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Plant architecture, growth and biomass allocation effects of the invasive 1 

pathogen myrtle rust (Austropuccinia psidii) on Australian Myrtaceae 2 

species after fire  3 

Abstract 4 

In 2010, the parasitic fungus Austropuccinia psidii (myrtle rust) was detected in Australia. 5 

Austropuccinia psidii infects immature growth of myrtaceous species. Many of Australia’s 6 

myrtaceous species occur within fire-prone vegetation communities and have the capacity to 7 

resprout after fire. Therefore, it is likely that new post-fire growth may be vulnerable to A. 8 

psidii infection, causing subsequent flow-on effects to species’ persistence and community 9 

dynamics. The aim of this study was to test the impacts of A. psidii on native Australian 10 

Myrtaceae species after fire. We grew eight native susceptible species in a glasshouse 11 

experiment before burning them and inoculating the resprouting new growth of half the 12 

plants with A. psidii. We assessed the effect of A. psidii on the architecture, growth and 13 

biomass allocation of our study species. Although general patterns were observed across 14 

species, results were found to be species-specific. Austropuccinia psidii significantly reduced 15 

the height of two of the eight species (Callistemon citrinus and Eucalyptus moluccana), but 16 

none of the species had increased branching. As expected, specific leaf area was lower (9%) 17 

in inoculated plants -although only significant for C. citrinus and E. dalrympleana-, and leaf 18 

biomass was greater (15%), but significant for Angophora costata only. Finally, biomass 19 

allocation did not significantly differ between infection treatments. We can conclude that the 20 

effect of A. psidii infection on fire-damaged plants has significant impacts on plants at the 21 

species-level, which may have flow-on effects at the community-level, especially after 22 

repeated infections. Furthermore, these impacts may be exacerbated in the future under 23 

climate change, as the predicted increase in frequency and intensity of fires across Australia 24 



will result in more frequent new growth availability, providing more opportunities for A. 25 

psidii infection. 26 

Key-words: disturbance, epicormic growth, leaf traits, native ecosystems, resprouters  27 

 28 

Introduction  29 

Exotic plant pathogens represent a global biodiversity threat acting as strong evolutionary 30 

forces on individual species which in turn can shape the dynamics, structure and function of 31 

plant communities at a broader scale (Ellison et al. 2005; Loo 2009; Chakraborty 2013). Of 32 

these, fungal pathogens are regarded as the most important in terms of potential impacts (Van 33 

Alfen 2001). Infamous examples include Ophiostoma ulmi (Dutch Elm disease) which has 34 

caused mortality in millions of North American and European elm trees (Strobel & Lanier 35 

1981); and the soil-borne pathogen Phytophthora cinnamomi, which has caused extensive 36 

dieback and mortality of multiple hosts in Eucalyptus forests in Western Australia (Cahill et 37 

al. 2008). From these examples it is clear that we need to understand the potential impacts of 38 

newly introduced fungal pathogens in order to avoid or at least minimise the devastating 39 

effects that they may have on naïve native plant communities.  40 

 Austropuccinia (=Puccinia) psidii is the causal pathogen of the disease commonly 41 

known as myrtle rust, eucalyptus rust and guava rust. Austropuccinia psidii is an invasive 42 

fungus that infects species exclusively in the Myrtaceae family (Coutinho et al. 1998; Glen et 43 

al. 2007). It infects young growing tissues causing different symptoms according to the 44 

species’ susceptibility, ranging from leaf distortion and defoliation to stunted growth, reduced 45 

reproductive output and death (Coutinho et al. 1998; Uchida et al. 2006; Glen et al. 2007; 46 

Carnegie et al. 2016). Originally from South and Central America (Winter 1884; Glen et al. 47 

2007), it has now invaded several continents including Australia in 2010 (Carnegie et al. 48 



2010; Carnegie & Pegg 2018). In Australia, it was first detected in a cut-flower nursery on 49 

the Central Coast (60 km north of Sydney) of New South Wales (NSW), and an ultimately 50 

unsuccessful eradication attempt was mounted (Carnegie & Cooper 2011; Carnegie & Pegg 51 

2018). Once A. psidii established in native ecosystems it rapidly spread along the east coast to 52 

southern NSW and northern Queensland (Pegg et al. 2014; Carnegie et al. 2016) and has 53 

since been detected in the Northern Territory (Westaway 2016), as well as Victoria (2011) 54 

and Tasmania (2015) (Berthon et al. 2018). It is yet to be detected in South or Western 55 

