FINAL REPORT

COMPARATIVE FUNGAL DIVERSITY STUDIES OF THE
ENDOPHYTIC AND SAPROBIC FUNGI ON THE BRACKISH
WATER PALM NYPA FRUTICANS IN THAILAND.

BRT R 352112

DECEMBER 2009 - NOVEMBER 2010

E. B. GARETH JONES
JARIYA SAKAYAROJ
NATTAWUT RUNGJINDAMAI
RATTAKET CHOEYKLIN
SUJINDA SOMMALI
APILUX LOILONG

NATIONAL CENTER FOR GENETIC ENGINEERING
AND BIOTECHNOLOGY (BIOTEC)



[[TRECEIVED ]
v L whifss!

FINAL REPORT

COMPARATIVE FUNGAL DIVERSITY STUDIES OF THE
ENDOPHYTIC AND SAPROBIC FUNGI ON THE BRACKISH
WATER PALM NYPA FRUTICANS IN THAILAND.

BRT R 352112

DECEMBER 2009 - NOVEMBER 2010

E. B. GARETH JONES
JARIYA SAKAYAROJ
NATTAWUT RUNGJINDAMAI
RATTAKET CHOEYKLIN
SUJINDA SOMMAI
APILUX LOILONG

NATIONAL CENTER FOR GENETIC ENGINEERING
AND BIOTECHNOLOGY (BIOTEC)



General information

ii

1. Project Title: Comparative fungal diversity studies of the

endophytic and saprobic fungi on the brackish water palm Nypa

JSruticans in Thailand.

2. Principle investigator: Dr.Jariya sakayaroj

Position: Researcher
Address: BIOTEC, 113 Paholyothin Road,
Khlongl, Khlong Luang, Pathumthani,
12120, Thailand.
Tel:02- 564-6700 ext. 3242

3. Institution/Organization Head: Dr. Lily Eurwilaichitr
Position: Director of Bioresources Technology Unit
Address: 113 Paholyothin Rd., Klong 1, Klong Luang,
Pathumthani 12120 Thailand
Tel: 02-564- 6700 ext. 3464
E-mail: Lily@biotec.or.th

4. Investigation team:

4.1 Professor E. B. Gareth Jones
Address: BIOTEC, 113 Paholyothin Road, Khlong 1,

Khlong Luang, Pathumthani, 12120, Thailand.

Tel: 02- 564-6700 ext. 3251
Present Post: Researcher
Specialist : Professor

e-mail: remispora@gmail.com




iii

Responsibilities in the research project:

Overall charge of all aspects of the research
project, field work, communication,
administration, writing research reports and
scientific papers in international impact

journals.

4.2 Mr. Nattawut Rungjindamai
Address: BIOTEC, 113 Paholyothin Road, Khlong 1,

Khlong Luang, Pathumthani, 12120,
Thailand. Tel: 02- 564-6700 ext. 3242

E-mail: Nattawut.run@biotec.or.th

Responsibilities in the research project:

Responsible for sequence analysis, construct of
phyloenetic trees of the endophytic fungi
isolated from Nypa fruticans. Writing research
reports and scientific papers in international

impact journals.

4.3 Miss Apilux Loilong
Address: BIOTEC, 113 Paholyothin Road, Khlong 1,

Khlong Luang, Pathumthani, 12120,
Thailand. Tel: 02- 564-6700 ext. 3715

E-mail: apilux.loi@biotec.or.th

Responsibilities in the research project:



Documentation of saprophytic fungi on the
palm Nypa fruticans and the isolation of
endophytic fungi from the same palm.
Identification of the fungi isolated and their
deposition in the BIOTEC Culture
Collection.
4.4 Miss Sujinda Sommai
Address: BIOTEC, 113 Paholyothin Road,

Khlong1, Khlong Luang, Pathumthani,
12120, Thailand.

Tel:02- 564-6700 ext. 3242

E-mail: sujinda.som@biotec.or.th

Responsibilities in the research project:
Responsible for media preparation, growth
of fungi, maintenance and deposition of
cultures, extraction of DNA from sterile
endophyte strains.

4.5 Dr. Rattaket Choeyklin
Address: BIOTEC, 113 Paholyothin Road,
Khlong1, Khlong Luang, Pathumthani,
12120, Thailand.
Tel:02- 564-6700 ext. 3531

Responsibilities in the research project:

Identification of Basidiomycetes and

assistance with field work.

v



SUMMARY -

= o ¥ 4 g s A4 ' - 3 o
miﬁﬂ‘msmwuuuwumnmnﬂuﬂmn‘nmuagiumnmmﬂiaﬂ VINUUHTIN 9 1uﬂ5$lﬂﬂ‘lﬂﬂ 310

msfnu s sy Tnsufifunnumauiudeds Tu o Smianaluniald manaraazniansfussnves
Uszma 915119061 591 Frpdnusnguuea Taieimunniiqa S1uau 54 vile ﬁﬁtjva"lajwumsﬁuﬁuf
upveIdeme 33 ¥ila wHATededn 14 vilauaz suifen 1 ¥ila Neiinsiafnutiosnnia 6 undais iy 3
wia 1aun Linocarpon appendiculatum (12-47.4%), Astrosphaeriella striatispora (10.3-

2 o v
40%), Trichocladium nypae (8.8-76.3%) #1314 3 wilassnandmuluynurasdiedniifudadiy

as 1 A

4” Y ' . =5 t oy s ' o = .:'{ =3 9/
HONINU QWUL‘H'E]THNE)ﬂ‘lﬂuﬂ Arcyrza Sp. WQ“HL?‘IEJNS1UQ'IL!WU‘]JLI¢I’JE)EJN‘]J'Iﬁl!%UﬂE)L!‘HSBUHﬁuﬂWmﬂ

¥
o

' dee g o a g ) )
nou ﬂi\ﬂﬁ]Q!']JHTIEN']u’VlWUi']llJﬂﬂl'lJUﬂiﬂlﬁﬂ'ﬂuﬂuiﬂﬂ

The biodiversity of fungi on Nypa fruticans which is a brackish water palm were
studied in many regions of Thailand. Saprophytic fungi from 9 locations was made with
water salinity was measured at each site, resulting 54 ascomycetes , 33 anamorphic taxa ,
14 basidiomycetes and 1 myxomycete. The fungi Linocarpon appendiculatum (12-
47.4%), Astrosphaeriella striatispora (10.3-40%), Trichocladium nypae (8.8-76.3%)
were the most frequent taxa. These three common taxa colonized on the Nypa palm

materials in every location. The myxomycete Arcyria sp. is first recorded from our report.
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- Background

In our study of palm fungi in Thailand, we have focused entirely on those occurring in
terrestrial, peat swamps and freshwater habitats. The palm Nypa fruticans is unusual in
that it occurs from nearly fully saline waters, to freshwater, but does best at salinities of
20 %o. It is therefore an interesting host for a variety of reasons:

1. Is the fungal community in saline conditions different to that in freshwater

habitats?

