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Abstract

Flowering crabapple trees (Malus spp.) are prized for their colorful spring blooms
and brilliant autumn fruit. They are a valuable deciduous ornamental commodity and
are represented in public gardens worldwide. In 2009, red star rust (also known as
Japanese apple rust) caused by Gymnosporangium yamadae (Miyabe ex Yamada 1904),
was first detected in the United States (US). The disease has since been reported in a
dozen Midwest and northeastern states. The aecial stage was confirmed in Minnesota
in 2022. Characteristic symptoms on flowering crabapple include circular to irregular
lesions in hues of red, orange, and/or yellow with a vibrant red margin. The objective
of this investigation was to assess red star rust disease incidence of flowering crabapple
specimens at the Minnesota Landscape Arboretum (Chaska, MN). The collection
comprises 165 associated taxa within its 485-ha property and provides an opportunity
to evaluate regionally hardy taxa. We visually observed and recorded macroscopic
foliar signs and symptoms in September and October 2023. Disease incidence was
measured as the number of specimens per taxon that displayed symptoms. Sixteen
symptomatic leaf samples were gathered for molecular identification by amplifying
and sequencing 28S rDNA using primers NL1/4. Seventy-three of 519 specimens
exhibited symptomatic red star rust lesions with greater disease incidence observed
on six taxa. Six samples representing unique Malus taxa resulted in a positive
identification for G. yamadae in preliminary sequencing analyses with four additional
positives identified during subsequent sequencing runs. Data collected indicate that
many flowering crabapple taxa are susceptible to infection by G. yamadae. These results
also suggest that disease is widespread within the flowering crabapple plantings at the
Minnesota Landscape Arboretum and that public gardens may serve as a resource for
early detection of emerging pathogens.
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INTRODUCTION

Malus spp. background in public gardens

Flowering crabapples (Malus spp.) are among the most widely distributed rosaceous
trees in the northern hemisphere (Sargent, 1924). Flowering crabapples are those taxa in the
Malus genus that yield fruit 5 cm or smaller (Fiala, 1994) and are beloved for their breadth of
positive attributes - fragrant spring blooms in a range of colors, bright fall fruit, various tree
forms, suitability to most landscape conditions, cold tolerance, and ease of cultivation
(Schulhof, 1995). Renowned horticulturist and plant breeder Fr. John Fiala states, “year-round,
the regal flowering crabapple dominates our gardens and parks as ‘the ornamental tree”
(1994). Flowering crabapples are widely produced and represent a significant portion of sales
for nurseries. Annual flowering crabapple sales in the United States (US) comprised 7.7% of
all deciduous flowering tree sales at $28.9 million in 2019 (USDA, 2020b). In Minnesota,
flowering crabapple sales were $3.1 million in 2019 (USDA, 2020b).

Flowering crabapples are displayed in botanical gardens and arboreta (henceforth
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referred to as public gardens) both in the US and abroad - there are 2,500 public gardens
worldwide (Chen and Sun, 2018). Within the US, there are nearly 600 American Public Garden
Association (APGA) member gardens (P. Allenstein, pers. commun., 2023). Public gardens can
be broadly defined as places with a documented collection of living plants that are accessible
to the public (Dosmann, 2006; Watson et al., 1993). Public gardens play a pivotal role in ex
situ plant conservation - over a third of global plant species are under the threat of extinction
(Chen and Sun, 2018) - by serving as germplasm repositories and sites suited to conducting
plant science research on topics such as climate change, ecology, and related disciples
(Primack and Miller-Rushing, 2009). Among numerous other functions, public gardens also
provide aesthetic enjoyment and the appreciation of a beautiful site (Watson et al., 1993).