Australia, the latter being a biodiversity hotspot (Brooks et al. 2002). Austropuccinia psidii 56 

spreads mainly through air-borne urediniospores, but may also be transported by animals 57 

(e.g. insects and birds), including humans (Uchida et al. 2006). Currently, there are more than 58 

539 susceptible species reported worldwide (Giblin & Carnegie 2014; Roux et al. 2016; 59 

Soewarto et al. 2017; Fernandez Winzer et al. 2018a; Berthon et al.  2019), with ~378 of 60 

these being native to Australia (Giblin & Carnegie 2014; Fernandez Winzer et al. 2018a; 61 

Makinson 2018; Berthon et al. 2019). For this reason, A. psidii poses a significant threat to 62 

Australian vegetation communities that have a significant myrtaceous component (Wiltshire 63 

2004). 64 

 The effects of plant pathogens at the species- and community-level is often 65 

exacerbated when interacting with a disturbance (Ayres & Lombardero 2000; Dale et al. 66 

2001). For example, bark beetle-related mortality of pine trees in the United States 67 

significantly increased after severe drought (Lenart 2004). In Australia, one of the most 68 

common disturbances is fire (Gill 1975) which plays an integral role in shaping the structure 69 

and function of many native plant communities (Bradstock et al. 2012). In response to fire, a 70 

plant can either resprout (resprouters) or die and then regenerate from the seed bank (obligate 71 

seeders) (Clarke et al. 2013). A large proportion of myrtaceous species in Australia, 72 

particularly from the Eucalyptus genus, are classified as resprouters, using resources stored in 73 



lignotuber (Pryor 1957; Graham et al. 1998; Noble 2001), epicormic (Kormanik & Brown 74 

1967) or belowground structures (Lacey & Whelan 1976). Irrespective of what structure is 75 

used, resprouting species produce new growth, which is particularly vulnerable to A. psidii 76 

infection (if the species is susceptible to the pathogen). The infection of this new growth 77 

causing necrosis, distortion, and leaf and shoot death (Coutinho et al. 1998; Glen et al. 2007) 78 

can then influence the architecture, growth and biomass allocation of the plant. For 79 

architecture, the infection of apical meristems stimulates lateral bud growth which results in 80 

shorter and more highly branched plants (Booth et al. 2000; Glen et al. 2007) whereas leaf 81 

distortion, defoliation and branch dieback are all common ways A. psidii can affect the 82 

growth (due to reduced photosynthesis) and biomass allocation of a plant (Rayachhetry et al. 83 

2001; Uchida et al. 2006; Carnegie et al. 2016). In our study, we used specific leaf area (SLA 84 

= leaf area/leaf dry weight) as a measure of the leaf area available for photosynthesis 85 

(Dijkstra & Lambers 1989; Evans & Poorter 2001). This is because the infection by A. psidii 86 

causes leaf distortion, which potentially increases the shade within the leaf reducing light 87 

absorption that is no longer available for photosynthesis (Dijkstra & Lambers 1989). 88 

Reduction in light absorption is also a consequence of leaf necrosis, another common A. 89 

psidii symptom (Rayachhetry et al. 1997; Uchida et al. 2006). Fungal pathogens are already 90 

known to cause reductions in photosynthesic rates through leaf distortion and defoliation e.g. 91 

rust infection of black poplar trees (Eberl et al. 2018). Furthermore, the resprouting response 92 

of infected plants may be dampened as they also need to divert resources away from 93 

producing new growth towards defence (Growth-differentiation balance hypothesis; Herms & 94 

Mattson 1992). Therefore, continual re-infection of new growth after fire is likely to result in 95 

carbohydrate depletion and increased mortality, with subsequent flow-on effects to 96 

community dynamics.  97 



Although the impact to fire-recovering plants was identified as a potential threat to 98 

native Myrtaceae if A. psidii established in Australia (Grgurinovic et al. 2006), to date only 99 

one study has tested the impact of A. psidii on native Australian Myrtaceae species after fire 100 

(Pegg et al. 2018). This study, on coastal heath species at Lennox Head, New South Wales, 101 

found that the new growth produced by resprouting species after fire was highly susceptible 102 

to A. psidii infection, with repeated infection over an 18-month period resulting in tree 103 

dieback (e.g. Austromyrtus dulcis, Melaleuca quinquenervia, M. nodosa), reduced flowering 104 

and death of highly susceptible trees. Despite the efforts of Pegg et al. (2018), the effect of A. 105 

psidii after fire on a broad range of native Australian species and environments remains 106 

largely unknown (Makinson & Conn 2014). Therefore, the aim of this study was to address 107 

this knowledge gap by assessing the susceptibility of native Australian Myrtaceae species to 108 