2. In freshwater intertidal habitats the period the palms are exposed for are longer
than those in marine tidal areas.

3. There is considerable debate as to the origin of marine fungi. Ascomycetes and
basidiomycetes are almost certainly terrestrial species that have migrated from
land, to freshwater and from mangroves to the sea. Thus mangrove areas may
have been transitional regions for the migration of marine fungi.

4. Anatomically Nypa palm petioles and bases are large and can support a wide
range of fungi, because of the rich food reserve.

5. Do typically marine/mangrove fungi occur as endophytes?

The primary objective of our research group is to document the fungal diversity of
Thailand, their isolation into axenic culture and conservatiomn, and to exploit their
potential for the production of bioactive compounds, new chemical structures and enzyme
activity. Jones et al. (2004) have summarized knowledge of the fungi reported from
various substrata and habitats, and indicated some 6,000 are now documented for
Thailand.

Our group has focused on marine fungi, seed and litter fungi, and those growing on
various terrestrial and peat swamp palms. Hyde et al. (1997) and Frohlich and H};de
(2000) have demonstrated that palms world wide support a particularly rich fungal
diversity, focusing on those from Australia, Brunei, Indonesia, Malaysia, Singapore and
Hong Kong. As a result of their studies, many new genera and species have been
described.

In 2004 we commenced our studies of fungi on palms focusing on those growing on
fbur peat swamp palms (Eleiodoxa conferta, Licuala longicalycata, Metroxylon sagus and

Nenga pumila) resulting in the discovery of 51 new species, 17 of which have been
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described. The saprophytic fungi-on senescent terrestrial, and peat swamp palms, each
supported a unique fungal diversity. Saprophytic and endophytic fungal communities of

the terrestrial oil palm , were also significantly different.

Project Objectives

1. To undertake a comparative floristic study of saprobic and endophytic fungi on the
brackish water palm Nypa fruticans.
2.To compare groups between fungi colonized on Nypa fruticans with various

water salinity.



Introduction .
Nypa fruticans is a brackish water palms growing in soft mud and slow moving
tidal and river waters that bring in nutrients. The palm can be found as far inland as the
tide can deposit the floating nuts. It is common on coasts and rivers flowing into the

Indian and Pacific Oceans, from Bangladesh to the Pacific Islands.

Saprophytic fungi isolated from Nypa fruticans

This palm is distributed in many regions; eastern, central and southern parts of
Thailand which differ in water salinity, ranging from freshwater, brackish and marine
habitats. Since Pilantanapak et al. (2005) have undertaken a study of saprophytic fungi
colonized on Nypa fronds from the central region of Thailand, after that there have few
studies on biodiversity of the saprophytic fungi especially marine fungi on Nypa fruticans
from Thailand. There are still many areas of Nypa forests in southern Thailand that have

not sampled for saprophytic fungi.

Fungal endophytes

Endophytes are those microbes, which inhabit the living tissues without showing any
clinical symptom of pathogenicity. (Sturz et al.,2000 and Wilson, 1995) Endophytes may
account for high fungal numbers which some may become pathogens and others are
becomes saprobes following plant death (Zhou and Hyde, 2001).

Many plants have been studied for endophytic mycoflora including palms.
Rodrigues and Samuals (1990) isolated endophytes from tropical palm of genera Licuala
ramasayi, 11 fungi were isolated.

As summary of previous palm research projects during the period since 2004 study
of the endophytes of Elaeis guineensis (oil palm in plantations) and Licuala spinosa have
been undertaken. From this time on our report is a preliminary study of the endophytes on

palm Nypa fruticans.



Materials and methods
Sample collection
Decaying petioles and fronds of Nypa fruticans were collected randomly at the
estuarine Nypa forest in 1) Trang, Satun, Surat Thani, Ranong, Nakhon srithammarat and
Chumphorn provinces in the south and 2) Samutsakorn, Samutprakarn and Chachoengsao
provinces from the central regions. Water salinity was measured at each site and Nypa
samples were returned to the laboratory where they were incubated in plastic boxes with

moist tissue paper.

Table 1. Collecting locations and water salinity.

Site /Province Salinity (psu %o)
Surat Thani 2
Trang 5
Ranong 2
Nakhon srithamarat 25
Chumphorn 32
Satun 26
Samutsakorn 15
Samutprakarn 15
Chachoengsao 17

Isolation of the saprophytic fungi on Nypa fruticans

Single spore isolations were made from the fresh and incubated materials in the
laboratory. The isolation media was Corn Meal Agar (CMA) with added antibiotics
(Streptomycin 0.5 g/l, Penicillin G 0.5 g/l) and the media use of both freshwater and
seawater in which appropriate to the fungal collected from different of material salinity.
Germinated spores were transferred to the Potato Dextrose Agar (PDA), and incubated at

room temperature until growth.



Fungal diversity analysis -
The frequency of the fungal occurrence of each taxon collected from all collections

was analyzed by using the formula below.

Frequency of Occurrence(% FO) = Occurrence of individual taxa x 100

Number of total samples examined

Isolation of the endophytic fungi from Nypa fruticans.