Development of flowering crabapple collections within US public gardens was driven by
an interest in global plant exploration during the 19t and early 20t centuries (Dosmann,
2009). The Arnold Arboretum of Harvard University (Boston, MA) dubbed the “Mother
Arboretum” for flowering crabapples, led the effort (Fiala, 1994). The Secrest Arboretum at
the Ohio Agricultural Experiment Station (Wooster, OH) currently houses one of the most
well-represented flowering crabapple collections in the US (McClellan, 2022). In addition, the
Bartlett Arboretum & Grounds (Stamford, CT); The Dawes Arboretum (Newark, OH); The
Morton Arboretum (Lisle, IL) (P. Allenstein, pers. commun., 2023); and the Minnesota
Landscape Arboretum (Chaska, MN) all hold significant collections. The Minnesota Landscape
Arboretum has 165 flowering crabapple taxa (defined as a species, hybrid, subspecies, cultivar,
or variety) with a total of 519 cataloged specimens throughout its 485-ha expanse.

Red star rust and Juniperus spp.

Flowering crabapple is susceptible to numerous diseases that may diminish the tree’s
overall health, impacting the spring floral display, marring the beauty of green summer foliage
and fall fruit, and altering the attractiveness of its form (Jones and Aldwinckle, 1990). In 2009,
red star rust (also known as Japanese apple rust) caused by Gymnosporangium yamadae
(Miyabe ex Yamada 1904) was reported for the first time in North America and the US, in
Wilmington, DE and Media, PA on Toringo crabapple [Malus sieboldii (Rehder)] (Yun et al,,
2009). Although the disease was officially noted in 2009, it was observed earlier in 2004 and
2008 (Yun et al,, 2009). Red star rust was subsequently found to be widespread throughout
the northeastern US by the USDA (United States Department of Agriculture)/Animal and Plant
Health Inspection Service (APHIS) (EPPO, 2011; Gregory et al.,, 2010). Gymnosporangium
yamadae was then identified a decade later in Wooster;, OH at the Secrest Arboretum on
flowering crabapple (Emanuel et al., 2021) and in Wisconsin on flowering crabapple nursery
stock (Wisconsin Department of Agriculture, Trade and Consumer Protection, 2022).
Gymnosporangium yamadae was confirmed in Minnesota in 2022 on both dessert apple {M.
xdomestica [(Suckow) Borkh.]} and flowering crabapple in eight southwestern counties
(Minnesota Department of Agriculture, 2023), including Carver County, within which the
Minnesota Landscape Arboretum resides.

G. yamadae was first identified in Japan in 1902 (Fukushi, 1926). Besides the US, it has
now been reported in additional countries in Asia and in Canada (CABI, 2008). Red star rust
symptoms on flowering crabapple include red, orange, or yellow lesions, often with necrotic
centers, on the adaxial surface (Emanuel et al., 2021) with progression to the abaxial surface.
Lesions may have an undefined shape, occasionally resembling a star, with a bright red margin.
One or several lesions may be present on an individual leaf (Emanuel et al., 2021). Early
defoliation of infected dessert apple trees has been reported (Tanaka, 1922; Tao et al., 2020).

G.yamadae is a heteroecious rust, requiring two separate hosts to complete its life cycle,
and is demi-cyclic, having four different spore types (Agrios, 1997). Chinese juniper [Juniperus
chinensis (L.)], Sargent’s juniper [J. chinensis var. sargentii (A. Henry)], garden juniper [J.
procumbens (Sieb. ex Endl)], and flaky juniper [J. squamata (Buch.-Ham. ex D. Don)] are
primary hosts of G. yamadae (Harada, 1984; Zhao et al.,, 2020). Juniperus spp. are popular
garden plants due to their drought and site tolerance, low-maintenance nature, versatility in
the landscape, and diversity of sizes and coniferous needle colors. Dirr (2009) wrote “junipers
would have to rank as the most adaptable of needle evergreen landscape plants for they grow
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and are used in all parts of the (US), and for that matter, the world... there is no limit to the
use of junipers in landscape situations”. Juniperus spp. are of considerable value to the US
nursery industry - there were $93.1 million in sales in 2019 (USDA, 2020c). In Minnesota,
sales were $1.1 million in 2019 (USDA, 2020a). Similar to flowering crabapple, Juniperus spp.
are well-represented in public gardens, both for collections development and ornamental
purposes, placing the two G. yamadae host genera in close proximity. The Minnesota
Landscape Arboretum has 45 specimens of the aforementioned species, including Pfitzer’s
juniper {J. xpfitzeriana [(Spath) P.A. Schmidt]}, the Chinese and Savin juniper [J. sabina (L.)]
hybrid.

