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INTRODUCTION
Puccinia psidii was first described by Winter (1884) on guava (Psidium guajava L.) in Brazil. The
rust is still a major pest of native guava in Brazil and is often referred to as “guava rust”
internationally. It is unusual among rust fungi because of its broad and ever-expanding hostrange within the Myrtaceae plant family (Simpson et al. 2006). The pathogen is regarded as a
major threat to Eucalyptus plantations and other Myrtaceae worldwide (Coutinho et al. 1998,
Grgurinovic et al. 2006, Glen et al. 2007). Infections of leaves and meristems are particularly
severe on susceptible seedlings, cuttings, young trees, and coppice, causing plants to be
stunted and multi-branched, inhibiting normal growth and development, and sometimes
causing death to young seedlings (Booth et al. 2000, Rayachhetry et al. 2001). The fungus
has expanded its host-range in Brazil, affecting both native and introduced Myrtaceae (Coutinho
et al. 1998).
Since its discovery in 1884, P. psidii has continually been discovered to have an expanding hostrange within the Myrtaceae, affecting hosts throughout much of South and Central America and
the Caribbean. Spreading out originally from Brazil in 1884, the fungus has been reported on
hosts in the following countries (first record in parentheses): Paraguay (1884), Uruguay (1889),
Ecuador (1891), Colombia (1913), Puerto Rico (1913), Cuba (1926), Dominican Republic
(1933), Venezuela (1934), Jamaica (1936), Argentina (1946), Dominica (1948), Trinidad and
Tobago (1951), Guatemala (1968), United States (Florida; 1977), Mexico (1981), El Salvador
(1987), and Costa Rica (1998) (Simpson et al. 2006). It is possible that P. psidii was present in
El Salvador and Costa Rica prior to 1980, but was not reported until 1987 and 1998,
respectively.
Until recently, Puccinia psidii was restricted to the Neotropics, Mexico, and the state of Florida
in the United States. While the rust has been present in Florida for over 30 years, only recently
has it spread westward. Although possibly present earlier, P. psidii was found in California in
November 2005 in a nursery in San Diego County on Myrtus communis and documented by a
report in a nursery newsletter (Mellano 2006). Puccinia psidii was first found in Hawai`i on a
young plant of `ōhi`a (Metrosideros polymorpha) in April 2005, in a nursery on the island of
O`ahu (Killgore and Heu 2005; Uchida et al. 2006). The fungus subsequently spread to most
islands of the Hawaiian chain, infecting `ōhi`a and other myrtaceous hosts (Hauff 2006,
Anderson et al. 2007). P. psidii was first found in Japan in May 2007 on cultivated `ōhi`a
(Kawanishi et al. 2009).
Most recently, a rust identified as Uredo rangelii was discovered in April 2010 in New South
Wales, Australia (Carnegie et al. 2010). This rust is closely related to Puccinia psidii and is part
of the guava rust complex described by Simpson et al. (2006). Although treated as a separate
species by Simpson et al. (2006), many authors now consider U. rangelii a synonym for U.
psidii, which is the anamorph (asexual stage) of P. psidii, and therefore, the same species (Glen
et al. 2007, Carnegie et al. 2010). Because of the large diversity of native Myrtaceae present in
Australia, the number of Myrtaceae hosts attacked by species of the guava rust complex will
likely grow now that U. rangelii has arrived and is spreading in the country. As of this writing
(June 2011), 94 species of Myrtaceae have been identified as hosts of U. rangelii in the states
of New South Wales and Queensland. Damage is severe on nearly one-third of the species
affected, and 16 of these species are threatened or endangered native species (Secretary of
Australia, May 2011).
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The presence of Puccinia psidii in Hawai`i is particularly alarming for at least two reasons: (1)
M. polymorpha is the dominant overstory tree of the native forest, and (2) P. psidii is now
established in the Pacific region, where numerous Myrtaceae species are native. Native
ecosystems in Hawai`i and the Pacific could be seriously affected by the spread of P. psidii, as
both native and introduced Myrtaceae are significant components of many different plant
communities throughout the region (Glen et al. 2007). Because the guava rust complex (i.e., P.
psidii and U. rangelii) now attacks well over 100 species of Myrtaceae worldwide, it is currently
a priority for international quarantine and import restrictions in an effort to prevent further
spread among Australasian and Pacific Myrtaceae.
Several different studies have been done to determine what degree of genetic variation exists
between isolates of Puccinia psidii from many different host plants and many different locations
(Langrell et al. 2008, Kawanishi et al. 2009, Kadooka 2010, Graça et al. 2011). So far, all of
these studies have shown that all of the Hawaiian samples tested so far have had the same
genetic composition. Given that the P. psidii strain in Hawai`i has continually been shown for
over five years to lack genetic variation at microsatellite marker sites (which are believed to
undergo relatively rapid genetic change), a baseline evaluation of incidence and severity should
be especially valuable to provide comparisons with future conditions.
Worldwide, 23 Neotropical species in 11 genera and 59 Australasian and Pacific species in 13
genera had been recorded as hosts of Puccinia psidii before 2010 (Simpson et al. 2006,
Anderson et al. 2007). Of those 82 species known to be hosts elsewhere, 42 are cultivated or
naturalized in Hawai`i. Because of its wide host-range and aggressive pathogenicity, rust
disease caused by P. psidii poses a considerable disease threat to many native and cultivated
Myrtaceae throughout the world (Coutinho et al. 1998, Booth et al. 2000, Simpson et al. 2006).
However, there are few reports comparing the severity of rust infection on native, introduced,
and cultivated Myrtaceae (Rayachhetry et al. 2001, Perez et al. 2010). Since government
agencies and the public are concerned about the extent of the rust movement within and to
Hawai`i (Loope and La Rosa 2008, Loope 2010), there is a need to better understand the
incidence, severity, and distribution of P. psidii in Hawai`i. To address that need, this research
project was initiated to survey forests, surrounding plant communities, botanical gardens, and
commercial nurseries to detect the presence and severity of P. psidii rust infections throughout
Hawai`i on plants in the Myrtaceae family. This study provides a baseline on the host
distribution and severity to compare current and future impacts of rust infections caused by P.
psidii on native, naturalized, and cultivated Myrtaceae in Hawai`i.