The study of the endophytes on Nypa fruticans was preliminarily undertaken, to be
able to formulate a plan for the second part of this study. Ten trees of Nypa fruticans were
selected for sampling at 3 different locations in southern Thailand, (Kra Isthmus, Bang
Bane (Ranong Province) and Bang Bai Mai (Surat Thani Province). A whole leaf of Nypa
fruticans was cut from a mature tree (Figure 3). Different parts of leaf, consisting of
branches, petioles, rachises, veins and laminas were sectioned into small fragments.
Those pieces were kept in plastic bags and brought back for endophyte isolation in
Bangkok. Moreover data i.e. water salinity and Global Positioning System (GPS) of each
collecting site were recorded (Table 4). Our results showed that salinity of water collected
from Bang Bane Beach had the highest salinity (25 psu) whiles salinity of the two another
sites are 3 and 2 psu.

Plant samples were rinsed and wash with tap water and finally dried under biosafety
cabinet. Simple sterilization method was used to remove epiphytes. Ten pieces of each
branches, petioles, rachis, veins and laminas were submerged into disinfectant and rinsed
with sterilised distilled water. They were then put onto corn meal agar adding antibiotics.
Plates were incubated at room temperature and observed for fungal growth everyday for 2

weeks.
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Figure 2. Fresh cut of palm Nypa frut



Results and Discussion

Frequency of occurrence of saprobic fungi on Nypa fruticans

Summary of fungal taxa collected from 9 locations 591 samples examined was
supported 54 ascomycetes, 33 anamorphic fungi, 14 basidiomycetes and 1 myxomycete.
(Table 2)

As the result shown in Table 2 most of the saprophytic fungi colonized on dead
Nypa palm materials are the ascomycetes while hyphomycetes also have various taxa but
show lower frequencies. In comparison of all the groups in Fig 3, the ascomycetes have
greatest frequency of occurrence (53.5%) followed by anamorphic fungi of 32.67%

occurrence, basidiomycetes of 13.8% and myxomycete of 0.99%.

= Basidiomycete m Ascomycete mAnamorphicfungi = Myxomycete

1%

Figure 3. Groups of saprophytic fungi colonized on Nypa fruiticans

The ascomycetes showed the greatest occurrence and mostly colonized at the bases
and petioles (1.38 - 2.41 taxa per sample). The saprophytic fungi documented on the
Nypa palm included many species reported to be host specific or showing host preference

with some taxa have not been found on other terrestrial palms.
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Table 3. (continued)

14

Original Code Genus Epithet Order Family Collection Date Substrate Province
RCK00218 Unidentified Unidentified Unidentified Unidentified 15/9/2010 Nypa petiole Samutsakorn
RCK00231 Unidentified Unidentified Unidentified Unidentified 15/9/2010 Nypa petiole Samutprakarn
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Comparison of fungal groups at different salinity

When compare the water salinity of the collection sites (data shown in Table 1), the
fungal groups colonized on the materials from different salinity is significantly distinct
from freshwater (0-5 psu.) brackish (5-15 psu.) to marine (>15 psu.) (Figure 4).

The locations with low water salinity (Trang, Ranong and Surat Thani province),
many of fungal taxa colonized are similar to the freshwater group (e.g. Helicosporium
Helicoma and Acrogenospora). In contrast when the locations have higher level of
sfalinity (Samutsakorn, Satun, Samutprakarn, Nakhon srithammarat and Chachoengsao
provinces ) the fungal taxa colonizing the materials are more to marine fungi group

( Halosarpheia, Saagaromyces, Lulworthia and Savoryella) (Pilantanapak, et al.2005).

|
|
|
H
|
|
i
i
i

= lowsaline |
m high saline

# Brackish

Ascomycete Anamorphic fungi Basidiomycete

Figure 4. Comparison of fungal groups at different salinity

From data shown in Fig.4, there is no significant difference among the ascomycete
group found at any salinity while in the hyphomycete and basidiomycete groups they are
relatively different. Lower water salinity yielded higher occurrence of hyphomycete
(black arrow) as well as the basidiomycete that have greater colonization at low water
salinity (yellow arrow) However we also found the true marine basidiomycetes such as
Halocyphina villosa and Calathella sp. which can colonized on materials in fully saline
water.

From this study five collections of Basidiomycota were found from Ranong, Nakhon

Si Thammarat, Samut Sakhon, Surat thani and Samut Prakan Provinces. Among these the
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polyporaceous fungi were quite common on palm, especially a fungus Grammothele
fulfgo. Moreover, this fungus was frequently found at the basal part of Nypa palm.

Twenty-one samples of bastdiomycetes on Nypa fruticans were collected from all
collections. Six samples belong to the order Agaricales divided into four families i.e.
Marasmiaceae (2 samples), Psathyrellaceae (2 samples), Schizophyllaceae (1 sample),
and Coprinaceae (1 sample). One sample was identified to species level ,while five
samples were identified to genera level.

Twelve samples belong to the order Polyporales divided into three families i.e.
Polyporaceae (10 sample), Meruliaceae (1 sample), Phanerochaetaceae (1 sample).
Eleven samples were identified to species level, while one sample was identified to
genera level. The family Polyporaceae is a largest saprophytic group of basidiomycetes
collected from Nypa fruticans, followed by the Meruliaceae and Phanerochaetaceae,
respectively. Grammothele fuligo is very common and represents as the largest number
of collections on Nypa fruticans. Additionally, other three basidiomycetes samples are

await further identification.

Grammothele fuligo

BASIDIOCARPS annual. PILEUS resupinate, widely effused, hard and brittle, bluish
white when fresh to bluish-grey and dark brown when mature. HYMENIAL SURFACE
pores. PORES SURFACE bluish white, grey, darkening with age to almost black. PORES
angular, thin-walled, 8 — 16 per mm. TUBES shallow. CONTEXT dark brown and very
thin. BASIDIA clavate, hyaline in Melzer’s reagent, thin-walled, 25 — 30 x 4 — 6 um,
sterigmata very long 5 x 1 — 2 um. BASIDIOSPORES cylindrical to slightly allantoid,
hyaline, thin-walled, smooth and non-amyloid, 8 — 9 x 3.5 — 4 um. HYPHAL SYSTEM
dimitic, generative hyphae with clamped, hyaline, 2 — 3 um wide, skeletal hyphae, thick-
walled to solid, olivaceous light brown in 5% KOH, dextrinoid in Melzer's reagent, 3 — 5
um wide, unbranched. DENDROHYPHIDIA present, especially along the pore edges.
SUBSTRATE on Nypa fructicans. Distribution in pantropical (Ryvarden and Johansen,
1980). Figure 10
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Short description of basidiomycetes collected from Nypa fruticans

