; Endoconidiophora paradoxa (De Seynes) R.W. Davidson, (1935); Ophiostoma
paradoxum (Dade) Nannf., (1934); Stilbochalara dimorpha Ferd. & Winge 1910; Water
blister of pineapple (soft rot); White leaf spot; Butt rot; Black rot of pineapple.

Taxonomic notes:

Thielaviopsis paradoxa was previously known as Ceratocystis paradoxa and some research

articles continue to use this name. The fungus belongs to the filamentous ascomycetes group
and forms thick walled spores along with infective asexual spores (conidia) (Hewajulige and
Wijesundera 2014)

A 2016 Technical Paper was commissioned by MPI and completed by Manaaki Whenua
Landcare Research to investigate whether fungal samples found in New Zealand were in fact
Thielaviopsis paradoxa (Johnston and Park 2016). The report summarised that:
- T. paradoxa does not occur in New Zealand.
- After taxonomic analysis isolates in the International Collection of Microorganisms
from Plants (ICMP) originally identified as T. paradoxa, were actually T. musarum (=
Ceratocystis musarum) and T. ethacetica (often confused with T. paradoxa).

5.4.2 Hazard identification

Thielaviopsis paradoxa is not known to be present in New Zealand.

e Thielaviopsis paradoxa was recorded in error as present in New Zealand (Johnston
and Park 2016; NZOR 2022).

e Thielaviopsis paradoxa is recorded as "recorded in error” in BiotaNZ (2022), and it is
recorded that " Before April 2016 Thielaviopsis paradoxa was recorded as present in
New Zealand as Ceratocystis paradoxa. However sequencing of ICMP cultures from
NZ (ICMP 15221 and ICMP 13062) could not confirm its presence in NZ, thus is was
considered to be recorded in error. [PRJ, April 2016; BSW, Aug 2021]"

e Thielaviopsis paradoxa’s regulatory, quarantine and country freedom status has not
been assessed, according to ONZPR (2022). However, its synonym Ceratocystis
paradoxa is a regulated and quarantine pest in New Zealand.

Thielaviopsis paradoxa has the potential to establish and spread in New Zealand.
e Thielaviopsis paradoxa has a wide host and geographic range (Appendix Risk
Assessment of Thielaviopsis paradoxa: Table 1) (Hewajulige and Wijesundera 2014).
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e The fungus has spread to other warm temperate and tropical regions of the world
(Elliott 2006).

e Thielaviopsis paradoxa has the potential to cause harm to plant species of economic
importance in New Zealand (e.g. carrot, potato, kiimara , Eucalyptus and lettuce)
(Farr and Rossman 2022).

Thielaviopsis paradoxa is associated with pineapple fruit.
e Thielaviopsis paradoxa has been reported from pineapple fruit and has been identified
as the causal agent of pineapple fruit rot (Wisemer and Bailey 1990; Hewajulige and
Wijesundera 2014).

Given the arguments and evidence above, MPI considers Thielaviopsis paradoxa is a hazard
on decrowned Ananas comosus (pineapple) fruit (as described in the commodity description)
imported to New Zealand.

5.4.3 Risk assessment

5.4.3.1 Biology

Hosts and geographical distribution

Thielaviopsis paradoxa has a wide host and geographic range (Appendix Risk Assessment of
Thielaviopsis paradoxa: Table 1). The fungus was first reported in 1886 from France, causing
rot in pineapple fruits (Wisemer and Bailey 1990; Hewajulige and Wijesundera 2014). The
fungus has spread to other warm temperate and tropical regions of the world and the
associated pineapple rot disease is recognised as an economically important problem
(Wisemer and Bailey 1990).

Its preferred host range is mostly restricted to monocot plants grown in warmer climates
(Elliott 2006; Hewajulige and Wijesundera 2014). It is associated with other host plants
growing in both tropical and temperate regions (Appendix 1.1.9) such as Ipomoea batatas
(ktimara), Solanum tuberosum (potato), Lactuca sativa (lettuce), Cucurbita moschata
(pumpkin), Daucus carrota (carrots), Cupressus macrocarpa (macrocarpa trees) and
Eucalyptus spp (Hewajulige and Wijesundera 2014).

