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Abstract
After the detection of the myrtle rust pathogen, Austropuccinia psidii, in New Zealand, a biosecurity response was initiated,
including a wide-spread surveillance programme. Through an intensive public awareness initiative, the general public was highly
engaged in reporting myrtle rust infections and added significant value to the surveys by reporting first detections from most of
the areas that are now known to be infected. During the first year of the response, Austropuccinia psidii was found in areas that
were predicted to be at high infection risk in previous modelling studies. Significant surveillance resources were deployed to
different parts of the country and the response surveillance team contributed to most of the new host species finds. Twenty -four
species and six hybrids ofMyrtaceae have been confirmed to be naturally infected bymyrtle rust in New Zealand. Eleven of these
are new host records globally and three were previously recorded only as experimental hosts.

Keywords Austropuccinia psidii . Biosecurity . Diagnostics . Disease notifications .Myrtaceae . Pucciniales

Introduction

The causal agent of myrtle rust (Austropuccinia psidii (syno-
nym Puccinia psidii), Sphaerophragmiaceae, Pucciniales) was
first identified as an invasive pathogen when it caused the
allspice industry collapse in Jamaica in the 1930s
(MacLachlan 1938), followed by the damaging impact on
eucalypt industries in Brazil (Dianese et al. 1984). The first
find of this disease outside its native distribution of Central
and South America was made in 1977 with outbreaks on all-
spice in Florida (Marlatt and Kimbrough 1979). The pathogen

has since spread to California, Hawaii, China, Japan,
Australia, New Caledonia, South Africa, Indonesia,
Singapore and New Zealand (Killgore and Heu 2007;
Carnegie and Pegg 2018; EPPO 2019; Ho et al. 2019).

Austropuccinia psidii infects a range of species in the
Myrtaceae family which contains over 5,500 species in 144
genera. These plants have a Gondwanan distribution and pro-
vide an important floristic component, especially in the areas
where it is most species diverse (i.e. South America, Australia
and Southeast Asia) (Vasconcelos et al. 2017). In the native
range of myrtle rust in South America, several lineages or
genetic clusters of the fungus have been found (Ross-Davis
et al. 2013). Only two lineages are known to have spread out
of South America: the pandemic biotype that has been found
in Asia, Australia, Colombia, and the Pacific countries (du
Plessis et al. 2019), and the unique biotype that to date has
only been found from South Africa (Roux et al. 2016).

The host range of the A. psidii pandemic biotype has sig-
nificantly expanded with its spread throughout the Pacific
countries. Myrtle rust host expansion has been the most dra-
matic in Australia where Myrtaceae plants are diverse, wide-
spread and abundant in native ecosystems (Myerscough
1998). Since the first detection of myrtle rust in Australia in
2010 the host range ofA. psidii has rapidly increased from 129
species in 32 genera to over 480 species in 69 genera
(Carnegie and Lidbetter 2012; Giblin and Carnegie 2014;
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Berthon et al. 2019; Fernandez Winzer et al. 2019; Soewarto
et al. 2019a). While some Myrtaceae hosts are hardly affected
due to resistance (Tobias et al. 2015), several plant species are
severely impacted by myrtle rust and a few species in
Australia face extinction (Pegg et al. 2017; Makinson 2018;
Berthon et al. 2019).

In New Zealand, myrtle rust was first found in March 2017
in northernmost and isolated territory, the remote Raoul Island
which is located around 1,000 km northeast of the main
islands. Soon after, in May 2017, the pathogen was also found
in Kerikeri, North Island (Ho et al. 2019). The pathogen was
shown to be the pandemic biotype of A. psidii (du Plessis et al.
2019), the same biotype that had invaded the neighbouring
countries, Australia and New Caledonia.

