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[bookmark: _Toc201907988]Executive Summary
Dolichandra unguis cati, commonly known as cat’s claw creeper (CCC) is a fast-growing woody climber, that forms dense mats on the forest floor and climbs over standing trees in vine scrubs, gallery forests, rainforests, closed forests and open forests. The weed occurs predominantly in eastern Australia from Sydney to Atherton with the greatest infestations occurring in north-east New South Wales and south-east Queensland. Two morphologically distinct populations of CCC have been identified: the more widespread short-pod variety and the less common long-pod variety. Cat’s claw creeper was approved as a target species for biological control in 2005. To date three agents have been tested and approved for release in Australia: a leaf-sucking tingid (Carvalhotingis visenda), a leaf-tying moth (Hypocosmia pyrochroma) and a jewel beetle (Hedwigiella jureceki). All have established to varying degrees. Since CCC is a perennial vine with abundant subterranean tuber reserves, additional agents are needed to complement the existing agents.
Neoramulariopsis unguis-cati, commonly known as the cat’s claw creeper leaf-spot has been collected from Argentina, Brazil and Paraguay, where it has only been observed infecting CCC. The leaf-spot pathogen is also present in South Africa, where it causes extended defoliation of CCC plants and has resulted in the increase of understory vegetation at affected sites.
Multiple collections of the leaf-spot pathogen have been made from CCC plants infested with the pathogen at Pietermaritzburg, South Africa and imported into the quarantine facility at CABI UK, where host-specificity testing and biological studies were conducted. 
Necrotic leaf-spot lesions developed on both Australian CCC varieties but lesions were larger on leaves of the short-pod variety than on those of the long-pod variety. This is most likely because the specific leaf-spot isolate assessed was sourced from the short-pod variety of CCC. All remaining work was conducted with Australian sourced short-pod CCC plants. 
The plant host test list for N. unguis-cati was developed following the modernised centrifugal phylogenetic method and contains 35 species in total, 16 of which are from the same family. For the host-range testing the upper and lower leaf surfaces of three leaves of different ages were inoculated for each replicate non-target plant. A minimum of two short-pod CCC plants were included as positive controls for each test run (only inoculated on the lower leaf surface) and at least six replicates were completed for each test species. Test species were categorised as either immune/highly resistant, resistant, partially susceptible or fully susceptible based on macroscopic and microscopic symptoms.
Cat’s claw creeper was the only species on which N. unguis-cati caused necrotic lesions and sporulated and is therefore the only species rated as fully susceptible to N. unguis-cati. Most of the test species (31 of 35) showed no macroscopic symptoms in response to inoculation and were rated as ‘immune/highly resistant’. 
For the non-target species Sesamum indicum and Aloysia citrodora, macroscopic and/or microscopic symptoms were observed and, although not considered typical for N. unguis-cati infection, could not be dismissed as unrelated to the leaf-spot pathogen without doubt; these species were rated as resistant as a precaution. Leaf necrosis was frequently observed on inoculated leaves of basil (Ocimum basilicum), however similar symptoms were also observed on non-inoculated and control leaves. Incubation of inoculated basil leaves, showing some necrosis, in a high humidity environment (conducive to induce sporulation of N. unguis-cati) resulted in sporulation of fungal contaminants but not the characteristic conidial sporulation of N. unguis-cati. While based on microscopic assessment internal mycelium observed in inoculated basil leaves could most certainly be linked to the leaf-spot pathogen, such mycelium was never prolific nor did it aggregate into stromata, a prerequisite for sporulation. For this reason, O. basilicum was also deemed to be ‘resistant’. The results from the quarantine host testing demonstrated that N. unguis-cati is highly host specific, with conidial sporulation only recorded on the target D. unguis cati. 
Quarantine studies have shown that temperatures above 10oC and below 25oC are required for infection of CCC with the leaf-spot pathogen, which generally occurs at night and early morning, coinciding with the natural formation of dew. Infection is not expected to occur at locations where temperatures do not fall below 25oC. Dew period is not considered to be a limiting factor for infection however, high relative humidity post infection is necessary for disease development. The CCC leaf-spot will therefore be most effective at coastal locations where rainfall and humidity are higher, and temperatures are moderate. Riparian sites with large infestations of short-pod CCC will be prioritised as they will have microclimates most conducive for the infection and spread of N. unguis-cati.
The release of N. unguis-cati on CCC will complement the existing biological control agents in the field in Australia and contribute to the control of CCC in Australia. 
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Order:		Lamiales	
Family:		Bignoniaceae
Tribe:		Bignonieae
Genus:		Dolichandra Cham.
Species: 	unguis-cati (L.) L.G. Lohmann
Common name:	 cat’s claw creeper
Synonyms:	Macfadyena unguis -cati (L.) A.H. Gentry, Bignonia unguis-cati L. 


[bookmark: _Toc201907991]Description
Dolichandra unguis cati, commonly known in Australia as cat’s claw creeper is a fast-growing woody climber with showy yellow tubular flowers and hooked tendrils, resembling claws (Figure 1). Young stems are green, turning brown or greyish as they mature. Old stems can be up to 15 cm in diameter (CISS, 2022). Leaves are compound and are arranged oppositely. They generally consist of two lanceolate leaflets and a 3-clawed tendril. Flowers are bright yellow or golden in colour and trumpet shaped (five corolla lobes). Darker yellow lines occur along the tube. Flowers occur singularly or in small clusters. Flowering occurs mainly during late spring and early summer. Fruit are a long slender flattened capsule, green when young and maturing to a brown colour (Figure 1). When mature and dried the capsule splits, releasing numerous 2-winged papery seeds. Cat’s claw creeper stems can produce adventitious roots. The plant also produces subterranean tubers. 
Two morphologically distinct populations of CCC have been identified in Queensland (Figure 2; Shortus and Dhileepan 2011). The more widespread short-pod variety has glabrous leaves, yellow flowers and relatively short pods (23-38 cm long) whereas the long-pod variety has much larger and hairier leaves, deeper golden coloured flowers and longer pods (56-85 cm; (Boyne et al., 2013; Shortus & Dhileepan, 2011)). 


[bookmark: _Toc201907992]Native range and centre of origin
Cat’s claw creeper is native to Mexico, Central America (Belize, Costa Rica, Guatemala, Honduras, Nicaragua, Panama, El Salvador), Caribbean (Hispaniola, Netherlands Antilles, Antigua and Barbuda, Bahamas, Barbados, Cuba, Dominica, Dominican Republic, Guadeloupe, Grenada, Haiti, St. Lucia, Montserrat, Martinique, Puerto Rico, St. Vincent and Grenadines, Trinidad and Tobago, Virgin Islands, and tropical South America (Argentina, Bolivia , Brazil, Colombia, Ecuador, French Guiana, Guyana, Paraguay, Peru, Suriname, Uruguay, Venezuela) (USDA, 2023). The genus Dolichandra in centered in Paraguay, southern Brazil and north-eastern Argentina (Fonseca & Lohmann, 2015). 


[bookmark: _Toc201907993]Australian and overseas distribution
Cat’s claw creeper has been transported around the world for ornamental purposes and now occurs in Europe, North America, Africa, Oceania. According to the Global Compendium of Weeds it is invasive in Africa (Cabo Verde, Kenya, Malawi, Mauritius, Reunion, Seychelles, South Africa, Tanzania, Uganda, Zambia, Zimbabwe), Asia (China, India), Europe (Portugal), North America (USA) and Oceania (Australia, French Polynesia, New Caledonia, New Zealand, Vanuatu) (Rojas-Sandoval, 2023) (Figure 3). 
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[bookmark: _Hlk140567385]Figure 1. a. Cat’s claw creeper flower and leaflets’ b. Cat’s claw creeper plant in flower with immature seed pods (both short-pod variety).
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Figure 2. Long-pod and short-pod varieties of cat’s claw creeper. a. short-pod leaves; b. long-pod leaves; c. long-pod (LP) and short-pod (SP) flowers; d. c. long-pod (LP) and short-pod (SP) seed pods (Shortus & Dhileepan, 2011).
[image: ]
Figure 3. Recorded worldwide occurrences of cat’s claw creeper (source: https://weedfutures.net/). 


In Australia CCC occurs predominantly in eastern Australia from Sydney to Atherton (Figure 4). The largest infestations occur in north-east New South Wales and south-east Queensland. It occurs in disturbed rainforest and sclerophyll forests, particularly in riparian zones (Figure 5; (Downey & Turnbull, 2007)). In Victoria it has been recorded as a garden escapee in the suburb of Northcote (VicFlora, 2023).
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Figure 4. Distribution of cat’s claw creeper, Dolichandra unguis-cati, in Australia (ALA, 2023).
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Figure 5. Cat’s claw creeper infestations in south-eastern Queensland. 


[bookmark: _Toc201907994]Close relatives in Australia
The genus Dolichandra contains nine species, which occur in wet and dry neotropical forests. Cat’s claw creeper is the only species widely cultivated as an ornamental, with Dolichandra cynanchoides (cham.) L.G.Lohmann cultivated as ornamental in Argentina ( Lohmann & Fonseca, 2014).
The Bignoniaceae family is represented in the native Australian flora by five genera and around 17 species (Table 1). No native species belong to the Bignonieae tribe. Pandorea spp. are commonly cultivated as garden plants. Tecomanthe spp. and Deplanchea tetraphylla (R.Br.) F.Muell. are also occasionally cultivated. 
Due to their showy trumpet shaped flowers, many Bignoniaceae are cultivated as garden plants. Jacaranda (Jacaranda mimosifolia D.Don.) and orange trumpet vine (Pyrostegia venusta (Ker Gawl.)Miers), native to Neotropics, are commonly grown along the east coast of Australia and the south-western corner of Australia. Jacaranda is widely naturalised and orange trumpet vine has become naturalised in south-east Queensland and northern NSW. Yellow bells (Tecoma stans (L.) Kunth) has also been extensively planted in eastern and northern Australia and is now widely naturalised. It is regarded as an environmental weed in Queensland and NSW. Other cultivated Bignoniaceae that have also naturalised include red trumpet vine (Campsis radicans (L.) Seem. Ex. Bureau, African tulip tree (Spathodea campanulata P. Beauv.), golden trumpet tree (Handroanthus chrysotrichus (Mart. Ex DC.)) Mattos, cucumber tree (Parmentiera aculeata (Kunth) Seem.). Yellow bells and African tulip tree have both been approved as targets for biological control in Australia. 