While the fungus is found throughout the world it ceases growth and becomes almost inactive
at temperatures above 52.3°C or below 10°C (Martinez et al. 1997) with optimum growing
temperatures being between 21 — 22°C (Frossard 1978; Hassan et al. 2011; Hewajulige and
Wijesundera 2014; Pongener et al. 2018). It was also noted by Frossard (1978) that T.
paradoxa (identified as Ceratocystis) growth rate was considerably reduced at 12°C and
stopped at 8°C, but the fungus has the ability to resume growth when returned to suitable
temperatures.

Symptoms

Thielaviopsis paradoxa is a soil-borne wound parasite, capable of infecting all parts of a
plant. Symptoms caused by T. paradoxa include soft, watery rot in the fruit flesh which can
rapidly liquefy at 25°C, exuding a sweet odour. Following this, the infected tissue darkens
and results in juice leaking from diseased tissue (Py et al. 1987).

The fungus can also infect pineapple fruit via broken fruit stalk (peduncle), which usually
occurs soon after harvest. The infection results in cone-shape symptoms (circular sunken
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shaped rot) developing within the pineapple core (Hewajulige and Wijesundera 2014). The
fungus can also invade through bruised or wounded fruit skin. Stored fruit for the export
market has been associated with 20 — 80% losses in Asian countries (Hewajulige and
Wijesundera 2014). On pineapple, watery rots occur inside the fruit with a brittle outer shell
remaining. However, the skin, flesh and core breakdown with the fruit leaking watery
substance through the shell (CABI 2022).

Symptoms in pineapples consist of leaf spot, basal rot of the asexual propagative part of plant
and fruit rot (Hewajulige and Wijesundera 2014). Basal rot and fruit rot are more
economically devastating than leaf spot symptoms as the latter is associated with low disease
levels in commercial pineapple cultivars. Pineapple fruit rot is a serious and common disease
of commercially produced pineapple fruits and is present in all pineapple producing
countries, except Samoa, which are included within the scope of this project (Hewajulige and
Wijesundera 2014).

Kowalska (2003) reported that T. paradoxa caused black sooty symptoms in carrots which
appeared as black sooty patches that gradually covers the entire root. It was noted that
temperatures of about 18°C were condusive for the spread of the disease. While it has been
reported to be a pathogen that causes disease in important crops such as potato, kumara and
corn (Hewajulige and Wijesundera 2014; Farr and Rossman 2022), symptoms caused on
these crops species and impacts on yield were not clearly described.

Latency infection

Thielaviopsis paradoxa can be present in a latent phase on the bracts of pineapples without
causing disease symptoms and eventually cause symptoms during the ripening process
(Frossard 1978). The latent phase of T. paradoxa is reported to occur especially on crown,
stem end and perianth of the spike region of pineapple fruits (Adisa 1983). Furthermore,
While these references are dated, no recent evidence of latency of T. paradoxa in pineapple
fruit could be found in the available literature.

Pineapple variety susceptibility

Thielaviopsis paradoxa is an economically significant pathogen affecting pineapples and
found in most pineapple production areas (Wisemer and Bailey 1990; Hewajulige and
Wijesundera 2014). As such, it is likely that the pathogen can infect most varieties of
pineapples. However, in scientific literature it was specifically stated that the pathogen is
known to infect pineapple varieties Md2 in Malaysia (Kuruppu et al. 2022), Mauritius in Sri
Lanka (Hewajulige et al. 2006), Gold Honey in Columbia (Perez et al. 2014) and Perola in
Brazil (Sales et al. 2016). No details regarding latency of T. paradoxa in the mentioned
pineapple varieties were found.

Reproduction and transmission

Thielaviopsis paradoxa produce chlamydospores which can remain viable for up to 10 years
in soil and plant debris (Frossard 1978; Kowalska 2003; MPI 2016). Asexual conidia can be
spread by rain splash and increased humidity can enable the spread of conidia from infected
to healthy pineapple fruits. Spores can also spread from tools used in harvesting. Infection
occurs before harvest, by insect/rodent punctures or wounds sustained during handling of the
fruit (Hewajulige and Wijesundera 2014). Wounded fruit can become infected via
contaminated soil (Elliott 2006). Infection can occur eight to 12 hours after wounding, with
disease development exacerbated by warm temperatures and high relative humidity.
Furthermore, likelihood of infection is increased in washed fruits, when compared to
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unwashed fruit (Hewajulige and Wijesundera 2014) due to spores being disturbed. This can
possibly strengthen transmission efficiency.