A. psidii following fire damage and the impacts this has on plant recovery. To test this, we 109 

grew eight resprouting species in a glasshouse experiment and then burnt them. After 110 

burning, we separated the plants into two groups. One group we inoculated a single time with 111 

A. psidii while the other was left as an untreated control. We hypothesized that resprouting 112 

plants inoculated with A. psidii would show differences in: 1) plant architecture, with 113 

reductions in height and increases in stem number compared to control plants; 2) growth, 114 

with reduced leaf biomass (due mainly to defoliation); and 3) biomass allocation, with 115 

reductions in specific leaf area (SLA) (due to increased leaf distortion) and leaf mass fraction 116 

(LMF) (due to both defoliation and resource diversion to defence) compared to control plants.   117 

 118 

Methods  119 

Study species 120 



Using the most updated A. psidii national host species list (Berthon et al. 2018) and the NSW 121 

Flora Fire Response Database (Fire Ecology Unit, Office of Environment & Heritage, NSW, 122 

Australia), a list of native Australian species susceptible to A. psidii that resprout after fire 123 

was generated. This resulted in a list of 71 species, from which 12 species with contrasting 124 

resprouting strategies (basal, epicormic or lignotuber) were selected (Table 1), based on the 125 

seed available from a commercial supplier (Nindethana Australian Seeds, Albany, WA, 126 

Australia). Of these 12 species, eight species had enough individuals (n>5) resprout after 127 

being burnt to be included in the final data analyses. 128 

 129 

Experimental design  130 

Seeds for each species were germinated in aluminum trays lined with paper towel, which 131 

were moistened daily using 1% bleach solution to prevent mould growth. Once germinated, 132 

seedlings were transplanted at cotyledon emergence into 6 L pots (20 cm deep, 19.5 cm 133 

diameter) filled with 80:20 sand soil mix (Australian Native Landscapes Pty Ltd, North Ryde, 134 

NSW, Australia). We planted 20 replicates of each species divided evenly between 135 

uninoculated (control) and inoculated treatments with A. psidii after resprouting post-fire. 136 

Within each pot three seedlings were planted as insurance against mortality. After four weeks 137 

of growth the medium size seedling was retained and the other two were removed. The plants 138 

were then left to grow for an additional 16 weeks (20 weeks total). They were grown in a 139 

climate controlled glasshouse (Appendix S1a) where the temperature was set to 22°C during 140 

the day and 18°C at night. Plants were grown in natural light conditions (no supplementary 141 

lighting was used) and mist watered twice daily for two minutes throughout the experiment. 142 

A slow release fertiliser (13N:4.8P:9.1K; Nutricote, Yates Australia Pty Ltd, Padstow, NSW, 143 



Australia) was applied (10 ± 0.2 g) at the start of the experiment to ensure plants were not 144 

nutrient limited.  145 

 After the 20-week growth period, the plants were defoliated to prevent excessive 146 

burning of the plants, and all lateral branches were secured with wire next to the main stem to 147 

ensure homogenous burning of the plants. Plants were then burnt with a manual propylene 148 

TS4000 blowtorch (BernzOmatic, Columbus, OH, USA) at a distance of 1 cm, for 10 seconds 149 

every 90 degrees around the plant (40 seconds burning time per plant) (See Appendix S1b). 150 

Six weeks after burning, half the individuals of each species which had successfully 151 

resprouted (See Appendix S1c) were inoculated with A. psidii using a hydrocarbon propellant 152 

pressure pack following standard procedures (Sandhu & Park 2013). Briefly, urediniospores 153 

were diluted in light mineral oil (Univar Solvent L naphtha 100, Univar Australia Pty Ltd) at 154 

a concentration of 2 mg mL-1. Plants were inoculated a single time only. The inoculated 155 

plants were then kept in an A1000 growth cabinet with CMP 6010 controllers (Conviron, 156 

