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Introduction

Peatlands are areas with a unique ecosystem characterized
by the natural accumulation of partially decayed organic
matter from plant biomass under waterlogged, anoxic and
acidic conditions (Wieder et al., 2006; Too et al., 2018, 2021).
The accumulation of this partially degraded organic matter
over long periods leads to the build-up of a thick layer of peat in
waterlogged ground (Chimner and Ewel, 2005; Dobrovol’skaya
et al., 2014). This ecosystem covers 3% (approximately 4
million km?) of the earth’s surface area in the boreal, temperate,
Arctic and tropical zones across many countries (Blodau, 2002;
Rezanezhad et al., 2016; Wieder et al., 2016). Most peatlands
are in Russia, Canada and the USA (Alaska), accounting
for approximately 75% of global peatlands. The remaining
peatlands are in Southeast Asia, in other areas of northern
Europe and in South America (Rydin and Jeglum, 2006).
Tropical peat swamp forests (PSFs), known as peatlands,
coexist with swamp forests and are distributed across the
tropical zone (United Nations Development Programme
(UNDP), 2006). Of the world’s PSFs, more than 60% are
in South-East Asia, including Indonesia, Malaysia, Papua
New Guinea, Brunei, Vietnam, the Philippines and Thailand
(Rieley et al., 1996; Page et al., 2006). In Thailand, PSFs
are mainly located in the southern region (approximately
63,982 ha), such as in Surat Thani province, Nakhon Si Thammarat
province, Narathiwat and Trang province, with the remaining
ones in the eastern region, for example, Rayong province
(Nuyim,2003;Jaiboonetal.,2016; Boonmaketal.,2020; Nasanit
et al., 2020; Satianpakiranakorn et al., 2020). Peat in PSFs is
formed from the incomplete decomposition of the branches,
stems, roots and leaves of woody plants under high rainfall
and high temperature conditions, whereas peat in temperate
and boreal peatlands originates mainly from Sphagnum
mosses, grasses, sedges and shrubs (Cameron et al., 1989;
Nuyim, 2003; Posa et al., 2011; Rieley et al., 2016). Peat domes
in PSFs can accumulate to depths of 0.5-20 m (Whitmore,
1975).

Peatlands are important reservoirs of global carbon,
storing a considerable amount of carbon (500—-1,000 gt) below
ground due to the low rate of organic matter degradation;
consequently, they play an important role in the global
carbon cycle (Nichols and Peteet, 2019; Yu et al., 2021;
Le Geay et al., 2024). Despite the climate change situation,
this ecosystem is considered the largest natural terrestrial
carbon storage repository (Wang et al., 2021; Le Geay et al., 2024).

Degradation of this ecosystem has the potential to change
greenhouse gas (GHG) emissions (Swails et al., 2024).

It has been claimed that climate change has significant
effects on microbial diversity and its function, with this often
related to the reduction of carbon storage and the changing
GHG level in peatlands (Zhou et al., 2020; Robinson et al.,
2023; Zhao et al., 2024). However, as found in various studies,
climate change not always leads to a reduction in microbial
diversity, as it can also increase microbial diversity (Skogen
et al., 2018; Zhou et al., 2020; Nottingham et al., 2022).
Therefore, more studies need to be carried out to gain a better
understanding of climate change effects on microbial diversity
and its function in each ecosystem. Information is required
on microbial diversity in the communities of each ecosystem
to understand the changing microbial diversity. Therefore,
this review article has summarized the diversity in PSFs of
microbial communities, especially yeast communities.

Physical and chemical characteristics of peat

Peat usually has an organic matter content of more
than 30% and an organic carbon content of more than
18% (Hankaew, 2000; Agus et al., 2011). The physical and
chemical characteristics of peat depend on various natural
factors, including: vegetation composition and its degree of
decomposition; nutrient availability; net primary productivity;
accumulation of time; climatic factors, such as water availability
and temperature; water table depth; pH; oxygen concentration;
and other anthropogenic disturbances (Whitmore, 1975;
Nuyim, 2003; Firdaus et al., 2011; Stivrins et al., 2017).
Most PSFs are ombrotrophic peatlands, deriving nutrients
and water from rainfall and dust (Yule and Gomez, 2009;
Ong et al., 2015). In PSFs, plant leaf litter releases tannic acid,
resulting in dark brown, acidic water (Yule and Gomez, 2009).
This dark brown water reduces light penetration, preventing
photosynthesis of organisms in the water which, combined
with a slow flow rate and high temperature, results in an anoxic
environment. The anoxic environment and toxic compounds
released from plant leaf litter inhibit microbial activities,
resulting in a reduced rate of decomposition; therefore,
the outcome is a high carbon concentration (Yule, 2010;
Yule et al., 2016). Consequently, with the combination of
the low rate of organic matter decomposition and the
low nutrient input leads to PSFs becoming a low nutrient
environment (Yule and Gomez, 2009). The amounts of
mineral nutrients, especially phosphorous and potassium,
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are richer at the outer PSF margins but decrease towards
their centers (Whitmore, 1975). The pH values of peat in
PSFs are acidic in the range 2.9—4.9 (Yule and Gomez, 2009;
Jaiboon et al., 2016; Boonmak et al., 2020; Nasanit et al.,
2020).

