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Abstract

This paoer is the first in a series focused on documenting and providing a stable platform for
phytopathogenic fungi associated with tropical fruit crops in Thailand. It focuses on the taxonomy
and phylogenetic inferences of fungi presentAnmanas comosug¢Pinegple) andNephelium
lappaceum(Rambutan). This study details 17 species of plant pathogenic fungi in the Ascomycota
to facilitate current and future research. This includes one new species, and 16 new hosts and
geographical record€urvularia clavat, C.pandanicola, Daldinia bambusicola, D. eschscholtzii,
Fusariumsulawense, Neoscytalidium dimidiatdrom pineapple andiaporthe nepheliicolasp.
nov, D. rosae, D. siamensis, D. tectonae, D. tulliensis, D. unshiuensis, D. yunnanensis,
F. verticillioides, F petroliphilum, F. parceramosunand F. phyllophilumfrom rambutan were
identified with morphemolecular data.

A disease review and the worldwide checklist with names of all fungi and-lfkagipecies
occurring on pineapple and rambutan were ctedpard presented. In total, 262 records were
reported in the checklist of pineapple and 78 records were reported in the checklist of rambutan.
The disease management approaches strongly depend on ample knowledge of the causative agent:
and their updatednformaion. Moreover, knowledge of the threat posed by the most recently
identified fungal pathogens in tropical fruit plantations and harvested fruits becomes crucial for
biosecurity purposes and should be listed as quarantine pathogens, consideroriginelevtrade
market of tropical fruits.

Keywords i 1 new specie$§ Checklisti Fungal Diversityi Phylogenyi Plant Pathogens
Taxonomyi Tropics

Introduction
With their warm climate, the tropics occupy nearly 40% offher t hés | and sur f
et d. 2018). These tropical environments are diverse and have little temperature variation. The
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tropics can be divided into three major zones (i. zone with-ngeard rainfall and lies on the
equator, ii. Zone with seasonal rainfall, moves away from theater, iii. dry tropics) and it
contains most of the worldébés biodiversity o0h
1998).

About half of the plant families are known to be tropical and most plant families have at least
one species of tropicaiit (Table 1). Tropical and subtropical fruits were mostly neglected in past,
however, recently have gained high priority among the horticultural crops. More than 90% of
tropical fruits are not exported but are only a few found in local markets in tdagomg country.

Due to the fredrade significant growth in their production has been observed and consumption has
increased over the last decade. The most common tropical fruits in trade come from three main
areas: Asia, Central and South America, andiSand Southeast Asia (Gepts 2008, Paull & Duart
2011).

Thailand is an agricultural country witm area of approximately 51.31 million hectares;
nearly half of the land used for agricultural production (Isvilanonda & Bunyasiri 2009). Thailand is
one of tke major tropical fruikproducing countries in Southeast Asia (Vichitrananda & Somsri
2007, Zang 2017, https://lwww.fftc.org.tw/). Fruit crops are widely grown and their contribution to
Thail andbés economy i s i ncr ea sansand hettrepical clijatcea r .
in Thailand create ideal conditions for fruit developmegguling in delicious tropical fruits (Zang
2017). Fiftyseven different fruit species are commonly grown in Thailand and are considered the
main supplier and exportef various fresh and frozen tropical fruits (https://www.fftc.org.tw/
assessed on May 18, 2022). Bananas, Coconut, Durian, Guava, Longan, Lychee, Mango,
Mangosteen, Orange, Pineapple and Rambutan are produced on a large scale and fresh fruits are
exportel mainly to Asian countries (including China, Indonesia, Japan, Korea, Laos, Malaysia,
Singapore, Taiwan and Vietnam). Additionally, frozen fruits are exported to Canada and the USA
(Anupunt et al. 2002, Somsri & Vichitrananda 2007, Somsri 2011, Win 2017).

Table 1 Major tropical fruit crops*.

Order/Family Crop(s) Centre of origin

(subfamily)

Lauraceae Avocado Persea americana Tropical Central America

Annonaceae Annonaspp.,Cherimoya,llama,Soursop, Tropical South America
SweetsopAtemoya Rollinia pulchrinervi3

Arecales Coconut Cocos nuciferp Southeast Asia

Bromeliaceae

Date Phoenix dactylifera
Pineapple Ananas comosiis

North Africa, Middle East
South America

Musaceae Banana and plantaifsaspp.) Southeast Asia
Cactaceae Pitaya Tropical America
Oxalidaceae CarambolaAverrhoa carambolp Southeast Asia

Malpighiaceae

Barbados cherryMalpighia glabrg

West Indies, South
America

Clusiaceae MangosteenGarcinia mangostana Southeast Asia
Passifloraceae Passion fruitiPassifloraspp.) Tropical America
Moraceae Breadfruit,ChempedakJackfruit, etc., Polynesia
(Artocarpusspp.)
Myrtaceae Surinam cherryEugeniaspp.) Tropical America
JaboticabaNlyrciaria cauliflora) Brazil
Guava Psidium guajava Tropical America
Caricaceae PapayaCarica papaya Central America
Malvaceae Durian @urio zibethinu¥ Southeast Asia

Sapindaceae

Rutaceae

Longan Dimocarpus longahn
Litchi (Litchi chinensi¥
Rambutan lephelium lappaceum
Citrus (Citrusspp.)

Southeast Asia

Southeast Asia
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Table 1Corntinued.

Order/Family Crop(s) Centre of origin
(subfamily)
Anacardiaceae Cashew fAnacardium occidentale Tropical America

Mango Mangifera indica

Hog plum, mombins§pondiaspp.) India, Southeast Asia
Sapotaceae Caimito Chrysophyllum caimitp South America

Sapod la (Manilkara zapota Central America

Mamey sapoteRouteria sapota Mexico, Central America

* Adapted from Paull & Duart (2011)

During the last few years, many farmers have shifted to growing fruit crops instead of
growing other crops loause of the higher prices of those fruits (Subhadrabandhu &
Yapwattanaphun 2001, Table 2). However, fruit farmers are facing many problems due to pest and
disease outbreaks, the senescence of old fruit trees and the alteration of land utilization
(Subhadabandhu & Yapwattanaphun 2001). However, the total planted area of fruits is not
increasing for many reasons, but fruit production is increasing every year in Thailand
(Subhadrabandhu & Yapwattanaphun 2001, Somsri 2011). This may be due to the indigase in
productivity of fruit trees. Even though fruit production increases to meet the demand, knowledge
of diseases that affect the treeds health is
production of tropical fruits, and it indirectlyeduces the vyield by weakening the plant
(Subhadrabandhu & Yapwattanaphun 2001). Furthermore, these diseases will directly affect the
yield and quality of fruits before and after they are harvested.

Table 2 Agricultural land use for fruit trees and perasin Thailand (20082012).