METHODS
A total of 8,250 trees of the family Myrtaceae were sampled during the course of this study.
Forty-one species in 16 genera were observed in this study (see Appendix for individual species
list). However, the main species that were observed in many different settings were Melaleuca
quinquenervia, Metrosideros polymorpha, Rhodomyrtus tomentosa, and Syzygium jambos. Data
were collected during road-side surveys, trail surveys, and surveys in selected botanical
gardens.
Road-side surveys
Road-side survey trips were made to the islands of Kaua`i, Maui, O`ahu, and Hawai`i during the
months of May 2007 and June 2008. On each island, most major highways and several minor
highways were driven while looking for myrtaceous tree species that could be sampled for the
2

presence of this rust. Coordinates of sampled locations were collected using a global positioning
system (GPS) unit with location accuracy of ±10 m to obtain a broad picture of the distribution
and severity of the rust infestation on Hawaiian Myrtaceae. On each survey route, all accessible
Myrtaceae encountered within 1–2 m of the road-side verge, or border, were examined for rust
symptoms and given a disease rating. The severity of rust infection on diseased plants was
characterized using disease index categories outlined by Anderson and Uchida (2008) and
Uchida et al. (2008). The categories for disease severity range from 0–5, where 0 was listed for
trees that showed no symptoms and category 4 (for Metrosideros polymorpha) or 5 (all other
Myrtaceae) were used for branches showing the greatest level of symptom development (=
branch death). Categories 1, 2, and 3 indicated mild to moderate disease levels, whereas
categories 4 and 5 indicated severe disease levels causing defoliation and branch death of
affected individuals.
Trail surveys
Starting in June 2008, more intensive surveys were conducted on foot along selected trails on
each island to evaluate rust infections, collect rust samples, and record GPS coordinates of
sampled trees. On each trail, all Myrtaceae encountered within 1 m of the trail edge were
examined for rust symptoms and given a disease rating (see Road-side surveys for details). The
same sites were resurveyed in February 2009 and June 2009. On the island of Kaua`i, 413 M.
polymorpha trees on the Pihea trail (elevation 1200–1280 m) in Koke`e State Park were
surveyed. On the island of O`ahu, 450 M. polymorpha trees on the Palikea trail (elevation 800–
970 m) in the Wai`anāe Mountains and 250 M. polymorpha trees on the Kipapa Trail (elevation
450–520 m) in the Ko`olau Mountains were surveyed. On the island of Maui, 417 M.
polymorpha trees on the Waihe`e Trail (elevation 305–780 m) in the West Maui Mountains were
surveyed. On the island of Hawai`i, sections of the forest along the Saddle Road from 300–1200
m elevation were surveyed. On the Saddle Road, approximately 60 M. polymorpha trees were
observed at 7 elevations along an elevational gradient from 305–1200 m elevation
(approximately every 150 m in elevation rise). A total of 414 M. polymorpha trees on the Saddle
Road were observed for rust symptoms on each sampling interval.
Additional survey data
Surveys of plants in the Myrtaceae family were also conducted at the National Tropical Botanical
Garden (NTBG) in Kalaheo on Kaua`i, the Lyon Arboretum and Ho`omaluhia Botanical Gardens
on O`ahu, and the Kula Botanical Garden on Maui in June 2008. In these arboretum surveys, all
myrtaceous trees encountered were examined for the rust. There were three to seven
myrtaceous species in each of these arboretum surveys, and each species was represented by 1
to 60 trees. There were also 137 Puccinia psidii rust reports contributed from forest users and
cooperators surveying plant nurseries collected since its introduction in 2005 that were added to
the database prior to analyses. All rust reports from forest users and cooperators were verified
by the author or other trained professionals at the University of Hawai`i prior to being added to
the database.
Data analysis
The Trimble Juno ST (Trimble Navigation Limited, Sunnyvale, CA) GPS unit was used to collect
GPS data in the field, and coordinates were processed using ArcPad 7.1 and ArcGIS 9.2
(Environmental Research Systems Institute, Inc., Redlands, CA) to enable analysis of the
distribution and severity of the rust using GIS. The GPS points were collected as geographic
coordinates using decimal degrees (DD) on the North American 1983 datum. The accuracy of
the GPS points is estimated to be ±10 m. Survey data were analyzed using Minitab 14 (Minitab,
3