Plant communities in tropical peat swamp forests

The diverse plant species accommodated in PSFs are
different to those in temperate and boreal peatlands that are
rich in mosses and herbs (Nuyim, 2003; Posa et al., 2011;
Rieley et al., 2016). More than 470 plant species were reported
in PSFs in Thailand (Phengkhlai et al., 1991). In Kalimantan,
Indonesia, 310 species of plants were recorded (Simbolon
and Mirmanto, 1999), while 260 plant species were reported
in PSF in Peninsular Malaysia (Latiff, 2005). PSFs can be
classified into two types based on their plant communities
(Murdiyarso et al., 2019): primary or fertile PSF and secondary
PSF (originally a primary PSF but transformed through
drought, wildfires or land use conversion). Fires within
secondary PSFs are common while fewer such events occur
within primary PSFs (Cole et al., 2019). Primary PSFs
have a greater diversity of plant species than secondary
PSFs (Phengkhlai et al., 1991; Murdiyarso et al., 2019).
Plant species in primary PSFs commonly have a well-defined
root system (Aglaonema marantifolium, Artocarpus elasticus,
Bhesa indica, Campnosperma coriaceum, Calophyllym
sclerophyllum, Dillenia indica, Baccaurea bracteata,
Eugenia claviflora Eugenia longiflora, Eleiodoxa conferta,
Endiandra macrophylla, Eugenia kunstleri, Eugenia
oblata, Eugenia muelleri, Ganua motleyana, Flagellaria
indica, Korthalsia grandis, Licuala paludosa Macaranga
pruinosa, Neesia malayana, Sterculia gilva and Stemonurus
secundiflorus climbing plants). In contrast, plant communities
in secondary PSFs are dominated by Melaleuca spp. and
grass species (Phengkhlai et al., 1991; Hankaew, 2000;
Nuyim, 2003).

The predominant plants reported in the Kuankreng (KK)
secondary PSF in Cha-uat district, Nakhon Si Thammarat
province, Thailand, were: Melaleuca cajuputi, Cyperus
imbricatus, Lepironia articulata and Typha angustifolia, while
the plant community in the Rayong Botanical Garden (RBG)
secondary PSF, Klaeng district, Rayong province, Thailand,
is dominated by Melaleuca quinquenervia, Garcinia cowa,
Calamus deerratus and Shorea bracteolata (Santisuk and
Niyomtham, 1985; Kanitjinda et al., 2016).

Microbial communities in tropical peat swamp forests

Microbial communities in peatlands are important,
not only because they determine the transformation of organic
matter, but also as they affect mineralization and nutrient
absorption of plants that consequently affect the productivity
and functioning of peatlands (Andersen et al., 2013). However,
the knowledge base of microbial communities in peatlands,
including PSFs is relatively limited, with the microbial
communities in boreal and temperate peatlands having
received greater attention (Thormann et al., 2007; Preston
et al., 2012; Andersen et al., 2013; Kiheri et al., 2020;
Kitson and Bell, 2020; Lamit et al., 2021). A few articles have
reported bacterial diversity in PSFs in Malaysia (Jackson
et al., 2009; Jackson and Raub, 2010; Roslan et al., 2015),
in Thailand (Kanokratana et al., 2011) and in Brunei (Tripathi
et al., 2016).