Year Planted area (million ha)
2008 33,860,168
2009 34,364,389
2010 34,717,478
2011 34,907,433
2012 34,914,614
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Fig. 1 i Export volume of fruits from Thailand (2042016) (Fig taken from
http://ap.fftc.agnet.org/indephp assessed on May 18, 2022).
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Fig. 2 1 Export value of fruits from Thailand (204&016) (Fig taken from
http://ap.fftc.agnet.org/index.php assessed on May 18, 2022).

Failure to identify and manage these diseases resulted in huge economic losseg in m
countries (Strange & Scott 2005). During our initial surveycaefirmedthat comprehensive, up
to-date information is not available on the fungal diseases or the pathogenic fungal species that
affect Thailandés tropical fruits.

Therefore, the primargbjective of this paper series is to provide updated information on the
plant pathogenic fungal species associated with tropical fruit crops in Thailand. Furthermore, this
study provides details about (i) the identification and characterization of fagpgeies and their
descriptions and illustrations (ii) a worldwide checklist of fungi associated Avithas comosus
(Pineapple) antllephelium lappaceuli®ambutan). These results will provide new insights into the
knowledge of micrfungi associated withdpical fruit crops in Thailand.

Materials & Methods

Literature survey and checklist

Published articles in journals, books, wedsed resources such as reports on hostplants or
disease management, USDA database (Farr & Rossman 2023) and research rthestenezl for
the literature review on diseases of tropical fruit crops. The checklist includes fungal species that are
associated witiAnanas comosu®r Ananasspp.) andNephelium lappaceurfor Nepheliumspp.)
worldwide so far, and it was based on pedtions in books and weliased resources such as annual
reports and the USDA fungal database Furgast Distributions database (https://nfiars
grin.gov/fungaldatabases/fungushost/fungushost.cfm). Information about current fungal name,
family, locality ard references were provided. Current taxonomic treatments were followed by
Wijayawardene et al. (2022) and current species names were followed by Species Fungorum (2023).
Genera and species are listed in alphabetical order.

Field surveys, disease specimamwllection and fungal isolation

The survey on phytopathogenic fungi on tropical fruit crops in Thailand was carried out during
2020-2022 and symptomatic disease samples were collected from fruit orchards, home gardens and
wholesale markets in Chiang RarolRince of Thailand. Diseased samples were taken to the
laboratory for further observations and isolations.

Diseased plant parts were washed with running tap water to remove the debris and air dried to
remove the excess water. Isolates were recovered lieanes, stems, and fruits that exhibited
disease symptoms. Tissues cut from both affected and healthy areas (each abdiit Wwemem
surface sterilized by 1.5% sodium hypochlorite solution (NaOCI) for 1 min and washed with
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sterilized distilled water. Thetissues were soaked in 75% ethyl alcohol for 1 min and rinsed three
times in sterilized distilled water. Sterilized tissue pieces wergrigid and plated on potato
dextrose agar (PDA) supplemented with Ampicillin (100 pl/ml). Plates were incubatedtdor 5

days at 25 + 2 °C with a 42 photoperiod. Single hyphal tip or single spore isolations were carried
out to obtain pure cultures. PDA slants for purified culture were prepared and saved at + 4 °C
(Senanayake et al. 2020, Abeywickrama et al. 2021).

Fig. 37 Diseased samples collected from the field.
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Morphological characterization

All fungal colonies were grown at 25 + 2 °C with aliphotoperiod for 8.0 days.Colony
characters such as texture, colour, and the type of growing margin were evatu24. Colonies
grown on PDA were further incubated for up to 2 weeks to determine the microscopic
characteristics. The fungal structures were mounted in water for microscopic studies and
photographed with a Zeiss Axio Imager Z2 microscope (Carl Zeissobdtiopy, Oberkochen,
Germany).

DNA extraction and polymerase chain reaction amplification

Total genomic DNA was extracted from purified fungal colonies grown on PDA at 25 + 2 °C
for 51 10 days, using a DNA extraction kit (OMEGA E.Z.N.A.® Forensic DNA Kit)following
manufacturing protocol. Extracted DNA was stored2 °C for further analyses. Polymerase chain
reaction (PCR) was carried out in a volume of
Mi x , lel of each prilmér gehomwar @N&And amev &r. $ed
PCR amplification was confirmed on 1% agarose electrophoresis gels stained with ethidium
bromide and visualized under UV light using Gel Doc XR + Molecular Imager Imaging system
(BIO-RAD, USA). The amplifiedPCR fragments were sent to a commercial sequencing provider
and sequenced. The nucleotide sequence data obtained were deposited in the GenBank.

Phylogenetic analysis

Generated sequences were assembled to obtain consensus sequences with DNAMAN 6.0
(Lynnon Biosoft, USA). Sequences with high similarity with the new taxon were determined by
using the NCBI (National Center for Biotechnology Information) Nucleotide BLAST (Basic Local
Alignment Search Tool) search engine (https://blast.ncbi.nim.nih.gov/Bliast.Aglditional
reference sequences were obtained from Gen bank. Individual data sets for each gene region were
aligned using the MAFFT version 7 (https://mafft.cbrc.jp/alignment/software/) (Katoh et al. 2019)
and manual improvements were done where negebgaising BioEdit sequence alignment editor
software version 7.0.9.0 (Hall 1999). Aligned gene regions were combined using BioEdit version
7.0.9.0. FASTA formats were changed to PHYLIP and NEXUS formats by using ALTER
(Alignment Transformation Environm&n (http://www.singgroup.org/ALTER/). Phylogenetic
analyses of combined markers were performed using maximum likelihood (ML), and Bayesian
Inference (BI) criteria.

Maximum likelihood (ML) trees were generated using the RAXNRC2 on XSEDE (8.2.8)
(Stamaakis et al. 2008, Stamatakis 2014) in the CIPRES Science Gateway platform (Miller 2010)
using the GTR+I+G model of evolution and Bootstrap support obtained by running 1000-pseudo
replicates. Bayesian analysis (Bl) was conducted with MrBayes v. 3.1.2 (Ro&dduelsenbeck
2003) to evaluate posterior probabilities (BYPP) (Zhaxybayeva & Gogarten 2002) by Markov Chain
Monte Carlo sampling (BMCMC). Two parallel runs were conducted, using the default settings, but
with the following adjustments: Six simultanesowMakov chains were run for 2,000,000
generations, and trees were sampled every 1000th generation. The first 25% of generated trees were
discarded and the remaining 75% of trees were used to calculate posterior probabilities (PP) of the
majority rule conensis tree. Final phylograms were visualized with FigTree v1.4.0 program
(Rambaut 2011) and reorganized in Adobe lllustrator CS5 (Version 15.0.0, Adobe, San Jose, CA).

Dat a generated from t his study, ar e i
(https://gmsmicrofungorg) and ASordari omyceteso (https:/
(Bundhun et al. 202@ haiwan et al. 2021).