An incursion response was initiated immediately after the
first detection by the New Zealand Ministry for Primary
Industries (MPI) and continued until A. psidii was considered
established to the degree that eradication was no longer feasi-
ble. In April 2018, the response was transitioned to long-term
management (Ministry for Primary Industries 2018). The in-
cursion response employed a range of resources to enable
detection of the disease throughout the country and to deter-
mine which host species were affected. In this paper, we pro-
vide an overview of the diagnostic activities over the first year
of response to A. psidii in New Zealand and present its distri-
bution as well as the list of affected host species.

Material and methods

Myrtle rust notifications

A myrtle rust notification system was set up after the con-
firmed find of A. psidii on New Zealand mainland in
May 2017. The system incorporated the notifications from
members of public, government and non-government organi-
sations, and targeted surveys by designated surveillance
teams. Suspected myrtle rust finds were examined and proc-
essed by the diagnostic team at the MPI Plant Health and
Environment Laboratory (PHEL).

Widespread media campaigns were released in May and
September 2017 to inform the public about the disease and
ask them to report suspected finds to the MPI exotic pest and
disease hotline. The public were asked not to touch the plants
but take images of the disease symptoms and different parts of
the host plants. The calls were triaged at a call centre and the
photos were pre-screened to exclude notifications that were
not from Myrtaceae plants or clearly did not exhibit any rust
disease symptoms. The remaining notifications were
forwarded to the diagnostic team at PHEL for processing.
Images received from the notifications were assessed by sci-
entists to identify the host species, determine if the plants were
infected with myrtle rust, and decide whether a sample was

required for further laboratory testing. Inconclusive cases
were forwarded to the survey teams to visit the site and gather
more images and samples as needed.

The response surveyors were trained to recognise
Myrtaceae species and myrtle rust disease symptoms, take
informative images, collect samples for laboratory testing,
and follow rigorous containment and decontamination proce-
dures. They examined Myrtaceae plants in nurseries, desig-
nated high risk areas, conservation land, home gardens and
public areas as required. Images of all suspected myrtle rust
finds by survey teams were sent directly to the PHEL diag-
nostic team for processing.

Sample collection and diagnostic processing

In the beginning of the myrtle rust response, all suspected
infected plant material was collected and sent to PHEL to
confirm the presence of A. psidii. Symptomatic material was
collected for disease confirmation and healthy plant material
was collected for host identification. Samples were placed in
double sealed bags, which were disinfected and securely pack-
aged for sending to the laboratory. Upon arrival, the sample
boxes were opened in a secure containment facility, symptom-
atic and healthy plant tissue was sampled for DNA extraction,
and the DNAwas stored at −80 °C. Uredinia from symptom-
atic plants were also used for preparing slides for morphology
based identification of A. psidii. The remaining plant material
was autoclaved and disposed of once the results were finalised
and the sample was no longer needed.

After the identity of A. psidii was confirmed with labora-
tory testing on a range of host plants and the disease had been
found in a number of geographical regions of New Zealand,
samples were collected and tested only if they were found in
new areas, on suspected new hosts or if images of symptoms
did not allow conclusive identification. Apart from the above
circumstances, myrtle rust and its host plant were identified
based on images by the trained staff in the diagnostic team.
While there are other rust fungi that infect Myrtaceae species
(Simpson et al. 2006), only A. psidii is known to be present in
New Zealand to date and therefore the image based identifi-
cation was considered to be a reliable method.

To reduce the risk of the spread of spores and to simplify
the sample processing at PHEL, the initial leaf sampling step
for DNA extraction was performed in-field. Survey teams
sampled four 5 × 5 mm sections from both infected and
healthy leaves and separately placed these in 2 ml sample
tubes pre-filled with DNA extraction buffer and metallic
beads. The tubes were thereafter disinfected, placed in multi-
ple layers of sealed bags, and further disinfected before secure
packaging for sending to the laboratory.

Herbarium samples were pressed and dried to preserve the
A. psidii infection on a selection of host plants whenever pos-
sible. These samples were deposited at the New Zealand
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Fungarium (PDD) under the voucher numbers specified in
Suppl. Table 1.

