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Root rot of avocado (Persea americana) is an important disease in seedling nurseries as well

as in the field in eastern and southern Australia. During an investigation into the causal

organisms of avocado root rot, 19 isolates of Gliocladiopsis were obtained from necrotic

lesions on avocado roots and examined by morphology and comparison of DNA sequences

from three gene loci (the internal transcribed spacer region of the nuclear rDNA, Histone

H3 and b-tubulin). Three new species of Gliocladiopsis are described as a result of phylo-

genetic analysis of these data. One of the new species, G. peggii, formed a monophyletic

group that may represent an unresolved species complex as it contained a polytomy that

included a well-supported clade comprising two subclades. Gliocladiopsis peggii is sister to

G. mexicana, which is known from soil in Mexico. The remaining two new species, G. whileyi

and G. forsbergii, formed a clade sister to G. curvata, which is known from Ecuador,

Indonesia and New Zealand.

© 2016 The Mycological Society of Japan. Published by Elsevier B.V. All rights reserved.
1. Introduction

Gliocladiopsis (Hypocreales, Nectriaceae) is a genus of soilborne

fungi found mostly in tropical and sub-tropical regions of the

world (Lombard and Crous 2012). Crous (2002) regarded Glio-

cladiopsis species as secondary plant pathogens or saprobes.

These fungi are often isolated from necrotic roots, although

their pathogenicity has rarely been tested. Dann et al. (2012)

showed that an isolate of Gliocladiopsis sp. from necrotic
9.
ann).

f Japan. Published by Else
avocado (Persea americana Mill.) roots in Australia was not

pathogenic and actually increased the height of avocado

seedlings in two of three soil amendment trials.

Species of Gliocladiopsis, based on the type G. sagariensis

Saksena (1954), have densely penicillate and branched co-

nidiophores that resemble those of Calonectria (syn. Cylin-

drocladium) and Cylindrocladiella, yet lack the stipe extensions

found in these genera (Lombard et al. 2015). Species of Glio-

cladiopsis are difficult to distinguish morphologically as the
vier B.V. All rights reserved.
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branching structure of conidiophores as well as the size and

shape of conidia are similar between species (Liu and Cai

2013). Lombard and Crous (2012) used DNA sequence data to

infer that Gliocladiopsis was a phylogenetically distinctive

genus and further described four new species. Currently

Gliocladiopsis contains 10 species, namely, G. curvata, G.

elghollii, G. guangdongensis, G. indonesiensis, G. irregularis, G.

mexicana, G. pseudotenuis, G. sagariensis, G. sumatrensis and G.

tenuis (Lombard and Crous 2012; Liu and Cai 2013), none of

which have been reported in Australia.

The aim of this study was to identify isolates of Gliocla-

diopsis that had been collected from the necrotic roots of

seedlings and mature avocado trees in eastern and southern

Australia. Morphology and multigene phylogenetic inference

from DNA sequence analysis was used to classify these iso-

lates, resulting in the recognition of three novel species that

are formally described here.
2. Materials and methods

2.1. Isolates

Nineteen isolates of Gliocladiopsis were obtained from roots of

avocado with brown to black, sunken necrotic lesions

collected from orchards and production nurseries in eastern

Australia between 2013 and 2016 (Table 1). Roots were

sampled from mature trees in the field as well as from young

trees in nurseries that displayed symptoms of wilt or chlo-

rosis. The isolates were obtained using the method described

by Dann et al. (2012).

Prior to examination the cultures were grown on plates of

potato dextrose agar amended with streptomycin (sPDA) at

room temperature, under black light for 4e5 d. Representative

isolates derived from a single germinated conidium were

deposited in the Queensland Plant Pathology Herbarium

(BRIP), Ecosciences Precinct, Dutton Park, Australia. Cultures

were grown on sPDA for 7 d prior to cultural and molecular

examination.