Results
Literature survey

In this study, we haveeviewedand compiled major fungal diseases that reported from
pineapple and rambutan, worldlg. Their field symptoms, causative fungus, and other relevant
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informationis provided.
Common FungalDiseases of Pineapple

Leaf Diseases

The leaf disease of pineapple is a very common disease that has been observed by pineapple
growers in many coungs. However, these leaf diseases are seeming to be ignored unless the
disease damages the whole plant or causes eventual death (Sapak et al. 2021). Several fungal
species have been reported to associate with leaf diseases of pineapple if@ludutgria spp
Ceratocystis paradoxa Thielaviopsis paradoxa CHalara paradox® Fusarium spp., and
Phytophthoraspecies.

Fig. 41 Ceratocystis paradoxéRedrawn from Mbenoun et al. 2014). a Ascomata with extended
neck and globose base. b Flaskbdped phiaic conidiophore. ¢ Ellipsoidal ascospores in
mucous sheaths. d Digitate ascomatal ornamentation. e Obovoid secondary conidia. Scafe bars: a
100 pym, bHh =10 pm.
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White leaf spot

This disease was first reported in Hawaii (Larsen 1910) and later namediawle | eaf s
in 1975 by Oxenham (Rohrbach & Schmitt 2003). White leaf spot disease is known to be caused by
Ceratocystis paradoxénitially known asChalara paradoxa Thielaviopsis paradoXa(Fig. 4)
and this disease is characterized by a brownish wet rot usually where the leaves have been injured.
Further, leaves show greyimown spots with dark brown margins, before drying. Later these
leaves become whitishaddp aper yé (Rohrbach & Schmitt 2003)

The causative organism requires wounds or injuries on the host to enter; therefore, pineapple
plants are damaged by rainstorms and high winds, or insects are more susceptible to white leaf spot
disease (Rohrbach & Schitni2003). Infection of planting materials especially leaves may be
scratched, during the handling of workers through the fields and the standing crop, infection occurs
through the cuts resulting from hoeing and weeding processes (Singh 2000). LaterpSpuses
soil-borne pathogeg. paradoxaare dispersed by wind and enter the host through wounds (Singh
2000).

Fig. 571 Curvularia clavata (1E-3). a Colony on PDAront. b reverse. ¢, d Conidiophore with a
bulbous base and a swollen terminal conidiegen cell. €g Conidiophores and conidia.
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h Chlamydosphoresi liConidia. m Atypical bifurcate conidiumip, s Conidia. g, r Micrayclic
conidiation. Scale barsi s = 10 pm.

Fig. 6 7 Curvularia pandanicola(1B-34). a Colony on PDAront. b reversecif Conidiophores
and conidia. gm Conidia. Scale barsi g = 10 um.

Curvularia leaf spot/ Curvularia leaf blight

The species o€urvularia have been reported to cause numerous diseases on many plants
including Arachis hypogaea(associated with a leaf bht), Cajanus cajan (leaf spot),
Ophioglossum vulgaturgBlight), Phaseolus vulgarigpod rot),Pinus caribaegfrom dampeebff
seedlings and associated with root r@)gitaria ischaemum(Leaf spot),Agropyron cristatum
(Secondary root rot)Panicum miliweum (Seedling blight),Panicum virgatum(Secondary leaf
spot), Trifolium repens(Leaf spot),Ananas comosu@eaves; leaf edge diseason spotting; leaf
spot), Capsicum annuunvar. annuum (Pod rot), Cocos nucifera(Leaf spot) (https://nt.ars
grin.gov/fungldatabases/fungushost/new_frameFungusHostReport.cfm).

Curvularia clavatais known to cause the leaf spot of pineapple in Fujian province, China and
it is stated that disease incidence on pineapple leaves varies fronb&@4n different fields
(Zhong etal. 2016). Diseased pineapple leaves showed chlorotic or necrotic spot symptoms mainly
on the leaf margin and main veins. Symptdmaseappeared yellow and wateoaked, and later
they become greyishrown irregular (For field symptoms please refer to Zhetmal. 2016).

Several otheCurvularia species are also known to be associated with pineapple in many
countries includingCurvularia brachyspora(Taiwan), Curvularia eragrostidis(Brazil, China,
Guinea), Curvularia geniculate(Malaysia), Curvularia lunga (Cambodia, Costa Rica, Ghana,
Guatemala, Malaysia, Mexicdfurvularia maculangGuinea, Malaysia) (Farr & Rossman 2023).
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In this study, we have recoverédo speciesf Curvularia from diseased fruits ancdeéal
stems of pineapple (Figs$ 6).
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Fig. 717 Maximum likelihood phylogenetic tree estimated from analysis of combined ITS, GAPDH
and TEF sequence data for 150 strainsCafvularia. Bootstrap support values for maximum
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likelihood and Bayesian inference greater than 60% and 0.90 are indicatedtaboodes. Type
and referencestrains are indicated after the culture code. Isolates obtained from this study are
indicated in red.
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Fig. 77 Continued.

Phytophthora leaf rot/ Phytophthora heart (top) rot

Heart rot of pineapple is caused by sevegrathogenic species dPhytophthoraand this
disease mainly affects basal leaf tissues and can cause fruit and root rots &hyteihthora
cinnamomi P. nicotianaeandP. parasitica(Rohrbach & Schenck 1985, Bartholomew et al. 2003,
Joy & Sindhu 2012, &@en & Nelson 2015, Bakengi 2014, Farr & Rossman 2022) are known to be
associated with Phytophthora heart (top) aod plants of all ages are susceptible to it. However, it
is stated thati3t months old crown plantings are more susceptible (Joy & Siadi2) (Figs 8, 9).

Initially, the colour of the heart leaves changed to yellosght coppery brown and later
heart leaves showed brown wilting symptoms. Infected leaves may be pulled from the plant easily,
and the basal white tissues at the base ofethes showed watesoaked and soft rot with a foul
smell. Further, as the disease progresses sufficiently, it causes the eventual death of the plant (For
field symptoms please refer to Joy & Sindhu 2012, Green & Nelson 2015).

These sotborne fungi carprodwce chlamydospores and act as the primary inoculum for the
next disease cycle. They can survive in the soil or infected plant debris for many years. Other
propagules (such as mycelia and oospores) and these chlamydospores are disseminated by draining
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soil water in soils. They may be splashed by tools, footwear, and/or vehicle tires up into pineapple
crowns and cause heart rot in the basal leaf tissues (Joy & Sindhu 2012, Green & Nelson 2015).
Phytophthoraspecies also can produce zoospores and thespa@ navigate through the water

in soil towards the roots of the pineapple plant. Then they make contact with the leaf or root surface
and germinate and enter the plant tissues (Joy & Sindhu 2012, Green & Nelson 2015).

Fig. 8 T Phytophthora cinnamomRedawn from OEPP/EPPO 2004) npapillate sporangia,
proliferation of sporangia, globose oogonia and oospores, globose chlamydospores, and numerous
hyphal swellings. Scale bar20 um.