DNA extraction and PCR based identification
of A. psidii

T h e s am p l e s w e r e m a c e r a t e d i n 6 0 0 μ l o f
cetyltrimethylammonium bromide (CTAB) lysis buffer
(2.0% CTAB, 1.4 M NaCl, 20 mM EDTA, 100 mM Tris-
HCl [pH 8.0], and 1.0% polyvinylpyrolidone) for 2 min using
a Beadbeater (Biospec Products), and incubated at 65 °C for
25 min, with occasional shaking for 20 s at 2 min intervals
using a Thermomixer (Eppendorf). Subsequently, the samples
were centrifuged at 14,500 g for 3 min, and 420 μl of super-
natant was used to perform DNA extraction using the auto-
mated KingFisher (Thermo Scientific) nucleic acid extraction
system with the InviMag plant DNA mini kit (Invitek), ac-
cording to the manufacturer’s instructions.

Infection with A. psidii was confirmed using a TaqMan
real-time PCR assay developed by Baskarathevan et al.
(2016). The qPCR assay was carried out in a final volume of
20 μl: 10 μl of 2× ToughMix (Quanta Biosciences), a final
concentration of 300 nM each PpsiITS1F and PpsiITS1R
primer, 120 nM FAM-labelled probe PpsiITS1P, MgCl2
(4.2 mM final), and 2 μl of DNA template. The assay was
multiplexed with plant internal control, adding 150 nM each
COX-F and COX-R primers, and 100 nM probe COX-P;
Weller et al. 2000), Thermocycling conditions were as fol-
lows: 95 °C for 3 min, followed by 40 cycles of 95 °C for
10 s and 59 °C for 30 s.

Sequence based identification of host plants

Three regions of the host genome were amplified from the
extracted DNA, the internal transcribed spacer (ITS)
(primers ITS1/ITS4, White et al. 1990), external transcribed
spacer (ETS) (primers Myrt (F)/ETS–18S (R), Lucas et al.
2007 andWright et al. 2001, respectively), and thematK gene
(K–J Kim unpublished primers, described in Jeanson et al.
2011). The ITS region (700 bp) was amplified using
Protocol 1 as described by Buys et al. (2016) by adding 3 μl
of DNA template to PCR reactions containing 1×
JumpStart™ REDTaq® ReadyMix, 10 μg bovine serum al-
bumin and primers to a final concentration of 0.3 μM. The
ETS andmatK regions (500 bp and 900 bp, respectively) were
amplified using Buys et al. (2016) Protocol 2 by adding 2μl of
DNA template to PCR reactions containing 4 μl of HOT
FIREPol® Blend Master Mix Ready to Load and primers to
a final concentration of 0.3 μM. Thermocycling conditions
were as follows: 94 °C for 3 min, followed by 35 cycles of
94 °C for 30 s, 56 °C for 30 s, 72 °C for 1 min and a final
10 min extension step at 72 °C.

PCR products were treated with Exonuclease I and FastAP
Thermosensitive Alkaline Phosphatase (Fermentas) prior to
sequencing, following the manufacturer’s instructions. DNA
sequencing of the obtained amplicons was performed in both
directions with forward and reverse primers on a 3500Genetic
Analyzer machine (Applied Biosystems®) using BigDye®
Terminator v3.1 Cycle Sequencing Kit (Applied
Biosystems®). Trimmed sequences were compared against
barcode reference databases of ITS, ETS and matK sequences
from over 100 Myrtaceae species found in New Zealand
(Buys et al. 2016) using the BLAST search tool in Geneious
10.2.5 (http://www.geneious.com). Samples that contained
gene sequences from multiple species (e.g. one gene region
showed 99–100% identity to one species but another gene
region showed 99–100% identity to a different species) were
denoted as hybrids. In all cases where this was detected,
natural hybrids of the ‘parent’ species are known to occur
and are common within the nursery trade.