Inc., State College, PA). Statistical analyses included median disease index by host species,
normal distribution, and chi-square analysis (P = 0.05) of percent infection between repeated
trail surveys. Maps depicting host distribution of Puccinia psidii, disease index scores, and the
interaction of rust infections with Hawaiian moisture zones described by Price et al. (2007) were
produced using ArcGIS 9.3 and are included in the figures of this report. Over the entire area
studied, there were seven moisture zones, and they are described in Price et al. (2007): arid
(zone 1), very dry (zone 2), moderately dry (zone 3), seasonal mesic (zone 4), moist mesic
(zone 5), moderately wet (zone 6), and very wet (zone 7). Annual precipitation in these
moisture zones ranges from 100–600 mm in arid areas to 3900–6000 mm in very wet areas.

RESULTS
Road-side surveys
Roadsides and botanical gardens were surveyed for rust presence and severity in May 2007 and
June 2008. Maps depicting survey routes, incidence, and disease index of myrtaceous species
observed on each island are given in Figures 1–18.
The data were analyzed in five groups: four groups for the major hosts (i.e., Melaleuca
quinquenervia, Metrosideros polymorpha, Rhodomyrtus tomentosa, and Syzygium jambos) and
one called “Other Myrtaceae spp.” comprised of other less frequent species in the family
Myrtaceae observed in the surveys. In May 2007, 912 observations were made on myrtaceous
species during road-side surveys, and 989 observations were made in June 2008. Although
potential myrtaceous hosts of Puccinia psidii were found in all moisture zones depicted by Price
et al. (2007), most infected species were located in seasonal mesic to very wet moisture zones
on each island.
Arising from a total of 8,387 records obtained in this study, 42 species of Myrtaceae were
observed during the course of this study (See Appendix 1 for species list). Of the 42 species of
Myrtaceae, a total of 23 species or ~55% were observed as hosts of Puccinia psidii in the
Hawaiian Islands since its introduction in 2005 (Table 1). Ten of these species (Chamelaucium
uncinatum, Eugenia koolauensis, E. globosum, E. palumbis, Metrosideros collina, M. excelsa, M.
kermadecensis, M. macropus, M. tremuloides, Rhodomyrtus tomentosa, and Syzygium
sandwicense are new hosts of P. psidii not previously reported by Simpson et al. (2006).
Nineteen species of Myrtaceae observed in this study are currently not hosts of P. psidii in
Hawai`i (Table 2). However, seven of these nineteen non-host species in Hawai`i, have been
documented as hosts of P. psidii somewhere else in the world—Acca sellowiana, Angophora
costata, Eugenia brasiliensis, Melalueca nesophila, Psidium cattleianum, P. guajava, and P.
guineense —based on the review by Simpson et al. (2006).
The infection rate and severity of the rust observations as measured by the disease index
scores varied by host species (Table 1). Syzygium jambos and Rhodomyrtus tomentosa were
the hosts most severely affected by the rust P. psidii in Hawai`i, with median disease index
scores of 5 and 4, respectively (Table 3). The severity of the infection as measured by the
disease index was very mild, with a disease index score of 1 for each occurrence. In each
occurrence on the Pihea trail, the rust was detected on only one or a few leaves with only a few
pustules on each leaf. No other species of Myrtaceae were found on this trail.
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Figure 1. Puccinia psidii survey records and disease index for Melaleuca quinquenervia on Kaua`i for the years 2005–2010.
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Figure 2. Puccinia psidii survey records and disease index for Melaleuca quinquenervia on O`ahu for the years 2005–2010.
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Figure 3. Puccinia psidii survey records and disease index for Melaleuca quinquenervia on Maui for the years 2005–2010.
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Figure 4. Puccinia psidii survey records and disease index for Melaleuca quinquenervia on
Hawai`i for the years 2005–2010.
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Figure 5. Puccinia psidii survey records and disease index for Metrosideros polymorpha on Kaua`i for the years 2005–2010.
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Figure 6. Puccinia psidii survey records and disease index for Metrosideros polymorpha on O`ahu for the years 2005–2010.
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Figure 7. Puccinia psidii survey records and disease index for Metrosideros polymorpha on Maui for the years 2005–2010.
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Figure 8. Puccinia psidii survey records and disease index for Metrosideros polymorpha on
Hawai`i for the years 2005–2010.
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Figure 9. Puccinia psidii survey records and disease index for “Other Myrtaceae” species on Kaua`i for the years 2005–2010.
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Figure 10. Puccinia psidii survey records and disease index for “Other Myrtaceae” species on O`ahu for the years 2005–2010.
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Figure 11. Puccinia psidii survey records and disease index for “Other Myrtaceae” species on Maui for the years 2005–2010.
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Figure 12. Puccinia psidii survey records and disease index for “Other Myrtaceae” species on
Hawai`i for the years 2005–2010.
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Figure 13. Puccinia psidii survey records and disease index for Rhodomyrtus tomentosa on Kaua`i for the years 2005–2010.
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Figure 14. Puccinia psidii survey records and disease index for Rhodomyrtus tomentosa on
Hawai`i for the years 2005–2010.
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Figure 15. Puccinia psidii survey records and disease index for Syzygium jambos on Kaua`i for the years 2005–2010.
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Figure 16. Puccinia psidii survey records and disease index for Syzygium jambos on O`ahu for the years 2005–2010.
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Figure 17. Puccinia psidii survey records and disease index for Syzygium jambos on Maui for the years 2005–2010.
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Figure 18. Puccinia psidii survey records and disease index for Syzygium jambos on Hawai`i for
the years 2005–2010.
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Table 1. Known host-range and number of positive records of Puccinia psidii in the Hawaiian
Islands, 2005–2010.
Host