Many Phytophthoraspecies have been reported from many crdps bbtryoss; Hevea
brasiliensis P. capsici Piper nigrum P. infestans Solanum tuberosumP. meadij Hevea
brasiliensis, P. nicotianae; Citrus spp Durio zibethinus, Ananas comosus, Piper nigrum,
P. palmivora; Piper nigrum, Durio lowianus, Durio zibethinusleveabrasiliensis, Theobroma
cacao, Euphorbia longana, Mangifera indica, Ananas comosuas Thailand. However,
Phytophthoranicotianaeand P. palmivoraare known to cause pineapple heart rot in Thailand
(Drenth& Guest 2004, Farr & Rossman 2023) (EaB).

Other fungi associated with leaf diseases of pineapple

Several minor fungal pathogens have been reported causing leaf spot disease of pineapple in
many countries.

Penicillium oxalicumhas been isolated from diseased pineapple leaves in the Leizhou
Peninsla, Guangdong Province, China (Wu et al. 2022). Symptoms caused by this fungus are
initially greyish, or yellowistwhite spots that occur on the leaf surface and these spots have unique

358



light brown to reddish brown banding patterns on the edge.r [s3tmpbmatic leaves were
withered and died (Wu et al. 2022). Wu et al. (2022) have tested the pathogenityi@fiium
oxalicumon pineapple | eaves through artificial Ir
Even though the authors (Wu et 2022)did not observe any symptoms in woundedfa@unded

pi neapple fruits, they found that early senescence of the inflorescence can occur after inoculation
of a high amount of inoculum (200 pl of a 104 conidia/ml solution). However, authors have stated
this early senescence does not affect the subsequent flowering of pineapple (Wu et al. 2022).

Fig. 9 1 Phytophthora nicotianaea Papillated sporangia. b Caducous with short pedicel.
Cc Sporangia  with irregular  shapes. d Chlamydospore. (Redrawn from
https:/idtools.org/id/phytophthora/factsheet.php?name=7988)

Luo et al. (2012) reported another funglssserohilum rostratun( [Helminthosporium
rostratun) (Pleosporaceae, Pleosporales), causes leaf spot disease on mature pineapple leaves in
Chengmai Couty, Hainan Province, China. This disease causes approximat@&ffa yield loss
and propagated plants showed symptoms afteir 3@Ddays (Luo et al. 2011). The greyishite-
to-yellowish-white spots appeared on the leaf surfaces and distinctive light fioereddsh-brown
banding patterns on the edges are also observed (Luo et al. 2011). Black specks did not always
observe in the leaf spots. Several leaf spots often merge and create large lesions which cover more
than 67% of the leaf surface. This may léadhedeath of the plant (Luo et al. 201Exserohilum
rostratumis known to be a fungus with a broad ecological niche and causes diseases in more than
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50 plant hosts including rice, sugarcane, and wheat (Lin et al. Zaif,& Rossman 2023)
(Fig. 10).

\;'(?‘Tv’-:-‘.

Fig. 10 17 Exserohilum rostratum (Redrawn from HerndndeRestrepo et al. 2018).
a Conidiophores. b, ¢ Conidia.

In Malaysia,Fusarium(lbrahim et al. 2017) anbNeoscytalidiunrspecies (Sapak et al. 2021)
are also reported from pineapple leaf spoteases. llahim et al. (2017) have identified
F. proliferatum F. saccharj F. verticillioidesand Fusariumsp. from pineapple leaf discoloration
with spots and necrosis. They also stated that these species not only cause the disease on leaves bt
also onthe pinegaple fruits (Ibrahim et al. 2017, Sapak et al. 20Hy)sarium semitecturand
F. chlamydosporunhave been identified from Fusariosis of pineapple in Malaysia, and these
species are also able to cause rotting symptoms at the leaves base and leavegspots
(Ibrahim et al. 2016). Sapak et al (2021) have reported pineappleestémotcausing pathogen;
Neoscytalidium dimidiatuns also able to cause brown leaf spot disease on pineapple (Kuruppu et
al. 2020, Sapak et al. 2021).

In this study ve also idaetified eight isolates oNeoscytalidiumdimidiatum from inside
tissues of rotted pineapple fruits, but not from the pineapple leaves (Fi§jg)1Eurther we have
recovered 15 isolates @faldinia bambusicolaand D. eschscholtzispecies from sisues of atted
pineapple fruits (Figs 135).

Fruit Diseases

Fruitlet core rot, black spot, fruitlet brown rot, or eye rot

Fruitlet core rot is an internal fruit disease caused by a combination of species in two genera,
FusariumandTalaromycegBarralet al. 20D, Sapak et al. 2021).

The earliest reports of fruitlet core rot investigations could be found in 1898 in Australia, and
it described symptoms as similar to the disesée
discovered in all pineapgproducirg countries, but different fungal communities are known to be
associated with the disease (Barral et al. 2020).

Initially Penicillium spp. were isolated from infected fruitlets aRdnicillium funiculosum
was found to be the main causative dgéater, wih molecular advances, phylogenetic analyses
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revealedP. funiculosunbelongs to théenicillium subgeneraiverticillium and it was transferred
to Talaromyces(Samson et al. 2011, Yilmaz et al. 2014). Therefd?e,funiculosumwas
synonymized wth T. funialosus(Samson et al. 2011, Yilmaz et al. 2014). Several other studies
have revealed species lusariumspp. are also associated with this Fruitlet core rot. There was
confusion over the names of the causative agent of Fruitlet core rot sadosis, haever, more
recently molecular phylogeny revealed thHat ananatumis responsible for Fruitlet core rot.
Fusarium guttiformegformerly Fusariummoniliformevar. subglutinans Fusarium subglutinany
was identified as the agent responsible foneppple Fus#sis and differentiated from
F. ananatum

Infection of this fruitlet core rot could take place during the development of the inflorescence,
even before anthesis, however at this stage mycelium grows only in the floral cavities. After the
latency period,infection develops during the fruit maturation and results in brown and smooth
spots over the whole eye, sometimes nearby eyes. Sometimes fruits of some cultivars do not
usually show any external sy mpt o ntets thaafaldo s o me
produce color) (eg. Rough leaf (Mauritius). Severely infected fruitlets are sunken and brown.
Internal symptoms may consist of browning of the centre of the fruitlets and sometimes extend to
the core, however, the black spots remainfioed to thefruitlet (Barral et al. 2020). Insects
especially mites, are thought to be associated with fruitlet core disease, by causing wounds to the
fruitlets. Penicillium species infect the fruileveloping stage anBusariumspp enters the fruit
through the flovers or wounds (Joy & Sindhu 2012).
In this study, we did not findalaromycespp.,Penicilliumspp.,F. ananatunor the F. guttiforme
from diseased pineapple samples.