Plant material tracing

As A. psidii can be accidentally spread through the movement
of infected or contaminated material (e.g. nursery stock, plant
cuttings, flowers, equipment, clothing), potential pathways
both onto and off the initial known infected sites, as well as
sites potentially infected by association, were intensively
traced for backward and forward movement. The question-
naire used captured information on the origin and distribution
of hosts grown on the property, incidence of disease and dis-
posal methods, movement of plant material, people, vehicles
and machinery, weather events, nursery management (fungi-
cide and insecticide applications) and hygiene practices. The
data collected through the questionnaires was analysed to de-
termine if there were any links between the first detected in-
fection site and following finds that would suggest human
mediated spread.

The possibility that the pathogen was introduced to New
Zealand by means other than wind dispersal was also investi-
gated. For that, the following aspects of previous importations
of Myrtaceae seeds into New Zealand were analysed: deter-
mining the proximity of the source of the seed to known myr-
tle rust infested areas at the time of harvest; determining their
entry pathway to New Zealand (passenger, mail or cargo); and
identifying where in New Zealand and by whom this material
was germinated.

Results

Myrtle rust notifications

Nearly 7,000 calls reporting myrtle rust were processed by the
MPI exotic pest and disease hotline during the first year of
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myrtle rust response in NewZealand. The peaks in the number
of calls received at the call centre correlated with the media
releases in May and September 2017. Nearly 40% of the calls
did not report myrtle rust and were excluded either because
they reported other ruts fungi on non-Myrtaceae hosts or the
symptoms were not indicative of rust disease. From the re-
maining 60% of the notifications that were passed on to the
diagnostic team at PHEL, around 30% (over 1,200 cases)
were confirmed as positive for myrtle rust (Fig. 1). While at
the beginning of the response, most of the calls from the pub-
lic were not reporting myrtle rust, nearly half of the callers
reported positive finds by April 2018. The percentage of pos-
itive finds by the trained survey team was significantly higher
when compared to the notifications frommembers of the pub-
lic and a similar increase in the efficiencies was found over
time. During the first 7 months, about 40% of survey finds
were confirmed positive whereas nearly 90% of the survey
notifications were confirmed to represent myrtle rust during
the last 6 months of the survey.

While only some of the calls from members of the
public were reporting myrtle rust, the cases where they
had found myrtle rust were crucial. The first notifications
from the first seven known infected areas in New Zealand
were all made by the public and the new areas found after
that were detected by targeted surveys based on previous
rust distribution modelling results. Twenty-three of the 30
New Zealand myrtle rust hosts were first found by survey
teams and the remaining seven were first reported by the
public. Of the latter, three were found by nurseries and
four by private property owners.

Seasonal dynamics in disease expression were observed
with very few new finds during the winter period (June to
October) and significantly more detections during the summer
months (November to May). While the increased number of
positive detections in February and March was partly due to

increased survey activities in infected areas, a significant in-
crease in positive detections reported from the public was also
recorded from March to May, 2018 (Fig. 1).

Pathogen and host diagnostics

In the first 5 months of the myrtle rust response, the diagnos-
tics of myrtle rust and identification of host plants were con-
firmed based on examination of disease symptoms and signs
and morphological characters, respectively, and molecular
testing as described above. Thereafter, identification of myrtle
rust and its host plants was based on images taken in the field,
except for new host or new regional distribution records, or
when identification was inconclusive using the images. The
majority of the rust infections were confirmed based on im-
ages as the symptoms were characteristic. The greatest chal-
lenge with image based rust and host diagnostics was to obtain
high quality images of symptoms and plant parts that would
be characteristic for identification. New records and inconclu-
sive cases were followed up with real-time PCR testing for
A. psidii and DNA barcode analysis for the identification of
host plants.