2.2. DNA extraction, amplification and sequencing

Total genomic DNA was extracted from mycelia using the

Promega Wizard® genomic DNA purification kit (Promega

Corporation, Alexandria, Australia). The manufacturer's pro-

tocol (Promega Corporation 2010) was modified in that

50e100 mg of mycelium was ground by hand with a pestle in

an Eppendorf tube in 600 mL nuclei lysis solution, then incu-

bated at 65 �C for 15 min. The purified DNA was rehydrated

with sterile deionised (sd) water instead of DNA rehydration

solution. The absorbance of the DNA at A260/A280 nm was

measured with a spectrophotometer (BioDrop®, Pacific Labo-

ratory Products, Blackburn, Australia) and used to quantify the

DNA concentration (Dhanoya 2012). The DNA was diluted to

working solutions of up to 50 ng/mL.

The internal transcribed spacer (ITS) regions 1 and 2 and

the 5.8S gene of the ribosomal RNA, b-tubulin and Histone H3

partial gene loci for each isolate were amplified separately in

PCR with Invitrogen® Taq PCR reagents (Life Technologies,

Mulgrave, Australia) and RNase-free water at master mix
concentrations of 1 unit Invitrogen® Taq Polymerase, 0.6 mM

forward primer, 0.6 mM reverse primer, 0.2 mM of each dNTP,

1.5 mM MgCl2 and 1 � concentration of PCR buffer. For each

PCR reaction, 2 mL of DNA template at 25e50 ng/mL was used.

The partial ITS region (~600 bp) was amplified with the uni-

versal primers ITS 4 and ITS 5 (White et al. 1990); the partial b-

tubulin gene (~600 bp) was amplified with the primers T1

(O'Donnell and Cigelnik 1997) and CYLTUB1R (Crous et al.

2004); and the partial Histone H3 gene (~500 bp) was ampli-

fied with the primers CYLH3F and CYLH3R (Crous et al. 2004).

The PCR thermal cycling consisted of initial denaturation at

95 �C for 2 min, followed by 30 cycles of denaturation at 95 �C
for 30 s, annealing at 62 �C for 30 s and extension at 72 �C for

1 min, with a final extension at 72 �C for 5 min. The PCR

products were sent to Macrogen Inc. (Seoul, Rep. of Korea) for

sequencing in both directions with the same primer pairs

used for amplification. Contigs were assembled from the for-

ward and reverse sequences using a de novo assembly in

Geneious v. 7.1.5 (Biomatters Ltd., Auckland) (Kearse et al.

2012).

2.3. Phylogenetic analysis

DNA sequences were aligned using the MAFFT 7 (Katoh and

Standley 2013) Geneious plugin. The multiple alignments for

each gene were cured in Gblocks (www.phylogeny.fr)

(Talavera and Castresana 2007) and concatenated in Geneious.

A maximum likelihood (ML) and Bayesian inference (BI) phy-

logeny were constructed in a partitioned setup, with an

invariable GTRGAMMA model of evolution. ML phylogenetic

trees were generated using RAXML v. 7.2.6 (Stamatakis 2006)

with a rapid bootstrap analysis and 1000 runs on the distinct

random starting tree. The BI phylogenetic trees were gener-

ated with MrBayes v. 3.2.5 (Huelsenbeck and Ronquist 2001)

with the Markov Chain Monte Carlo (MCMC) consisting of 4

runs. Each run contained 4 chains analysed with 10 million

generations, and the trees were sampled and printed every

1000 generations. The cold chain heating temperature was

0.25. The phylogenetic trees were viewed with FigTree v. 4.2

(Rambaut 2007). The ML bootstrap support values of �70% or

BI posterior probabilities of �0.95 were considered to indicate

statistical significance.

For the phylogenetic analysis, sequence data generated

from the 19 isolates in this study was compared with the gene

sequences from all 10 ex-type cultures of Gliocladiopsis avail-

able on the NCBI GenBank database (Table 1). Cylindrocladiella

parva (ATCC 28272), the type species of that genus (Lombard

et al. 2012), was chosen as the outgroup taxon as Cylin-

drocladiella is sister to Gliocladiopsis (Lombard et al. 2015). Novel

sequences derived in this study were deposited in GenBank

(www.ncbi.nlm.nih.gov/genbank) and MycoBank (www.

mycobank.org). The alignments and phylogenetic trees were

placed in TreeBASE (www.treebase.org/treebase/index.html).