[bookmark: _Toc201907995]Pest status and impacts
Cat’s claw creeper, with its dense evergreen foliage and attractive yellow flowers, was once a popular ornamental plant used commonly in gardens to cover trellises and fences. However, due to its invasive nature, it is not currently recommended for garden use. Cat’s claw creeper is a declared weed in Queensland, NSW, Victoria, South Australia, Northern Territory and Western Australia (Table 2). It was declared a Weed of National Significance in 2012 (https://weeds.org.au/weeds-profiles/). In NSW CCC has also been listed as a Key Threatening Process (DPI, 2023).


Table 1. Representatives of the Bignoniaceae in Australia’s native flora ((ALA, 2023)).
	Genus
	Species
	Tribe/clade
	Distribution
	Species included in testing

	Deplanchea Vieill.
	1
	Tecomeae
	 Northern Australia
	 1 (100%)

	Dolichandrone Seem
	5
	Paleotropical
	 Wet tropical Queensland
	 1 (20%)

	Neosepicaea Diels
	2
	Tecomeae
	 North Queensland rainforest
	 0 (0%)

	  Pandorea (Endl.) Spach
	8*
	Tecomeae
	 Eastern & central Queensland
	 2 (25%)

	  Tecomanthe Baill
	2
	Tecomeae
	 Coastal Queensland
	 1 (50%)


*(Keighery & Keighery 2021); Pandorea doratoxylon is not accepted in WA and is accepted only as a synonym of Pandorea pandorana (Andrews) Steenis subsp. Pandorana. This includes the yet to be described Pandorea sp. Mt Maroon (ALA, 2023).

Table 2. Australian state and territory declarations for cat’s claw creeper.
	State
	Declaration
	Act 
	Details

	Queensland
	Restricted invasive category 3
	Biosecurity Act 2014
	Must not be given away, sold or released into the environment.

	New South Wales
	Priority weed

	Biosecurity Act 2015
	Must not be imported into the state, sold, bartered, exchanged or offered for sale.

	Victoria
	Restricted weed
	Catchment and Land Protections Act 1994
	Trade in the plants and their propagules (either as plants, seeds or contaminants in other materials) is prohibited.

	Tasmania
	Declared
	Tasmanian Weed Management Act 1999
	Importation, trade and distribution is prohibited.

	South Australia
	Category 2
	Landscape South Australia Act 2019
	Prohibited for sale and movement.

	Northern Territory
	Class A&C
	Weeds Management Act 2001
	To be eradicated and not to be introduced.

	Western Australia
	s12, C1

	Biosecurity & Agriculture Management Act 2007
	Prohibited plant, excluded for all of the state.




The vine forms dense mats on the forest floor and climbs over standing trees in vine scrubs, gallery forests, rainforests, closed forests, and open forests (Figure 5). Trees can be crushed by the weight of vines, allowing further light to enter the forest, and promoting invasion by more light-demanding species. Furthermore, CCC infestations may cause an inward collapse of the forest margin, as individual trees are colonised and killed. dense mats on the forest floor can greatly limit germination and recruitment from the seedbank beneath. Cat’s claw creeper can be a problem for power companies and railways, causing power interruptions by bringing down poles and/or powerlines (Downey & Turnbull, 2007). 


[bookmark: _Toc201907996]Approval as a target for weed biological control
Natural Resource Management Standing Committee approved cat’s claw creeper as a target species for biological control in 2005.


[bookmark: _Toc201907997]Other control methods 
Cat’s claw creeper is very difficult to control by conventional means due to its extensive subterranean tubers and ability to grow up to 30 m high. Regardless of the control method used, follow up treatment is required for at least 5 years to remove tubers that have reshooted and germinated seeds before they reach too high (CISS, 2022). Physical removal of plants is only feasible for very small infestations. Digging up tubers can disturb native vegetation. Cutting stems can be an effective method to reduce/prevent seed production (plants flower in full sun which is often the canopy of host tree rather than along ground level). The aerial portion of the cut stems eventually die, though the plants will reshoot from the rooted segments.  
Glyphosate 360 or Picloram 44.7 g/L + Aminopyralid 4.47 g/L can be applied to cut stems. They must be applied within 15 seconds of cutting to be effective and they generally only kill one tuber at a time (CISS, 2022; Biosecurity Queensland, 2021). These chemicals can also be used for stem injection into thick vines and Glyphosate 360 can also be applied using a scrape stem application. Ground level matts of CCC can be treated with a foliar spray of Triclopyr 300 g/L + Picloram 100 g/L (CISS, 2022). 


[bookmark: _Toc201907998]Agent
[bookmark: _Toc201907999]Classification

Division:	Ascomycota
Class:		Dothideomycetes
Order:		Mycosphaerellales
Family:		Mycosphaerellaceae
Genus:		Neoramulariopsis Raghv. Singh & Kushwaha 
Species: 	unguis-cati (Speg.) Raghv. Singh & Kushwaha
Common name:	cat’s claw creeper leaf spot
[bookmark: _Hlk161736151][bookmark: _Hlk142564231]Synonyms:	Cercosporella unguis-cati Speg., Cercosporella dolichandrae Crous & den Breeÿen, Pseudocercospora unguis-cati (Speg.) U. Braun; 

Spegazzini (1911) was the first to collect the leaf-spot pathogen on D. unguis-cati in Argentina. He described and named the pathogen Cercosporella unguis-cati Speg. The leaf-spot pathogen was later also collected from Brazil and Paraguay and identified as Pseudocercospora unguis-cati (Speg.) U. Braun (Colmán, 2014; Da Silva, Barreto, & Pereira, 2012). In South Africa (the introduced range of D. unguis-cati) a leaf-spot pathogen was collected on D. unguis-cati and identified as a new species, Cercosporella dolichandrae Crous & den Breeÿen (Colmán, 2014; Crous  et al., 2014). 
In light of the program to study the leaf-spot pathogen from South Africa as a potential biological control agent for CCC in Australia, morphological and molecular studies were undertaken. The South African leaf-spot pathogen was confirmed morphologically and molecularly to be conspecific with P. unguis-cati and fungal isolates of C. dolichandrae and P. unguis-cati are morphologically identical to the original sample made by Spegazzini (Colmán, et al., 2020). The original name of C. unguis-cati thus took priority and P. unguis-cati and C. dolichandrae, were considered synonyms.
Cercosporella unguis-cati was recently assigned to a new genus, Neoramulariopsis, based on phylogenetic and morphological information, and is currently known as Neoramulariopsis unguis-cati (Speg.) Raghv. Singh & Kushwaha (Yadav et al., 2022). 


[bookmark: _Toc201908000]Description & biology
The new genus Neoramulariopsis devised by Yadav et al. (2022) currently comprises two species; one of them being the leaf-spot pathogen N. unguis-cati on D. unguis-cati. The genus name represents the hyphomycetous anamorph of the species, which is the asexual stage characterized by conidiophores arising from hyphae or stromata and by hyaline conidia. The original description of the leaf-spot pathogen on D. unguis-cati was given by Spegazzini (1911), however, the most recent descriptions are given by Crous, Breeÿen, and King (2014) and Colmán et al. (2020). Neoramulariopsis unguis-cati leaf spots occur on both sides of living cat’s claw creeper leaves, though more commonly on the lower surface. Necrotic leaf lesions are subcircular, well delimited with infected tissue medium to dark brown and surrounded by a purplish brown halo, 1-6 mm, coalescing and leading to necrosis and defoliation (Colmán et al., 2020; Crous et al., 2014). 
Stromata are up to 40 µm in diameter, brown, pseudoparenchymatal cells that develop into ascomata, up to 70 µm in diameter with a central ostiole (cavity), 10-15 µm in diameter (Crous et al., 2014). The walls have 2-3 layers of brown densely packed pseudoparenchyma that appear angular in cross section (Crous et al., 2014).
Conidiophores occur in bundles. They are transparent, smooth and subcylindrical, rarely branched, 1-2 septate, 20-40 x 3-5 µm (Crous et al., 2014). The conidiogenous cells are terminal. They are subcylindrical, club-shaped, transparent, smooth, 10-20 x 3-4 µm, terminating in several prominent denticles (tooth-like projections) which are 1-2 x 1.5 µm and end abruptly. Conidia occur in chains and are subcylindrical, generally 0-1septate, 22-45 x 1.5 µm (Figure 6). 
Asci (sac like structures in which sexual spores are produced) are bitunicate (outer and inner layers separate  during spore release), 8-spored, transparent, smooth, obovoid, stipitate with a tiny chamber at the tip, 25-30 x 7-9 μm (Crous et al., 2014). Ascospores (sexual spores) are arranged in rows. They contain globules and have a wall in the middle, tapering at both ends, 10-13 x 3 μm.
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Figure 6. Conidial sporulation of Neoramulariopsis unguis-cati on leaf lesions following incubation for 24 hours. A) set-up of the humid chamber, B) sporulation (arrowed), viewed through a stereomicroscope, C) microscopic examination of the upper leaf surface of infected leaf material showing emergence of stromata through the leaf stomata and the production of conidiophores (arrowed), D) microscopic image of conidia of N. unguis-cati (arrowed) x 400 (Pollard & Seier, 2023).

Cercosporella, Ramularia and related genera can be difficult to distinguish using light microscopic examination of conidiophores and conidia (Kirschner, 2009; Yadav et al., 2022). Consequently, many species have been transferred back and forth between genera. For example, around 25% of the species in the genus Cercosporella were also once attributed to the genus Ramularia (Braun, 1995, 1998). The conidial scars are slightly thickened and darkened for Ramularia species, whereas those of Cercosporella and Neoramulariopsis species are clearly thickened (Yadav et al., 2022). Neoramulariopsis differs from Cercosporella due to its highly branched chains of conidia and its phylogenetic position that is closer to Ramulariopsis. The latter differs from Neoramulariopsis in having frequently branched conidiophores with integrated, terminal, intercalary and pleurogenous conidiogenous cells.