Fig. 117 Neoscytalidium dimidiatun{1B-36). a Culture grown on PDA. l; Hyphae and
arthroconidia. d Arthroconidia. Scale bars: b =10 pm, ¢ =20 pum, d = 50 pm.
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Fig. 1217 Maximum likelihood phylogenetic tree estimated from analysis of combined ITS, TUB
and tef sequence data for 23 strains Né¢oscytalidium Bootstrap suppt values fo maximum
likelihood and Bayesian inference greater than 60% and 0.90 are indicated above the nodes. Ex
type strains are indicated in bold. Isolates obtained from this study are indicated in red.
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Fig. 13 7 Daldinia bambusicola(1C-4). a Culure on PDA.bie Conidial attachments and
conidiogenous cells. f Conidia. Scale bdrsc = 5um, ¢, d f = 10um.

Fig. 14 1 Daldinia eschscholtzi(1C-6). a Culture on PDA. b, ¢ Conidial attachments and
conidiogenous cells. d Conidia. Scale barsi= 10pum, c=5 pum.
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Fig. 1517 Maximum likelihood phylogenetic tree estimated from analysis of combined LSU, ITS,
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nodes. Extype strains are indicated in bold. Isolates obtained from this study are indicated in red.
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Thielaviopsis rot, Black rot, water blister of pineapple, soft rot or water rot

Black rot of pineapple is a wetinown posthawvest disease, and this disease is also caused by
the same fungusCeratocystis paradoxéasexual morpihielaviopsis paradoXa(Sanchez et al.

2007, Hewajulige & Wijesundera 2014, Sapak et al. 202#&jatocystis paradoxa known as a
facultaive parasitt fungus and is also mainly considered a wound parasite (Larsen 1910, Reyes
1999, Sapak et al. 2021).

The infection may start in the field or during or/after the harvesting stage (Joy & Sindhu
2012). In pineapple fields, the infection stahisugh woundsinsect injuries or natural openings in
the flesh region (Snowdon 2010). This pathogen is dispersed through wind, water, soil, insects or
rodents and causes the disease (Elliott 2006). Wounds on the fruits may leak the juice and make the
damaged area wednd this may increase the fungal growth after the harvest (Sapak et al. 2021).
During the disease progression, wageaked spots can be observed and the severe conditions these
spots enlarge, and fruits showed symptoms including waterydisaitegratedwvith black patches
(Sapak et al. 2021).

It is more likely to be a black rot infection that occurs before harvesting in the field, but
farmers may not be able to see symptoms until storage (Snowdon 2010, Adikaram & Abayasekara
2012). This diease takes 8 days to develop the symptoms after the harvest (Joy & Sindhu 2012).

In this study, we did not find any isolates ©ératocystis paradoxan diseased pineapple
samples.

Fusariosis

Fusariosis of pineapple is also caused by seviewslarium spp. worldwide including
Fusarium ananatum, F. concentricum, F. fujikuroi, F. guttiforme, F. incarnatum, F. oxysporum,
F. polyphialidicum, F. proliferatum, F. temperatum, F. semitectum, F. chlamydospandm
F. verticillioides (Sapak et al. 2021). Fusasisinfected fuits showed brown discoloration of the
fruitlets, rotten or sunken fruits, and gum exudation. Further dry rot of the leaf, stem bending
chlorosis and natural cracks on the fruits were also observed (lbrahim et al. 2016, Sapak et al.
2021).

In this studywe recovered two isolates Btisariumfrom diseased pineapple stalks and using
multi-gene phylogeny identified them Basarium sulawesieng€ig. 16)

Fig. 167 FusariumsulawesiensélLE-4). a, b Aerial conidiophores. ¢, d Sporodochatidia. Scale
bars:a, b=5pum, ¢, d =10 um.

Taxonomy, and phylogenyon fungal diseases of pineapple and rambutan

In this study, in total, we identified 17 species belonging to five fungal families. Six fungal
speciesvere obtained fromAnanas comosuand 11 were rea@red fromNephelium lappaceum
Species descriptions, phylogenetic results and notes for these identified taxa are presented under the
relevant fungal diseases. Classes, orders, families, and genera were classified according to
Wijayawardem et al. (2022).
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likelihood and Bayesian inference greater th&%6and 0.90 arendicated above the
Isolates obtained from this study are indicated in red.
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Fig. 171 Continued.
Pleosporaled uttrell ex M.E. Barr

Pleosporaceadlitschke
Curvularia Boedijn

F. concolor NRRI 13459

nodes.

Notes1 Curvularia species have shown worldwide dibtriion and a widehost range.

Curvularia contains endophytes, saprobes and pathogenic species and currently, 233 records were
found in Index Fungorum (http://www.indexfungorum.org/Names/Names.asp?pg=2). Most plant

pathogenic species were reported on varitepic and suiropic plant families especially in

cereals and grass (Poaceae). In addihaman and animal pathogens also have been reported from

this genus (Manamgoda et al. 2015).
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Curvularia clavataB.L. Jain Fig. 5

Index Fungorum Nenber: IF329439

Sexual morph: not observed. Asexual morph: on PDA vegetative hyphae septate, branched,
subhyaline to brown, smooth, 14 um wide. Conidiophores semimacronematous to
macronematous, mononematous, septate, simple, or branched, often withoasbibhse and
gericulate or bent at the apex, light brown to dark brown, smooth, cell walls often thicker than
those of the vegetative hyphae, various lengthd4,3um wide. Conidiogenous cells terminal and
intercalary, subcylindrical, clavate and subgisé or irregulayl shaped 218.5 x 45.5 pm.
Conidia 13 (mostly 3) conspicuous septa, straight, or sometimes curved, cells subhyaline to light
brown, T11x 17.526 um (n = 20), Atypical, bifurcate conidia, chlamydospores and raigcbc
conidiation obsrved.

Culture claracteristcs Col oni es on PDA covering 90mm Pe
25 °C, surface funiculose, olivaceous black to greeplstk, margin fimbricate. Reverse grey
olivaceous to olivaceous black.

Material examined Thailand,Chiang Rai, fromhe rotted aerial stem of pineappkn@nas
comosusBromeliaceae), 14 Dec. 2021, Abeywickrama PD, living cultures3,TH=8.

Notesi Two isolates two Curvularia species identified a€urvularia clavata and these
isolates were recoveatefrom rotted aeriastems of pineapple. Muliene phylogeny of ITS,
GAPDH and TEFsequencealata revealed that our isolates claded v@tirvularia clavata strain
BRIP61680b with high statistical support (100/0.98ig( 7). Curvularia clavatapreviously lave
been reportedrém pineapple leaf spot disease in China and however this is the first report of
Curvularia clavata recorded from diseasederial stems of pineapple in ThailanQurvularia
clavata was reported on decaying fallen needles Bmus khasyan Thailand (httpgint.ars
grin.gov/fungaldatabases/fungushost/new_frameFungusHostReport.cfm).