2.4. Morphological examination

Isolates were grown on carnation leaf agar at 24 �C under 12 h

dark/12 h near-ultraviolet light. Approximately 7e10 d after

culturing, conidiophores were observed on carnation leaves

under a dissecting microscope, collected and then placed on a

http://www.phylogeny.fr
http://www.ncbi.nlm.nih.gov/genbank
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Table 1 e Details of the cultures of Gliocladiopsis species and the outgroup taxon (Cylindrocladiella parva) used in this study.

Species Culture no.a Origin Substrate Collector NCBI GenBank accession no.b,c

BT HIS3 ITS

Cylindrocladiella

parva

ATCC 28272T New Zealand Telopea speciosissima H.J. Boesewinkel AY793486 AY793526 AF220964

Gliocladiopsis

curvata

CBS 194.80 Ecuador Persea americana J.P. Laoh JQ666120 JQ666010 JQ666044

CBS 112365T New Zealand Archontophoenix purpurea F. Klassen JQ666126 JQ666016 JQ666050

CBS 112935 Indonesia Syzygium aromaticum M.J. Wingfield JQ666127 JQ666017 JQ666051

G. elghollii CBS 206.94 USA Chamaedorea elegans N.E. El-Gholl JQ666130 JQ666020 JQ666054

CBS 116104T USA Chamaedorea elegans N.E. El-Gholl JQ666131 JQ666021 JQ666055

G. forsbergii BRIP 60984 Australia Grevillea sp. K.G. Pegg KX274036 KX274053 KX274070

BRIP 61349aT Australia Persea americana L.E. Parkinson KX274037 KX274054 KX274071

G. guangdongensis LC 1340T China Submerged wood F. Liu & L. Cai KC776124 KC776120 KC776122

LC 1349 China Submerged wood F. Liu & L. Cai KC776125 KC776121 KC776123

G. indonesiensis CBS 116090T Indonesia Soil A.C. Alfenas JQ666132 JQ666022 JQ666056

G. irregularis CBS 755.97T Indonesia Soil A.C. Alfenas JQ666133 JQ666023 AF220977

G. mexicana CBS 110938T Mexico Soil M.J. Wingfield JQ666137 JQ666027 JQ666060

G. peggii BRIP 53654 Australia Persea americana E.K. Dann &

A.W. Cooke

JN255247 e JN255246

BRIP 54019 Australia Persea americana E.K. Dann &

A.W. Cooke

JN243766 JN243767 JN243765

BRIP 60983T Australia Persea americana K.G. Pegg KX274038 KX274065 KX274083

BRIP 60987 Australia Persea americana K.G. Pegg KX274040 KX274062 KX274074

BRIP 60988 Australia Persea americana K.G. Pegg KX274043 KX274063 KX274082

BRIP 60990 Australia Persea americana A.G. Manners KX274044 KX274055 KX274077

BRIP 62845a Australia Persea americana L.E. Parkinson KX274039 KX274067 KX274076

BRIP 62845b Australia Persea americana L.E. Parkinson KX274050 KX274058 KX274072

BRIP 62845d Australia Persea americana L.E. Parkinson KX274047 KX274061 KX274079

BRIP 63709a Australia Persea americana L.E. Parkinson KX274041 KX274057 KX274085

BRIP 63709b Australia Persea americana L.E. Parkinson KX274046 KX274056 KX274073

BRIP 63709c Australia Persea americana L.E. Parkinson KX274048 KX274064 KX274081

BRIP 63710a Australia Persea americana L.E. Parkinson KX274051 KX274068 KX274084

BRIP 63710c Australia Persea americana L.E. Parkinson KX274049 KX274060 KX274080

BRIP 63711c Australia Persea americana L.E. Parkinson KX274042 KX274059 KX274078

BRIP 63711d Australia Persea americana L.E. Parkinson KX274045 KX274066 KX274075

G. pseudotenuis CBS 114763 Indonesia Vanilla sp. M.J. Wingfield JQ666139 JQ666029 JQ666062

CBS 116074T China Soil M.J. Wingfield JQ666140 JQ666030 AF220981

G. sumatrensis CBS 754.97T Indonesia Soil M.J. Wingfield JQ666142 JQ666032 JQ666064

CBS 111213 Indonesia Soil M.J. Wingfield JQ666144 JQ666034 JQ666066

G. tenuis IMI 68205T Indonesia Indigofera sp. F. Bugnicourt JQ666150 JQ666040 AF220979

CBS 111964 Vietnam Coffea sp. P.W. Crous JQ666147 JQ666037 JQ666068

CBS 114148 Vietnam Soil P.W. Crous JQ666149 JQ666039 JQ666070

G. sagariensis CBS 199.55T India Soil S.B. Saksena JQ666141 JQ666031 JQ666063

G. whileyi BRIP 61430T Australia Persea americana E.K. Dann KX274052 KX274069 KX274086

Gliocladiopsis sp. 1 CBS 111038 Colombia Soil M.J. Wingfield JQ666151 JQ666041 JQ666071