[bookmark: _Toc201908001]Symptoms under greenhouse conditions
Under greenhouse conditions leaf-spot symptoms generally begin to develop 12 days after inoculation. Initial small chlorotic lesions develop small red lesions in the centre after three days (Figure 7). As the infection progresses across the leaf the edge of the lesions become necrotic. Multiple lesions on one leaf often merge and heavily infected leaves drop prematurely (Pollard & Seier, 2023). 
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Figure 7. Cat’s claw creeper infected with Neoramulariopsis unguis-cati under greenhouse conditions. (A) young and mature leaves showing initial symptoms of infection (chlorosis with small red lesions in the centre) (arrowed), (B) the same mature leaf, 33 days after inoculation, showing the spread of the infection and resulting necrosis, (C) heavy infection on all inoculated leaves showing merging necrotic lesions, 4 weeks after inoculation (Pollard & Seier, 2023).

Neoramulariopsis unguis-cati produces conidia in necrotic lesions, predominantly on the lower leaf surface of infected cat’s claw creeper plants. Under favourable environmental conditions (see 2.6.3), conidia germinate producing long germ tubes. Microscopic studies showed penetration to occur via the stomatal opening. (Fig 8.A). giving rise to an internal primary septate hypha. (Fig 8.B). 
Subsequent extensive mycelial colonization of the affected leaf tissue with prominent dark fungal hyphae resulted in their aggregation underneath plant stomata forming stromata (a compact mycelial mass containing spore-bearing structures) from which sporulation arises (Figure 9; Pollard & Seier, 2023).
Microscopically, extensive mycelial colonisation of affected plant tissue with dark hyphae can be seen (Figure 9; (Pollard & Seier, 2023)). The fungal hyphae aggregate underneath plant stomata (openings in the leaf epidermis) forming stromata (a compact mycelial mass containing spore-bearing structures). 
In studies under quarantine conditions development of spermogonia producing spermatia, forming part of the sexual stage of the pathogen only occurred in vitro. The development of asci and ascospores was not observed (Pollard & Seier, 2023). High relative humidity induces the formation of conidiophores which are specialised hyphae bearing conidia (asexual spores) from the stromata. Conidial sporulation emerges through the stomata (Figure 9; (Pollard & Seier, 2023)). 


[bookmark: _Hlk201911409]Figure 8. Microscopic examination of Neoramulariopsis ungis-cati infection process on cat’s claw creeper, 20 hours after conidial inoculation. A) Germinating conidium (arrowed) producing a germ tube growing towards and penetrating a stoma (double arrow) on the lower leaf surface (x400). B) development of internal primary hyphae (arrowed) following successful penetration (x1000)
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Figure 9. Microscopic assessment of N. unguis-cati development in necrotic leaf tissue of cat’s claw creeper, nine weeks after greenhouse inoculation. (A) colonisation of necrotic leaf tissue with dark fungal hyphae (arrowed), x400, (B and C) aggregation of fungal mycelium to form stromata underneath leaf stomata (arrowed) x1000 (Pollard & Seier, 2023).




[bookmark: _Toc201908002]Native range
Neoramulariopsis unguis-cati is native to Argentina, Brazil and Paraguay (Colmán et al., 2020). This pathogen association is documented in the current taxonomic literature and the sequence data available on GenBank cite CCC as the only host. The native range surveys conducted included an assessment of the field host specificity of the pathogen by monitoring plant species occurring sympatrically with and/or being taxonomically related to CCC and symptoms characteristic for N. unguis-cati were not observed on any other plant species. 
It is not known how the pathogen was introduced into South Africa, but this geographic region is not considered to be part of the species native range (Colmán et al., 2020). Since first observed in South Africa in 2014, no symptoms characteristic of the leaf-spot have been observed on any non-target species at sites where the pathogen is present.  


[bookmark: _Toc201908003]Related species
The CCC leaf-spot has recently been placed in the new genus Neoramulariopsis (Yadav et al., 2022). The genus currently consists of two species, but this number could grow to include other Cercosporella-like species which form terminal conidiogenous cells with truncate loci (Yadav et al. 2023). The other species, N. catenulata (Videira & Crous) Raghv. Singh & Kushwaha (syn. Cercosporella catenulata Videira & Crous), is found on Phaseolus vulgaris L. in Rwanda (Videira et al., 2016; Yadav et al., 2022). 
The fungal family Mycosphaerellaceae contains 120 genera and includes a number of significant pest species. Recent work has begun to untangle the mess of taxa that are associated with this group (e.g. Videira et al., 2017; Videira et al., 2016; Videira et al., 2015). A schematic representation of part of the family is provided in Figure 10. Three newly created genera, including Neoramulariopsis form a monophyletic clade with Cercosporella, Acervuloseptoria, and Ramulariopsis (Figure 10 insert).
Species fungorum (https://www.speciesfungorum.org/ Names/Names.asp ) lists 180 species for the genus Cercosporella, of which 71 species are currently accepted. There is little information available about Cercosporella species. Cercosporella rubi (G. Winter) Plakidas is a pest of cane-berries such as blackberries and boysenberries in the United States and recently recorded in New Zealand (Langford, Stanley, Andersen, & Braithwaite, 2003). The pathogen can severely reduce fruit production of blackberry (Lyman, Curry, Smith, & Diehl, 2004). There are several mentions on the internet of C. herpotrichoides Fron., a pest of wheat that is known to occur in Australia (Adam, 1940; Sprague, 1934). This is now known as Tapesia spp.(Mollisiaceae: Helotiales) and is not closely related to species in the Mycospharellaceae (Lucas et al., 2000). Cercosporella leucaenae (Raghu Ram & Mallaiah) U. Braun, which was recorded on Leucaena leucocephala (Lam.) de Wit in Australia, is now known as Passalora leucaenae (Raghu Ram & Mallaiah) Kamal (ALA, 2023; Shivas et al., 1995). ALA - C. discoreophylli (Hennings) Deighton was found on a species of Tinospora in north-western Western Australia.
Other species of note include the banana leaf-spot complex, Pseudocercospora musae (Zimm.) Deighton (syn M. musae (Speg.) Syd. & Syd.), P. eumusae (syn. M. eumusae Crous and Mourichon) and P. fijiensis (Morelet) Deighton (syn. M. fijiensis Morelet) (Crous et al., 2021), and cercosporoid leaf spots which are caused by many different species on many different host species (e.g. Pseudocercospora purpurea (Cooke)Deighton in avocados, Cercospora canescens Ellis & G. Martin. in legumes, C. citrulline Cooke in cucurbits). 
Historically, many species have been described separately based on their sexual and asexual stages (this has now ceased). The sexual stage Mycosphaerella Johanson sensu lato for example has been associated with more than 30 genera of asexual structures e.g. Mycosphaerella coffeicola (Cooke)Stev & Wellman and Cercospora coffeicola Berk & Cooke). Phylogenetic work to elucidate the group is ongoing. Mycosphaerella sensu stricto is associated with a single asexual stage, the genus, Ramularia (Videira et al., 2015). Following new rules for pleomorphic fungi the name of Ramularia is used (Crous et al., 2014). 
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Figure 10. Schematic representation of a portion of the phylogenetic relationships within Mycospharellaceae, showing Cercosporella and related genera (based on Videira et al. 2017). Insert – monophyletic clade consisting of three newly created genera (Neoramulariopsis, Neoacervuloseptoria, Neocercosporella), Cercosporella, Acervuloseptoria, and Ramulariopsis (Yadav et al., 2022).
[bookmark: _Toc201908004]Proposed source of the fungus
The isolate of N. unguis-cati used in the studies presented here was collected from South Africa. Numerous collections have been made from short-pod CCC plants infested with the pathogen at Taunton Road, Calridon, Pietermaritzburg (-29.595462 S, 30.356655 E) since August 2018 and imported into the quarantine facility at CABI UK. Cultures from this site were assigned the official IMI number (Herb IMI Royal Botanic Gardens, Kew, London) IMI 507115. The pathogen was cultured onto tap water agar by single spore isolations and stored in CABI’s culture collection. 
While N. unguis-cati was likely introduced accidentally into South Africa, the respective isolate of the pathogen is demonstrating high levels of control of the short-pod form in the field in this country (Colmán et al. 2020). Given, that the short-pod form is the most dominant form of the weed in Australia and the isolate ex South Africa showed high levels of pathogenicity towards Australian biotypes of the weed under greenhouse conditions, this isolate was prioritised for assessment. An isolate of the leaf-spot pathogen was also obtained from the long-pod form of CCC following field surveys in Paraguay in 2018; however, due to reasons stated above the evaluation of this specific isolate was not further pursued.
We propose importing a clean culture from the IMI 507115 collection at CABI UK (see section 2.8). DNA sequence data for ITS, actin gene, rpb2 gene and translation elongation factor 1-alpha gene from this isolate have been submitted to GenBank (Reference number LC801090-LC801101; Appendix III). Using this information, a phylogenetic tree was constructed (Figure 11), confirming the identity of the isolate as Cercosporella dolichandrae, a synonym of N. unguis-cati (Yadav et al., 2023).
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Figure 11. Maximum likelihood tree inferred from the combined alignment of three genes (actA, ITS, rpb2) of Neoramulariopsis unguis-cati with the related species. Cercosporella dolichandrae is considered a synonym of Neoramulariopsis unguis-cati (Yadav et al., 2022).


[bookmark: _Toc201908005]Potential for control
[bookmark: _Toc201908006]Impact in South Africa
In South Africa, the leaf-spot pathogen has been found at 72% of surveyed sites (King et al., 2021). It spreads rapidly through infestations to achieve uniform cover across ground level foliage, extending vertically. Widespread and repeated defoliation was observed at all study sites and regrowth was quickly infected (Figure 12). This resulted in extended leafless periods. Lesions covering as little as 20% of the leaf surface could result in leaf drop. An increase in secondary understory vegetation was observed at these sites.