A range of visual disease symptoms were found on differ-
ent host plants (Fig. 2). While some of the hosts exhibited
chlorotic area around the infection sites and rust sori (e.g.
Lophomyrtus bullata, Metrosideros robusta, Syzygium
australe), lesions were not seen on others (e.g. Acca
sellowiana). In most cases, infections were found on leaves,
but on some of the hosts rust sori were also found on juvenile
stems and shoot tips (e.g. L. bullata, Lophomyrtus obcordata,
Metrosideros perforata, S. australe), flowers and fruits (e.g.
Myrtus communis, Syzygium jambos, Ugni molinae). While
the uredinial stage was dominant during the surveys, a few
telia of A. psidii were found on exotic host species.

Fig. 1 Myrtle rust notifications
received at the Ministry for
Primary Industries from
May 2017 to May 2018. Seasonal
variation can be seen in the
number of notifications as well as
the number of plants confirmed to
be infected by Austropuccinia
psidii

224 M. Toome-Heller et al.



Austropuccinia psidii distribution in New Zealand

Shortly after the first detection of myrtle rust from Kerikeri,
Northland on 3 May 2017, infections were also found from
Taranaki (17 May) and Waikato (22 May) regions and from
the Bay of Plenty area (11 June). Only a few new detections
were made during the following winter months and there were
no new area finds until November when infected plants were
found in Auckland andWellington; these were first detections
for these regions. Infections from five additional regions were
detected in March and April 2018, but the number of infected
plants in these areas remained low and only a few affected
hosts were found despite detailed surveys in most of these
areas. The Taranaki and Bay of Plenty regions had the most
myrtle rust finds throughout the response period, followed by
Auckland and Waikato regions (Fig. 3).

Host range

To date, A. psidii has been confirmed on 30 host plants in New
Zealand (Table 1): 17 native taxa and 13 exotic taxa. The most
frequently encountered hosts were the native L. bullata and its
hybrids with L. obcordata, the native species M. excelsa, and
the exotic host S. australe. This study adds 11 new taxa to the
global host list: ten native taxa, most of which belonged to
Metrosideros and included four hybrids; and one exotic host, a
Syzygium australe x S. paniculatum hybrid. The first report of
naturally occurring infections on three species were also re-
corded, these were Eucalyptus globoidea, Leptospermum
scorparium and Thryptomene calycina. No detection of
A. psidii were found on any native species of Kunzea or
Neomyrtus, two other native Myrtaceae genera in New
Zealand.

Fig. 2 Symptoms on new and most common hosts of Austropuccinia
psidii in New Zealand. New host records are marked with an asterisk. a
Acca sellowiana; b Eucalyptus globoidea; c Lophomyrtus bullata; d
Lophomyrtus obcordata; e L. bullata/ L. obcordata hybrid; f Melaleuca

salignus; g Melaleuca viminalis; h Metrosideros bartlettii*; i
Metrosideros diffusa*; j Metrosideros excelsa; k Metrosideros fulgens*;
l Metrosideros perforata*; m Metrosideros robusta*; n Syzygium
australe; o Syzygium maire*
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Discussion

Following the arrival of myrtle rust in Eastern Australia in
2010, New Zealand established a readiness plan for the poten-
tial arrival of A. psidii (Quinn and Buys 2014). The lack of an
adequately resourced and coordinated response involving all
key stakeholders in the early stages of the response has been
criticised as one of the major gaps in the national myrtle rust
response in Australia (Carnegie and Pegg 2018). With this in
mind, the New Zealand response to A. psidii sought to include
the general public, Māori, community groups, non-
government organisations, local, regional and central govern-
ment, industries, businesses and the science community where
possible to ensure the best possible outcome in tracking the
pathogen and employing all interested parties for a common
cause. Myrtle rust survey outcomes clearly demonstrated the
value of including the general public in biosecurity surveil-
lance. Media releases during the response encouraged people
to report rust like symptoms and were correlated with public
reporting. While a large number of calls from public reported
symptoms that were not caused by rust fungi or were on non-
Myrtaceae hosts, a number of callers made a significant con-
tribution to surveillance by either reporting new distribution
areas or new hosts.