Callistemon citrinus
Chamelaucium uncinatum §
Eugenia globosum §
E. koolauensis §
E. palumbis §
E. paniculatum
E. reinwardtiana
E. uniflora
Melaleuca quinquenervia
Metrosideros collina §
M. excelsa §
M. kermadecensis §
M. macropus §
M. polymorpha
M. tremuloides §
Myrciaria cauliflora
Myrtus communis
Pimenta dioica
Rhodomyrtus tomentosa §
Syzygium cumini
S. jambos
S. malaccense
S. paniculatum
S. sandwicense
Totals

Number of
observations*
10
14
2
8
2
7
4
4
65
10
1
6
18
7102
10
5
12
5
37
74
831
13
2
10
8252

Number
positive
1
14
2
8
2
4
2
2
59
10
1
2
3
476
2
1
9
1
29
25
825
10
2
1
1491

% Positive
10.0%
100.0%
100.0%
100.0%
100.0%
57.1%
50.0%
50.0%
90.8%
100.0%
100.0%
33.3%
16.7%
6.7%
20.0%
20.0%
75.0%
20.0%
78.4%
33.8%
99.3%
76.9%
100.0%
10.0%
18.1%

*(includes repeat observations)
§
(new host species)

O`ahu - Palikea Trail (elevation 800-970 m)
The Palikea trail in the Wai`anae Mountains on O`ahu was surveyed by foot in June 2008,
February 2009, and June 2009 from the beginning of the trail (~ 800 m elevation) to
approximately 3.4 km of its length (~ 970 m elevation) during each measurement interval
(Figure 6). Of the 437 `ōhi`a trees examined on the Palikea trail, 56 trees or 12.8% were
determined to have some rust in 2008. This proportion stayed very nearly the same (12.1%
and 12.4%) in the two subsequent surveys. In the final survey interval, 54 trees (12.4%) were
infected by the rust (Table 4). Infections typically occurred on only one or a few leaves on the
lower branches of each tree on `ōhi`a, rated with a disease index of 1; however some trees had
scores in category 2. Other species of Myrtaceae observed on the Palikea trail included:
Melaleuca quinquenervia, Psidium cattleianum, P. guajava, and Syzygium cumini. However,
among these species, P. psidii was detected only on M. quinquenervia. The infection on M.
23

Table 2. Species of Myrtaceae observed and found negative for infection by Puccinia psidii in
Hawai`i. Species marked with asterisks are known hosts of P. psidii elsewhere in the world.
Non-host

Acca sellowiana*
Angophora costata*
Corymbia ficifolia
C. citriodora
Eucalyptus amygdalina
E. cinerea
Eugenia brasiliensis*
E. javanica
Melaleuca nesophila*
Psidium cattleianum*
P. friedrichstalianum
P. guajava*
P. guineense*
Syzygium aqueum
S. boninensis
S. leuhmanni
S. macrocarpum
S. samoaensis
Xanthostemon aurantiacum

Number of
observations
5
7
1
10
2
6
2
2
4
40
2
40
2
2
2
2
2
2
2

Number
positive
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

% Positive
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

135

0

0.0

Totals

Table 3. Median disease index of major hosts of Puccina psidii in the Hawaiian Islands (N =
8390).
Number of
observations
65
7102
352
37
831
8387

Host

Melaleuca quinquenervia
Metrosideros polymorpha
Other Myrtaceae spp.