Winnipeg, MB, Canada) for 24 hrs to ensure optimal conditions for infection to occur were 157 

maintained (95% relative humidity at 20°C in darkness). Due to limitations in the number of 158 

growth cabinets available, it was not possible to treat the control plants with the same 159 

conditions as the treated plants. Thereafter, plants from the different treatments were kept in 160 

two separate glasshouses (experimental units), with the same climatic conditions as described 161 

previously, to ensure no cross contamination occurred. Ideally, we would have used at least 162 

two glasshouses per treatment (see Fernandez Winzer et al. 2018b) or individual structures 163 

within each glasshouse to avoid pseudoreplication (e.g. Yahdjian & Sala 2002; Rondanini et 164 

al. 2003). However, this was not possible due to space and biohazard constraints. Irrespective 165 

of this, paired t-tests found no evidence that the difference between mean temperature among 166 

glasshouses was not zero (ȳ Glasshouse C = 21.66, ȳ Glasshouse T = 21.68; t68=0,655, P=0.515).  167 



Plants were also manually watered (i.e. water applied directly to the soil surface) to 168 

avoid the spores being washed off the plants. Fourteen days after inoculation, categories of 169 

infection were assessed for all inoculated plants following the protocols outlined in Pegg et 170 

al. (2014). Categories were defined as follows: relatively tolerant (RT) - pustules present in 171 

less than 10% of developing leaves and stems, moderate susceptibility (MS) - pustules 172 

present on 10-50% of developing leaves and juvenile stems, high susceptibility (HS) - 173 

pustules present on 50-80% of developing leaves and juvenile stems, and extreme 174 

susceptibility (ES) - pustules present on most leaves and stems, and presence of stem dieback. 175 

Twelve weeks after inoculation, the SLA, maximum height and stem number of the 176 

resprouting new growth were recorded for all plants. SLA (leaf area/leaf dry weight) was 177 

measured for five randomly selected fully expanded leaves from each individual. Leaf area of 178 

the five leaves selected per individual was measured using a LI-3100C area meter (LI-COR, 179 

Inc. Lincoln, Nebraska, USA). Maximum height was measured from the soil surface to the 180 

highest point of resprouting epicormic shoots on the stem. Plants were then harvested, 181 

washed free of soil and separated into their leaf, stem and root biomass components. These 182 

biomass components (including SLA leaves) were then oven-dried at 70°C for 72 h and 183 

weighed using an electronic analytical balance (Sartorius Cubis Series, Goettingen, 184 

Germany).  Finally, leaf mass fraction (LMF), stem mass fraction (SMF) and root mass 185 

fraction (RMF) were calculated as the proportion of the total plant dry mass in leaves, stems 186 

and roots, respectively (Peìrez-Harguindeguy et al. 2013). 187 

 188 

Data analysis 189 

Paired t-tests were used to compare climatic conditions between glasshouses. Chi-square tests 190 

were used to determine species-level differences in A. psidii levels of infection. Linear 191 



mixed-models (LMM) were then used to test for A. psidii impacts on plant architecture, 192 

growth and biomass allocation after fire. Treatment (treated, control) and species were treated 193 

as fixed factors in the models. One-way ANOVA was used to test for differences between 194 

treated and control plants for each measured variable and species. Data analyses were 195 

performed using InfoStat statistical software (Di Rienzo et al. 2017) which uses the R 196 

software package ‘rlme’ to perform the LMM (R Development Core Team 2018). 197 

 198 

Results 199 

Susceptibility to A. psidii differed significantly between species (χ2
14=40.78, P<0.001). The 200 

most susceptible species were E. globoidea and E. viminalis, having 66.7% and 50% of 201 

individuals in the HS category, respectively (Fig. 1; Appendix S1h and j, respectively). The 202 

least susceptible species were E. dalrympleana, E. moluccana and M. styphelioides with 203 

individuals only in categories RT and MS (levels 1 & 2; Appendix S1g,i and k, & 2).  204 

 205 

Impacts of A. psidii on plant architecture 206 

No significant interaction was found between treatment and species for either the maximum 207 

height (F7,119=1.14; P=0.341; Fig. 2a) or stem number (F7,119=1.51; P=0.171; Fig. 2b) of the 208 

resprouting new growth. Although across all species the plants inoculated with A. psidii were 209 

significantly shorter than the control plants (F1,119=12.97; P<0.001; Fig 2a) there were 210 

significant differences between species (F7,119=12.33, P<0.001). The two species that showed 211 

significantly reduced growth when infected were E. moluccana (F1,18=6.12; P=0.024) and C. 212 

citrinus (F 1,19=11.70; P=0.003), with C. rigidus being marginally non-significant (F1,18=3,81; 213 