An extensive surveillance programme was deployed at the
start of the myrtle rust incursion response in New Zealand
which was able to effectively track the spread of the pathogen
in different parts of the country and on a variety of host plants.
The survey teams, trained for host and symptom recognition,
mainly targeted known infected areas where they delimited
the zone of infection, but also areas that were predicted to be
at high infection risk in modelling studies (Beresford et al.
2018). Limited surveillance were conducted in low risk areas.
The survey teams made substantial contributions by finding
new host associations and a few new infected areas.

During the first year, myrtle rust spread throughout most of
the North Island and upper areas of the South Island, across
the areas that were predicted to be at high risk in modelling
studies (Beresford et al. 2018). No evidence of potential hu-
man assisted introduction to the country (such as imported
plant material) was found, which further supports the hypoth-
esis that myrtle rust was introduced to New Zealand via air
movement from Australia (Beresford et al. 2018). The

detection of A. psidii in New Zealand coincided with the sea-
sonal mass distribution of myrtaceous plants from commercial
nurseries for contracted planting programmes. Movement of
plant material between commercial nurseries the length of
New Zealand (both North and South Islands) was common,
with many transfers having already occurred prior to the first
detection of A. psidii in Kerikeri, when movement controls
were established. Plant movement has been estimated to be a
major factor in spreading A. psidii in Australia (Carnegie and
Cooper 2011; Pegg et al. 2013) and some plant material relat-
ed spread may have also been possible within New Zealand.
However, due to strict movement controls that were
established after the detection of the fungus, most of the
A. psidii spores in New Zealand were likely disseminated
via air currents. Once myrtle rust spores were present in com-
mercial and natural environments of New Zealand, the spread
of the pathogen by human movement and naturally assisted
distribution was inevitable, such as has occurred elsewhere
(e.g. Carnegie and Cooper 2011; Pegg et al. 2013; Roux
et al. 2016).

The in-field sample collection method that was intro-
duced at the outset of the response, worked well. The risk
of unintentional spread of airborne spores both in-field
and in the laboratory was largely reduced when samples
were collected in sealed tubes in the field, ready for DNA
extraction in the laboratory. The time required to process
the sample in the laboratory was also reduced. Once im-
age based identification was determined to be sufficient
for infection confirmation, the need to process samples in
the laboratory was further reduced. Therefore, such a
method could be recommended for handling plant materi-
al in future responses to air borne plant pathogens.

This paper presents the first complete report of the A. psidii
host range in New Zealand. The high number of native species
that are susceptible is concerning, as is the presence and in-
fection of several exotic Myrtaceae species that are known to
be highly susceptible overseas, such as species of Syzygium
(Makinson 2018; Berthon et al. 2019). Although the number
of plants infected from the survey data can give some indica-
tion of susceptibility, caution is required. Species belonging to
genera such as Kunzea and Neomyrtus cannot be considered
resistant based on an absence of detection. Infection and ex-
pression of disease symptoms requires the combination of
pathogen, susceptible host and conducive environment, and
the absence of detection may be due to the lack of inoculum
exposure or suitable environmental conditions. Resistance
screening on Kunzea robusta has shown that this species is
susceptible toA. psidii although the population tested did have
more resistance than some of the other New Zealand
Myrtaceae species in which genetic resistance was either
low or non-existent (Smith et al. 2020). Lophomyrtus bullata
and hybrids with L. obcordata were the most frequently de-
tected infected plant species and both resistance screening and