[bookmark: _Toc201908007]Susceptibility of cat’s claw creeper varieties and leaf age
The N. unguis-cati isolates used in these studies presented here were collected from a short-pod variety in South Africa. A trial was undertaken to determine the susceptibility of long-pod and short-pod varieties from Australia. Using the mycelial plug inoculation method detailed in the section on host specificity testing (3.2.2), three leaves of increasing age were inoculated with two plugs on each side of the midrib on the lower leaf surface only. Following incubation in the dew chamber plants were kept in a Perspex box under high humidity and monitored for disease development. Six replicates were inoculated for each plant variety.
Necrotic lesions developed on all inoculated leaves demonstrating that both the long-pod and the short-pod varieties in Australia are susceptible to the N. unguis-cati isolates. The lesions on the short-pod variety were larger than the lesions on the long-pod variety suggesting that the susceptibility of the long-pod variety is less than the short-pod variety (X2 = 15.60, df = 1, p < 0.001; Figure 13). 
The first few pairs of leaves that emerge from a tuber are susceptible to infection and their age did not affect the level of infection (X2 = 5.53, df = 1, p = 0.06; Figure 13). However, as leaves age further and become harder, they become resistant to infection, as evidenced both under glasshouse conditions and in the field. In the field in Paraguay evidence of the leaf-spot pathogen was only observed on young seedlings (Pollard & Seier, 2023). No symptoms were observed on mature climbing plants. Likewise in South Africa, foliage along the ground was heavily infected by N. unguis-cati whereas growth climbing up trees lacked infection (Pollard & Seier, 2023). Cat’s claw creeper growth climbing up structures such as trees have harder, smaller and more glaborous leaves than those growing along the ground. In glasshouse studies at CABI only the first few pairs of simple leaves and the first bifoliate leaves without tendrils that regrow from tubers were susceptible to N. unguis-cati. Older leaves with a harder cuticle were found to be resistant to N. unguis-cati infection. 

[bookmark: _Toc201908008]  Dew period, dew temperature, and ambient humidity
Dew period experiments ascertain the minimum period of free water required for infection with a fungal pathogen and can be used to help determine the likelihood of CCC becoming infected by N. unguis-cati and the establishment of the agent in the field in Australia. The lower leaf surfaces of CCC short-pod plants were inoculated with mycelial plugs and conidia (separate leaves; see 3.2.2 for a detailed description). Inoculated plants were sprayed lightly with sterile distilled water and placed into a dew chamber at 20oC. Plants were removed from the chamber after 1, 2, 4, 6, 8, 24 and 48 hours, allowed to dry and then placed into a Perspex cage to be maintained in a high humidity environment. 
At 20oC, a one hour dew period was sufficient for leaves to develop leaf spot symptoms (for both mycelial plug and conidia inoculations), though periods of six hours and above resulted in more consistent infection. These results suggest that dew period length should not be a limiting factor for infection under field conditions.  

[image: A comparison of a forest with a few trees

Description automatically generated with medium confidence]
Figure 12. Impact of Neoramulariopsis unguis-cati on cat’s claw creeper in Pretoria, South Africa; A. before the incidence of the leaf-spot pathogen; B. after the incidence of the leaf-spot pathogen (Antony King, Plant Protection Research Institute of Pretoria, South Africa, 2023). 
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Figure 13. The susceptibility of the long-pod and short-pod varieties of cat’s claw creeper, Dolichandra unguis-cati to the leaf-spot pathogen Neoramulariopsis unguis-cati (Pollard & Seier, 2023).

To study the effect of dew temperature, inoculated plants, using both mycelial plugs and conidia, were placed in a dew chamber at either 10, 15, 20 or 25oC for 48 hours. Temperature above 10oC and below 25oC were favourable for N. unguis-cati infection, with temperatures between 15oC and 20oC producing consistent infection for both inoculation (mycelial plugs and conidia) methods. Infection was inconsistent at 10oC and
was not observed at 25oC for conidial infection. The results from these experiments suggest that under natural field conditions infection by N. unguis-cati will occur when temperatures drop below 25oC, which generally occurs at night and during early morning, coinciding with the formation of dew. At locations where daytime temperature remains below 25oC (e.g., during winter), rainfall will be required to provide for free water required for infection. 
Post infection relative humidity is also known to affect disease development of leaf-spot pathogens. In South Africa high levels of disease are seen at sites with consistently high relative humidity (around an average of 75.4%). 
This information suggests that the leaf-spot pathogen will be most effective at more coastal and riparian sites where rainfall and humidity are higher, and temperatures are moderate. 


[bookmark: _Toc201908009]Interactions with existing agents
Three insect agents, the leaf-sucking tingid Carvalhotingis visenda Drake and Hambleton (Hemiptera; Tingidae) (Dhileepan et al. 2007; Dhileepan et al. 2010), the leaf-tying moth Hypocosmia pyrochroma Jones (Lepidoptera; Pyralidae) (Dhileepan et al., 2007) and the leaf-mining jewel beetle Hedwigiella jureceki (Obenberger) (Coleoptera; Buprestidae) (Dehgan, 2020; Dhileepan et al., 2014; Dhileepan et al., 2013) have been released against CCC in Australia. All three agents have become established. The leaf-sucking tingid and the leaf-mining jewel beetle have established widely. The leaf tying moth has a restricted establishment along riparian corridors in south-east Queensland and is spreading slowly (Dhileepan et al., 2021). Evidence of H. pyrochroma in the field has been on aerial parts of CCC plants (Dhileepan et al., 2021). The jewel beetle also prefers leaves on trunks and in canopies (Dhileepan et al., 2014). Tingid damage is generally restricted to ground level, but they prefer older leaves. As the leaf-spot pathogen infects young leaves at ground level it will complement the existing agents. 
[bookmark: _Toc201908010]Proposed release strategy
Once we have received approval for the importation and release of N. unguis-cati we propose importing clean mycelial agar cultures from the IMI 507115 collection at CABI UK to the Ecosciences Precinct in Brisbane. Ideally, we would like to import the clean N. unguis-cati culture directly for culturing and mass production, however we acknowledge that there may be a requirement to import the clean culture into a controlled quarantine facility to rear through one or two generation prior to removal from the facility for mass production. If this step is required, N. unguis-cati will be removed from quarantine via a method approved by and initially overseen by relevant DAFF officers.
Irrespective of the facility in which the clean N. unguis-cati culture is imported, the culturing remains the same and can be undertaken either through mycelial plug or conidial inoculations. 

Mycelial plug inoculations
Given that N. unguis-cati will be received as a mycelial culture and the pathogen does not sporulate readily in vitro, nor has the infectivity of conidia produced in vitro been confirmed, CCC plants will initially be infected with N. unguis-cati by inoculation using mycelial plugs. For this a 5 mm diameter plug will be removed from the actively growing margin of N. unguis-cati cultures (which were less than 10 weeks old) using a sterile cork borer. Plugs will be positioned on the lower leaf surface of mature simple leaves and their position marked with permanent pen. Plants will be lightly sprayed with reverse osmosis (RO) water and placed in a dew chamber at 20oC for 48 hours. Once removed from the chamber, the plugs will be removed from the inoculated leaves. Plants will then be maintained in a Perspex cage on upturned saucers in the temperature control room within the quarantine facility at 27/25oC day/night with supplementary lighting for 12 hours. The bottom of the cage will be lined with wet matting to maintain relative humidity at 60-80% to aid disease development.  Disease symptoms will typically appear on inoculated plant after 12 days and expand over time. To induce sporulation, diseased leaves will be removed from the plant and placed into a humid chamber (e.g. a sealed petri dish with a moist filter paper) for at least 24 hours, until fresh conidia become visible. Freshly produced conidia will be used to inoculate new host plants and/or establish new mycelial cultures in vitro. The latter is crucial to retain the pathogenicity and virulence of mycelial cultures as N. unguis-cati has been shown to lose pathogenicity and virulence over time in vitro; inoculation with mycelial plugs from cultures older than three months were shown to cause significantly less severe disease symptoms on CCC.

Conidial inoculation
Conidia will be removed from a sporulating lesion using a sterile hypodermic needle and placed directly onto the abaxial leaf surface of mature leaves which have been lightly sprayed with 0.2 ml RO water. Inoculated plants will be placed in a dew chamber at 20oC for 48 hours. Plants will then be maintained in a high humidity environment at 27/25oC day/night with supplementary lighting for 12 hours. To induce sporulation for subsequent inoculations, diseased leaves will be placed into a humid chamber for at least 24 hours, until fresh conidia become visible. This procedure is not easy and is therefore not suitable for mass production of the agent but can be used to replenish the culture.

Establishment of new cultures
Conidia will be removed from a sporulating lesion using a sterile hypodermic needle and placed directly onto tap water agar plates. Plates will be sealed and kept in the dark in an incubator at 20oC.  Developing cultures will be regularly checked for contamination and, if clean, used for mycelial plug inoculations.

Field release
Inoculations for mass production may involve mycelial plug and/or conidial methods, though for the reasons mentioned above, mycelial plug inoculations would be preferred. Initially, leaf spot infected CCC plants will be transferred to the field in south-east Queensland and positioned within the ground dwelling plant material. Sites with large infestations of the short-pod variety or a mixture of short-pod and long varieties along riparian corridors in coastal regions will be prioritised as prospective release sites, where rainfall and humidity is higher, and temperatures are moderate. Releases will continue throughout the year, though more intensive releases will be made in spring and summer when there is more likely to be adequate moisture present as well as actively growing CCC plants. 