P=0.067). In contrast, stem number of the resprouting plants did not differ between 214 



treatments (F1,119=0.08; P=0.784; Fig 2b), but did differ between species (F7,119=3.90, 215 

P=0.001).   216 

  217 

Impacts of A. psidii on growth 218 

There was no significant interaction between treatment and species for leaf biomass 219 

(F7,119=1.07; P=0.388; Fig. 3a), stem biomass (F7,119=0.98; P=0.445; Fig. 3b), root biomass 220 

(F7,119=0.96; P=0.460; Fig. 3c) or total biomass (F7,119=1.14; P=0.343; Fig. 3d) of the 221 

resprouting plants. However, contrary to expectations leaf biomass was significantly greater 222 

in the inoculated plants (F 1,119 = 4.62; P = 0.034) compared to the control plants. 223 

Nevertheless, no species showed significant differences between treatments except for A. 224 

costata which had marginally greater leaf biomass (non-significant) in the inoculated plants 225 

(F1,16=4.46; P=0.051). There were no significant differences between treatments for stem 226 

biomass (F1,119=0.83; P=0.364), root biomass (F1,119=0.03; P=0.865) or total biomass 227 

(F1,119=1.78; P=0.185). In contrast, there were significant differences between species for leaf 228 

biomass (F7,119=20.81, P<0.001), stem biomass (F7,118=15.77, P<0.001), root biomass 229 

(F7,119=14.08, P<0.001) and total biomass (F7,119=15.54, P<0.001). 230 

 231 

Impacts of A. psidii on biomass allocation 232 

There was no significant interaction between treatment and species for SLA (F7,115=1.65; 233 

P=0.128; Fig. 3a), LMF (F7,119=1.79, P=0.095), SMF (F7,118=1.12, P=0.359) or RMF 234 

(F7,119=1.57, P=0.151) of the resprouting plants. As expected, the plants inoculated with A. 235 

psidii had significantly lower SLA (F1,115=10.70; P=0.001) than the control plants. This 236 

outcome was driven by C. citrinus (F1,18=13.28; P=0.002) and E. dalrympleana (F1,9=8.59; 237 

P=0.017), with no other species showing significant differences between treatments. In 238 



contrast, no significant treatment effects were found for LMF (F1,119=1.61, P=0.207), SMF 239 

(F1,118=1.28, P=0.261) or RMF (F1,119=0.16, P=0.688). Finally, there were significant 240 

differences between species for SLA (F7,115=26.14, P<0.001), LMF (F7,119=13.17, P<0.001), 241 

SMF (F7,118=9.45, P<0.001) and RMF (F7,119=9.43, P<0.001). 242 

 243 

Discussion 244 

Disturbances can act in synergy to alter plant performance (Hobbs & Huenneke 1992). For 245 

Australian vegetation communities, the potential interaction between fire and A. psidii and 246 

the impacts associated with it was foreseen by Grgurinovic et al. (2006) before A. psidii was 247 

detected in Australia. Despite this logical link between the two disturbances, only one study 248 

(Pegg et al. 2018) to date has begun to address this knowledge gap. Therefore, the aim of this 249 

study was to assess the impacts of A. psidii on the recovery of Australian native Myrtaceae 250 

species after suffering fire damage. We found that A. psidii had a significant impact on three 251 

of our eight study species. Significant differences were found in plant height, leaf biomass 252 

and SLA between inoculated and control plants resprouting after fire. However, no 253 

individuals suffered mortality as a result of a single A. psidii infection event. This is 254 

consistent with previous studies that have found mortality occurs only in susceptible species 255 

subject to repeated infections (Coutinho et al. 1998, Carnegie et al. 2016; Pegg et al. 2018). 256 

On a side note, the susceptibility of four species that were known to be susceptible to A. 257 

psidii but for which a susceptibility status had not been recorded, have been updated as a 258 

result of this study (C. rigidus, E. viminalis, M. sieberi and M. styphelioides; Appendix S2). 259 

In addition, the susceptibility status for E. globoidea has also been updated to include the 260 

moderately susceptible score.  261 



  Previous studies have shown that one of the consequences of A. psidii infection is a 262 

shift in plant architecture towards shrub physiognomy which is characterized by reduced 263 

height and increased branching (Ruiz et al. 1989; Simeto et al. 2013). For some of our study 264 

species, we found that A. psidii reduced the maximum height of the plants, but did not 265 

increase branching, either in terms of stem number or biomass. Fernandez Winzer et al. 266 