Rhodomyrtus tomentosa
Syzygium jambos
Total Records

Median
Disease Index
1
0
1
4
5

quinquenervia was characterized as mild with a disease index of 1–2, and found only on the

new leaves.

O`ahu - Kipapa Trail (elevation 450–520 m)
The Kipapa Trail in the Ko`olau Mountains was surveyed by foot in June 2008, February 2009,
and June 2009 from the beginning of the trail (~ 450 m elevation) to approximately 5.1 km of
its length (to an elevation of ~ 520 m) during each sampling period (Figure 6). Of the 281
24

Table 4. Disease incidence of Puccinia psidii on Metrosideros polymorpha trail surveys.
Trail
Kaua`i - Pihea
O`ahu - Palikea
O`ahu - Kipapa
Maui - Waihe`e Ridge
Hawai`i - Saddle Road
(All Islands)

% Diseased
June 2008
0.2
12.8
1.1
9.1
2.2
5.1

% Diseased
Feb 2009
0.5
12.1
4.3
5.0
1.4
4.7

% Diseased
June 2009
0.0
12.4
6.0
6.5
1.9
5.4

Mean
0.2
12.4
3.8
6.9
1.9
5.0

`ōhi`a trees sampled on the Kipapa Trail, only three trees (1%) had rust symptoms in the
survey done in 2008, but this increased to 17 trees (6.1%) at the time of the June 2009 survey
(Table 4). The infections on `ōhi`a along the Kipapa Trail were characterized as mild, typically
with a disease index score of 1. Other species of Myrtaceae observed on this trail included:
Melalueca quinquenervia, Psidium cattleianum, Syzygium jambos, and S. sandwicensis. No
infections of Puccinia psidii were observed on P. cattleianum or S. sandwicensis during any of
the survey intervals on the Kipapa Trail. Infections on M. quinquenervia were mild, and those
on S. jambos were severe.

Maui - Waihe`e Trail (elevation 305–780 m)
The Waihe`e Trail in the West Maui Mountains was surveyed by foot in June 2008, February
2009, and June 2009 from the beginning of the trail (~ 305 m elevation) to approximately 2.4
km of its length (~ 780 m) during each measurement interval (Figure 7). Of the 417 `ōhi`a
trees surveyed on the Waihe`e Trail, 9.1% were found to be infected in 2008, but this infection
rate had dropped to 6.5% by June 2009 (Table 4). The only other species of Myrtaceae
observed was Melaleuca quinquenervia, with several individuals being infected by the rust with
mild severity on newly emerged leaves.

Hawai`i - Saddle Road (elevation 450–1220 m)
The Saddle Road area in the saddle between Mauna Loa and Mauna Kea mountains on the
island of Hawai`i was surveyed by foot in June 2008, February 2009, and June 2009 (Figure 8).
A total of 414 `ōhi`a trees were surveyed each period along sections of the road beginning from
Kaumana (~ 450 m) to approximately 1220 m elevation, covering a distance of 32.6 km. Stops
were made at every 150 m in elevation, and at each stop 15–100 `ōhi`a trees along the
roadside were assessed for the presence and severity of the rust during each measurement
interval. Of the 414 `ōhi`a trees surveyed on the Saddle Road, 2.1% were found to be infected
by Puccinia psidii in 2008, and the infection rate had decreased slightly to 1.9% in June 2009
(Table 4). Infections of `ōhi`a on the Saddle Road sections were all very mild with symptoms
only occurring on a few newly emerged leaves in each case.
M. polymorpha Infection Rate and Severity - All Islands
Based on these surveys conducted on Kaua`i, O`ahu, Maui, and Hawai`i, the incidence of
Puccinia psidii rust disease on Metrosideros polymorpha is very low overall, ranging from 1.3%
infected on Kaua`i to 10.8% on O`ahu (Table 5). The overall infection rate on O`ahu was higher
due to a high average incidence of disease observed in the surveys on the Palikea Trail
(12.4%), more than double that observed on the Kipapa Trail (3.8%; Table 4). During the last
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Table 5. Number and percentage of healthy and diseased Metrosideros polymorpha trees that
were surveyed for Puccinia psidii rust infection in the Hawaiian Islands 2005–2010 (includes
repeat observations).
Island
Kaua`i
O`ahu
Maui
Hawai`i
All Islands