On pineapple fruits, T. paradoxa is a major postharvest disease causing leaf spots, fruit, and
basal rots. Lack of refrigeration during transport and storage increases the likelihood of fruit
rot caused by T. paradoxa (CABI 2022). Fruit can be infected through bruises, growth cracks
or wounds made when they are detached. At times, after severe infections only the fruit shell
is left, with few fibres inside, which can collapse under slight pressure (CABI 2022).

5.4.3.2 Likelihood of entry

Thielaviopsis paradoxa has been reported to cause rot in pineapple fruits (Wisemer and
Bailey 1990; Hewajulige and Wijesundera 2014). It is recorded to be present in markets in
the scope (Tonga, Sri Lanka, Fiji, Indonesia, Malaysia, New Caledonia, Taiwan, Thailand,
Vanuatu, Australia, Cook Islands, Costa Rica, Papua New Guinea, Philippines and Panama)
of this IRA (CABI 2022).

Thielaviopsis paradoxa can infect pineapple fruits before harvest (particularly unripe
pineapple fruit as per commodity description) via broken fruit stalk (peduncle) or invade
through bruised or wounded fruit skin (Hewajulige and Wijesundera 2014) without showing
visible symptoms due to its ability for latent infestation phase. This decreases likelihood of
detection at entry. Postharvest disease resulting from infections by pathogens in the field may
not cause conspicuous symptoms that will be noticed at harvest (i.e. not observed on the
fruit surface), and infections in fleshy fruits and vegetables continue to develop after harvest
(Agrios 2005).

Later stages of infection on pineapple fruit by T. paradoxa (Hewajulige and Wijesundera
2014) are likely to be obvious and infected fruits will be discarded during harvest, processing
or pre-export inspection. If fruits are only taken from fields which have no detectable signs of
infection, it is unlikely that fruits for the export market will be infected with T. paradoxa.

The fungus is found in all markets included within the scope of this IRA, except Samoa. It is
unlikely that postharvest processes will remove the fungus except for some larger mycelia on
the surface. Estimated shipping times between pineapple export markets to New Zealand is
between seven days to four weeks and recommended cold storage transit temperatures for is
between 7-13°C (Annex.Appendix 3). Thielaviopsis paradoxa can survive for long periods
and is likely to survive the transit conditions as the fungus becomes inactive below 10°C
(Martinez et al. 1997). Furthermore, the fungus has been recorded to resume growth once
returned to temperatures suitable for growth (Frossard 1978), increasing the likelihood of
entry into the country without being detected. Thus, there is a low, but not negligible,
likelihood of fruits being imported with early stage, non-viable infections which can develop
after the fruit has been imported and sold.

Thielaviopsis paradoxa has been intercepted previously at the border. One instance of the
fungus being intercepted was on coconuts from Ghana (EPPO 2022). The fungus has also
been intercepted at the New Zealand border on bananas (from Ecuador), timber (from
Philippines), Sansevieria spp. (from Costa Rica), palm seeds (from Australia),

Howea fosteriana (from Australia) and on unidentified seeds (from Australia) between 2002
— 2013 (LIMS 2022). While the fungus has a wide host and geographic range, the reason it
has not been detected at the border since 2013 could be because fungal species infecting fresh
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produce consignments are rarely identified. Inspected shipments to the USA, have in the past,
detected the disease in up to 70% of fruits (Cappellini et al. 1988). However, it should be
noted details of these shipments could not be found and may not have undergone any
biosecurity measures.

Uncertainty

The uncertainty associated with the likelihood of T. paradoxa entering the country without
detection is based upon the lack of current information found regarding latency in pineapple
fruits

Given that:

e Thielaviopsis paradoxa has been reported to cause rot in pineapple fruits, and it is
recorded as present in markets in the scope of this IRA.

e although fruits are likely to be only taken from areas of production without visible
infections, T. paradoxa is capable of latent infection of unripe fruits with disease
sypmptons becoming obvious during ripening,

o severely infected fruits are likely to be discarded during the harvest and pre-exporting
processes,

e transit conditions to New Zealand are likely to not support active growth and spread
of T. paradoxa, but the fungus has the ability to resume growth once returned to
ambient temperatures,

MPI considers the likelihood of Thielaviopsis paradoxa entering New Zealand associated
with pineapple fruit is MODERATE with MODERATE uncertainty.