Gliocladiopsis sp. 2 CBS 116086 Indonesia Soil A.C. Alfenas JQ666152 JQ666042 JQ666072

T Ex-type cultures. Taxonomic novelties are in bold print.
a BRIP: Biosecurity Queensland Plant Pathology Herbarium, Department of Agriculture and Fisheries, Dutton Park, Australia. CBS: CBS-KNAW

Fungal Biodiversity Centre, Utrecht, The Netherlands. CPC: Working collection of Pedro Crous housed at CBS. IMI: International Mycological

Institute, CABI-Bioscience, Egham, UK. ATCC: American Type Culture Collection, Manassas, USA. IMUR: Institute of Mycology, University of

Recife, Recife, Brazil. LC: Herbarium of Microbiology, Academia Sinica, Taipei, Taiwan.
b BT ¼ b-tubulin; HIS3 ¼ Histone H3; ITS ¼ Internal transcribed spacer regions 1, 2 and 5.8S ribosomal RNA gene.
c Newly deposited sequences are shown in bold.
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microscope slide containing clear 100% lactic acid. Fungal

structures were viewed and measured at �1000 magnification

by differential interference contrast using a Leica DM2500 mi-

croscope (Leica Microsystems, North Ryde, Australia). Conidial

sizes were expressed as 95% confidence intervals derived from

20observationswith extremes of conidialmeasurements given

in parentheses. Colonieswere described after 7 d incubation on

sPDA using the colour charts of Rayner (1970). Novel species

were registered in Mycobank (Crous et al. 2004).
3. Results

3.1. Phylogeny

Amplicons of approximately 400e600 bp were obtained for

each of ITS, b-tubulin and Histone H3. The phylogenetic

analysis included 12 ingroup taxa, with Cylindrocladiella parva

(ATCC 28272) as the outgroup taxon. The combined dataset

http://dx.doi.org/10.1016/j.myc.2016.10.004
http://dx.doi.org/10.1016/j.myc.2016.10.004
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consisted of 1562 characters. ML and BI phylogenies based on

the concatenated ITS, b-tubulin and Histone H3 partial gene

sequences produced congruent tree topologies (TreeBASE ID:

19374). The BI topology was selected for graphical represen-

tation (Fig. 1), which showed the Australian isolates from av-

ocado clustered in two clades, one of 16 and the other with

three. The larger clade may represent a species complex as it

contained a polytomy that included a well-supported clade

comprising two subclades.
Fig. 1 e Phylogenetic tree generated by maximum likelihood ana

b-tubulin, ITS and Histone H3 gene loci of the Gliocladiopsis isola

probabilities over 0.5 are shown at the nodes. Darker blocks in

new species. The tree was rooted to Cylindrocladiella parva (ATC

shown in bold. The scale bar represents the expected number o
3.2. Taxonomy

Three novel species are described based on phylogenetic

inference and morphology (Supplementary Table S1).

Gliocladiopsis forsbergii L.E. Parkinson, E.K. Dann& R.G. Shivas,

sp. nov. Figs. 2, 3.
lys

tes

dic

C

f n
coBank no.: MB 817263.
is and Bayesian inference of the combined sequences of

. Bootstrap support values (bold) over 60% and posterior

ate previously reported species; lighter blocks indicate

28272). The accession numbers of ex-type cultures are

ucleotide changes per site.
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Fig. 2 e Gliocladiopsis forsbergii (BRIP 61349a; AeC), G. peggii (BRIP 60983; DeG) and G. whileyi (BRIP 61430; HeJ). A, D, I: Colonies

on sPDA at 7 d (left, upper side; right, reverse). B, E, F, H: Conidiophores. C, G, J: Conidia. Bars: A, D, I 1 cm; B, C, EeH, J 1 mm.
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Diagnosis: Gliocladiopsis forsbergii has a conidiogenous

apparatus that sometimes produces quinary branches, which

differentiates it from all known species (Lombard and Crous

2012), including those described in this paper.