G. yamadae overwinters in juniper stems and/or leaf tissues in asymptomatic early
infections or in 3-20 mm mature woody galls (OEPP/EPPO, 2006). Galls exude orange
gelatinous teliospore masses, known as telial horns, coinciding with spring rains and warm
weather. Teliospores give rise to promycelium with four basidiospores (Agrios, 1997), which
are wind-blown up to 5 km and have the potential to land on newly emerging flowering
crabapple leaf tissue (Zhang et al., 2023). Basidiospores germinate to produce a germ tube
and penetrate the Malus leaf adaxial cuticle and epidermis. A lesion forms, and thereafter,
spermagonia containing spermatia are produced in the center of the lesion. Directly below,
aecia develop on the abaxial surface in the late summer. Macroscopic peridia give the infected
abaxial surface its characteristic bristly appearance. Gymnosporangium spp. aeciospores may
be carried up to 3-5 km to infect a susceptible juniper host (Agrios, 1997). The infection
produces a gall, which develops over two years, completing the G. yamadae life cycle.

The objectives of this investigation were to i) assess red star rust disease incidence of
flowering crabapple specimens at the Minnesota Landscape Arboretum, ii) use this initial
observational data as a baseline for future red star rust assessments at the Minnesota
Landscape Arboretum, and iii) to serve as a reference for other public gardens that are in G.
yamadae infected regions with similar winter hardy [USDA Hardiness Zone 4 (-34.4 to -8.9°C),
https://planthardiness.ars.usda.gov] flowering crabapple holdings.

MATERIALS AND METHODS

All 519 cataloged flowering crabapple specimens (henceforth referred to as Malus spp.)
at the Minnesota Landscape Arboretum (Chaska, MN) were visually inspected for red star rust
symptomatic lesions from 20 September to 3 October 2023. Disease was evaluated from the
crown to approximately 2.4 m high.

[t can be difficult to discern among Gymnosporangium spp. in the field, as symptoms and
signs among species are similar (Biggs et al, 2009). Symptomatic adaxial lesions were
considered only those lesions that were irregularly shaped with a characteristic red border
with either red, orange, and/or yellow interiors. Disease may not have progressed to the final
aecial stage at the time of the assessment. The duration of an individual plant assessment was
dependent on the size of the specimen, its general health, the observation of red star rust signs
and symptoms, and the presence of other diseases which had to be differentiated from
symptoms caused by G. yamadae. An assessment ranged from 60 s to 5 min, with a longer
duration required for a diseased specimen or one in poor condition. A specimen exhibiting at
least one symptomatic lesion in the canopy evaluation area (crown to approximately 2.4 m
high) was considered diseased. Disease incidence was measured as the number of specimens
per taxon that displayed distinct red star rust symptoms.

A Malus spp. map layer was generated using ArcGIS Field Maps mobile application as a
component of ArcGIS Online (Esri), and data were entered using an iPhone 13 operating on
i0OS Version 16.7.2. The layer visually displayed Malus spp. by means of colored circles
together with GPS coordinates, accession numbers (date, ordinal received number, and
qualifier), common names, and themed collection designations. Drop down fields were
generated in ArcGIS Online for ease of data entry, which included observation date (with time
stamp), red star rust observed (yes or no), symptom/sign present (foliar lesion or other),
symptom/sign present if other (fruit or petiole) and disease severity (rating scale from 1 to
5). Disease severity 1 = 1-20% of plant affected, 2 = 21-40% of plant affected, 3 = 41-60% of
plant affected, 4 = 61-80% of plant affected, and 5 = 81-100% of plant affected. A free text
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numeric field included the quantity of affected leaves present. All assessments were
conducted by one observer to maintain objectivity.