�Fig. 3 Myrtle rust detections in New Zealand from May 2017 to
June 2018. The geographic regions of New Zealand (as per Crosby
et al. 1998) where Austropuccinia psidii was detected in this time period
are highlighted in green. Numbers in the coloured circles indicate the total
number of infected plants found in each affected region during the three
different time periods (May to September 2017; October 2017 to
February 2018; and March to June 2018). The date underneath the
coloured circles indicates the first detection of A. psidii in the region
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Table 1 Confirmed hosts of Austropuccinia psidii in NewZealand, along with the distribution and the number of infected plants found fromMay 2017
to June 2018

Taxa (common name)a Status in New Zealand Regionb Number of
infected plants

GenBank accessions for Mat K/ ETS/ ITSc

Acca sellowiana
(Feijoa)

Exotic BP, TK 5 -/MK327963/ MK397425

Agonis flexuosa
(Willow myrtle)

Exotic AK, BP, TK, WO 7 MK138974/ MK327961/ MK397423

Eucalyptus globoidea
(White stringybark)

Exotic ND 1 MK138963/ MK327949/ -

Leptospermum scoparium
(Mānuka)

Native TK 1 MK138968/ MK327954/ MK397416

Lophomyrtus bullata
(Ramarama)

Native AK, BP, GB, ND, NN,
TK, TO, WN, WO

106 MK138964/ MK327950/ MK397412

Lophomyrtus obcordata
(Rōhutu)

Native AK, BP, TK, TO, WN, WO 20 MK138971/ MK327957/ MK397419

Lophomyrtus bullata x L. obcordata
hybrid (L x ralphii)

Native AK, BP, ND, NN, TK,
TO, WI, WN, WO

415 MK138965/ MK327951/ MK397413

Melaleuca salignus
(White bottlebrush)

Exotic TK 1 MK138987/ MK327976/ MK397438

Melaleuca viminalis
(Weeping bottlebrush)

Exotic TK, WO 7 MK138972/ MK327959/ MK397421

Metrosideros bartlettii*
(Bartlett’s rātā)

Native AK 1 MK138980/ MK327968/ MK397430

Metrosideros carminea
(Crimson rātā)

Native BP, TK, WN, WO 13 MK138976/ MK327964/ MK397426

Metrosideros collina
(Metrosideros Tahiti)

Exotic AK, BP, ND, TK 9 MK138982/ MK327970/ MK397432

Metrosideros diffusa*
(White rātā)

Native TK, TO, WO 8 MK138977/ MK327965/ MK397427

Metrosideros excelsa
(Pōhutukawa)

Native AK, BP, CL, ND,
TK, WN, WO

273 MK138962/ MK327948/ MK397411

Metrosideros fulgens*
(Climbing rātā)

Native TK 1 MK138984/ MK327972/ MK397434

Metrosideros kermadecensis
(Kermadec pōhutukawa)

Native AK, TK 6 MK138973/ MK327960/ MK397422

Metrosideros perforata*
(White rātā)

Native TK 2 MK138979/ MK327967/ MK397429

Metrosideros robusta*
(Northern rātā)

Native TK 4 MK138966/ MK327952/ MK397414

Metrosideros hybridsd*

(Pōhutukawa)
Native AK, ND, TK 4 See footnoted

Myrtus communis
(Common myrtle)

Exotic AK 1 MK138985/ MK327973/ MK397435

Syzygium australe
(Lilly-pilly)

Exotic AK, BP, ND,
TK, WN, WO

148 MK138970/ MK327956/ MK397418

Syzygium australe x S.
paniculatum hybrid*

(Lilly-pilly)

Exotic BP 4 MK138975/ MK327962/ MK397424

Syzygium jambos
(Rose apple)

Exotic BP 1 MK138986/ MK327975/ MK397437

Syzygium maire*
(Swamp maire)

Native AK 1 -/MK327974/ MK397436

Thryptomene calycina
(Grampians thryptomene)

Exotic TK 1 MK138981/ MK327969/ MK397431

Tristaniopsis laurina
(Water gum)