(2018b) reported similar decreases in the height of infected plants for three coastal woodland 267 

species. Interestingly, these species showed considerable between- and within-species 268 

variation (B. linifolia: 15-30%, L. laevigatum: 15-30%, M. quinquenervia: 38-45%) in their 269 

height decreases, consistent with our study species (between: 0-25%, within: 7-14%). It has 270 

been suggested that the between-species variation may be a result of different susceptibilities, 271 

while the within species variation may be explained by differing climatic conditions, resource 272 

availability and number of reinfection events between studies (Smith 2006). Also consistent 273 

with our results, Fernandez Winzer et al. (2018b) reported that branching was not altered by 274 

A. psidii after a single inoculation event in the three coastal woodland species mentioned 275 

above. Because of this it can be suggested that increased branching may only occur after 276 

successive reinfections of seedlings (that is, over a longer time period) or in plants at more 277 

advanced stages in their development (Fernandez Winzer et al. 2018b).  278 

 Several studies on other plant pathogens have found that their impacts on growth, 279 

measured as height or wood volume, can be explained in part by the amount of total leaf area 280 

that is affected (Carnegie & Ades 2003; Rapley et al. 2009). This is because the leaf area of a 281 

plant determines its photosynthetic capacity and carbon assimilation (Evans & Poorter 2001). 282 

Partial or total plant defoliation is a common symptom of A. psidii infection that has been 283 

recorded in several species worldwide, including Pimenta dioica in Jamaica (Maclachlan 284 

1938) and the United States (Marlatt & Kimbrough 1979), M. quinquenervia in the United 285 

States (Rayachhetry et al. 2001) and Rhodamnia rubescens in Australia (Carnegie et al. 286 



2016). Considering this, we predicted that our inoculated plants would have reduced 287 

resprouting leaf biomass mainly as a result of defoliation. Surprisingly we found this not to 288 

be the case, with inoculated plants producing on average 15% more resprouting leaf biomass 289 

than the control plants across all species. However, this result was driven largely by A. 290 

costata (47.5%) This result for A. costata is counterintuitive because although endophyte 291 

mutualistic fungi have been shown to trigger plant biomass increases, pathogenic fungi like 292 

A. psidii have not (Clay 1987; Waller et al. 2005). However, with multiple infection events 293 

likely to occur under natural conditions followed by the continued infection of resprouting 294 

biomass, it is likely that carbohydrate depletion will eventually result in infected plants being 295 

unable to compete with less susceptible or non-Myrtaceae species, leading to mortality. 296 

Mortality following repeated A. psidii infection events has already been observed in Australia 297 

(Carnegie et al. 2016; Pegg et al. 2017) including after wildfire (Pegg et al. 2018).  298 

Consistent with our prediction that SLA would decrease in A. psidii inoculated plants 299 

due to leaf distortion, we found that on average inoculated plants had 9% lower SLA 300 

compared to the control plants. However, even though all species showed a reduction in SLA, 301 

reductions were only significant for E. dalrympleana (21%) and C. citrinus (20%). It is likely 302 

that this reduction in SLA, coupled with increased defoliation, will have a significant impact 303 

on the photosynthetic capacity of infected plants as discussed above, leading to carbohydrate 304 

depletion and mortality after repeated infections (McPherson & Williams 1998; Carnegie et 305 

al. 2016).  306 

In addition to replacing lost foliage, infected plants also need to allocate resources to 307 

fight the disease (Herms & Mattson 1992; Hoffland et al. 1996). Considering this, we 308 

predicted that our inoculated plants would have reduced LMF due to defoliation and the 309 

diversion of resources towards defence. Contrary to expectations, we did not find differences 310 

in LMF between inoculated and healthy plants. This can be understood given that the 311 



increase in resprouting leaf biomass was driven by only one species, and therefore did not 312 

translate into an increase in LMF. It is important to note that the root biomass component of 313 

our plants was significantly larger relative to the leaf biomass component (because the 314 

aboveground biomass components of our plants were burnt) thus overwhelming any shift that 315 

may have occurred in leaf biomass allocation. Therefore, we suggest that future studies 316 

assessing the impact of A. psidii on biomass allocation should be longer in duration than the 317 

current study so the resprouting aboveground biomass components are given more of a 318 

chance to reach a size where their allocation shifts are detectable relative to the root biomass.  319 