Number of Trees
Observed
1272
2368
1299
2163
7102

Total Trees
Infected
17
255
115
89
476

% Healthy
98.7%
89.2%
91.2%
95.9%
93.3%

% Infected
1.3%
10.8%
8.9%
4.1%
6.7%

survey interval in June 2009, the infection rate on `ōhi`a was 5.4% statewide, and for all
observations of `ōhi`a from 2005–2010 was 6.7% (Table 5). Although a chi-square analysis
showed a significant increase (P = 0.001) in the percent of infected `ōhi`a on the Kipapa Trail
from June 2008 to June 2009, no other significant increase or decrease in percent infected were
detected on other trails surveyed. After the increase of P. psidii infection of M. polymorpha on
the Kipapa Trail, the resulting mean percentage of trees infected by the rust (3.8%) is less than
the state-wide mean (5.0%; Table 4). In most cases, infections by P. psidii and pustule
development on M. polymorpha were mild (Disease Index = 1), and were primarily restricted to
young, newly emerged leaves. Unlike the severe defoliation and dieback observed on S. jambos
and R. tomentosa, no crown or canopy-level effects caused by P. psidii infection were observed
on M. polymorpha during this study.

DISCUSSION
Since its first detection on Metrosideros polymorpha in 2005, Puccinia psidii has quickly spread
to all the Hawaiian Islands, and now attacks 23 host species of native, introduced, and
cultivated Myrtaceae in the state of Hawai`i. Out of the more than 80 host species of P. psidii
listed by Simpson et al. (2006) and Anderson et al. (2007), 42 are known to be cultivated or
naturalized in Hawai`i. Including the 10 new host-pathogen associations detected since its
introduction to Hawai`i, 55% of the known host species in Hawai`i have been observed with P.
psidii infection. This percentage of P. psidii detection is similar to that observed in Florida by
Rayachhetry et al. (2001). This expansion in host-range is typical of this fungus following its
introduction into new areas with naïve flora (MacLachlan 1938, Rayachhetry et al. 2001,
Wingfield et al. 2001, Leahy 2004). New records from Hawai`i included: the endemic `ōhi`a (M.
macropus, M. polymorpha, M. tremuloides) and niōi (Eugenia koolauensis); the indigenous niōi
(E. reinwardtiana); three cultivated species of Pacific Metrosideros (M. collina, M. excelsa, M.
kermadecensis); the introduced downy rose myrtle (Rhodomyrtus tomentosa); Geraldton
waxflower (Chamelaucium uncinatum); Eugenia globosum (no common name); and E. palumbis
(no common name). The infection by P. psidii is causing severe defoliation and branch death on
Eugenia palumbis planted at the NTBG. It is likely that the rust will eventually cause the death
of E. palumbis. This can also be said of the endangered and endemic Eugenia koolauensis. It is
likely that recovery efforts for this endangered species will undoubtedly be further hampered by
infection by P. psidii. As of December 2010, 4 native and 19 non-native species have been
observed as hosts of P. psidii in Hawai`i, with the introduced rose apple being the most severely
affected. Although 19 species of Myrtaceae surveyed in this study are not currently hosts of P.
psidii (Table 2), it is possible that at least 6 of these species may become hosts in the future, as
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they are known hosts elsewhere in the world (Simpson et al. 2006). The possibilities are
increased if additional strains of the rust are introduced to the state (Loope 2010).
As was found in other locations of the world where Syzygium jambos and Puccinia psidii are in
the same environment (Tessmann et al. 2001), this species was also the most heavily affected
host species in Hawai`i. S. jambos is very susceptible to the current strain of P. psidii present in
the Hawaiian Islands. For most locations, the disease index rating for S. jambos was severe.
Affected trees were often attacked so heavily by the rust that dieback of this species has
occurred in many areas of the state, especially in seasonal mesic to very wet moisture zones
(Figure 19). This was also true for Rhodomyrtus tomentosa on the island of Kaua`i, where more
than 90% of the plants affected by the rust are experiencing severe defoliation and dieback
(Ooka 2009). Although infected plants were predominantly found in these moisture zones, the
disease severity within these zones on affected Myrtaceae appears not to be a function of
moisture zone. An analysis of disease index scores versus moisture zone for each host group
suggests that disease severity is primarily host-dependent (Figure 20). This is especially true for
S. jambos and Metrosideros polymorpha encountered in this study, where infections were
severe and mild, respectively, in all moisture zones where these species occur.
For Metrosideros polymorpha, the infection rate appears to be stable in all areas where this
species was observed and across all islands during the course of this study (Table 4). At many
sites where there was rust observed, red flecks or necrotic lesions were also found on some
leaves of branches with infected leaves. However, no sporulation of Puccinia psidii was
observed on leaves with these symptoms. These flecks and necrotic lesions resemble the
hypersensitive reaction (HR) observations reported by Junghans et al. (2003) on E. grandis.
Therefore, it appears that `ōhi`a seems to have substantial resistance to the current strain of P.
psidii present in Hawai`i. If no additional strains of P. psidii are introduced to Hawai`i, the
outlook for `ōhi`a is favorable because of the low susceptibility to the current strain. Following
the introduction of P. psidii in 2005, the spore load in the Hawaiian environment was high due
to the heavy attack on Syzygium jambos and wet weather later that year and in early 2006.
This was followed by widespread defoliation and dieback of S. jambos throughout the state in
2007, such that its contribution to the total spore load in the environment was much reduced in
the years since 2006–2007. Therefore, it is likely that the infection pressure on `ōhi`a is now
reduced substantially overall, due to the decrease in spore loading of the environment. This
could explain why the disease incidence of `ōhi`a did not change on most trail surveys in this
study.
Despite positive inoculations on three Eucalyptus species (E. dunnii Maiden, E. smithii, R. T.
Baker, and E. torelliana F. Mueller) in the laboratory (J. Uchida, pers. comm. 2006) the strain of
Puccinia psidii present in Hawai`i appears to currently not be a problem for Eucalyptus
plantations, as no reports of P. psidii infections from the local timber industry have been made
to date. Even 10 ha clear-cut stands of E. grandis located next to heavily infected rose apple
stands have shown no signs of infection to date, despite active surveillance (J. B. Friday, pers.
comm. May 2011). Currently, the following Eucalyptus spp. are grown in a plantation setting in
Hawai`i: E. cloeziana F. Mueller, E. grandis Hill ex Maiden, E. microcorys F. Mueller, E. robusta
Sm., E. saligna Smith, E. smithii, and E. urophylla S. T. Blake (J. B. Friday, pers. comm. May
2011). With the exception of E. robusta and E. smithii, all of these species are reported as hosts
of P. psidii in numerous locales (Simpson et al. 2006) and especially in Brazil where E. cloeziana
and E. grandis are among the Eucalyptus species most susceptible to infection by P. psidii
(Coutinho et al. 1998, Zauza et al. 2010). This lack of infection on local Eucalyptus spp. could
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Figure 19. Typical dieback of Syzygium jambos caused by Puccinia psidii in Hawai`i. Photo of
dieback in Haiku, Maui, by Forest and Kim Starr.