Air temperatures and precipitation data were acquired from the Chanhassen, MN
NOWData online weather data administered by the National Oceanic and Atmospheric
Administration. The Chanhassen station is the closest observation station to the Minnesota
Landscape Arboretum at 6.1 km. Average monthly minimum and maximum air temperatures
(°C) were: May (9.9 and 22.6), June (15.4 and 28.1), July (15.3 and 27.9), August (16.4 and
27.6), and September (13.6 and 24.4). Rainfall totals (cm) were 6.0, 4.1, 4.5, 6.7, and 15.8 for
the same respective months. No Malus spp. specimens were treated with fungicides in 2023
in the Minnesota Landscape Arboretum’s permanent collection.

A subset of 16 G. yamadae symptomatic leaf samples either with macroscopic peridia
on the abaxial surface or severe leaf hyperplasia were collected from 25 September to 2
October 2023. Specimens were present in disparate areas in the Minnesota Landscape
Arboretum. Samples were placed into individual sealed bags and stored in a refrigerator at
4°C until processing commenced. DNA was extracted from leaf tissue by removing a small
amount of fungal material from fruiting structures under a stereoscope with sterile tweezers
and placing it into an extraction buffer. Two extraction methods were used - a NaOH protocol
(Osmundson et al., 2013) and PrepMan™ Ultra in successive rounds for inconclusive samples.
The PrepMan™ Ultra protocol followed the manufacturer’s instructions. Amplification and
sequencing of 28S rDNA was completed according to Held et al. (2021) using primers NL1/4
(O’Donnell, 1993) and the following thermocycler conditions: 95°C for 3 min, followed by 35
cycles of 95°C for 1 min, 68°C 45 s (-1°C/cycle for 10 cycles, and 58°C for remaining 25 cycles),
and 72°C for 45 s and a final extension at 72°C for 5 min. Sequences were compared to those
in NCBI GenBank using the BLASTn algorithm (Zhang et al., 2000) and identification was
based on the highest score matching verified species.

RESULTS

Symptomatic foliar lesions (Figure 1) were present on Malus spp. throughout the
Minnesota Landscape Arboretum. Seventy-three specimens exhibited symptomatic red star
rust foliar lesions, which accounted for 14.1% of all flowering crabapples in the collection.
Disease ranged from 1 to 18 symptomatic leaves per individual specimen. The majority of
diseased specimens (91.8%) had 5 or less symptomatic leaves. ‘Prairie Rose’ prairie crabapple
{M. ioensis [(Alpha.Wood) Britton]} had the greatest number of symptomatic leaves at 18.
Overall, disease was minimal on infected individuals and accordingly, all diseased specimens
had a severity rating of 1 (1-20% of plant affected). Disease was observed throughout the
Minnesota Landscape Arboretum (Figure 2) but was concentrated (87.7%) in the crabapple
and crabapple evaluation studies collections.

Six cultivars showed greater G. yamadae observed disease incidence - wherein at least
three or more specimens had symptomatic leaves. All three specimens of ‘Henning’ (3 of 3)
and ‘Makamik’ (3 of 3) displayed symptomatic lesions with disease progressing to the aecial
stage. Half or more specimens of ‘Adirondack’ (5 of 8), ‘Dolgo’ (4 of 8), ‘Ralph Shay’ (3 of 6),
and ‘Selkirk’ (4 of 5) displayed disease symptoms. There were 12 taxa in which two specimens
exhibited symptomatic lesions - ‘Adams’ (2 of 4), ‘Beeson’ May’s Delight® (2 of 3), ‘Branzam’
Brandywine® (2 of 2), ‘Donald Wyman’ (2 of 20), ‘Martha-Dolgo’ (2 of 2), ‘Ormiston Roy’ (2 of
4), prairie crabapple (2 of 2), ‘Red Splendor’ (2 of 19), ‘Silver Moon’ (2 of 3), Soulard crabapple
{M. soulardii [(L.H.Bailey) Britton]} (2 of 2), sweet crabapple [M. glaucescens (Rehder)] (2 of
4), and ‘Wynema’ (2 of 2). Overall, 45 taxa exhibited red star rust symptoms (Table 1).