[bookmark: _Toc201908011]Host specificity testing
[bookmark: _Toc201908012]Plant test list
The plant host test list for N. unguis-cati was developed following the modernised centrifugal phylogenetic method (CPM) which emphasizes the testing of species most closely related to the target and then successively more distant taxa; the list comprises 35 species in total (Briese, 2005; Wapshere, 1974). The modernised CPM shifting the focus from taxonomic groupings to phylogenetic relationships, taking into consideration ecological and biogeographic filters, and removing unrelated ‘safeguard’ species (Briese, 2003, 2005; Mehelis et al., 2015). It shifts the focus to defining the host range rather than determining whether or not individual plant species were “safe” (Briese, 2005). The testing commences with the nearest relatives of CCC within the family Bignoniaceae in Australia and proceeds to plants in other families in the order Lamiales (Stevens, 2001 onwards).
[bookmark: _Hlk143770190]The test list includes representatives from all currently recognised clades in the Bignoniaceae except Delostoma D. Don which is not known to occur in Australia (Figure 14; Table 3). Dolichandra unguis-cati belongs to the Bignonieae tribe in the family Bignoniaceae (Lohmann & Taylor, 2014). The tribe is entirely American and there are no Australian native species. Bignonieae (and the Bignoniaceae family as a whole) includes many species that are cultivated for ornamental purposes, most notably the orange flowering vine Pyrostegia venusta (Ker-Gawl.) Miers, which has been widely planted along the east coast of Australia and has occasionally naturalised (Anonymous, 2016). This and three other species are included in the host test list as the most closely related to CCC (Table 3). 
There are 17 Australian native species from five genera in the Bignoniaceae (Table 1). Pandorea jasminoides (L.) K. Schum. and several others are cultivated as ornamentals. Five Australian native Bignoniaceae have been included in the test list (30% of the native Bignoniaceae; Table 3), representing all genera with native species except for Neosepicaea. Neosepicaea proved to be a very difficult species to source, so no representatives are included in the list. One of five native Dolichandrone species were included in testing (20%), two of seven Pandorea species (30%), one of two Tecomanthe species (50%) and the single Deplanchea species (100%). Attempts to germinate seed of other Dolichandrone were not successful. The two Pandorea species selected for testing are common within the range of CCC, as well as being popular ornamental species. Had these species shown any evidence of being suitable hosts for N. unguis-cati additional species would have been tested (this goes for all taxa in the test list). Eleven exotic Bignoniaceae are also included in the list (total of 16 species). These include the aforementioned P. venusta, Jacaranda mimosifolia D.Don and Tecoma stans  (L.) Juss. ex Kunth.
The plant family Bignoniaceae is part of the order Lamiales (Stevens, 2001 onwards). Nineteen species from families within this order (other than Bignoniaceae) are also included in the list. They include a mixture of native, crop, ornamental and/or invasive species (e.g., basil (Ocimum basilicum L.), Eremophila maculata (Ker Gawl.) F.Muell, Verbena bonariensis L.. 
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Figure 14. Schematic representation of phylogenetic relationships of the nine major clades within Bignoniaceae (Olmstead et al., 2009; Stevens, 2001 onwards).


[bookmark: _Toc201908013]Materials and Methods
[bookmark: _Toc180499462][bookmark: _Toc201908014]All laboratory studies were conducted in designated controlled temperature rooms within a high-level quarantine facility at CABI, Egham, UK (Biosafety Class III) at approximately 26/23 oC day night. A 12:12 h day/night regime was implemented using natural lighting, supplemented by overhead high intensity discharge metal halide lamps when light levels were low. The chambers had a relative humidity of 40-60%.

[bookmark: _Toc201908015] Plant Material
Dolichandra unguis-cati tubers and seeds were collected from several sites in southeast Queensland (Table 4) and shipped to CABI. Test plants were shipped to CABI as either seeds or plants from Australia or obtained from nurseries on mainland Europe or the UK (Appendix II). 
Upon receipt at CABI, test plants were potted into a mixture of multi-purpose compost and perlite in pots with a 10-15 cm diameter, depending on the size of each individual plant. Once potted, plants were placed in a Perspex cage, to provide a high humid environment for establishment for a period of two weeks or until new healthy shoots had regrown. After which, the door of the Perspex cage was opened for one week before removing plants and placing on the bench within the designated chamber.
Seeds were planted into seed trays filled with seed compost and placed in a propagator in the chamber or germinated in petri dishes on moistened filter paper. Emerging seedlings were potted on into a mixture of multi-purpose and potting-on compost with perlite and allowed to establish and produce leaves of varying ages. Only healthy, actively growing plants were used in the studies.

[bookmark: _Toc201908016]Cultures of Neoramulariopsis unguis-cati
Field source
All work was undertaken using the N. unguis-cati isolate IMI 507115 ex the short-pod variety of CCC collected from the field in South Africa (Taunton Road, Claredon, Pietermaritzburg). Spore inoculum of IMI 507115 was obtained from diseased CCC following inoculations under quarantine greenhouse conditions and supplemented with shipments of field-collected diseased leaf material from this location. DNA sequence 
Table 3. Host test list for Neoramulariopsis unguis-cati. Number of native species in parentheses. Phylogenetic ranking for test plant species refers to degree of phylogenetic separation from the target weed: 
	Family
	Tribe
	Species
	Status
	Phylogenetic Ranking

	Bignoniaceae (17)
	Bignonieae (0)
	Dolichandra unguis-cati (L.) Miers (short-pod)
	Target weed
	0

	
	
	Amphilophium crucigerum (L.) L. G. Lohmann (syn. Pithecoctenium crucigerum (L.) A.H.Gentry)
	Ornamental/ invasive
	1

	
	
	Bignonia capreolata L.
	Ornamental
	1

	
	
	Mansoa alliacea Gentry
	Ornamental
	1

	
	
	Pyrostegia venusta (Ker-Gawl.)Miers
	Ornamental/ invasive
	1

	
	Catalpeae (0)
	Catalpa bignonioides Walter
	Ornamental
	2

	
	Oroxyleae (0)
	Oroxylum indicum (L.) Benth. ex Kurz
	Ornamental
	2

	
	Crescentiina - Tabebuia alliance (0)
	Handroanthus impetiginosus (Mart. ex DC.) (syn.Tabebuia palmeri Rose)
	Ornamental
	2

	
	Crescentiina - paleotropical (5)
	Spathodea campanulata P.Beauv.
	ornamental/ invasive
	2

	
	
	Dolichandrone spathacea (L.f.) K.Schum. 
	Native
	2

	
	Tecomeae (12)
	Deplanchea tetraphylla (R.Br.)F.Muell.
	Native
	3

	
	
	Pandorea jasminoides (L.) K. Schum.
	Native
	3

	
	
	Pandorea pandorana (Andrews) Steenis
	Native
	3

	
	
	Tecomanthe hillii (F.Muell.) Steenis
	Native
	3

	
	
	Tecoma stans (L.)
	Ornamental/ invasive
	3

	
	Tourrettieae (0)
	Eccremocarpus scaber Ruiz & Pav.
	Ornamental
	4

	
	Jacarandeae (0)
	Jacaranda mimosifolia D.Don
	Ornamental/ invasive
	5

	Verbenaceae (2/3)
	
	Aloysia citrodora Palau
	Ornamental
	6

	
	
	Citharexylum spinosum L.
	Ornamental
	6

	
	
	Verbena bonariensis L.
	Ornamental/ invasive
	6

	Lamiaceae (460)
	
	Prostanthera ovalifolia R.Br
	Native
	6

	
	
	Vitex lignum-vitae Schauer.
	Native
	6

	
	
	Ocimum basilicum L.
	Crop
	6

	Paulowniaceae (0)
	
	Paulownia tomentosa (thumb.) Sieb. & Zucc. Ex Stued.
	Crop/invasive
	6

	Mazaceae (1)
	
	Mazus pumilio R.Br
	Native
	6

	Acanthaceae (57)
	
	Avicennia marina (Forssk.) Vierh
	Native
	7

	
	
	Graptophyllum excelsum (F.Muell.) Druce
	Native
	7

	
	
	Hypoestes floribunda R.Br.
	Native
	7

	
	
	Thunbergia alata Bojer ex Sims
	Native
	7

	Pedaliaceae (3)
	
	Sesamum indicum L.
	Crop
	7

	Linderniaceae (29)
	
	Artanema fimbriatum D.Don
	Native
	8

	Scrophulariaceae (270)
	
	Myoporum boninense ssp. australe Chinnock
	Native
	9

	
	
	Eremophila debilis (Andrews) Chinnock
	Native
	9

	
	
	Eremophila maculata (Ker Gawl.) F.Muell.
	Native
	9

	Plantaginaceae (120)
	
	Plantago lanceolata L.
	Invasive
	10

	Oleaceae (30)
	
	Jasminum suavissimum Lindl.
	Native
	11


data from this isolate have been submitted GenBank (accession numbers LC801098-LC801101; see Appendix III).
Some preliminary work was undertaken using the N. unguis-cati isolate IMI506810, which was sourced from the short-pod variety of CCC at a site adjacent to KNZ National Botanical Gardens, Pietermaritzburg, South Africa.

Establishing cultures
Initial greenhouse studies demonstrated that CCC plants can be infected with N. unguis-cati by inoculation with freshly produced conidia and the pathogen can be maintained as leaf lesions on plants for extended periods under glasshouse conditions. To induce sporulation, diseased leaves need to be placed into a humid chamber for at least 24 hours, until fresh conidia become visible (Figure 9B). This method can also be used to induce sporulation on CCC leaves with leaf-spot lesions that have been dried and stored at 4oC for up to one year. 
Cultures of N. unguis-cati can also be established in vitro by isolating freshly produced conidia onto agar. However, growth was found to be very slow (increasing in diameter by approximately 1 cm in three months on tap water plus antibiotics or potato carrot agar) when cultured on agar at 19oC (Pollard & Seier 2023). Further, the pathogenicity and virulence of cultures declined over time, reducing the ability of N. unguis-cati to infect and produce lesions on CCC by cultures more than 3 months old. Other media were trialled but were less successful. Attempts to grow mycelium in liquid broth were also unsuccessful.