Holotype: AUSTRALIA, New South Wales, Mullumbimby,

on necrotic roots of Persea americana in a seedling nursery, Mar

2014, leg. L.E. Parkinson (BRIP 61349a, permanently preserved

in a metabolically inactive state).

Etymology: Named after the Australian plant pathologist

Leif Forsberg, who collected and identified many hundreds of

fungal plant pathogens during the time that he ran the plant
pest and disease diagnostic service in Queensland from 1996

to 2013. The isolation techniques that he developedwere used

in this study.

Colonies on sPDA reach 4 cm diam after 7 d under near UV

light at 24 �C, floccose, pale ochreous in the central part

becoming cream at the margin, margin entire; reverse umber,

becoming paler towards the margin, zonate. Conidiophores

arise from a yellowish brown sporodochiumup to 80 mmdiam,

penicillate 50e90 � 4e7 mm,with subhyaline to hyaline stipes.

Conidiogenous apparatus with several branch series; primary

branches 27e35 � 4e6 mm, aseptate; secondary branches

http://dx.doi.org/10.1016/j.myc.2016.10.004
http://dx.doi.org/10.1016/j.myc.2016.10.004


Fig. 3 e Gliocladiopsis forsbergii (BRIP 61349a) on carnation

leaf agar at 7 d. Penicillate conidiophore, conidiogenous

cells and conidia. Bar: 10 mm.

Fig. 4 e Gliocladiopsis peggii (BRIP 60983) on carnation leaf

agar at 7 d. Penicillate conidiophore, conidiogenous cells

and conidia. Bar: 10 mm.
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30e80 � 4e6.5 mm, aseptate to 1-septate; tertiary branches

16e21.5 � 2.5e3.5 mm, aseptate; quaternary branches 10e13 �
1.5e2 mm, aseptate; quinary branches 10e12 � 1.5e2 mm,

aseptate; phialides lageniform to cylindrical, 7.5e12 � 2 mm,

straight or curved, with a terminal collarette, single or in

whorls of 2e3. Conidia cylindrical (13.5e)15.5e19(e20) � (1e)

1.5e2.5(e3) mm (n ¼ 20), hyaline and mostly 1-septate. Sexual

morph unknown.

Additional culture examined: AUSTRALIA, Queensland:

Burbank, on necrotic stem lesions ofGrevillea sp., Feb 2014, leg.

K.G. Pegg (BRIP 60984).

Substrate and distribution: On roots of Persea americana

(Lauraceae), Grevillea sp. (Proteaceae); Australia.

Notes: Phylogenetic inference is required to identify

G. forsbergii. Unique fixed nucleotides were identified for

G. forsbergii at three loci: b-tubulin positions 173 (T), 328 (C),

377 (G) and 407 (A); Histone H3 positions 51 (C), 56 (T), 117 (A)

and 439e440 (CTC); ITS at positions 3 (A), 191e199 (-TGGCA-T)

and 478 (G).

Gliocladiopsis peggii L.E. Parkinson, E.K. Dann & R.G. Shivas, sp.

nov. Figs. 2, 4.

MycoBank no.: MB 817264.

Diagnosis: Gliocladiopsis peggii formed a monophyletic

group that may represent an unresolved species complex as it

contained a polytomy that included a well-supported clade
comprising two subclades (Fig. 1). The type of G. peggii was

selected from one of these subclades.

Holotype: AUSTRALIA, Queensland, Woombye, on necrotic

roots of Persea americana in a seedling nursery, 18 Jul 2013, leg.

L.E. Parkinson (BRIP 60983, permanently preserved in a

metabolically inactive state).

Etymology: Named after Ken G. Pegg AM, one of Australia's
most respected and inspirational plant pathologists for more

than five decades.