Phanerochaete sp.
Fruit body resupinate, smooth, cream to pale yellowish-brown. Monomitic hyphal system,
generative hyphae slightly thick-walled, simple septa present, hyaline in Melzer’ reagent,
4-5 um wide. Cystidia hardly encrusted with crystal, 40 x 11 um. Basidiospores allantoid
to cylindrical, 5.12 x 2.82 pm (n=25, Q=1.90), verrucose, apiculus, thin-walled, hyaline.
Specimens examined. Thailand. Lam Fah Pha, Samutprakarn Province, Nypa
petioles, Collector, R. Choeyklin, 15 September 2010 (RCK00233).

Marasmiellus sp.
Fruit body stipitate-captate to sessile, pileus 3-15 mm wide, stipe 5 x 0.5 mm, cylindrical,
colour fading from dark brown to cream base to apexed, stipe surface prunnose, twisted
and slightly striate. Basidiospore subglobose to ellipsoid, fusoid, non-dextrinoid, thin-
walled, smooth.

Specimens examined. Thailand. Samutsakorn Province, Nypa leaf, Collector, R.

Choeyklin, 15 September 2010 (RCK00214).

Psathyrella sp.
Fruit body stipitate-captate. Pileus parabolic, diameter 18 mm wide, slightly striate and
inrolled at pileus margin. Texture very thin less than 1 mm thick. Lamellae attachment
adnate, lamellae-face purplish-black and micaceous, lamellae colour purplish-black. Stipe
cylindrical, 18.5 x 2.5 mm, stipe surface longitudinal- striate. Context hollowed, cream
colour. Basidiospore subglobose to ellipsoid, 7.88 x 5.92 um (n=25, Q=1.35)thick-walled,
wall up to 1 pum thick, smooth, hyaline to nearly pale brown when young, brown colour
when mature in Melzer’s reagent, germ pore present, basidiospores are various size and
some immature spore has a guttulate inside the spore.

Specimens examined. Thailand. Samutsakorn Province, Nypa petioles, Collector,

R. Choeyklin, 15 September 2010 (RCK00215).

@
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Number of basidiomycetes samples in each order

i 12,57%

[Cl Order Agaricales B Order Polyporales @ Unidentified I
Figure 5. Numbers of Basidiomycetes samples in each order.

The result of our study showed that the numbers of basidiomycetes samples are
divided into three groups (Fig.5) The order Agaricales gave highest occurrence (6
samples, 29%) followed by the Polyporales (12 samples, 57%) and unidentified (3
samples, 14%).

The number of basidiomycetes samples are divided into several families including
Marasmiaceae (2 samples, 10%), Psathyrellaceae (2 samples, 10%), Schizophyllaceae (1
sample, 5%), Coprinaceae (1 sample, 5%), Polyporaceae (10 samples, 47%), Meruliaceae
(1 sample, 5%), Phanerochaetaceac (1 sample, 5%) and unidentified (3 samples,

13%).(Fig. 6)
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Number of samples in each family
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Saprotrophic basidiomycetes are usually found on petioles of Nypa fruticans, because
the petioles of posses larger area for fungal attachment, suitable humidity, optimal
temperature and nutrients (Jones and Choeyklin, 2008). These factors might facilitate a
greater chance for saprotrophic basidiomycete colonization. Substrate utilization by
saprotrophic basidiomycetes depends on the substrata and environment from which they

were isolated (Jones and Choeyklin, 2008).
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Numbers of endophytic fungi isolated on Nypa fruticans

| Our results demonstrate that endophytic fungi of Nypa fruticans which were
collected from three different locations mostly came from vein (339 isolates) and
larmina(266 isolates) while only a few endophyte isolates obtained from branch, petiole
and rachis (Table 4). Considering on different collecting sites, Kra Isthmus yielded
highest numbers of fungal endophytes of 328 isolates. MeanWhile Bang Bai Mai and Ban
Bane gave lower numbers of endophytes accounting for 136 and 157 isolates,
respectively. In conclusion, 621 fungal strains were obtained from Nypa fruticans.

Some endophyte strains were randomly selected for further study on bioactivities
and phylogenetics studies. The chosen strains were deposited at BIOTEC Culture
Collection (BCC) accounting 186, 75 and 82 for Kra Isthmus, Bang Bai Mat and Bang
Bane, respectively. '

Due to fungal endophytes failed to produce a sexual structure, our isolates were
categorized according to their morphotypes which varied in term of types of mycelium,
colors of hypha and types of colony. Sixty eight morphotypes which is most diverse were
recorded from endophytes obtained from Kra Isthmus. Moreover, 44 and 45 morphotypes
were recognized from another 2 sites. The numbers of strains which are the most 3
frequent morphotypes of each collecting sites were shown in Table 5. Most abandon
morphotypes isolated from Nypa fruticans from Kra Isthmus is Type 1 accounting 128
isolates (39 %), while morphotype 68 and 2 are the second and third frequently strains
with 21 and 20 isolates, respectively. Meanwhile Nypa fruticans harbors lower amounts

of morphotypes.
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Common fungi recorded on Nypa fruticans

Linocarpon dppendiculatum (12-47.4%), Astrosphaeriella striatiséora (10.3-40%),
Trichocladium nypae (8.8-76.3%) were the most frequent taxa or common taxa on the
Nypa palm from our collection.

The largest group recorded from this report is host specific especially on Nypa
Jruticans many taxa found high frequency of occurrence with some species is unique to
Nypa fruticans e.g. Tirisporella beccariana (Figure7). Further collections of these fungi
are required to resolve their ecological niche. The other factor affecting the presence or
absence of the fungi is seasonality (rainfall) with variation in pH, salinity and temperature

at the sampling locations.