Table 4. Field collection locations in southeast Queensland for cat’s claw creeper plants used for all studies with Neoramulariopsis unguis-cati in CABI (UK).
	Site
	Variety
	Latitude
	Longitude

	Fort Bushland Reserve, Oxley, Brisbane
	Long-pod
	-27.548721°
	152.967869°

	Deepak Drive, Rufous Whistler Park, Pimpama
	Short-pod
	-27.822582°
	153.280556°

	Miskin Street, Toowong, Brisbane
	Short-pod
	-27.486934°
	152.982540°

	Hilda Street, Corinda, Brisbane
	Short-pod
	-27.536782°
	152.973637°



Inoculation protocol
[bookmark: _Hlk161746071]Conidial inoculation
Conidia were removed from the sporulating lesion using a sterile hypodermic needle and placed directly onto both the adaxial and abaxial leaf surface of three leaves (mature simple leaf, fully expanded simple leaf and apical bifoliate leaf without tendrils) which had been sprayed lightly with 0.2 ml sterile distilled water (SDW). Inoculated plants were placed in a dew chamber at 20oC for 48 hours. It was not possible to use spore suspension with a defined concentration for inoculations because the quantity of conidia which could be produced at any one time was limited. However, it was shown that conidial and mycelial plug inoculations evoked the same disease symptoms and development on CCC. Thus, for all host-range testing, mycelial plug inoculations were undertaken in order to standardise the pathogen inoculum (as outlined below). 
 
Mycelial plug inoculation
The use of mycelial plugs allowed a quantifiable amount of inoculum to be applied to individual leaves and thus all experiments could be standardised. All mycelial plugs used were obtained from N. unguis-cati cultures established on tap-water agar. On this medium the pathogen does not produce any conidia. A 5 mm diameter plug was removed from the actively growing margin of N. unguis-cati cultures (which were less than 10 weeks old) using a sterile cork borer. Plugs were positioned on both the upper and lower leaf surfaces of mature simple leaves and their position marked with permanent pen. Plants were lightly sprayed with sterile distilled water (SDW) and placed in a dew chamber at 20oC for 48 hours. Once removed from the chamber, the plugs were removed from the inoculated leaves.
Cat’s claw creeper plants infected via both the conidial and mycelial plug inoculation methods were maintained in a quarantine greenhouse chamber at 27/25oC day/night with natural lighting and supplementary lighting for 12 hours. Within the chamber plants were kept in a Perspex cage on upturned saucers. The bottom of the cage was lined with wet matting to maintain relative humidity at 60-80%. Plants were monitored regularly for disease development. Infection with the N. unguis-cati was confirmed by incubating leaves with necrotic symptoms in a humid chamber (as described above under “Establishing Cultures”) to confirm conidial sporulation. 
The development of leaf-spot symptoms has been outlined above under “Symptoms under greenhouse conditions”. Inoculation experiments showed that N. unguis-cati infects CCC plants via the lower leaf surface, as inoculation of the upper leaf surface, either with conidia or mycelial plugs, never resulted in the development of typical leaf-spot lesions.

[bookmark: _Toc201908017]  Host testing methodology
The upper and lower leaf surfaces of three leaves of different ages (mature, fully expanded and apical) were inoculated using mycelial plugs (as outlined above). For each replicate plant one leaf was also inoculated with pure tap water plugs as a negative control. A minimum of two short-pod CCC plants were included as positive controls for each test run. Cat’s claw creeper plants were only inoculated on the lower surface of the first three simple leaves. The top of the mycelial plugs were marked with a permanent marker so that the area that had been inoculated could easily located during the final assessment. 
Plants were placed into a dew chamber for 48 hours at 20 oC. The mycelial plugs were removed from all plants when they were removed from the dew chamber. Plants were then kept in a Perspex cage under high humidity conditions (Figure 15) and monitored regularly for evidence of infection. After about 4 weeks when leaf spot infection was clearly visible as well-developed necrotic lesions on CCC plants (Figure 7), all plants (including the CCC plants) were placed back into a dew chamber at 20 oC for a further 48 hours to provide optimal conditions for development of disease symptoms on the non-target species. Any leaves that dropped prematurely were incubated separately to induce sporulation. Plants were then placed back in the Perspex cage for a further four weeks to allow for any potential delayed symptom development on non-target species.
After a holding period of up to eight weeks all inoculated leaves were examined under a stereomicroscope. A test run was considered to be valid if leaf spot symptoms were observed on all inoculated leaves of the CCC plants. Cats claw creeper leaves showing lesions were incubated in a humid chamber to induce the formation of conidia and confirm infection with the leaf-spot pathogen and thereby a positive test run. Any leaves from non-target plants with necrotic lesions or potential symptoms were evaluated further through microscopic examination and if sufficient material was available (lesions exceeding 1 cm in diameter) were incubated in a humid chamber. Microscopic assessment involved a clearing and staining procedure to evaluate any potential development of the pathogen in the plant tissue (Bruzzese & Hasan, 1983). If lesions were too small, microscopic examination of the sample was prioritised. A minimum of six replicates of each non-target species were inoculated on at least two separate occasions. For species with ambiguous results, i.e. if symptoms potentially linked to the leaf-spot developed inconsistently on inoculated leaves, additional replicates were completed.
Necrotic lesions could be caused by factors other than N. unguis-cati, so spots or lesions outside of the inoculated marked area were disregarded. If lesions were observed only occasionally inside the inoculated area (e.g. one leaf in one replicate), differed in appearance to the lesions observed on CCC and/or no sporulation was observed following incubation, symptoms were considered to be unrelated to the leaf-spot pathogen. 
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Figure 15. Cat’s claw creeper plants maintained in Perspex cage under high humidity. Leaves are displaying necrosis following inoculation with mycelial plugs of Neoramulariopsis unguis-cati (Pollard & Seier, 2023).

The susceptibility of test-plant species towards N. unguis-cati was evaluated based on observed macroscopic and, where assessed, microscopic symptoms following inoculation with the pathogen compared to symptoms associated with the disease development of the leaf-spot pathogen on its natural host CCC. Based on their recorded symptoms species were categorised as immune / highly resistant, resistant or susceptible towards the leaf-spot according to Waller et al. (2002): immune - [species are] exempt from infection; resistant - [species possess] qualities that hinder the development of [the leaf-spot pathogen]; susceptible: [species] lacking the inherent ability to resist disease or attack by [the leaf-spot pathogen] (Table 5).. 

Table 5. Susceptibility categories for Neoramulariopsis unguis-cati, based on (Waller et al., 2002). 
	Susceptibility rating
	Macroscopic symptoms
	Microscopic symptoms

	Immune/ highly resistant
	None
	No attempted penetration (immune) or penetration with or without restricted aborted internal hyphae but no associated macroscopically visible plant defence symptoms

	Resistant
	Visible symptoms such as leaf chlorosis and/or leaf necrosis, potentially liked to the pathogen. No conidial sporulation following incubation in the humid chamber.
	Internal hyphae restricted to small leaf area, no mycelial aggregation indicating the formation of stromata and initiation of sporulation.

	Partially susceptible
	Visible symptoms resembling those observed on the target host i.e. initial chlorotic lesions with red centre developing into larger necrotic leaf spots, but generally less pronounced. Restricted conidial sporulation following incubation in the humid chamber.
	Extensive colonisation of leaf tissue, mycelial aggregation and the formation of stromata and initiation of sporulation.

	Fully susceptible
	Full symptom expression and sporulation, comparable to disease development on its natural host.
	Extensive colonisation of leaf tissue, mycelial aggregation and the formation of sporulating fungal structures.



The respective categories were predominantly defined based on observed macroscopic symptoms observed on the non-target species compared to the characteristic disease development on the host cat’s claw which is classed as fully susceptible.  Where non-target species did not show any macroscopically visible symptoms, further microscopic examinations were not conducted. Consequently, it was not microscopically confirmed if the pathogen was able to penetrate these respective non-target species, potentially developing an initial aborted internal hypha without associated, macroscopically visible symptoms. To account for this possibility, the category ‘immune’ was expanded to include the rating ‘highly resistant’ for which a generic description of the developmental stage of the fungus was given based on Morin (2017) as well as Seier & Evans (1993) and Seier (1998). Some non-target species showing macroscopic symptoms potentially linked to the pathogen but which upon microscopic examination showed no presence of internal mycelium were also assigned into this category.


[bookmark: _Toc201908018]Results
[bookmark: _Toc180499467]Macroscopic and, if applicable, microscopic symptoms observed for all plant species assessed during the host specificity testing, and their respective susceptibility rating towards N. unguis-cati are provided in Table 6. On CCC leaf-spot symptoms began to develop around 12 days after inoculation. Small chlorotic lesions developed small red lesions in the centre after three days (see Figure 7). As the infection progresses across the CCC leaves, the edge of the lesions became necrotic and caused leaf drop where leaves were covered extensively by lesions. 
Cats claw creeper is the only species on which N. unguis-cati caused characteristic necrotic lesions and sporulated and is therefore the only species rated as fully susceptible to N. unguis-cati (Table 6). Most test species (31 of 35) showed no symptoms in response to inoculation and were rated as ‘immune/highly resistant’. Species for which macroscopic and microscopic symptoms could not be dismissed as unrelated to the leaf-spot pathogen without doubt were rated resistant as a precaution. Necrotic spots were observed on sesame Sesamum indicum but these were uncharacteristic and incubation in a humid chamber did not induce sporulation on these spots (Figure 16.A). Sesame plants were prone to contamination by saprophytes (usually fungi or bacteria that feed on dead or decaying organic matter) and this prevented microscopic examination. Necrotic lesions were observed in one replicate for lemon verbena Aloysia citrodora Paláu. Internal mycelium were observed but was limited and showed no aggregation (Figure 16.B-D). The internal mycelium could not be attributed to N. unguis-cati with certainty as the hyphae were hyaline staining blue rather than dark as observed for N. unguis-cati and penetration was not observed.  
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Figure 16. Leaf necrosis on non-target species following inoculation with mycelial plugs of Neoramulariopsis unguis-cati on the lower leaf surface. (A) Sesamum indicum – small lesion (arrowed) on the lower leaf surface of a fully expanded leaf, 8 weeks after inoculation, (B-D) Aloysia cirtodora – (B) upper leaf surface of mature leaf 8 weeks after inoculation, (C) fungal hypha growing superficially over stoma without attempted penetration (arrowed), x 400, (D) internal single hyaline hyphae staining blue (arrowed), x 1000 (Pollard & Seier, 2023).
Leaf necrosis was frequently observed on inoculated basil Ocimum basilicum leaves (Figure 17.A, B), however similar symptoms were also observed on non-inoculated leaves and control leaves inoculated with clean agar plugs. Incubation of inoculated leaves showing necrosis in a humid chamber resulted in sporulation of other fungal contaminants rather than by N. unguis-cati. Fungal bodies were observed near to where the mycelial plug had been placed on one leaf following incubation under high humidity (Figure 17.C) and small spores, tentatively identified as spermatia were noted (Figure 17.D). It is not possible to distinguish fungal species based on spermatial morphology. Furthermore, spermatia were never recorded on infected CCC leaves following incubation under high humidity. In microscopic assessment, stomatal penetration by hyphae linked to a mycelial plug inoculation was observed on one leaf (Figure 18.A, B). In some cases internal hyphal growth was aborted, but thick and swollen internal mycelium was also observed (Figure 18.C, D). However, there was no extensive colonisation of affected tissue or mycelial aggregation into stroma. Conidial sporulation by the leaf-spot pathogen was not recorded on any of the inoculated leaves and for this reason O. basilicum was rated as ‘resistant’.