Six samples of the 16 that were collected for sequencing resulted in a positive
identification for G. yamadae, including Japanese crabapple [M. floribunda (Siebold)],
‘Henning’, ‘Jewelcole’ Red Jewel®, ‘Ormiston Roy’, ‘Purple Prince’, and ‘Red Barron’ during the
first sequencing run. The remaining 10 samples were inconclusive. Further sequencing of the
inconclusive samples yielded G. yamadae positive identifications on Japanese crabapple,
‘Dolgo’, ‘Red Splendor’, and ‘Snowdrift’. In total, 10 of 16 samples were positive for G. yamadae
(Table 1).

Overall disease pressure on Malus spp. was high. Symptoms caused by apple scab
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{Venturia inaequalis [Cooke (Wint.)]} and fire blight {Erwinia amylovora [(Burrill) Winslow et
al.]} were observed. Cedar apple rust caused by G. juniperi-virginianae (Schwein.) was
infrequently encountered.

Figure 1. Symptomatic adaxial lesions caused by Gymnosporangium yamadae on flowering
crabapple (Malus spp.) (A = ‘Adirondack’; B = ‘Dolgo’; C = Japanese crabapple (M.
floribunda); D = ‘Jewelcole’ Red Jewel®; E = ‘Makamik’; F = ‘Mazam’ Madonna®; G =
‘Red Barron’; H = ‘Silver Moon’). I. Gymnosporangium yamadae peridia on abaxial
leaf surface of ‘Red Splendor.

DISCUSSION

Red star rust was present on regionally cold hardy taxa throughout the Minnesota
Landscape Arboretum in our investigation. Although disease was primarily observed on
specimens in the two main crabapple areas - the crabapple and the crabapple evaluation
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studies collections - it was also found on specimens in the far northeast corner of the property,
the central display gardens, visitor center landscape and parking lot, and far northwest corner
of the learning center landscape (Figure 2). Given thatred star rust was first detected in Carver
County a year prior to this investigation (Minnesota Department of Agriculture, 2023), the
disease incidence of 14.1% was greater than expected, although not unforeseen. Pathogens
may be established for years prior to detection (Eschen et al, 2019). Although disease
incidence was higher than anticipated, disease severity per specimen was low at a consistent
rating of 1-20%. Minimal disease severity may be correlated to low rainfall during the spring
infection period. In 2023, northwestern Carver County was experiencing abnormally dry
conditions  (https://droughtmonitor.unl.edu/Maps/MapArchive.aspx)  during  peak
basidiospore dispersal, which was found to be early May to mid-June (Harada, 1984).
Gymnosporangium yamadae requires a minimum wetness duration of 4.6 h for infection
(Zhang et al., 2023). In experiments by Zhang et al.,, given that a telial horn had absorbed
sufficient moisture, 2.3 h were required for basidiospore formation with a subsequent 2.3 h
needed for basidiospore infection on leaf tissue (2023). In addition to drought during the
spring, there may have been low primary inoculum levels within the Minnesota Landscape
Arboretum.

0.15 0.3 Kilometers

Esri, NASA, NGA, USGS, FEMA | Esri Community Maps Contributors, Metropolitan Council,
MetroGIS, Three Rivers Park District, © OpenStreetMap, Microsoft, Esri, TomTom, Garmin,
SafeGraph, GeoTechnologies, Inc, METI/NASA, USGS, EPA, NPS, US Census Bureau, USDA,
USFWS.

Figure 2. Map of flowering crabapples (Malus spp.) with symptomatic lesions caused by
Gymnosporangium yamadae at the Minnesota Landscape Arboretum (Chaska, MN).
Blue circles represent specimens (73) with one or more symptomatic lesions.