be because most of Hawai`i’s Eucalyptus plantations were well established (with limited young
growth) and healthy during the invasion and subsequent spread of P. psidii since its
introduction in 2005. In addition, recent work by Graça et al. (2011) indicates distinct multilocus genotypes differentiating P. psidii isolates from South America and Hawai`i, which could
also explain the lack of infection on Hawaiian Eucalyptus.
Several researchers have reported the existence of different physiological strains of the rust
(MacLachlan 1938, Ferreira 1983, Coelho et al. 2001, Rayachhetry 2001, Aparecido et al. 2003).
These strains differ in their ability to cause disease and its severity on different species. For
example, in Florida P. psidii isolates collected from Melaleuca quinquenervia were more virulent
on Eugenia reinwardtiana, M. quinquenervia, and Pimenta dioica plants than isolates obtained
from P. dioica (Rayachhetry 2001). This phenomenon also occurs in different accessions and
provenances of Syzygium jambos and Eucalyptus species (Xavier 2001, Junghans et al. 2003,
Glen et al. 2007, Rayamajhi et al. 2010, Zauza et al. 2010). There was also some evidence of
this phenomenon in Hawai`i observed in this study on Rhodomyrtus tomentosa and S. jambos.
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Figure 20. Box plots of disease index data among major hosts of Puccinia psidii versus moisture zone (see Price et al. 2007) in the
Hawaiian Islands 2005–2010. Boxes show interquartile range of disease index with median symbol. Species abbreviations for hosts
and number of observations per species surveyed are as follows: MELQUI = Melaleuca quinquenervia (N = 65), METPOL =
Metrosideros polymorpha (N = 7102), Other Myrtaceae Spp. (N = 206), RHOTOM = Rhodomyrtus tomentosa (N = 37), SYZJAM =
Syzygium jambos (N = 834).
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Whereas the entire population of R. tomentosa on Kaua`i is very susceptible to P. psidii infection
(Ooka 2009), no infection has been observed on those populations on the island of Hawai`i.
Similarly, for S. jambos, only one population near South Point on the island of Hawai`i was
disease-free during the course of this study. It is possible that this population of S. jambos may
be a different provenance, as nearby populations in Waiohinu and Ocean View were severely
affected by P. psidii. In addition, Graça et al. (2011) reported that only one strain of P. psidii
has been detected in Hawai`i to date, thus eliminating strain genotypes as the cause of the
different disease susceptibilities of R. tomentosa and S. jambos populations mentioned above.
Looking to the future, the introduction of additional strains of Puccinia psidii to Hawai`i could
result in more severe infections on `ōhi`a than observed in this study. Considering that 80 of the
94 species of Myrtaceae attacked by Uredo rangelii in Australia are previously unreported, the
total number of species attacked by members of the guava rust complex has now climbed to
160 species. Fifty-four of these new hosts of U. rangelii are grown in Hawai`i (Imada et al.
2005). Future research on the `ōhi`a rust problem in Hawai`i should continue to monitor the
distribution and severity of the rust, paying particular attention to the detection of new host
species and records, especially Eucalyptus species. As there is only one report of the rust on
`ōhi`a above 1500 m elevation (on the island of Maui on Pu`u Kukui), the movement of the rust
into higher elevations above 1500 m should also be monitored annually. Changes in either of
these aspects of P. psidii biology could be the signaling of the introduction of an additional
strain of this rust in Hawai`i and increasing damage to the nearly 400,000 ha of `ōhi`a forests.
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APPENDIX I
Myrtaceae species observed for Puccinia psidii rust infection on trail and roadsides in the Hawaiian Islands, 2005–2010. Species
marked with asterisks are known hosts of P. psidii outside of Hawai`i.
Species