[image: ]
Figure 17. Symptoms on Ocimum basilicum eight weeks after inoculation with mycelial plugs of Neoramulariopsis unguis-cati. (A) apical leaf showing extensive necrosis beyond the point of original inoculation (marked with black pen), (B) upper leaf surface of mature leaf showing necrotic lesion after inoculation with plug on lower surface; (C) upper leaf surface of apical leaf showing fungal bodies in the area of the original plug position on the lower surface; (D) microscopic image of body taken from (C) showing small spores (arrowed) tentatively identified as spermatia, association with N. unguis-cati unclear, x400 (Pollard & Seier, 2023). 


[image: ]
[bookmark: _Hlk161736068]Figure 18. Microscopic assessment of Neoramulariopsis unguis-cati on Ocimum basilicum, fully expanded leaf, eight weeks after inoculation with Mycelial plugs. (A) superficial mycelial growth and stomatal penetration (arrowed) leading to limited internal colonisation of leaf tissue, x 200; (B) stomatal penetration (arrowed) leading to hypha (double arrowed), x400, c) close-up of (A) showing restricted thickened internal mycelium (arrowed), x400; (D) restricted thickened internal mycelium (arrowed), x400.


[bookmark: _Toc201908019]Discussion
Neoramulariopsis unguis-cati has only been recorded from Dolichandra unguis-cati (Colmán, 2014; Colmán et al., 2020; Da Silva et al., 2012). Results from the quarantine host specificity testing verify that this fungus is highly host specific: conidial sporulation was only ever recorded on CCC. The test list for N. unguis-cati included representatives from all currently recognised clades in the Bignoniaceae except for one that is not known to occur in Australia. Nearly one third of Australian natives Bignoniaceae species were included in the test list and all were found to be immune/highly resistant to N. unguis-cati. Out of the 35 species tested, 31 were deemed immune/highly resistant and four were deemed to be resistant. Species for which macroscopic and microscopic symptoms could not be dismissed as unrelated to the leaf-spot pathogen without doubt (Sesamum indicum, Aloysia citrodora) were rated as resistant as a precaution. 
Penetration of stomata, by mycelium, was only observed for one test species, basil O. basilicum. Internal mycelium observed in O. basilicum leaves was considered to be linked to N. unguis-cati. However, there was no extensive mycelial colonisation of affected tissue or mycelial aggregation into stroma and conidial sporulation of N. unguis-cati was not recorded on any of the inoculated leaves. Ociumum basilicum was therefore given the rating ‘resistant’ due to the absence of conidial sporulation by N. unguis-cati. 
Neoramulariopsis unguis-cati was discovered in South Africa in 2012 (King et al., 2021). It is believed to have been an accidental introduction. Without intentional distribution of the pathogen by humans, the pathogen has been found at more than 70% of sampled sites in South Africa and it generally occurs extensively within these sites. Coverage of as little as 20% of leaf surface by the leaf spot can promote premature leaf abscission. Repeated defoliations of ground level stems were commonly observed and has prompted an increase in secondary understory vegetation. This suggests that the leaf-spot pathogen will readily spread both within and between CCC infestations with minimal human assistance. 
In South Africa high levels of disease were seen at sites with high relative humidity and quarantine studies have confirmed this requirement for high relative humidity post-infection. Studies have also shown that temperatures below 25oC are required for infection, which generally occurs at night and early morning, coinciding with the formation of dew. Infection is not expected to occur at locations where temperatures do not fall below 25oC. The leaf-spot pathogen will therefore be most effective at coastal locations where rainfall and humidity are higher, and temperatures are moderate. Riparian sites will be prioritised as release sites as they will have microclimates most conducive to infection and spread of N. unguis-cati. The spread of N. unguis-cati will probably slow in southeast Queensland during the winter dry season when daytime temperatures remain below 25oC, but this will coincide with reduced plant growth. 
A number of leaf-spot pathogens from the Mycosphaerellaceae family have been the focus of weed biological control projects. To date only one has been approved for release. Ramularia crupinae Dianese, Hasan & Sobhian has been approved against Crupina vulgaris Cassini in the USA (Bruckart et al.,  2014; Gaskin et al.  2023). A fungus believed to be Cercosporella argeratina (nomen nudum) Trujillo was released against Ageratina ripara (Regel) K. & R. in Hawaii but this pathogen was later identified as an unrelated species, Entyloma ageratinae R.W.Barreto & H.C.Evans (Barreto & Evans, 1988). Cercosporella acroptili (Bremer) U. Braun and C. centaureicola Berner, U. Braun & Eskand were being considered as biological control agents in the USA for Leuzea repens (L.) D.J.N.Hind and Centaurea solstitiales L. respectively (Berner et al., 2005).These species were recently determined to be the same species (now known as R. acroptili Bremer) which is already present in the USA (Eskandari et al., 2006; Videira et al., 2016). Cercospora xanthicola Heald & F.A. Wolf was investigated as a potential agent for Bathurst Burr (Xanthium spinosum L.) in Australia but was found not to be suitably host specific, attacking sunflowers (Morin & Auld, 2012). 
Both CCC biotypes present in Australia are susceptible to the isolate of N. unguis-cati leaf-spot used in these studies, though the short-pod variant, which is the most common variant in eastern Australia, is more susceptible. The release of N. unguis-cati on CCC will complement the existing biological control agents in the field in Australia and contribute to the control of this aggressive environmental weed. 
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[bookmark: _Hlk154134607]Table 6. Macroscopic and microscopic symptoms and susceptibility rating for test species following inoculation with the leaf-spot pathogen Neoramulariopsis unguis-cati during host specificity trials. 
	Family
	Tribe
	[bookmark: _Hlk150261898]Species
	Replicates
(number of test runs – number of plants inoculated each time)
	Macroscopic symptoms 
	Microscopic symptoms
	Susceptibility rating

	Bignoniaceae
	Bignonieae
	Dolichandra unguis-cati
	145
	leaf necrosis with sporulating lesions
	Extensive mycelial colonisation of affected plant tissue with dark hyphae which aggregate underneath plant stomata forming stromata 
	fully susceptible

	
	
	Amphilophium crucigerum 
	6 
(2-3/3)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Bignonia capreolata 
	6
(6-1/1/1/1/1/1)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Mansoa alliacea 
	6
(2-2/4)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Pyrostegia venusta 
	7
(6-1/1/1/2/1/1)
	infrequently whitish or small raised watery lesion; no sporulation
	no internal mycelium/ fungal structures
	immune/ highly resistant

	
	Catapeae
	Catalpa bignonioides  
	6
(5-1/2/1/1/1)
	chlorotic spot on mature leaf in 1 rep
	no internal mycelium/fungal structures
	immune/ highly resistant

	
	Oroxyleae
	Oroxylum indicum 
	6
(2-4/2)
	no symptoms
	n/a
	immune/ highly resistant

	
	Crescentiina - Tabebuia alliance
	Handroanthus impetiginosus 
	6 
(4-2/2/1/1)
	no symptoms
	n/a
	immune/ highly resistant

	
	Crescentiina - paleotropical
	Spathodea campanulata 
	6
(4-2/1/1/1/1)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Dolichandrone spathacea
	6
(5-1/1/1/1/2)
	no symptoms
	n/a
	immune/ highly resistant

	
	Tecomeae
	Deplanchea tetraphylla 
	8
(4-2/2/2/2)
	small necrotic lesion on a mature leaf in one rep.; no sporulation
	n/a
	immune/ highly resistant

	
	
	Pandorea jasminoides 
	6
(4-1/2/1/2)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Pandorea pandorana 
	8
(4-2/2/3/1)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Tecomanthe hillii 
	6
(4-1/1/2/1/1)
	few minor lesions; no sporulation
	no internal mycelium/ fungal structures
	immune/ highly resistant

	
	
	Tecoma stans 
	6
(4-1/1/1/1/2)
	no symptoms
	n/a
	immune/ highly resistant

	
	Tourrettieae
	Eccremocarpus scaber 
	7
(4-2/2/1/2)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Jacaranda mimosifolia 
	7
(6-1/1/1/1/2/1)
	necrotic lesion on mature leaf for two reps
	superficial mycelium with no attempted penetration
	immune/ highly resistant

	Verbenaceae
	
	Aloysia citrodora 
	6
(3-2/1/3)
	unspecified necrotic lesion on mature and apical leaf in one rep; no sporulation
	Mature leaf: superficial mycelium growing across stoma but no attempted penetration; internal hyphae but no mycelial aggregation. No mycelium on apical leaf
	resistant

	
	
	Citharexylum spinosum 
	6 
(3-3/1/2)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Verbena bonariensis 
	7
(3-2/2/3)
	no symptoms
	  n/a
	immune/ highly resistant

	Lamiaceae
	
	Prostanthera ovalifolia 
	6
(2-3/3)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Vitex lignum-vitae 
	6
(4-3/1/1/1)
	infrequent necrotic spots; no sporulation
	no internal mycelium/ fungal structures
	immune/ highly resistant

	
	