This study has shown that a single A. psidii infection event can impact the 320 

architecture, growth and SLA of native Australian Myrtaceae species after fire. Interestingly, 321 

we found these impacts were not related to species susceptibility (with greater impacts in less 322 

susceptible species). However, it should be acknowledged that species susceptibility does not 323 

always translate well between glasshouse (Pegg et al. 2014; Lee et al. 2015) and field 324 

experiments (Carnegie 2015; Carnegie & Pegg 2018). In addition, taxonomic relationships do 325 

not seem to explain the species susceptibility to A. psidii either, but there could be a pattern 326 

of most susceptible species resprouting from the lignotuber, and least susceptible ones 327 

through basal resprouting. In a broader context, these species-level impacts we found may 328 

have significant implications for the structure and function of Australian vegetation 329 

communities including shifts in plant physiognomy, community composition and competitive 330 

interactions. However, this study was only short term so we suggest longer-term studies, 331 

including field experiments, are needed to fully understand the impact of A. psidii after fire at 332 

both the species- and community-level. In terms of managing these impacts, options are 333 

scarce as wildfire is a common natural disturbance in many Australian plant communities and 334 

controlling A. psidii at a community-level is unrealistic. Unfortunately, this means that 335 

cascading effects on co-occurring non-myrtaceous vegetation (Fernandez Winzer 2019) and 336 



fauna (e.g. mammals and birds using susceptible species to nest or as a food source; 337 

Makinson 2018) should be expected. However, controlled hazard reduction fires could be 338 

used as a viable option to limit the impact of A. psidii on plant communities compared to 339 

wildfire. This is because these controlled burns are less likely to result in canopy damage and 340 

the amount of susceptible epicormic and lignotuber resprouting is comparatively lower. 341 

Furthermore, controlled burns may also kill A. psidii urediniospores reducing the source of 342 

inoculum, as has been found to be the case in other fungal species (Maloy 1993). However, 343 

this is unlikely to be a long-term solution as urediniospores are wind borne, travelling long 344 

distances and likely to establish new infection foci rapidly under conditions conducive to 345 

plant growth and disease development. Although not tested by this study, the interaction 346 

between fire and A. psidii may also have large implications for Australian vegetation 347 

communities in the future. For example, the threat posed by A. psidii may be exacerbated in 348 

the future with rising temperatures and shifting rainfall patterns associated with climate 349 

change resulting in more frequent fires in southern Australia (Williams et al. 2009). 350 

However, these higher temperatures coupled with shifting rainfall patterns will likely result in 351 

drier conditions (Cary et al. 2012), which in turn may be sub-optimal for A. psidii spore 352 

germination. From these different scenarios it is clear that the impacts of A. psidii on 353 

Australian vegetation after fire in the future will likely be dependent on complex interactions 354 

between climate change associated environmental variables.  355 
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Tables and Figures 581 

Table 1. List of study species with their respective resprouting origin (B = Basal, L = 582 

Lignotuber, E = Epicormic) and number of replicates per treatment. The species that had 583 

enough resprouting individuals (≥5) after being burnt to be included in the final data analyses 584 

are in bold 585 

Species Resprout 
origin 

Treated 
replicates 

Control 
replicates 

Angophora costata (Gaertn.) Britten B, E 9 9 
Callistemon citrinus (Curtis) Skeels1 B, E 10 11 
Callistemon rigidus R. Br. 2 B  10 10 
Eucalyptus dalrympleana Maiden L, E 5 6 
Eucalyptus globoidea Blakely L, E 6 6 
Eucalyptus moluccana Roxb. B, E 10 10 
Eucalyptus sieberi L.A.S. Johnson L, E 1 1 
Eucalyptus viminalis Labill. L, E 6 6 
Leptospermum juniperinum Sm. L - - 
Melaleuca nodosa (Sol. ex Gaertn.) Sm. B, E 2 2 
Melaleuca sieberi Schauer B, E 2 1 
Melaleuca styphelioides Sm. B, E 10 11 

1 = Melaleuca citrinus, 2 = Melaleuca rigidus 586 

 587 

 588 

 589 

 590 

 591 



 592 

Fig. 1 Categories of infection proportions for each species. Ac = Angophora costata, Cc = 593 

Callistemon (=Melaleuca) citrinus, Cr = C. (=M.) rigidus, Ed = Eucalyptus dalrympleana, 594 