Acca sellowiana (O. Berg) Burret*
Angophora costata (Gaertn.)*
Callistemon citrinus (Curtis) Skeels
Chamelaucium uncinatum Schauer §
Corymbia citriodora (Hook.) K. D. Hill & L. A. S. Johnson
Corymbia ficifolia (F.Muell.) K. D. Hill & L. A. S. Johnson
Eucalyptus amygdalina Labill.
Eucalyptus cinerea F. Muell. ex Benth.
Eugenia brasiliensis Lam.*
Eugenia globosum J. Guého & A. J. Scott §
Eugenia koolauensis Deg. §
Eugenia palumbis Merril §
Eugenia reinwardtiana (Blume) D. C.
Eugenia uniflora L.
Melaleuca nesophila F. Muell.
Melaleuca quinquenervia (Cav.) S.T.Blake
Metrosideros collina (J. R. Forst. & G. Forst.) A. Gray §
Metrosideros excelsa Gaern. §
Metrosideros kermadecensis W. R. B. Oliver §
Metrosideros macropus W. J. Hooker & Arnott §
Metrosideros polymorpha Gaud.
Metrosideros tremuloides (A. Heller) P. E. Knuth §
Myrciaria cauliflora (Mart.) O. Berg
Myrtus communis L.

Common name
pineapple guava
gum myrtle
red bottlebrush
Geraldton waxflower
lemon-scented gum
red-flowering gum
black peppermint
Argyle apple
Spanish Cherry
bois de clous
niōi
no common name
niōi
Surinam cherry
showy honey-myrtle
paperbark
vunga
pōhutukawa
Kermadec pōhutukawa
`ōhi`a
`ōhi`a
`ōhi`a
Brazilian grape tree
myrtle
34

Native/
introduced?
introduced
introduced
introduced
introduced
introduced
introduced
introduced
introduced
introduced
introduced
native
introduced
indigenous
introduced
introduced
introduced
introduced
introduced
introduced
native
native
native
introduced
introduced

Current host
status in Hawai`i
non-host
non-Host
host
host
non-host
non-host
non-host
non-host
non-host
host
host
host
host
host
non-host
host
host
host
host
host
host
host
host
host

Species

§

Pimenta dioica (L.) Merr.
Psidium cattleianum Sabine*
Psidium freidrichstalianum (O. Berg) Nied.
Psidium guajava L.*
Psidium guineense Sw.*
Rhodomyrtus tomentosa (W. Aiton) Hasskarl §
Syzygium aqueum (Burm. f.) Alston
Syzygium cumini (L.) Skeels
Syzygium jambos (L.) Alston
Syzygium luehmannii (F. Muell.) L. A .S. Johnson
Syzygium macrocarpum (Roxb.) Bahadur & R. C. Gaur
Syzygium malaccense (L.) Merr. & L. M. Perry
Syzygium paniculatum Gaertn.
Syzygium samoensis (Burk.) Whistler
Syzygium samarangense (Blume) Merrill & Perry
Syzygium sandwicense Gray §
Xanthostemon aurantiacum Schlechter

Common name
allspice
strawberry guava
Costa Rican guava
guava
Brazilian guava
downy rose myrtle
water cherry
Java alum
rose apple
riberry
water berry
mountain apple
brush cherry
fena vao
wax apple
`ōhi`a ha
no common name

(New host species)

*(Host outside of Hawai`i)
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Native/
introduced?
introduced
introduced
introduced
introduced
introduced
introduced
introduced
introduced
introduced
introduced
introduced
introduced
introduced
introduced
introduced
native
introduced

Current host
status in Hawai`i
host
non-host
non-host
non-host
non-host
host
non-host
host
host
non-host
non-host
host
host
non-host
non-host
host
non-host