	Ocimum basilicum 
	7
(3-3/3/1)
	frequent necrotic lesions, but also present on uninoculated leaves and control plants. Fungal bodies observed on apical leaves in two reps.
	superficial mycelium and stomatal penetration observed. Resultant internal development aborted or restricted. No extensive colonisation of affected leaf tissue by mycelia or formation of stroma. Spermatia present but no clear link to N. unguis-cati
	resistant

	Paulowniaceae
	
	Paulownia tomentosa 
	6
(5-1/1/2/1/1)
	no symptoms
	n/a
	immune/ highly resistant

	Mazaceae
	
	Mazus pumilio 
	6
(2-3/3)
	no symptoms
	n/a
	immune/ highly resistant

	Acanthaceae
	
	Avicennia marina 
	6
(2-3/3)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Graptophyllum excelsum 
	6
(6-1/1/1/1/1/1/)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Hypoestes floribunda 
	6
(3-2/3/1)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Thunbergia alata 
	6
(3-3/2/2)
	no symptoms
	n/a
	immune/ highly resistant

	Pedaliaceae
	
	Sesamum indicum
	6 
(3-3/2/2)
	frequent necrotic lesions; no sporulation
	leaf samples affected by contaminant fungi so not examined
	resistant

	Linderniaceae
	
	Artanema fimbriatum 
	6
(2-4/2)
	no symptoms
	n/a
	immune/ highly resistant

	Scrophulariaceae
	
	Myoporum boninense ssp. australe 
	6
(3-2/2/2)
	no symptoms
	n/a
	immune/ highly resistant

	
	
	Eremophila debilis 
	6
(6-1/1/1/1/1/1)
	unspecified chlorotic spot on mature leaf in one rep.; unspecified necrotic spot on leaf in one rep.; no sporulation
	n/a
	immune/ highly resistant

	
	
	Eremophila maculata
	6
(3-3/2/1)
	no symptoms
	n/a
	immune/ highly resistant

	Plantaginaceae
	
	Plantago lanceolata 
	6
(3-3/2/1)
	no symptoms
	n/a
	immune/ highly resistant

	Oleaceae
	
	Jasminum suavissimum 
	6
(5-3/2/1/1/2)
	no symptoms
	n/a
	immune/ highly resistant


n/a – not assessed
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References relevant to the identity of the pathogen Neoramulariopsis unguis-cati (Speg.) Raghv. Singh & Kushwaha.:

1. [bookmark: _Hlk154135581]Silva, MD, RW Barreto, and OL Pereira. 2012. 'Fungal pathogens of 'cat's claws' from Brazil for biocontrol of Macfadyena unguis-cati.', Mycotaxon, 119: 181-95.
2. Crous, PW, A den Breeÿen, and A King. 2014. 'Fungal Planet 243 Cercosporella dolichandrae ', Persoonia, 32: 232-33.
3. Colmán, AA, KM Pollard, MK Seier, and RW Barreto. 2020. 'Cercosporella unguis-cati, the causal agent of the leaf spot of Dolichandra unguis-cati, reported from Paraguay', New Disease Reports, 42: 18.
4. Yadav, S. , R.  Singh, S  Kumar Verma, G.  Singh, and P Kushwaha. 2022. 'Addition of three new lineages in Mycosphaerellaceae: Neoacervuloseptoria gen. nov., Neocercosporella gen. nov. and Neoramulariopsis gen. nov.', Mycological Progress, 22: 26.



























[bookmark: _Toc154135491][bookmark: _Toc201908022]Appendix II
[bookmark: _Hlk154139928]Source of test plant species used in the host specificity testing.

	Species
	Status
	Type
	Source

	Amphilophium crucigerum 
	Ornamental/ invasive
	Plants
	Field collected - SE Queensland and northern NSW

	Bignonia capreolata 
	Ornamental
	Seeds
	Ebay

	Mansoa alliacea 
	Ornamental
	Seeds
	Ebay

	Pyrostegia venusta 
	Ornamental/ invasive
	Plants
	Fibrex Nurseries (CABI), Eureka Nursery (QDAF)

	Catalpa bignonioides  
	Ornamental
	Seeds
	Tree Seed Online

	Oroxylum indicum 
	Ornamental
	Seeds
	Ebay (several different sellers)

	Handroanthus impetiginosus 
	Ornamental
	Seeds
	Ebay 

	Spathodea campanulata 
	ornamental/ invasive
	Seeds
	Chiltern Seeds, Exotic plants

	Dolichandrone spathacea  
	Native
	Seeds
	Field collected SE and NE Qld

	Deplanchea tetraphylla 
	Native
	Plants
	Burringbar Rainforest Nursery, NQ Trees

	Pandorea  jasminoides 
	Native
	Both
	Burringbar Rainforest Nursery, Paten Park Native Nursery, Australian Seed

	Pandorea pandorana 
	Native
	Both
	Burringbar Rainforest Nursery, Ebay

	Tecomanthe hillii 
	Native
	Plants
	Burringbar Rainforest Nursery

	Tecoma stans 
	Ornamental/ invasive
	
	Chiltern Seeds, Australian Seeds

	Eccremocarpus scaber 
	Ornamental
	Both
	seedaholic.com, Sarah Raven Nursery

	Jacaranda mimosifolia 
	Ornamental/ invasive
	Seeds
	Australian Seed; The Climbing Fig

	Aloysia citrodora 
	Ornamental
	Plants
	Bunnings, Green Harvest Nursery

	Citharexylum spinosum 
	Ornamental
	Plants
	Devine Plants Online

	Verbena bonariensis 
	Ornamental/ invasive
	Seeds
	The Seed Collective

	Prostanthera ovalifolia 
	Native
	Plants
	Burringbar Rainforest Nursery; Australian plants online

	Vitex lignum-vitae 
	Native
	Plants
	Burringbar Rainforest Nursery

	Ocimum basilicum 
	Crop
	Seeds
	Bunnings, The Seed Collection

	Paulownia tomentosa 
	Crop/invasive
	Seeds
	Chiltern Seeds

	Mazus pumilio 
	Native
	Plants
	Paten Park Native Nursery

	Avicennia marina 
	Native
	Plants
	Paten Park Native Nursery

	Graptophyllum excelsum 
	Native
	Plants
	Burringbar Rainforest Nursery

	Hypoestes floribunda 
	Native
	Both
	Ebay, Paten Park Native Nursery 

	Thunbergia alata 
	Native
	Seeds
	Lambley Nursery

	Sesamum indicum
	Crop
	Seeds
	Farmer on Sunshine Coast

	Artanema fimbriatum 
	Native
	Plants
	Paten Park Native Nursery

	Myoporum boninense ssp. australe 
	Native
	Plants
	Burringbar Rainforest Nursery

	Eremophila debilis 
	Native
	Plants
	Paten Park Native Nursery

	Eremophila maculata
	Native
	Plants
	Paten Park Native Nursery, Burringbar Rainforest Nursery

	Plantago lanceolata 
	Invasive
	Seeds
	The Seed Collection

	Jasminum suavissimum 
	Native
	Plants
	Burringbar Rainforest Nursery








[bookmark: _Toc201908023]Appendix III
GenBank accession numbers for Neoramulariopsis unguis-cati genes/regions.

LC801098: ITS 
https://www.ncbi.nlm.nih.gov/nuccore/LC801098            

LC801099: actin gene
https://www.ncbi.nlm.nih.gov/nuccore/LC801099

LC801100: rpb2 gene
https://www.ncbi.nlm.nih.gov/nuccore/LC801100

LC801101: translation elongation factor 1-alpha (tef1-α)         
https://www.ncbi.nlm.nih.gov/nuccore/LC801101  
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Figure 9. Conidial sporulation of Cercosporella unguis-cati induced on necrotic leaf lesions
following incubation in a humid chamber for 24 h. A) set-up of the humid chamber, B) sporulation
(arrowed) viewed through a stereomicroscope, C) microscopic examination of the upper leaf
surface of infected leaf material showing the emergence of stromata through the leaf stomata and P .
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Figure 13. Dolichandra unguis-cati infected with Cercosporella unguis-cati under
greenhouse conditions. A) young and mature (arrowed) leaves showing initial
symptoms of infection (chlorosis with small red lesions in the centre) 21 days after

inoculation, B) the same mature leaf, 33 days after inoculation showing spread of Convert and edit PDFs
the infection across the leaf resulting in necrosis, C) heavy infection on all inoculated with Acrobat Pro
leaves showing merging necrotic lesions, 4 weeks after inoculation
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Figure 14. Microscopic assessment of
Cercosporella unguis-cati development
in necrotic leaf tissue of Dolichandra
unguis-cati, 9 weeks after greenhouse
inoculation. A) colonisation of necrotic
leaf tissue with dark fungal hyphae
(arrowed), x400, B and C) aggregation
of fungal mycelium to form stromata
underneath leaf stomata (arrowed),
x1000
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Figure 12. Cat’s claw creeper plants maintained in a Perspex cage Convert and edit PDFs
under high humidity. Leaves are displaying necrosis following with Acrobat Pro
inoculation with mycelial plugs of Cercosporella unguis-cati under
quarantine conditions
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Figure 20. Leaf necrosis on non-target species following inoculation with mycelial plugs of
Cercosporella unguis-cati on lower leaf surface. A) Sesamum indicum - small lesion
(arrowed) on lower leaf surface of fully expanded leaf, 8 weeks after inoculation, B-D) I»
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Figure 21. Symptoms on Ocimum basilium eight weeks after inoculation with mycelial plugs of
Cercosporella unguis-cati. A) apical leaf showing extensive necrosis beyond the point of original
), B) upper leaf surface of mature leaf showing necrotic lesion
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Figure 22. Microscopic assessment of Cercosporella unguis-cati on Ocimum basilium,
fully expanded leaf, eight weeks after inoculation with mycelial plugs. A) superficial
mycelial growth and stomatal penetration (arrowed) leading to limited internal colonisation
of leaf tissue, x200, B) stomatal penetration (arrowed) and aborted internal hypha (double
arrowed), x400, C) close-up of A) showing restricted thickened internal mycelium
(arrowed), x400, D) restricted thickened internal mycelium (arrowed), x400
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