5.4.3.3 Likelihood of exposure

This assessment is made on the basis that Thielavipsis paradoxa has entered New Zealand
undetected.

Exposure is considered to be the point at which a contaminating organism becomes
associated with a suitable host in New Zealand in a manner that allows it to complete a
normal life cycle. This usually involves the transfer of the organism from imported material
to a host of domestic origin or suitable environment, considering that the fungus can persist in
the soil for long period of time (Kowalska 2003).

Pineapple fruit is intended to be sold to consumers in New Zealand and is a commodity
which generates substantial amounts of unavoidable waste (due to the thick rind being
removed and disposed of, and the fruit is also sometimes cored). The disposal of whole fruit
(e.g., culled/unsold fruits, uneaten fruit remains) is not uncommon during wholesale, retail
and by consumers. This suggests, pineapple fruits infected with Thielaviopsis paradoxa may
have a higher likelihood of exposure than those associated with many other kinds of fresh
produce (see waste analysis Annex 2.3.1).

Pineapple fruits with early or mild T. paradoxa infections can, and likely will, be consumed
(MP1 2016). However, waste from infected fruits are usually discarded in home/commercial
composts or in landfill waste (see waste analysis Annex 2.3.1). Infected fruit or fruit parts
which are discarded into landfills or composts are likely to become a source of inoculum
with spores present in surrounding soils (Elliott 2006). As such, the fungus can remain viable
as long-lived chlamydospores in the environment and eventually find a suitable host. While
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the fungus could infect hosts in the immediate surroundings, the likelihood of it spreading to
cultivation areas of high value hosts especially since landfills, home/commercial composts
are not usually located near horticulture growing areas is low. However T. paradoxa (as C.
paradoxa) has been recorded as being dispersed by Nitidulid beetles species some of which
are present in New Zealand (Chang and Jensen 1974; BiotaNZ 2022). This suggests that it is
possible that the fungus can be dispersed by insects to cultivation areas.

Disposal of organic waste into landfill is unlikely to be a T. paradoxa exposure risk. The
most common method of organic waste disposal in New Zealand is via bagged waste entering
landfill (Askarany and Franklin-Smith 2014). Condiering T. paradoxa ceases growth and
becomes almost inactive at temperatures above 52.3°C (Martinez et al. 1997). This method is
unlikely to be an exposure risk given waste is sealed within bags, and the processing and
containment methods used in such facilities would likely inhibit T. paradoxa survival.

Domestic composting in contrast is likely to be a T. paradoxa exposure risk. Open
composting systems would likely aid T. paradoxa exposure especially if suitable hosts
commonly found in New Zealand gardens (e.g., carrots, lettuce, potatoes and ornamentals)
were present within the immediate environment.

Disposal of fruit waste via use as animal feed is also likely to be a T. paradoxa exposure risk.
Fruit waste in New Zealand may be collected from unpacking areas (e.g., supermarket
preparation rooms), and taken to rural areas to be used as feed for farmed animals (MPI
2014). T. paradoxa present within such feed can infect suitable host within the environment
as well as remain viable in the soil for long periods of time in the absence of suitable host
plants.

Uncertainty

The uncertainty associated with the likelihood of T. paradoxa being exposed to the New
Zealand environment is based upon the fact that the time needed, conditions and mechanisms
required to transfer the fungus from compost soil to plant hosts, in a New Zealand context, is
unknown.

Given that:

e infected fruits are likely to be discarded into landfills or composts,

e while fruits with early or mild infection are likely to be consumed, discarded skin can
also be infected,

e disposal of organic waste into landfill is unlikely to be a T. paradoxa exposure risk
because it is unlikely to survive the conditions (heat) in landfill ,

e T. paradoxa produces chlamydospores which are known to remain viable for long
periods in soil and can survive on rotting plant debris, suggesting the fungus can
survive composts

e domestic composting is likely to be a T. paradoxa exposure risk.

e disposal of fruit waste via use as animal feed is also likely to be a T. paradoxa
exposure risk. It is possible that it can be spread and dispersed by insects to
cultivation areas.

MPI considers the likelihood of exposure of Thielaviopsis paradoxa in New Zealand from
pineapple fruit is HIGH with MODERATE uncertainty.
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5.4.3.4 Likelihood of establishment

This assessment is made on the basis that Thielaviopsis paradoxa has been successfully
exposed to a suitable host plant in the New Zealand environment.