Curvularia pandanicolaTibpromma & K.D. Hyde Fig. 6

Index Fungorum Number: IF554491

Sexual morph: not observed. Asexual morphP@A vegetative fiphae septate, bramed,
subhyaline to brown, smooth, 1% pm wide. Conidiophores semmacronematous to
macronematous, mononematous, septate, simple, or branched, light brown to dark brown, smooth,
cell walls often thicker than those of the vegetativehay various lengths3.55 pm wide.
Conidiogenous cells terminal and intercalary, subcylindrical, clavate and subglobose or irregularly
shaped. ConidiaiB (mostly 3) conspicuous septa, straight, or sometimes curved, cells subhyaline
to light brown, 7.510.5x 14.517 pum (n= 10), Atypical, bifurcate conidia and chlamydospores not
observed. Micrecyclic conidiation observed.

Culture characteristicé Colonies on PDA cover the whole plate (8tn) after 7 days
at 25 °C, surface funiculose, olivaceous blacgreeniskblack, margin fimbricate.

Material examined Thailand, Chiang Rai Province, from inside tissues of rotted pineapple
fruit, 14 December 2021, Abeywickrama PD, living cultures: 1B34, 1B35.

Notesi Two Curvulariaisolatesrecovered from insidassues of rotted pirapple fruit, were
identified asCurvularia pandanicolaMulti-gene phylogeny of ITS, GPDH and TEF data revealed
that our isolates claded withetype species oEurvularia pandanicolastrain MFLUCC 150746T
with high statistical suppb (100/1.00) (Fig. Y. Curvularia pandanicolavas originally described
from the dead leaf oPandanusin Thailand and however, this is the first reportCiirvularia
pandanicolareported from inside tissues of rotted pineapple fruit in Thailand.

BotryosphaerialesC.L. SchochCrous & Shoemaker
Botryosphaeriaceadheiss. & H. Syd.
NeoscytalidiumCrous & Slippers

Notesi Neoscytalidiumwas proposed by Crous et al. (2006) to accommodate a species;
Scytalidium dimidiatuniPenz.) B. Sutton & Dyko adeoscytiddium dimidiatum(Perz.) Crous &
Slippers. This genus is characterized by having two different asexual states (synanamorphs/
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synasexual). Coelomycetous asexual morph produces pycnidia with two septate conidia and they
were similar to fusicoccustike conida (Crous et al. 2006)

The hyphomycetous asexual morph produces powdery arthric chains of conidia that may
form a central septum which resembles scytalidiike conidia. FiveNeoscytalidiunspecies have
been accommodated to this genNgoscytalidium dimdiatum, N. hyalinumN. novaehollandiae,
N. oculi and N. orchidacearunfhttp://www.indexfungorum.org/Names/Names.asp). However,
Zhang et al. (2021) have reducHddoscytalidiunto a single specie®yeoscytalidium dimidiatum.
These species were reported sh plant and humanaghogens worldwideNeoscytalidium
dimidiatumhas been reported as a trunk disease pathogen from many woody host plants including
mango, almonds, fig, citrus, English walnut, and grapevine. This pathogen has been found to be
associaté with mango branch dback, canker and rotted lesions on mango fruits. Further, both
canker and fruit rots were observed in almonds. Compared toRoltrgiosphaeriaceaspeciesN.
dimidiatumis known to be the most virulent species associated with mangmzil (Marques et
al. 2013). Recently it is reported as the causative agent of onychomycosis in Iran (Razavyoon et al.
2022).

Neoscytalidium dimidiatum(Penz.) Crous & Slippers Fig. 11

Index Fungorum Number: IF805648

Sexual morph: undetermed. Asexual morphCodomycetousasexual morph not observed.
Scytalidiumlike asexual morphColoniesproduced mycelia disarticulated;10septate, cylindrical
to round, hyaline to browrAerial myceliunforms chains of arthroconidia, sometimes singlgi 5.

16 x1.94.1um (x.= 9.1 x 3.03, n = 20), unicellular, disarticulating, cylindrical, oblong to obtuse
to doliiform, thickwalled, initially hyaline, later becoming light brown to cinnamon colout. O
septate.

Culture characteristicis Colonies on PDA, fluffy aeal mycelia wth an entire edge, reaching
the edge of 90 mm plates after 5 days &t285°C in 12hr light/dark. Some colonies of a few
cottony aerial mycelia reaching the lid of the Petri dish, initially white or hyaline, later become
light grey to olivegreen to greyis colour.

Material examined Thailand, Chiang Rai Province, from inside tissues of rotted pineapple
fruit, 14 December 2021, Abeywickrama PD, living cultures: 1A19, 1A20, 1A22, 1A24, 1A25,
1A32, 1A36, 1B36.

Notesi In this study, we recovedeeight Neoscyalidium strains from pineapple fruits that
showed rotted symptoms. Multici phylogeny and morphological characters confirmed these
isolates areNeoscytalidium dimidiatum(Fig. 12). Our isolates share similar morphological
characteristics ith isolate CE5 125610. However minor dimensional differences were observed.
We did not observe any conidiomata production on PDA. Therefore, we could not compare the
morphology and size of conidiomata, conidia with type species.

XylarialesNannf.
HypoxylaceaeDC.
Daldinia Ces. & De Not.

Notesi Daldinia was introduced by Cesati and De Notaris (1863) and based on taxonomic
rearrangements of stromatiylariales by Wendt et al. (2018), currently it is iHypoxylaceae
Daldinia species were morphologicallgantified by nternal concentric zones below the perithecial
layer and the presence of KOldxtractable pigments (Ju et al. 1997). Currently together with
morphological data, molecular, ukstructural and chemotaxonomic data are used to characterize
thespecies irDaldinia (Stadler et al. 2014). Currently it comprised 51 species and Index Fungorum
listed 104 names under tBaldinia (http://www.indexfungorum.org/Names/Names.asp).

Daldinia bambusicolaY.M. Ju, J.D. Rogers & F. San Martin Fig. 13
Index Fungorum Number: IF436494
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Sexual morph: Not observed. Asexual morph: Observed onmwrdhold PDA culture.
hyphomycetousConidiophoresl.9 3 x 1.32 pm (x= 2.6 x 1.9, n = 10), hyaline, mononematous,
synonymous, with dichotomous or trichotomous appar®earing nodulisporium like branching
pattern, conidiogenous cells originating from each €whidiogenous celltiyaline, holoblastic,
terminal or inercalary, cylindrical, with rounded apic&€3onidia5.8/3.8 x 1.83 (x.= 4.7 x 2.5, n
= 10), hyalinepbovoid to ellipsoid, aseptate, smooth.

Culture characteristicé Colonies on PDA reaching 90 mm diam. after 2 weeks at 25 °C,
colony circular. Frontritially white, turning in to gray.