New record fungi colonized on Nypa fruticans

From our data has shown in Table 2 have some fungal group that firstly occur on
Nypa fruticans such as one slime mold (myxomycota) Arcyria sp. have never been
reported on any palm materials include Nypa fr-uticans. |

Nypa fruticans may be considered as one of the mangrove hosts supporting richest
fungal diversity in mangroves as could be seen from the present and previous studies. But
there are more expected numbers of the saprophytic fungi on this palm because of the
unclear description on some taxa await further identification.

In conclusion, this study shows that the submerged parts of the Nypa fruticans fronds
have richness in fungal diversity, due to the salinity gradient which is directly important
factor affected to the fungal group colonized on the Nypa palm. Because of this, further

biodiversity study on this palm still need to be made.



Common fungi found on Nypa fruticans

Figure 7. Tirisporella beccariana

a. ascus with 8 matured ascospores.

b-e ascospore with polar appendages and hyaline end cell.
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Figure 8. Astrosphaeriella striatispora :
a-b ascospore with mucilaginous sheath.

c. ascus with 8 ascospores.

Figure 9. (a) Helicascus nypae ascospore with hyaline end cell and

(b) Trichocladium nypae conidia with hyaline end cell.
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Figure 10. Grammothele fuligo. 1. Basal frond of Nypa fructicans. 2. Basidiocarps in
natural habitat. 3. Basidiocarp 7x. 4. Longitudinal section of basidiocarp 4x .(white

circle), red circle is plant tissue. 5. Basidia with basidiospores on sterigmata 40x.
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6. Basidia 60x. 7. Dendrohyphidia from pore edges. 8 — 9. Basidiospores. (4-6, 8-9).
Stained with Melzer’s reagent. (7). Stained with phloxine.

New record fungi on Nypa fruticans
s

Figure 11. Calathella sp. (young stage of fruiting body)

Figure 12. The Myxomycete Arcyria sp. (as first record on Nypa fruiticans)
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1. Poster presentation at the 14™ BRT annual meeting at Ubolrachathani 10-12
October 2010.
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Biodiversity of the fungi on palm Nypa fruiticans from various regions of
Thailand.
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Rungjindamai and Sujinda Sommai

National Center of Genetic Engineering and Biotechnology , Thailand Science Park ,

Pathumtani

Abstract

The biodiversity of fungi on Nypa fruiticans, a brackish water palm as studied in
many regions. Saprophytic fungi from 6 locations were collected and water salinity
measured at each site, seventy-two fungal taxa were recorded from our study, forty eight
ascomycetes, nighteen anamorphic taxa, three coelomycetes and two basidiomycetes
were recorded. Linocarpon appendiculatum (12-47.4%), Astrosphaeriella striatispora
(10.3-40%) and Trichocladium nypae (8.8-76.3%) were the most frequently collected
species. These three common fungi colonized Nypa at each collection and collection site.
The basidiomycete Grammothele fuligo was collected and shown to be a regular species

on Nypa material.

Introduction

Nypa fruiticans is a brackish water palm that grows in soft mud and slow moving tidal
and river waters that bring in nutrients. The palm can be found as far inland as the tide
can deposit the floating nuts. It is common on coasts and rivers flowing into the Indian
and Pacific Oceans, from Bangladesh to the Pacific Islands. The fungi colonizing it have
been well documented by Hyde (1992), Hyde and Alias (1999) and Hyde et al. (1999).
Currently, 106 fungal taxa have been recorded on Nypa fruiticans from South East Asian
countries including: Brunei (Hyde 1988, 1992a, Hyde and Sarma 2006), Malaysia (Hyde
et al. 1999, Hyde and Alias 1999, 2000), Phillipines (Besitulo et al. 2002), Papua New
Guinea (Hyde 1992b) and Thailand (Hyde 1988, Hyde and Nakagiri 1989, Hyde 1992b,
Pilantanapak 2005). Since Pilantanapak er al. (2005) have undertaken a study of
Saprophytic fungi colonized on Nypa fronds from the central region of Thailand, after that
there have few studies on biodiversity of the saprophytic fungi especially marine fungi on

Nypa fruiticans from Thailand.
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This palm is distributed in many regions; eastern , central and southern parts of
Thailand which differ in water salinity, ranging from freshwater , brackish and marine
habitats. In this study we have investigated the fungi associated with Nypa fruticans in
Trang, Satun and Surat Thani province in the south and Samutsakorn, Samutprakarn and
Chachoengsao province from the central region. There are still many areas of Nypa

forests in southern Thailand that have not sampled for saprophytic fungi.

Materials and methods

Sample collection

Decaying petioles and fronds of Nypa fruiticans were collected randomly at the
various sites : 1) Trang, Satun and Surat Thani province in the south and 2)
Samutsakorn, Samutprakarn and Chachoengsao province from the central region. Water
salinity was measured at each site and Nypa samples were returned to the laboratory
where they were incubated in plastic boxes with moist tissue paper.

Isolation

Single spore isolations were made from the fresh and incubated materials in the
laboratory. The isolation medium was Corn Meal Agar (CMA) with added antibiotics
(Streptomycin 0.5 g/, Penicillin G 0.5 g/1) made up with either freshwater or seawater as
appropriate. When spores germinated they were transferred to Potato Dextrose Agar
(PDA), and incubated at room temperature.

Fungal diversity analysis

The frequency of the fungal occurrence of each taxon collected from the collection

analyzed by use the formula below.

Frequency of Occurrence(% FO) = Occurrence of taxon A x 100
Number of samples examined

Results
Frequency of occurrence of fungi saprobic on Nypa fruiticans

Summary of fungal taxa collected from 6 locations with 331 samples examined
supporting 48 ascomycetes,19 anamorphic taxa, 3 coelomycetes and 2 basidiomycetes

(Table 1).