Eg = E. globoidea, Em = E. moluccana, Ev = E. viminalis, Ms = Melaleuca styphelioides. 595 

The number of replicates tested per species is given at the top of each bar. Categories of 596 

infection are defined as LS = low susceptibility, MS = moderate susceptibility, and HS = high 597 

susceptibility in the figure legend. 598 

 599 

 600 

 601 

 602 
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 606 



 607 

Fig. 2a) Maximum height and b) stem number of the resprouting new growth of the control 608 

(light grey boxplots) and inoculated (dark grey boxplots) plants of each species Ac = 609 

Angophora costata, Cc = Callistemon (=Melaleuca) citrinus, Cr = C. (=M.) rigidus, Ed = 610 

Eucalyptus dalrympleana, Eg = E. globoidea, Em = E. moluccana, Ev = E. viminalis, Ms = 611 

Melaleuca styphelioides. Boxes represent the interquartile range (IQR) with a horizontal line 612 

at the median and whiskers extending to the largest or smallest observation falling within 1.5 613 

IQRs of the upper or lower quartiles. Outliers appear as black dots. One asterisk (*) indicates 614 

a statistically significant difference between treated and control plants (i.e. P < 0.05), two 615 

asterisks (**) represent a higher significance level (P < 0.01) and three asterisks (***) a 616 

highly significant difference (P < 0.001). 617 

 618 



619 

Fig. 3a) Leaf biomass, b) stem biomass, c) root biomass, d) total biomass and e) specific leaf 620 

area (SLA), of the resprouting new growth of the control (light grey boxplots) and inoculated 621 

(dark grey boxplots) plants for each species Ac = Angophora costata, Cc = Callistemon 622 

citrinus, Cr = C. rigidus, Ed = Eucalyptus dalrympleana, Eg = E. globoidea, Em = E. 623 

moluccana, Ev = E. viminalis, Ms = Melaleuca styphelioides. Boxes represent the 624 

interquartile range (IQR) with a horizontal line at the median and whiskers extending to the 625 

largest or smallest observation falling within 1.5 IQRs of the upper or lower quartiles. 626 

Outliers appear as black dots. One asterisk (*) indicates a statistically significant difference 627 

between treated and control plants (i.e. P < 0.05), two asterisks (**) represent a higher 628 

significance level (P < 0.01) and three asterisks (***) a highly significant difference (P < 629 

0.001). 630 



Supporting information 631 

632 

Appendix S1 Experiment development in the glasshouses from a) plants growing previous to 633 

being burnt, b) plants after the fire treatment, c) individuals resprouting; and inoculated 634 

plants showing signs of infection (yellow pustules and/or necrosis) d) Angophora costata, e) 635 



Callistemon citrinus, f) C. rigidus, g) Eucalyptus dalrympleana, h) E. globoidea, i) E. 636 

moluccana, j) E. viminalis and k) Melaleuca styphelioides.   637 

 638 

Appendix S2 The known susceptibility scores of the original 12 study species according to 639 

the most updated list in Berthon et al. (2018), with the following susceptibility scale: 640 

R=Resistant, L=Low susceptibility, M=Medium susceptibility, H=High, S=Susceptible but 641 

severity not recorded; followed by susceptibility results from this study according to Pegg et 642 

al. (2014), and then translated to Berthon et al. (2018) scale for comparison. Updated severity 643 

records can be found in bold. Only the eight species that had enough resprouting individuals 644 

(≥5) after being burnt were included in the data analyses. 645 

Species Known 
suscept.6 Suscept. results5 Suscept. results6 N 

Angophora costata R-H1 M-H M-H 9 
Callistemon citrinus R-H1,2 R-M M 10 
Callistemon rigidus S3 R-H M-H 10 
Eucalyptus dalrympleana R-H4 R-M M 5 
Eucalyptus globoidea H2 M-H M-H 6 
Eucalyptus moluccana R-H1,2 R-M M 10 
Eucalyptus sieberi R-H4 M M 1 
Eucalyptus viminalis S3 M-H M-H 6 
Leptospermum juniperinum S3 - - - 
Melaleuca nodosa H5 M M 2 
Melaleuca sieberi S3 H H 2 
Melaleuca styphelioides S3 R-M M 10 

1(Morin et al. 2012); 2(Sandhu and Park 2013); 3(Giblin and Carnegie 2014); 4(Potts et al. 2016); 5(Pegg et al. 646 
2014); 6(Berthon et al. 2018) 647 
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