Colonies on sPDA reach 4 cm diam after 7 d under near UV

light at 24 �C, floccose at the margin, flat and zonate towards

the centre, covered in conspicuous small white droplets,

creamtopale luteous,margin entire; reverse zonate, ochreous,

darker at the centre becoming paler towards the margin. Co-

nidiophores penicillate, 80e110 � 4e7.5 mm, with subhyaline

stipes. Conidiogenous apparatus with several series of hyaline

branches; primary branches 20e25 � 3e4.5 mm, aseptate; sec-

ondary branches 8e15 � 2.5e4 mm, aseptate; phialides lage-

niform to cylindrical, 10e15 � 2e3 mm, arranged in whorls of

3e4 per branch, straight or curved with a minute collarette.

Conidia cylindrical, (10.5e)14e18(e19)� (1.5e)2e3 mm (n¼ 20),

hyaline and medianly 1-septate. Sexual morph unknown.

Additional cultures examined: On Persea americana (Laur-

aceae), AUSTRALIA, Queensland: Woombye, seedling nurs-

ery, on necrotic roots, Jun 2010, leg. E.K. Dann & A.W. Cooke

(BRIP 53654); Walkamin, seedling nursery, on necrotic roots, 2

Dec 2013, leg. K.G. Pegg (BRIP 60987); Walkamin, seedling

nursery, in soil, 2 Dec 2013, leg. K.G. Pegg (BRIP 60988);

http://dx.doi.org/10.1016/j.myc.2016.10.004
http://dx.doi.org/10.1016/j.myc.2016.10.004


Fig. 5 e Gliocladiopsis whileyi (BRIP 61430) on carnation leaf

agar at 7 d. Penicillate conidiophore, conidiogenous cells

and conidia. Bar: 10 mm.
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Woombye, seedling nursery, on necrotic stem lesions, 12 Dec

2013, leg. A.G. Manners (BRIP 60990); Woombye, seedling

nursery, on necrotic roots, Aug 2015, leg. L.E. Parkinson (BRIP

63709a, BRIP 63709b, BRIP 63709c, BRIP 63710a, BRIP 63710c).

AUSTRALIA, Queensland: Woombye, seedling nursery, on

necrotic roots, Jun 2010, leg. E.K. Dann & A.W. Cooke (BRIP

54019); Duranbah, seedling nursery, on necrotic roots, Jul

2015, leg. L.E. Parkinson (BRIP 62845a, BRIP 62845b, BRIP

62845c). AUSTRALIA, South Australia: Waikerie, in an or-

chard, on necrotic roots, Nov 2015, leg. L.E. Parkinson (BRIP

63711c, BRIP 63711d).

Substrate and distribution: On Persea americana (Laur-

aceae); Australia.

Notes: Gliocladiopsis peggii is sister to G. mexicana, which is

only known from soil in Mexico. Gliocladiopsis peggiiwas found

on necrotic avocado roots, stem lesions or soil near diseased

trees in eastern and southern Australia. The geographical

distribution may be a reflection of the widespread movement

of avocado planting material from major nurseries in the

eastern states of Australia to all production areas. An isolate of

G. peggii (BRIP 53654) was shown to significantly increase the

height of avocado seedlings in a soil amendment trial (Dann

et al. 2012 as Gliocladiopsis sp.). Gliocladiopsis peggii and G.

mexicana both have penicillate conidiophores with secondary

branching, or rarely tertiary branching in G. mexicana

(Lombard and Crous 2012). Unique fixed nucleotides were

identified for G. peggii at three loci, which differ from G. mex-

icana: b-tubulin at positions 29 (C), 237 (G), 421 (T) and 431 (T);

Histone H3 at positions 59 (A), 69 (C), 77e79 (TCG), 283 (C),

291e293 (AAG), 318 (T), 322 (T) and 432 (T); ITS at positions 78

(T), 182e199 (-------TC--TGGCA-T) and 361 (C).

Gliocladiopsis whileyi L.E. Parkinson, E.K. Dann & R.G. Shivas,

sp. nov. Figs. 2, 5.

MycoBank no.: MB 817265.