Material examined Thailand, Chiang Rai Province, from inside tisswf rotted pineapple
fruit, and diseased stalk, 14 December 2021, Abeywickrama PD, living culturgs:, 1G4,

Notesi In this study, we recoverewt isolates oDaldinia and identified them aBaldinia
bambusicolaDaldinia bambusicolehave been repted from bamboo in Thailand and we did not
observe any records from pineapple (Farr & Rosman 2023). Therefore, this study reports novel host
associatia of Daldinia bambusicoldrom pineapple in Thailand.

Daldinia eschscholtzi(Ehrenb.) Rehm Fig. 14

Index Fungorum Number: IF544992

Sexual morph: Not observed. Asexual morph: Observed oamerahold PDA culture.
hyphomycetousConidiophores1.9i3 x 0.81.3 pym (x_= 2.4 x 1.05, n = 10), hyaline,
mononematous, synonymous, with dichotomous ohdtmmous apparatus bearing nodulisporium
like branching pattern, conidiogenous cells originating from eachGorddiogenous cellbyaline,
holoblastic, terminal omitercalary, cylindrical, with rounded apic&onidia2.95.2 x 2.22.9 K_
=4.4 x 2.6n = 10), hyaline, obaid to ellipsoid, aseptate, smooth.

Culture characteristicé Colonies on PDA reaching 90 mm diam. after 2 weeks at 25 °C,
colony circular. Frotinitially white, turning in to gray with olivegreen to dull green with time.

Material xaminedi Thailand, Chiang Rai Province, from inside tissues of rotted pineapple
fruit, leaves and diseased stalk, 14 December 2021, Abeywickrama PD, living cUlAs&s; 1G
10, 1E1, 1G6, 1G5, 1G8, 1D43, 2B18, 1CG11, 1G12, 1G13, 1G2, 1G109.

Note T In this study, we recovered 13 isolatesDaldinia and identified them aPaldinia
eschscholtzii. Daldiniaspecies have been reported from many host plants ndwide and
however, we did not observe any records from pineapple (Farr & Rosman 2028fofe, this
study reports novel host associatiorDaildinia eschscholtzirom pineapple in Thailand.

Sordariomycetes

Hypocreomycetidae

Hypocreales

Nectriaceae

Fusarium sulawesiens®aryani, SandDen., L. Lombard, Kema & Crous Fig. 16

Index Fungorum Number: IF830777

Sexual morph not observed. Asexual morpsporulate observed on PDA, Conidiophores on
aerial mycelium abundant on PDA, septateegularly or verticillately branched, thin walled,
smooth. Conidiogenous cells smooth, thalled. Macro conidia, falcate and mesgptate, B85
septate, 186 x 3i 6 um (x.= 22x4.5um, n =10). Chlamydospores not observed.

Culture characteristics Colonies on PDA, showing rapid growth at iZZB °C, Colony
surface white, reverse rosy becominigite towards the margin. Aerial mycelium abundant, cottony
with high sporulation.

Material examined Thailand, Chiang Rai Province, from diseased stalk of pineapgl
December 2021, Abeywickrama PD, living cultures:4,EE5.

Notesi In this study, wehave recovered two isolates and identified thenfFasarium
sulawesienséFig. 15). Multtgene phylogeny of ITS, tef, rpb1 and rpb2 sequence analysis revealed
thee ilates were claded within oth&r sulawesiensstrains (Fig. 17)Fusarium sulawesiense
was described from different banana varieties in the islands of Indonesia (Maryani et al. 2019,
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Index Fungorum 2023). Furthermore, this species causes rots mldests. This study provides
the first host association iusarium sulawesiensan pineapfe and as well as new geographical
record to Thailand (Farr & Rosman 2023).

Common Fungal diseases of Rambutan

Fruit rots

Fruit rot is the most important diseas rambutan, and it is stated that up to 30% yield losses
in pre and postharvest stages (&&rDiaz et al. 2020). Several pathogenic fungi are known to be
associated with fruit rot of rambutan includi@galonectria hongkongensi€olletotrichumspp.,
Diaporthe sp., Gliocephalotrichumspp. (Fig. 18)Lasmeniasp., Lasiodiplodiatheobromag and
Pestalotiopsissp (SerrateDiaz et al. 2020, Zakaria 2022). Infection in the field may increase the
potential to affect fruits podtarvest, which later reducesetimaketability in both quality and
quantity (Zakaria 2022).

Fig. 18 1 Gliocephalotrichumnephelii (Redrawn from Lombard et al. 2014). a, b Penicillus.
¢ Conidia. d Apex of stipe extensions. e Chlamydospores. Scalg bar:10 pm.

Fruit rot symptors canbe observed in both mature and immature fruits. kegrk brown or

black areas with wat-soaked lesions can be observed on the surface of infected fruits. Later these

lesions extended into the pericarp and caused blackening and drying. In sosnecasxk of the
pericarp and exposure of fruit flesh can be observed (Zakaria 2022).

371



Stem cankers and Die-back

Several fungal species are known to be associated with cankers dratklief Nephelium
lappaceum

Dolabra nepheliaas reported to associatgdth stem canker ofambutan in several countries
(Booth & Ting 1964, Rossman et al. 2010)iddvally D. nepheliaevas described in Malaysia (on
cultivated Nephelium lappaceunand later it was reported in Australia (bin mutabilg, Hawaii
and Puerto Rio (Janick & Paul 2008, Rossman et al. 2007, Rossman et al. 2010) (Fig. 19).

Fig. 197 Dolabra nepheliaglRedrawn fromRossman et al. 2010). a Immature ascoma showing
ascomatal wall and centrum filled with pseudoparaphyses. b Bitunicate asci. ¢ gkesosp
d Conidiogenous cells with developing conidi&anidia. Scale barst = 100um, be = 10 um.

This fungus produces numerous, crowded, large, elongated fruiting bodies -alevedtiped
cankers on the stems of Sapindaceae woody hostdepbelium andLitchi (Rossman et al. 2010).
This disease appears on the bark of old branches and stemvsgfeorky tissues. Later, the disease
extends to the younger tissues as the fungus grows from the main trunk to stems and twigs. Severe
conditions may resulin the dieback of entire branches; however, trees do not die from this but
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cause the reductiorf tree growth. The disease progression is slow, and it may take a few years for
a tree to be severely infected (Rossman et al. 2010).