There are 45 susceptible specimens of Chinese, flaky, garden, Pfitzer’s, and Sargent’s
juniper that may harbor G. yamadae at the Minnesota Landscape Arboretum. They are
primarily located near the central display gardens extending south to the crabapple
evaluation studies. Nearly half of these individuals have been purchased from nurseries and
added to the collection since 2009, when G. yamadae was first reported in the US. One of these
19 specimens may have served as an initial inoculum source at the Minnesota Landscape
Arboretum. The majority of new specimens are planted within the central display gardens,
which are approximately 0.7 km and 0.9 km from the cores of the crabapple and crabapple
evaluation studies collections, respectively. Three of the 19 new specimens reside closer at 0.3
km and 0.6 km, respectively.
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g(@ Table 1. Flowering crabapple (Malus spp.) taxa at the Minnesota Landscape Arboretum (Chaska, MN) that exhibited symptomatic lesions caused

by G. yamadae.
Diseased Total Pgrcent o Diseased Total Pgrcent of
Taxon specimens?  specimens diseased Taxon specimens  specimens diseased
P P specimens (%) P P specimens (%)

‘Adams’ 2 4 50.0 ‘Molten Lava’ 1 3 33.3
‘Adirondack’ 5 8 62.5 ‘Morning Princess’ 1 2 50.0
M. baccata 1 8 12.5 ‘Morning Sun’ 1 2 50.0
‘Beeson’ May’s Delight® 2 3 66.7 ‘Orange Crush’ 1 2 50.0
‘Beverly’ 1 4 25.0 ‘Ormiston Roy™ 2 4 50.0
‘Branzam’ Brandywine® 2 2 100.0 ‘Professor Sprenger’ 1 5 20.0
‘Brier’ 1 3 33.3 ‘Purple Prince’™ 1 4 25.0
‘Cardinal 1 2 50.0 ‘Ralph Shay’ 3 6 50.0
‘Dolgo™ 4 8 50.0 ‘Red Barron™ 1 4 25.0
‘Donald Wyman’ 2 20 10.0 ‘Red Splendor™ 2 19 10.5
M. floribunda** 1 1 100.0 ‘Rejzam’ Rejoice™ 1 5 20.0
M. glaucescens 2 4 50.0 M. rockii 1 2 50.0
‘Hargozam’ Harvest Gold® 1 5 20.0 M. sargentii ‘Select A’ Firebird® 1 7 14.3
‘Henning™ 3 3 100.0 ‘Selkirk’ 4 5 80.0
‘Hozam’ Holiday Gold™ 1 2 50.0 ‘Silver Drift’ 1 2 50.0
M. ioensis 2 2 100.0 ‘Silver Moon’ 2 3 66.7
M. ioensis ‘Prairie Rose’ 1 1 100.0 ‘Snowdrift™ 1 1" 91
‘Jewelcole’ Red Jewel®* 1 2 50.0 M. soulardii 2 2 100.0
‘KLMK’ Nance™ 1 2 50.0 ‘Sparkler’ 1 7 14.3
‘Liset’ 1 3 33.3 M. sylvestris 1 2 50.0
‘Makamik’ 3 3 100.0 ‘Winter Gold’ 1 5 20.0
‘Martha-Dolgo’ 2 2 100.0 ‘Wynema’ 2 2 100.0
‘Mazam’ Madonna® 1 3 33.3

Total 41 Total 32

aDiseased specimens are those that exhibited one or more symptomatic red star rust lesions.
*Represents positive G. yamadae genetic confirmation detected from leaf sample. Multiple asterisks denote additional positives.
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Recently, Chaska, MN and the neighboring cities of Chanhassen and Victoria have
experienced increased development due to Minneapolis and Saint Paul, MN metro region
expansion and economic growth (City of Chaska, 2021). Household numbers have increased
by 2.1, 1, and 8.3%, respectively, from 2020 to 2022 alone (Metropolitan Council, 2023). In
Chaska specifically, 10.9% of housing units were constructed between 2010 and 2017 (City of
Chaska, 2021). As new landscapes are installed for recently built housing units and businesses,
there is an increased likelihood that potential G. yamadae-infected plants of nursery origin
may be incorporated into these surroundings. Thus, inoculum may lie outside of the
Minnesota Landscape Arboretum property. Spores may travel 5 km to susceptible hosts
(Agrios, 1997; Zhang et al., 2023).