-4



Table 1. Frequency of occurrence of saprophytic fungi on Nypa fruiticans from 6 Thai

locations. - )
Fungi Frequency of occurrence (%)
Surat Samut Chacho  Samut
Trang  Satun Thani Prakarn engsao  Sakorn
Salinity: 5 26 2 15 17 15 psu %o
Ascomycetes
Aniptodera chesapeakensis 34 1.1 2.5 3.9 2.6 1.1
Aniptodera longispora 23 '
Aniptodera nypae 9.2 13.9 2.5 13.7 15.8 8.0
Aniptodera intermedia 23 23 3.9
“Anthostomella nypae 3.4 1.1 1.96 5.3
Arecophila sp. 1.1 5.9
Astrosphaeriella nypae 3.4 1.1 5.9 10.5
Astrosphaeriella striatispora 10.3 9.2 40 7.8 10.5
Carinispora nypae 4.6 1.1
Carinispora velatispora ‘ 34
Cosmospora sp. ‘ 23 15
Dactylospora haliotrepha 1.1
Fasciatispora nypae 6.9 1.96 7.9
Halosarpheia viscosa 23 7.8
Halosarpheia marina 1.1
Helicascus nypae 8.0 2.5
Kallichroma tethys 1.1
Leptosphaeria australiensis 1.96
Leptosphaeria nypicola 2.3 19.5 2.5 1.96 2.6 34
Leptosphaeria sp. 5.7 4.6 7.5 1.96 . 2.6
Lignincola laevis 1.1 2.3 5 15.7% 2.6
Lignincola nypae 34 12.9 25 1.1
Linocarpon appendiculatum 19.5 24.7 325 21.6 474 12
Linocarpon bipolaris 2.3 2.5
Linocarpon nypae 15 3.9 23.7 3.4
Linocarpon angustatum 1.1 23 5 : 23
Linocarpon longisporum 23
Lophiostoma mangrovei 15.7
Lophiostoma sp. 1.1
Lulworthia grandispora 6.9 1.1 9.8 1.1
Marinosphaera mangrovei 23
Massarina sp. 1.1
Mongkiella thalassiae 1.1
Natantispora retorquens 23 25

Neptunella longirostris 1.1 4.6 1.96 23
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Table 1.(continued)
Fungi Frequency of occurrence (%) _
Surat Samut Chacho  Samut
Trang  Satun Thani Prakarn eng sao __ Sakorn
Salinity: 5 26 2 15 17 15 psu %o
Oceanitis cincinnatula 23 4.6
Oxydothis nypae 23 2.3 9.8 2.6
Phomatospora nypicola 4.6 5 1.96 4.6
Saagaromyces ratnagiriensis 2.5
Saccadoella cf. mangrovei 5
Savoryella cf aquatica 1.1 1.1
Savoryella paucispora 4.6 1.96 2.6 1.1
Savoryella lignicola 5.7 22.5 13.7 2.6
Tirisporella beccariana 5.7 5.7 7.5 1.96 2.6 4.6
Trematosphaeria mangrovei 1.1
Vibrissea nypicola 4.6 25.6 7.8 13.2
Verruculina enalia 1.1
Tirispora unicaudata 1.1
Hyphomycetes
Acrogenospora sphaerocephala 1.1
Cirrenalia macrocephala 23
Cumulospora sp. 1.1 5.9
Dactylaria sp. 1.1 1.1
Dictyosporium sp. 5 1.96 7.9
Helicoma sp. 1.1
Helicoma hyalonema 2.5
Helicorhoidion nypicola 34 26.9 5 7.8 26.3 5.7
Helicosporium pannosum 2.5
Helicosporium hongkongense 2.5
Monodictys sp. 1.1 2.5 1.96
Halenospora varium 1.1 1.96 2.6
Monacosporium sp.
Sporidesmium sp. 6.9 25
Thozettella nivea 2.5
Trichocladium achrasporum 34
Trichocladium nypae 8.8 40.9 62.5 64.7 76.3 13
Vanakripa sp. 2.3 34 5 19.6
Coclomycetes
Diplodia sp. 1.1 2.5 1.96
Phoma sp. 23
Phomopsis sp. 23
Basidiomycetes
Grammothele fuligo 1.1 1.96
Halocyphina villosa 25
Average number of fungi 241 197 1.3 1.53 1.9 138
per sample
Total taxa 36 47 31 33 20 16

Total 72 taxa




Of the fungi recorded, the basidiomycetes encountered were: Halqcyphina villosa ,
and Grammothele fuligo. The latter species is a new record as a mangrove species (Jones
et al., 2009). When comparing the fungal community on Nypa at various salinities
differences were observed. At low salinity sites (Trang and Surat Thani province), many
of the fungal taxa were freshwater species (e.g. Helicosporium Helicoma and
Acrogenospora).In contrast at locations with a higher level of salinity (Samutsakorn,
Satun, Samutprakarn and Chachoengsao province ) the fungal taxa were typically marine

fungi ( Halosarpheia, Saagaromyces, Lulworthia and Savoryella).

Common fungi recorded on Nypa fruiticans

Linocarpon appendiculatum (12-47.4%), Astrosphaeriella striatispora (10.3-40%)
and Trichocladium nypae (8.8-76.3%) were the most frequently collected taxa on the
Nypa palm. Many fungi collected were host specific to Nypa fruiticans with a high
frequency of occurrence, while some species are unique to Nypa fruiticans e.g.
Tirisporella beccariana. Further collections of these fungi is required to resolve their
ecological niche. The other factor affecting the presence or absence of the fungi is
seasonality (rainfall) with variation in pH, salinity and temperature at the sampling
locations.
New Record Fungi colonized on Nypa fruiticans

From our data has shown in Table 1 have two taxa firstly occur on Nypa fruiticans
are Cosmospora sp.and Arecophila sp., the Cosmospora sp. rarely colonized on palm
materials even in other terrestrial and freshwater palm species was that surprisingly
colonized on brackish water palm like Nypa fruiticans because most of the fungi in genus
Cosmospora are pathogenic fungi and saprophytic fungi on woody plant tissue or
dicotyledonous plant (Rossman et al.1999) This fungus have many characteristic similar
to the genus Cosmospora according to Rossman (1983) while they have red color
ascomata and change into positive dark red color reaction with KOH and have two cells
ascospores.

The other new record taxa from our data is Arecophila sp. , this fungus was
identified into genus Arecophila because of the similar characteristic by having
unitunicate, cylindrical asci with subapical ring and brown bicellular ascospores.

However , our fungus has superficial and long neck ascomata with no reaction with
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Melzer’s reagent (J-) and the ascospore different from Arecophila nypae by without
striate wall and not surrounded by a mucilaginous sheath.