Diagnosis: Gliocladiopsis whileyi is most closely related to G.

curvata (Fig. 1). Gliocladiopsis whileyi has a conidiogenous

apparatus that contains quaternary branches, with 2e3

phialides per terminal branch, whereas G. curvata has mostly

tertiary branches and rarely quaternary branches, with phia-

lides in whorls of 2e6 per terminal branch (Lombard and

Crous 2012). Gliocladiopsis whileyi, differs in morphology to

sister species,G. forsbergii in conidiophore branching, inwhich

G. forsbergii has quinary branches.

Holotype: AUSTRALIA, New South Wales, Duranbah, on

necrotic roots of Persea americana cultivated in an orchard,

May 2014, leg. L.E. Parkinson (BRIP 61430, permanently pre-

served in a metabolically inactive state).

Etymology: Named after Anthony (Tony) Whiley AM,

whose holistic approach to horticultural production and

research, and his ability to effectively communicate his

research, has benefited both avocado growers and researchers

in Australia.

Colonies on sPDA reach 4 cm diam after 7 d under near UV

light at 24 �C, floccose, pale ochreous in the central part

becoming cream at the margin, margin entire; reverse umber,

becoming paler towards the margin, zonate. Conidiophores

penicillate, 70e100 � 5e7 mm, with subhyaline to hyaline

multi-septate stipes. Conidiogenous apparatus hyaline with
several series of branches; primary branch 18e27 � 3e4 mm,

aseptate; secondary branches 15e20 � 2.5e3 mm, aseptate;

tertiary branches 13e15 � 2e3 mm, aseptate; quaternary

branches 7e10 � 2e3 mm, aseptate; phialides lageniform to

cylindrical, 11e17 � 2e3 mm, central phialides occasionally

extended, straight or curved, with a minute terminal collar-

ette, single or in whorls of 2e3. Conidia cylindrical, (16e)

17e21(e22) � 1.5e3 mm (n ¼ 20), straight or slightly curved,

hyaline and medianly 1-septate. Sexual morph unknown.

Substrate and distribution: Persea americana (Lauraceae);

Australia.

Notes: Gliocladiopsis whileyi and G. forsbergii share identical

and unique fixed nucleotides in the ITS at positions 3,

182e188, 191e199 and 478. However in ITS G. whileyi and G.

forsbergii are significantly different to G. curvata, demon-

strating the separation of these species from G. curvata. Glio-

cladiopsis whileyi differs from G. forsbergii in the b-tubulin gene

at positions 170e173, 178, 209e214, 377e383, whereas G. whi-

leyi is identical to G. curvata at these positions.
4. Discussion

Multigene phylogenetic analysis and morphological compari-

sons of fungal structures of Australian cultures ofGliocladiopsis

isolated from necrotic avocado roots, revealed three new

species, G. forsbergii, G. peggii and G. whileyi. This brings the

total number ofGliocladiopsis species to 13worldwide (Table 1).

http://dx.doi.org/10.1016/j.myc.2016.10.004
http://dx.doi.org/10.1016/j.myc.2016.10.004
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Gliocladiopsis species are generally soilborne (Lombard et al.

2015) withmany of the known reported isolates collected from

soil (Lombard and Crous 2012). However some Gliocladiopsis

isolates have been collected from diverse symptomatic

terrestrial plant material in various countries including avo-

cado (in Ecuador), Syzygium aromaticum (Indonesia), Arch-

ontophoenix purpurea (NewZealand),Chamaedorea elegans (USA),

Araucaria sp. (Malaysia), Vanilla sp. (Indonesia) and Indigofera

sp. (Indonesia) (Lombard and Crous 2012). Interestingly, Glio-

cladiopsis guangdonensis was collected from decaying wood

submerged in forest freshwater in China (Liu and Cai 2013).

All species of Gliocladiopsis are associated with the necrotic

roots of diseased plants, plant litter or soil (Lombard andCrous

2012; Liu and Cai 2013). Only one species of Gliocladiopsis has

been tested for pathogenicity, namelyG. peggii, which actually

increased the height of avocado seedlings in two of three soil

amendment trials (Dann et al. 2012, as Gliocladiopsis sp.). It is

noteworthy that all of the isolates of G. peggii were collected

from young, unhealthy avocado trees, mostly in nurseries and

orchards. Isolates of G. peggii were morphologically indistin-

guishable, although the phylogenetic analysis showed that it

may represent an unresolved species complex as it contained

a polytomy that included a well-supported clade comprising

two subclades. The ecological role of Gliocladiopsis species in

the rhizosphere, including their potential contribution to tree

growth and decline, warrants further investigation.
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