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The soil microbiome associated with brown root rot pathogen (Phellinus noxius) in the Pacific
Islands — Implications for disease management

Olga Kozhar!, Mee-Sook Kim?, Phil G. Cannon3, Jane E. Stewart'*, and Ned B. Klopfenstein*
Introduction

Phellinus noxius, is a destructive, fast-growing pathogen that causes brown root rot disease of a very wide range
of woody hosts (Cannon et al. 2022). Its devastating effects on fruit trees, cacao, ornamentals, coffee, and rubber
have been documented across diverse global regions, such as Taiwan, Japan, Hong Kong, Southeast Asia,
Australia, and various Pacific Islands (e.g., Guam, Saipan, Kosrae, Pohnpei, Palau, American Samoa, etc.) (Stewart
et al. 2020; Cannon et al. 2022). To date, this pathogen has not been reported in some Pacific Islands and other
U.S. states/territories (e.g., Hawaii, Florida, Puerto Rico), but it represents a major invasive threat based on our
bioclimatic models (Stewart et al. 2020). Current concerns are that future human activities will exacerbate this
disease or even potentially introduce it to other locations, where it has not been reported (e.g., Kozhar et al.
2022; Stewart et al. 2020).

With a broad host range of over 200 host species (e.g., Ann et al. 2002; Brooks 2002; Cannon et al. 2022), P.
noxius can cause extensive damage to sub- and tropical forest ecosystems when present on a site. Further, as a
root pathogen that can exist as a saprophyte for long periods (e.g., Chang 1996), P. noxius can be extremely
difficult to eradicate from a site. In attempting to reduce inoculum density of P. noxius, some soil amendments
(e.g., urea) were added and showed promising results (Chang and Chang 1999; Cannon et al. 2022). To assess the
efficacy of treatments to reduce P. noxius, it is essential to monitor and determine changes of P. noxius inoculum
density as influenced by different soil amendments over time. Monitoring inoculum density through traditional
techniques (e.g., cultured-based) can be challenging, time consuming, and lack sensitivity. A molecular approach
with microbiome sequencing and species-specific markers will enable monitoring of the management treatment
effects over time more quickly and efficiently. The goal of this study was to characterize microbial communities
associated with soils of trees infected with P. noxius on Guam and Pohnpei.

Methods

Sampling: Rhizosphere soils collected from healthy and P. noxius-infected trees including 3 healthy and 3 diseased
Meiogyne cylindrocarpa (an evergreen rainforest plant also known as fingersop) trees in Guam, and 2 healthy and
2 diseased Artocarpus altilis (breadfruit) trees in Pohnpei, FSM.

Procedure: For each brown root rot diseased (P. noxius-infected/symptomatic) tree, soil samples were collected
on the sides of infected lateral roots with symptoms/signs (encrusted fungal mat and/or soft-rot). Similar
rhizosphere samples were collected from asymptomatic (healthy) trees that were at least 15 m (50 ft) away from
any tree with brown root rot disease symptoms.

Soil collection, extraction, sequencing and analyses: To collect soil samples from the rhizosphere of healthy and
diseased trees, the organic debris was first removed from the soil surface, and then ca. 50 g (3 tablespoons) of soil
was collected at a depth of 7.5 cm (3 inches) and placed in LifeGuard Soil Preservation solution to protect the
DNA. Additional soil associated with each sample was collected in bags and placed in a freezer for subsequent
analyses of soil pH and % soil moisture. Total soil DNA was extracted using the Qiagen PowerSoil Kit. Libraries
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were generated for each sample at the ITS for fungal communities and 16s for bacterial communities, and
Illuminia sequenced on a MiSeq. For investigating soil microbes associated with P. noxius inoculum density, reads
from the pooled dataset were separated for each sample. Software mothur (Schloss et al. 2009) was used for
reads identification and package vegan v.2.6-4 (implemented in R) (Oksanen et al. 2020) for overall fungal and
bacterial diversity estimates and ordination plots for estimating changes occurring over time and with different
treatments.

Preliminary Results

e Principal coordinates analyses showed that microbial communities (both fungi and bacteria) differ by
geographic location, but not by rhizosphere samples from P. noxius-infected (symptomatic) and healthy
(asymptomatic) trees (Figure 1).

¢ In Guam, fungal diversity decreases and bacterial diversity increases within the rhizosphere of
symptomatic trees, but this trend was not apparent in rhizosphere samples from Pohnpei (Figure 2).

e Comparisons between the rhizospheres of symptomatic and asymptomatic trees from Guam revealed a
greater shift in the fungal communities compared to the bacterial communities (Figure 3).

¢ Significantly higher abundances of Sympoventuriaceae and Trechispora were found in rhizospheres of
symptomatic trees, whereas significantly higher abundances of Leohumicola, Plenodomus, and
Didymosphaeriaceae were found in rhizospheres of healthy trees (Figure 4).
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Figure 1: Principal Coordinates Analyses of microbial communities (A: Fungi and B: bacteria) from Guam and
Pohnpei (FSM) associated with the rhizospheres of Phellinus noxius-infected (symptomatic) and healthy
(asymptomatic) trees.
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Figure 2: Shannon diversity index of microbial communities from Guam and Pohnpei associated with the
rhizospheres of Phellinus noxius-infected (symptomatic) and healthy (asymptomatic) trees.
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Figure 3: Top 1% of the relative abundance of fungal (A) and bacterial (B) taxa from the rhizospheres of Phellinus
noxius-infected (symptomatic) and healthy (asymptomatic) trees from Guam.
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Figure 4: Significant log fold change of fungal communities from Guam. Red bars indicate taxa with significant
higher abundance in rhizosphere samples from Phellinus noxius-infected (symptomatic) trees and blue bars
indicate rhizosphere samples from healthy (asymptomatic) trees.

Discussion and Conclusions

This preliminary study obtained baseline data on the microbial communities associated with the rhizospheres of
P. noxius-infected (symptomatic) and healthy (asymptomatic) trees in Guam and Pohnpei (FSM). In Guam, more
change in the fungal community were observed in association with the rhizosphere of P. noxius-infected trees.
This concurs with a recent study that showed one fungal taxa (Cosmospora) was associated with P. noxius
infection (Liu et al. 2022). Dysbiosis is perhaps occurring in the rhizospheres of P. noxius-diseased (symptomatic)
trees, whereby changes in the fungal communities are driven by pathogen pressure. Interestingly, little change
was observed in the bacterial community of rhizospheres in response to P. noxius infection, both in Guam and
Pohnpei. This work is the first step for developing novel approaches to reduce inoculum of P. noxius on the Pacific
Island sites. Planned future studies include assessing P. noxius inoculum levels in the tree rhizosphere via
guantitative PCR and analyzing microbial communities within the tree rhizosphere in association with different
urea and lime soil treatments (e.g., urea, lime, urea + lime, and control). These planned studies will help
determine effects of soil amendments on P. noxius abundance and microbiome composition in tree rhizospheres
on sites prone to brown root rot disease.
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