Cosmospora sp.

Ascomata: Perithecia 350 — 500 um high, 250 - 350 um in diameter , superficial,
aggregate , gregarious , coriaceous, globose to obpyriform orange to red color, collapse
when dry changing color in 3% KOH to deeply red , ostioles obtuse. Asci with
Paraphyses : 75-100 x 30-37.5 um., 8-spored , clavate, thin-walled, unitunicate
deliquescing early , lacking an apical ring. Ascospore: 32.5 — 37.5 x 10 — 15 um.,
biseriate to multiseriate , hyaline,2-celled |, ellipsoid, striate , not constrict or slightly
constrict at the septum, with round or conical ends, no mucilaginous sheath or
appendages.

Habitat: Saprobic on petiole and base of Nypa fruiticans.

Specimen examine : Trang , Surat thani and Ranong provinces, Thailand .

Anamorph : Unknown.

However most of this genera have anamorphs; Acremonium, Fusarium and Volutella
sp. while in our collection this fungus did not produce any conidia then the identification
to the species level have to use the molecular phylogenies base on ITS sequences.
Arecophila sp.

Ascomata 150-200 um in diameter., immersed, becoming superficial, globose , black
carbonaceous , solitary or gregarious. Ostiole central, papillate. Neck up to 350 um
long. Paraphyses absent. Asci 100-125 x 12.5-15 um., 8-spored, cylindrical,
unitunicate, short pedicellate, apical rounded, with J- subapical ring, Ascospores 25-30 x
5 um., biseriate, ellipsoidal, slightly curved, 2-celled, pale brown to brown, not
constricted at the septum, smooth wall and not surrounded by any mucilaginous sheath or
apical appendages.

Habitat: Saprobic on petiole and base of Nypa fruiticans.

Specimen examine : Trang and Samutprakarn provinces Thailand .On petioles and bases
of Nypa fruiticans.

Anamorph : Unknown.

Discussion

This study compares the fungi occurring on the intertidal and terrestrial (non-
marine)or freshwater of Nypa palm, the ascomycetes showed the greatest diversity and

colonized the bases and petioles (1.38 - 2.41 taxa per sample). The saprophytic fungi
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documented on the Nypa palm included many species found to be host specific or

_showing host preference with some taxa not found on other terrestrial palms.

Groups of fungi recorded on Nypa fruiticans

Pilantanapak et al. (2005) divided fungi recorded on Nypa fruiticans in Thailand into
four groups 1). Typically marine/mangrove. 2). Host specific/host preference. 3).
Facultative marine.4) Unknown affinity. From the data presented in Table 1 we can

discern three groups. (Table 2)

Table 2. Groups of fungi recorded on Nypa fruiticans

Groups Fungi

Typically marine/mangrove Aniptodera chesapeakensis
Aniptodera longispora
Halosarpheia viscosa
Oceanitis cincinnatula
Kallichroma tethys
Marinosphaera mangrovei
Lophiostoma mangrovei
Lignincola laevis
Lulworthia grandispora
Natantispora retorquens
Neptunella longirostris
Trematosphaeria mangrovei
Cirrenalia macrocephala
Savoryella lignicola
Savoryella paucispora
Saagaromyces ratnagiriensis
Trichocladium achrasporum
Zalerion varium
Verruculina enalia

Host specific/Nypa specific Aniptodera nypae
Aniptodera intermedia
Anthostomella nypae
Astrosphaeriella nypae
Astrosphaeriella striatispora
Carinispora nypae
Fasciatispora nypae
Helicascus nypae
Leptosphaeria nypicola
Lignincola nypae
Linocarpon appendiculatum
Linocarpon bipolaris
Linocarpon angustatum
Oxydothis nypae
Tirisporella beccariana
Vibrissea nypicola
Trichocladium nypae
Helicorhoidion nypicola

Facultative marine Not found
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Groups Fungi

Unknown affinity Arecophila cf. (new )
Cosmospora sp. (new)
Lophiostoma sp.
Leptosphaeria sp.

Massarina sp.

Mongkiella thalassiae
Dactylaria sp.
Acrogenospora sphaerocephala
Vanakripa sp.

Diplodia sp.

Phoma sp.

Phomopsis sp.

Helicoma hyalonema
Helicosporium pannosum
Helicosporium hongkongense
Thozettella nivea

Moreover, there are evidence indicates that there are probably more than 40 species
that are unique to Nypa fruiticans (Hyde and Alias 2000) The list of the fungi as shown
in  Table 3 are the fungi only known on Nypa fruiticans . From our collection found
marine fungal taxa with low frequency support those occurrences on the materials they
still have ability to grow and reproduce when totally or periodically submerged in

seawater or estuarine water (Kohlmeyer and Kohlmeyer 1979).

Comparison of fungi colonizing the brackish water palm Nypa fruiticans with other
terrestrial palm.

A comparison of the fungi colonizing on peat swamp palm Eleiodoxa conferta with
Nypa fruiticans (Pinnoi 2006) shows that there are few species/genera in common:
Astrosphaeriella, Linocarpon and Oxydothis. However, the genera Carinispora,
Fasciatispora, Halocyphina, Helicascus, Lignincola and Lulworthia, which are common
on Nypa, have not been recorded on E. conferta. These genera are more commonly found
on substrata in marine habitats (Poonyth et al., 1999) and may require sodium chloride for
growth, while those on E. conferta may not be salt tolerant. The latter may be more
tolerant to acidic waters, while marine fungi tend to occur in more alkaline waters. When
compare with other palm such as Licuala longicalycata (Pinruen 2007) group of the fungi
on those palm were definitely different although in some site that has condition nearly

freshwater habitat, there are some freshwater species occurred on Nypa : Helicoma ,
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Helicosporium and Thozettella. However, considering that most of the fungi found on
Nypa palm are intertidal and do not appear to occur on non-palm hosts. There are only
two other species of mangrove palm which may support these intertidal palm fungi (i.e.