In PSFs in Malaysia, it has been reported that greatest
diversity was in the microbial communities dominated
by bacterial members of the phyla Proteobacteria and
Acidobacteria; however, no methanogens were detected
(Jackson et al., 2009; Jackson and Raub, 2010). In addition, the
bacterial diversity and activity decreased in deeper sediments.
Archaea, particularly the phylum Crenarchaeota, were present
below the peat surface and played a role in methane emissions
(Jackson et al., 2009; Jackson and Raub, 2010). Bacteria in
the genera Dyella, Klebsiella and Paraburkholderia of the
phylum Proteobacteria were isolated from the North Selangor
PSF, Malaysia. The dominant phylum of bacteria in the PSF
in Selangor, Malaysia, was the Proteobacteria and the most
abundant genus was Rhodoplanes, which may be involved in
nitrogen fixation. The families Methanomassiliicoccaceae and
Methylocystaceae were the most abundant methanogens and
methanotrophs, respectively (Too et al., 2018). The prokaryotic
community in peat soil samples from three types of forest in
Sarawak, Malaysia was recently determined through a meta-
16S rRNA gene amplicon analysis using Illumina Miseq.
The results revealed that bacteria in the phyla Acidobacteria,
Proteobacteria, Actinobacteria and Firmicutes covered
80-90% of the total prokaryotic abundance (Dom et al., 2021).
Burkholderia, which has the ability to produce ligninase, was
found in a PSF in the Pekan forest reserve, Malaysia (Roslan et
al., 2015). Furthermore, Paenibacillus tyrfis and Burkholderia
paludis, isolated from soil in two PSFs in Malaysia, were
proposed as two novel bacterial species with antimicrobial-
producing capabilities (Aw et al., 2016; Ong et al., 2016).
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In Thailand, bacterial communities in the Sirindhorn (SD)
or To Daeng PSF (a primary PSF located in various districts in
Narathiwat province, southern Thailand) were dominated
by aerobic, facultative and anaerobic microorganisms.
Actinobacteria and Protobacteria (mainly Alphaproteobacteria)
were the major groups, with minor groups comprising archaea in
the order Methanomicrobiales and eukaryotic microorganisms
(Kanokratana et al., 2011). The acid-resistant purple non-sulfur
bacteria Rhodopseudomonas palustris and two Serratia species
were detected in both primary and secondary areas of Kantulee
(KT) PSF in Surat Thani province and the KK secondary
PSF in Thailand; however, they each had a low population
(Nookongbut et al., 2019).

In Indonesia, the effects of drainage and forest fires on
the methanotrophic activity and community structure of peat
soils in a PSF were studied, with the results revealing that the
population of methanotrophs (Methylomonas spp.) was not
affected (Arai et al., 2014).

Although only one report has been identified regarding
actinobacterial diversity in a PSF in Thailand (Kanokratana
et al., 2011), namely, the KT PSF, various novel species
of actinobacteria have been proposed from strains isolated
from peat soil samples, including: Amycolatopsis acidicola
(Teo et al., 2020); Amycolatopsis acididurans (Teo et al.,
2021); Pseudonocardia acidicola (Klaysubun et al., 2020);
Streptomyces acidicola (Lipun et al., 2020); and Streptomyces
acididurans (Chantavorakit et al., 2021). Furthermore, the
species identified in the RBG PSF were: Kitasatospora humi
(Klaysubun et al., 2022a); Streptomyces humicola (Klaysubun
et al., 2022b); and Streptomyces silvisoli and Streptomyces
tropicalis (Klaysubun et al., 2023).

Only a few articles on PSFs have reported on their fungal
diversity. Fungi, including filamentous fungi and yeasts,
have been discovered to depths of 2.5 m (Jackson and Raub,
2010; Jaiboon et al., 2016). In the PSF in Central Kalimantan,
Indonesia, most fungi were isolated from the upper part
(10-20 cm) of the peat; however, at a depth of 2.5 m, some
fungi were still detected (Artiningsih et al., 2000). Most
were basidiomycetes, such as white-rot fungi in the genera
Coriolopsis, Fomes, Polyporus and Amauroderma along with
brown-rot fungi in the genera Poria, Lentinus and Serpula.
Kanti and Sudiana (2019) assessed fungal diversity in four
types of tropical peatland land use: early pristine peat swamp
forest; un-drained deforested peatlands; drained deforested
peatlands; and degraded peatlands under agriculture in Central
Kalimantan, Indonesia. They reported observations of 11
genera: Acremonium, Aspergillus, Chaetomium, Cladosporium,