Thielaviopsis paradoxa mostly infects tropical and some temperate hosts (Hassan et al.
2011), it cannot survive temperatures above 52.3°C and becomes inactive below 10°C, with
optimum growing temperatures between 21 — 22°C (Frossard 1978; Hewajulige and
Wijesundera 2014; Pongener et al. 2018).

While current average summer temperatures, in regions of New Zealand which grow known
hosts of T. paradoxa (Appendix Risk Assessment of Thielaviopsis paradoxa: Table 1) (Plant
& Food Research 2021), are conducive to the growth of the fungus, winter climate conditions
(NIWA 2022) are mostly below minimum active growing temperatures. This indicates that,

in current climate conditions, there is a likelihood of T. paradoxa establishing in most of New
Zealand during summer months. Furthermore, during colder months, the fungus could cease
growing, become inactive and resume growth when temperatures are optimal (Frossard
1978). This is especially likely as the fungus is able to survive for long period in soil
(Kowalska 2003; Elliott 2006).

Hosts of T. paradoxa are available and widely cultivated in New Zealand, such as carrots,
potatoes and maize (Appendix Risk Assessment of Thielaviopsis paradoxa: Table 1).
However, preferred hosts, and on which the fungus causes significant damage (e.g. pineapple
and sugarcane) are not widely cultivated in New Zealand (MPI 2016). The fungus is also
known to be saprophytic and can survive in the soil for long periods of time , increasing
likelihood of establishment (Elliott 2006).

Uncertainty

Uncertainty associated with the establishment of T. paradoxa includes the fact that its
preferred hosts are mostly tropical plants (sugarcane and pineapple) which are not grown
extensively in New Zealand and its association with other host plants such as potato, carrot
kumara and lettuce of economic importance to New Zealand is unclear.

Given that:

e Thielaviopsis paradoxa has an optimum growing temperature range of between 21 —
22°C which is for it to establish in all parts of New Zealand during the summer. It
cannot survive temperatures above 52.3°C and becomes inactive below 10°C,

e winter temperatures in areas where hosts are grown are likely too low for active growth
of the fungus. However, the fungus has the ability to resume growth when temperatures
are optimal and can survive for up to ten years in soil,

o preferred horticultural hosts which are severely affected by the fungus are mostly
tropical and not widely cultivated in New Zealand. Other hosts such as Eucalyptus and
ornamental palms and horticultural crops such as carrots and potatoes are widespread,

MPI considers the likelihood of Thielaviopsis paradoxa establishing in New Zealand is
HIGH with MODERATE uncertainty.
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5.4.3.5 Impacts in New Zealand

This assessment is made on the assumption that T. paradoxa has successfully established in
the New Zealand environment.

Economic impacts

Most hosts, especially preferred hosts, of T. paradoxa are tropical and the fungus is described
as a major disease of sugarcane and pineapples (Chang and Jensen 1974; Hewajulige and
Wijesundera 2014). However, T. paradoxa has also been reported on hosts which are
commonly grown in New Zealand, including Eucalyptus spp., Ipomoea batatas (kiimara),
Solanum tuberosum (potato), Lactuca sativa (lettuce), Cucurbita moschata (pumpkin),
Daucus carrota (carrots), and Cupressus macrocarpa (macrocarpa trees) (Hewajulige and
Wijesundera 2014; Farr and Rossman 2022b).

The above-mentioned species are all economically significant to New Zealand but are not
considered to be major or preferred hosts of T. paradoxa. A literature search done on Google
Scholar resulted in very few articles outlining impacts on these hosts associated with T.
paradoxa infections, suggesting that it is not often reported to be a major problem on these
hosts.

An in-house MPI model predicted a low level of economic impact over 20 years.

e Assumptions: considering that T. paradoxa has been reported to cause disease in both
tropical and temperate areas, it is expected to establish and affect host plants in the
whole of New Zealand.

e Although T. paradoxa is known to cause 20%-80% vyield loss in pineapples
(Hewajulige and Wijesundera 2014), no report was found on yield loss caused by T.
paradoxa on any host plant important to New Zealand. Yield loss of 5% was assumed
for carrot, kumara, maize, lettuce and potato. A 1% yield loss was assumed for
Eucalyptus