Calamus erinaceus, Oncosperma tigillarium; Tomlinson 1986)

Numbers and biodiversity of fungi on Nypa fruiticans

Nypa fruiticans may be considered as one of the mangrove hosts supporting richest
fungal diversity in mangroves as could be seen from the present and previous studies.
The latest estimate numbers of the fungi on this palm of the Southeast Asian countries
(Thailand, Brunei, Malaysia, Phillipines, Papua New Guinea and Indonesia) and India is
106 species which includes our data (72 taxa) in Thailand which some taxa overlapping
with other terrestrial and freshwater hosts. (listed in Table 4) But there are more expected
numbers of the saprophytic fungi on this palm because of the unclear description on some
taxa to be awaiting for corrected the identification.

In conclusion, this study shows that the submerged parts of the Nypa fruiticans
fronds have richness in fungal diversity but however, due to the salinity gradient which is
directly important factor affected to the fungal group colonized on the Nypa palm.

Because of this, further study of biodiversity on this palm still need to determine.
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Bz 1-11 Cosmaospore sp.

1-3 Ascemata enbase and petinle of Nypa fruiticans . 4. Asons vath smatee ascospaes.

5 Matme azos 6. Yomng asa. 7-11 Stiated ascospores Scale bars 1-3 = 1000m; 4-6 =20 um;
7-11=10mm_
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Table 4. List of the fungi described on Nypa fruiticans from South East Asia

Taxa :

Taxa -

Ascomycetes

Aniptodera chesapeakensis Shearer and M.A Mill
Aniptodera cf. limnetica

Aniptodera longispora K.D.Hyde

Aniptodera nypae K.D.Hyde

Aniptodera intermedia K.D.Hyde and Alias
Anthostomella nypicola K.D.Hyde,Alias and B.S. Lu

Anthostomella nypae K.D.Hyde,Alias and B.S. Lu
Anthostomella nypensis K.D.Hyde,Alias and B.S. Lu

Anthostomella cf. remii
Arecophila nypae K.D.Hyde

Arecophila sp.
Astrosphaeriella cf. mangrovis

Astrosphaeriella nypae K.D.Hyde
Astrosphaeriella striatispora K.D.Hyde
Carinispora nypae K.D.Hyde

Carinispora velatispora K.D.Hyde

Cosmospora sp.

Dactylospora haliotrepha Kohlm. And E.Kohlm.
Fasciatispora lignicola Alias, E.B.G.Jones and
Kuthub.

Fasciatispora nypae K.D.Hyde

Fasciatispora petrakii

Halorosellinia oceanica Whalley, E.B.G.Jones,
K.D.Hyde and Laessoe

Halosarpheia abonnis Kohlm.

Halosarpheia viscosa Shearer and J.L.Crane
Halosarpheia marina Kohlm.

Halosarpheia sp.

Helicascus nypae K.D.Hyde

Herpotrichia nypicola K.D.Hyde and Alias
Kallichroma tethys Kohlm. And Volkm.-Kohlm.
Leptosphaeria australiensis G.C.Hughes

Leptosphaeria nypicola K.D.Hyde and Alias
Leptosphaeria sp.

Lignincola laevis Hohnk
Lignincola nypae K.D.Hyde and Alias
Linocarpon appendiculatum K.D . Hyde

Linocarpon livistonae

Linocarpon nypae K.D.Hyde

Linocarpon angustatum K.D.Hyde and Alias
Linocarpon longisporum K.D.Hyde
Lophiostoma mangrovei Kohlm. And Vittal
Lophiostoma sp.

Lulworthia grandispora (500-1000x3.7um)
Meyers

Lulworthia grandispora (462-500x3.7um)
Meyers

Manglicola guatemalensis Kohlm. and E.
Kohlm.

Marinosphaera mangrovei K.D.Hyde
Massarina sp.

Mongkiella thalassiae Kohlm. and Volkm.-
Kohlm.

Natantispora retorquens Shearer and
J.L.Crane

Neolinocarpon globosicarpum K.D.Hyde
Neolinocarpon cf. nypicola

Neptunella longirostris Kohlm.

Oceanitis cincinnatula Shearer and J.L.Crane
Ophiostomella sp.

Oxydothis nypicola K.D.Hyde

Oxydothis nypae K.D.Hyde and Nakagiri

Oxydothis sp.1
Oxydothis sp.2
Phomatospora nypae K.D.Hyde

Phomatospora nypicola K.D Hyde and Alias
Rosellinia sp.
Saagaromyces ratnagiriensis S.D.Patil and
Borse
Saccadoella cf. mangrovei
Savoryella cf aquatic
Savoryella paucispora Jorgen Koch
Swampomyces sp.
Tirisporella beccariana E.B.G.Jones,
K.D.Hyde and Alias
Trematosphaeria mangrovei Kohlm.
Tirispora unicaudata E.B.G.Jones and
Vrijmoed
Trematosphaeria lineolatispora K.D.Hyde
Tubeufia sp

Verruculina enalia Kohlm. and Volkm.-
Kohlm.

Vibrissea nypicola K.D.Hyde and Alias
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Table 4. (continued)

Taxa Taxa

Mitosporic fungi -Basidiomycetes
Acrogenospora sphaerocephala Grammothele fuligo

Cirrenalia macrocephala Meyers and R.T.Moore
Cirrenalia pygmea Kohlm.

Cumulospora sp.

Dactylaria sp.1

Dictyosporium elegans

Dictyosporium sp.

Diplodia sp.

Helicoma sp.

Helicoma hyalonema

Helicorhoidion nypicola K.D.Hyde and Goh
Helicosporium pannosum

Helicosporium hongkongense

Monodictys sp.1

Halenospora varium

Monacosporium sp.

Nypella frondicola K.D.Hyde and B.sutton
Phoma sp.

Phomopsis sp.

Pestalotiopsis sp.

Plectophomella nypae K.D.Hyde and B.sutton
Pleospora sp.

Pleurophomopsis nypae K.D.Hyde and B.sutton
Sporidesmium sp.

Tetraploa cf. aristata

Thozettella nivea

Trichocladium allopallonellum(Meyers and
R.T.Moore) Kohlm.

Trichocladium achrasporum (Meyers and
R.T.Moore) Dixon

Trichocladium nypae K.D.Hyde and Goh
Vanakripa sp.

Xylomyces cf. rhizophorae

Halocyphina villosa Kohlm.
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