Although this fungus iseportedas a pat hogen for <corky bark
postulates have not been fulfilléSerrateDiaz et al. 2020). Therefore, recollection of this species
and observations, and identifications of disease symptoms in the fields need to bé&dalid
(Serato-Diaz et al. 2020). Please refer to Rossman et al. (2010) for disease symptomsgahd fu
morphology ofD. nepheliae

Fungi in Botryosphaeriaceaare also known to cause corky bark disease in many tropical
fruit trees including rambutan. Isialso assciated with diebacks and stem cankers in severe
conditions. Serratiaz et al. (2020) &ve reported two Lasiodiplodia species
(L. pseudotheobromaandL. iraniensig that are associated with dieback symptoms of rambutan in
Puerto Rico. Sameuthors hae reported several othéasiodiplodiaand Neofusicoccunspecies
were also reported frormuit rots and leaf blights of rambutan in Puerto Rico (Seiatz et al.
2020). These authors also performed a enmossulation experiments oBotryosphariaceae
isolates obtained from rambutan, longan, mango, and tangerine, on the hgalérplti rambutan
and longan seedlings. They have obsenvegseudotheobromagsolated from Rambutan fruits
and Tangerine branched$y, parvum(isolated from Rambutafruits axd Mango inflorescences),

L. iraniensis(isolated from Rambutan branches and Mango rieflocences),. brasiliensig(isolated
from Longan inflorescences),. hormozganensigisolated from Longan fruit)N. batangarum
(isolated from Mango infloszences)andL. theobromadisolated from Tangerine branches) were
able to cause dieback in ramant(SerrateDiaz et al. 2020). Similarlyl,. iraniensisobtained from
Rambutan leaves and branches were also able to cause dieback symptoms on longaDig&errat
et al. 2020). This study highlights the importance of cfio$sction of these species froone
tropical fruit to another. This may increase the awareness of thecioggping of tropical fruits
specially such as rambutan and longan.

In this study,we identfied 13 isolates ofDiaporthe and seven isolates dfusarium
associated with diback oframbutan.

Fig. 2071 Diaporthe nepheliicolasp. nov. MFLU 23-0067). a Front view of culture on PDA.
b Reverse view of culture on PDA. ¢ Conidiomatatba culture d Conidiogenous cells and
developing conidia. e Beta conidia. Scale bdys& = 20um.
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SordariomycetesO.E. Erikss. & Winka
Diaporthales Nannf.
DiaporthaceaeHohn. ex Wehm.
Diaporthe Nitschke

Note 1T Diaporthe species are reported from mapjant hosts,including economically
important crops. These species are known as endophytes, pathodesaprobes. Currently, 1174
Diaporthe species names have been listed in Index Fungorum. Norphanphoun et al. (2022) have
revised the genuBiaportheusing combined sguence data of ITS f ,b-tlibulin, cal and his3 and
they have accepted 287 species. Agithem, 274 species were assigned to one of the 13 species
complexes and nine singletons (Norphanphoun et al. 2022).

Diaporthe nepheliicolaAbeywickrama, K.D Hyd& R.S. Jayawardenapsnov. Fig. 20
Index Fungorum Number: IF900064
EtymologyT 6 nfee | i i c bdpleelumcploniser) refers to the host plant genus that the

fungus isolated.

Holotypei MFLU 23-0067

Sexual morphi not observed. Asexual morph: observed from the altom PDA.
Conidiomata 100250 um wide, 50150 um high, black, aggregsat or rarely solitary, scattered,
elongated black neck. Conidiomata wall, comprisind Byers, with heavily pigmented outer
layer, thickwalled, comprising blackish to dark brown cedi§ textura angularis inner layer,
hyaline, 12 layers, thinwalled ells oftextura angularisConidiophores reduced to conidiogenous
cells. Conidiogenous cells hyaline, smoetralled, and formed from the inner layer of pycnidium
wall. Beta conidia 2026 x 0.8§ 1.2 um k.= 24 x 1, n = 10), hyaline, aseptate, hamate orecyr
apex acutely rounded. Alpha and Gamma conidia not observed.

Culture characteristics Colonies on PDA 90 mm diam. after 2 weeks at 25 °C, cream to off
white mycelium, cottony, conidiomataisible as black spots, reverse yellowish, with reddish
concentric rings and black patches.

Material examined Thailand, Chiang Rai Province, from aerial stems of Rambutan with die
back symptoms, 14 December 2021, Abeywickrama RIFLU 23-0067 holotypeinactive dry
culture), extype-living culture =R35R.

Additional material examined Thailand, Chiang Rai Province, from aerial stems of
Rambutan with didack symptoms, 14 December 2021, Abeywickrama PD, living cultR&lR.

Note T In this study, we &ve recovered two isolates that fits to the species concept of
Diaportheand identified them aBiaporthe nepheliicolgFig. 20). Multrgene phylogeny of ITS,
TEF, TUB, cal and HIS sequence data revealed that these two isolates formed a separate sister
cladeto D. siamensigCGMCC 3.18289) with high statistical support (Fig..Zl)ese species show
comparatively larger beta conidia compared to the holotype straih sfamensigMFLU 12-
0121). However, we did not observe alpha or gamma conidia in ouespberefore we could not
compare these morphological characters Witlsiamensis

Previously,Phomopsis nepheli De |l acr . ) V a n Bhylloscta AepheliDél&c2 ( [
1905) have been recorded fravephelium lappaceuteaves in Malaysia (Williams &iu 1976).

This species was initially identified &hyllosticta nepheliin 1905 and it was described as causing
yellow spots onNephelium lappaceurteaves This species is characterized by havimgpline
stylospores (spore that has a thin stalk) witbtaends, 7 x 2.5 um, and long hyaline slender
sterigmata (conidiophore), 125 um. We think that the characters described in that study may be
similar to the alpha conidia ¢thomopsis nephel(i [Phyllosticta nephel)i however, in our study

we could not observe the alpha conidia for our species. Therefore, we could not compare the
morphology of these two species and so we keep these species separate.

Diaporthe rosaeSamarak. & K.D. Hyde Fig. 22
Index Fungorum Number: IF554072
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Fig. 217 Maximum likelihood phylogenetic tree estimated from analysis of combined ITS, TUB,
TEF, CAL and his sequence data for 267 strainDiafporthe Bootstrap support values for
maximum likelihood andayesian inference greater than 60% and 0.90 are indicated above the
nodes. Isolates obtained from this study are indicated in red.
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Fig. 217 Continued.

Sexual morph: not observed. Asexual morph: on PDA, Conidiomata are visible as raised
black spots, ycnidial, scattered, globose or irregular, black. Conidiomata wall consisted of dark
brown cells oftextura angularis Conidiophores densely aggregated, cylindrical, straight, hyaline.
Alpha conidia hyaline, ovate to ellipsoidal, aseptate, smaailed, 12 guttulate, 57 x 23 um (n
= 10). Beta conidia hyaline, smoetalled, fusiform to hooked, aseptatej 28 x 0.51.2 um (n =
10). Gamma conidia not observed.
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Fig. 211 Continued.
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Fig. 217 Continued.

Culture characteristicé Colonies on PDA, r@ching 90mm diam. after 2 weeks at 25 °C,
circular, entire margin, flat, white mycelium radially arranged. Reverse white. Conidiomata
produced on PDA with the time.

Material examinedi Thailand, Chiang Rai, from branches with -B@ck symptoms of
rambutan(Nephelium lappaceunBapindaceae), 21 Nov. 2021, Abeywickrama PD, living cultures:
R1R, R2(R, R3AR, R1B-37R.
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