Exotic ND 1 MK138988/ MK327977/ MK397439

Ugni molinae
(Chilean guava)

Exotic BP 2 MK138978/ MK327966/ MK397428

aNew host records are marked with an asterisk
b The two-letter codes represent the geographic regions of New Zealand as per Crosby et al. 1998; AK – Auckland, BP – Bay of Plenty, CL –
Coromandel, GB – Gisborne, ND – Northland, NN - Nelson, TK – Taranaki, TO – Taupo, WI – Wanganui, WN – Wellington, WO - Waikato
c GenBank accession numbers referring to sequences which were used to identify the host species. Dash shows that this respective gene was not
amplified for this host
d SeveralMetrosideros hybrids were identified includingM. bartletii xM. robusta (genebank numbers:MK327958/MK397420),M. collina xM. excelsa
(genebank numbers: MK138983/MK327971/MK397433), M. excelsa x M. robusta (genebank numbers: MK138967/MK327953/MK397415), M.
excelsa x M. kermadecensis (genebank numbers: MK138969/MK327955/MK397417)
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field surveillance have indicated these to be highly susceptible
(Smith et al. 2020; Soewarto et al. 2019b).

The discovery of A. psidii on A. sellowiana in New Zealand
was surprising as this species was considered resistant to the
pandemic biotype based on the lack of natural infection in coun-
tries where the host is grown, and the inability of the pathogen to
infect A. sellowiana when artificially inoculated (Morin et al.
2012; Soewarto et al. 2019a). To date, the only reported infec-
tion of A. sellowiana by A. psidii under natural conditions was
fromBrazil (Blum andDianese 2001), however, as the pandem-
ic biotype is not known to be present in Brazil, this infection is
believed to be caused by other A. psidii strains. The other de-
tection of note was the first confirmed natural infection of
L. scoparium, a host of particular concern considering the de-
pendence of New Zealand’s mānuka honey industry on this
species. Despite a number of plants being surveyed until
May 2018, only one plant was found to be infected in nature.
Artifical inoculation studies have, however, shown that the spe-
cies is susceptible (Smith et al. 2020) which suggests that phys-
iological or environmental factors in the field may be limiting
the myrtle rust infections in mānuka plantations, as reported for
other Myrtaceae hosts in Australia (Makinson 2018).

Myrtle rust has an unusually large host range for a rust fungus.
Most rust fungi are highly host specific and very few have a wide
host range, infecting many species within a family (Eshed and
Dinoor 1981; Rytter et al. 1984; Skinner and Stuteville 1995).
The ability of A. psidii to infect a wide range of species in the
Myrtaceae family is therefore unique and different biotypes differ
in their virulence towards different host plants (Granados et al.
2017). The already wide host range of myrtle rust and its impact
to already known hosts could further expand if additional strains
were introduced to the areas where the pandemic strain is cur-
rently found. For example, the dramatically increased host range
in Florida over 30 years was suggested to have occurred due to
importation of additional strains (Loope and La Rosa 2008) and
the biotype found in South Africa has already been found to be
pathogenic towards some of New Zealand’s native Myrtaceae
(Soewarto et al. 2019a). To prevent introduction of additional
strains to New Zealand, A. psidii remains as a quarantine organ-
ism despite establishment of the pandemic biotype. A global
effort is required to prevent the spread of additional strains of
A. psidii worldwide and is critical for the preservation of
Myrtaceae, particularly in the Asia-Pacific region.

While the spread of myrtle rust in New Zealand was rapid
and the active response moved into long-term management in
April 2018, A. psidii is still very much a focus for Māori,
central and local government, community groups, Myrtaceae
based industries, and research institutions. Several research
programmes that are currently in progress are looking for
management and resistance breeding options to protect local
Myrtaceae diversity and minimize the potential damage from
myrtle rust to New Zealand’s unique ecosystems and indus-
tries reliant on Myrtaceae.
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