In total, 45 Malus spp. taxa exhibited symptomatic lesions. Several of the cultivars listed
in Emanuel et al’s Disease Note were replicated in our investigation (2021). For example, at
least one specimen of ‘Orange Crush’ (1 of 2), ‘Hargozam’ Harvest Gold® (1 of 5), and
‘Professor Sprenger’ (1 of 5) exhibited symptomatic lesions. In contrast, no specimens of
‘Prairie Maid’ (0 of 2), ‘Pumpkin Pie’ (0 of 2), and ‘Shotizam’ Show Time™ (0 of 2) displayed
characteristic symptoms in our investigation. In comparing Harada’s inoculation experiments
to our study, Siberian (1 of 8) and Japanese crabapple (1 of 1) displayed symptoms (1984).
Conversely, M. baccata var. mandshurica [(Maxim.) C.K. Schneid.] (0 of 1) and plumleaf
crabapple {M. prunifolia [(Willd.) Borkh.]} (0 of 2) did not show symptoms in our study. Again,
spring drought conditions and a low or offsite inoculum source may have contributed to the
results of this investigation.

Six cultivars showed greater observed disease incidence to G. yamadae - ‘Adirondack,
‘Dolgo’, ‘Henning’, ‘Makamik’, ‘Ralph Shay’, and ‘Selkirk’ ‘Adirondack’ and ‘Makamik’ are open
pollinated seedlings of Hall crabapple [M. halliana (Koehne)] and redvein crabapple {[M.
pumila var. niedzwetzkyana [(Dieck) C.K. Schneid.)]}, respectively (Fiala, 1994). ‘Dolgo’ was
grown from a cherry crabapple {M. xrobusta [(Carriere) Rehder]}, which is a cross between
Siberian {M. baccata [(L.) Borkh]} and plumleaf crabapple (Fiala, 1994). ‘Selkirk’ is a Siberian
x redvein crabapple hybrid (Fiala, 1994). ‘Ralph Shay’ is a cross between ‘Wolf River’ dessert
apple and ‘Calocarpa’ Toringo crabapple (Fiala, 1994).

Plumleaf, Siberian, and Toringo crabapple are known hosts of G. yamadae (Tao et al,,
2020; Yun et al, 2009; Zhao et al, 2020) and were highly susceptible in experiments,
displaying large, hyperplasied lesions (Fukushi, 1926; Harada, 1984). Hall crabapple was
infected during Harada’s inoculation experiments but was recorded as less susceptible (1984).
Redvein crabapple is a homotypic synonym of M. xdomestica (https://powo.science.kew.org).
Given the susceptible parentage of these cultivars, it is not surprising that they would be
infected in the field.

The initial US red star rust detections occurred in Wilmington, DE and Media, PA (Yun
et al,, 2009), where the APGA office and Tyler Arboretum are located, respectively. In fact,
Philadelphia, PA is described as “America’s Garden City”, and the wider area boasts over 30
public gardens in a 48-km radius. The Secrest Arboretum in Wooster, OH was the first to report
red star rust in the Midwest (Emanuel et al., 2021). Thus, public gardens not only serve as
germplasm repositories with diverse holdings and provide aesthetic enjoyment, but they can
function as early detectors for emerging pathogens and pests (Stern and McCarthy, 2016).
Public gardens have comprehensive locale, taxonomic, and plant health records of their
holdings, employ staff that possess the wherewithal for the detection of threats, and invite
volunteers and visitors that may assist in the identification and response efforts (Stern and
McCarthy, 2016). “Public garden staff and volunteers are well positioned to contribute
observational data that improves [the] understanding about the distribution of serious plant
pests and diseases and help identify emerging threats” (Stern and McCarthy, 2016).

The results of our investigation demonstrate that many regionally hardy flowering
crabapple taxa are susceptible to red star rust. These initial findings can serve as a reference
point to assess disease progression over time at the Minnesota Landscape Arboretum.
Furthermore, we have shown that public gardens are well positioned to identify emerging
pathogens. Additional evaluations for both flowering crabapple and dessert apple cultivar
disease incidence, and experiments to evaluate the timing of G. yamadae basidiospore and
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aeciospore dispersal, are planned.
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