Fusarium, Paecilomyces, Penicillium, Pythium, Trichoderma,
Verticellum and Verticillium. Pinnoi et al. (2006) reported
finding saprobic fungi isolated from decaying palm material of
Eleiodoxa conferta in the SD PSF, Thailand. They identified 251
fungal isolates to species level and 176 isolates to the generic
level, while 35 isolates could not be identified. The identified
taxa were divided into ascomycetes (38%), basidiomycetes (2%)
and anamorphic fungi (60%). The most common taxa (higher
than 5% of total isolates) were: Cancellidium applanatum,
Xylomyces aquaticus, Astrosphaeriella sp. and Stilbohypoxylon
moelleri. Phruensis brunneispora, isolated from the decaying
trunk of a palm tree (Licuala longecalycata) in the SD PSF,
Thailand, was proposed as a novel genus and species (Pinruan
et al., 2004). Various strains of fungi in the genera Aspergillus,
Penicillium, Trichoderma and Gongronella were isolated from
organic soil in a secondary PSF in Thailand, with some strains
showing a high level of ability to inhibit tyrosinase (Dej-adisai
et al., 2021). Among the strains with high-level anti-tyrosinase
activity, Aspergillus flavus SPSF318 demonstrated a high level
of activity against tyrosinase, as well as moderate antioxidant
and antibacterial activities. Polyancora globosa obtained from
a PSF in Malaysia was proposed as a novel genus and species
of an aeroaquatic fungus (Voglmayr and Yule, 2006).

Methodology for assessment of yeasts in peat and peat soil

Currently, the assessment of yeasts in natural habitats is
carriedoutusingbothculture-dependentand culture-independent
techniques. The culture-dependent technique is based on the
isolation of yeasts using an appropriate culture medium and
appropriate conditions. Subsequently, pure cultures are identified
based on their molecular and phenotypic characteristics.
On the other hand, in the culture-independent technique, total
genomic deoxyribonucleic acid (DNA) is extracted directly
from the samples and, using various techniques, is subjected to
polymerase chain reaction (PCR) amplification and separation
to identify a single microorganism. These techniques include
denaturing gradient gel electrophoresis, temperature gradient
gel electrophoresis, automated ribosomal DNA restriction
analysis, restriction fragment length polymorphism, ribosomal
intergenic spacer analysis and automated ribosomal intergenic
spacer analysis, which may be combined with DNA sequence-
based identification (Limtong and Nasanit, 2017; Masinova
et al., 2017; Yurkov, 2017). However, yeast identification from
environmental sequences is not yet accurate due to incomplete
reference databases, insufficient taxonomic resolution of the
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DNA markers that are used and computational errors that occur
in the classification of sequences (Yurkov, 2017).

Thormann et al. (2007) used a culture-dependent technique
to assess the diversity of yeast in peat from peatlands.
Peat samples were aseptically collected from peatlands in
Saskatchewan, Canada (at depths of 5 cm and 25 cm), and West
Siberia, Russia (at depths of 0-20 cm). Yeast isolation was
carried out based on direct-plating techniques (Table 1) using
agar medium from the peat sample after surface sterilization
in hydrogen peroxide, with the sample washed with sterilized,
distilled water three times to eliminate surface contaminants.
Yeast strains were identified using the Yeast Identification Test
Panel (YT Microplate) of Biolog (Biolog; CA, USA), based
on biochemical characteristics (oxidation and assimilation
tests of carbon sources). Yeast identities were confirmed with
published information on the morphological and physiological
characteristics for each species. Yeast taxonomy followed the
2007 Index Fungorum (http://www.indexfungorum.org/).

The culture-dependent approach, with an enrichment
technique for yeast isolation and a molecular technique for
yeast identification, was used to investigate yeasts in the SD
PSF, southern Thailand (Jaiboon et al., 2016), as shown in
Fig. 1. Yeasts were isolated based on the enrichment technique
using two enrichment media comprising yeast extract malt
extract broth for all yeast isolation and xylose-yeast nitrogen
base broth for xylose-assimilating yeast isolation (Table 1).
Yeasts were identified based on molecular taxonomy using
analysis of the sequence similarity of the D1/D2 domains of the
large subunit (LSU) rRNA gene.

Table 1 Techniques used for isolation of yeasts from peat and peat soil
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Rayong Botanical
* Garden Secondary PSF,

Klaeng district,
Rayong province

Khanthuli PSF (&) ‘
primary PSF area and '
(B) secondary PSF

area, Tha Chana
district, Surat Thani
province

Kuankreng
Secondary PSF, §
Cha-uat district,

Makhon i Thammarat
province

sirindhorn or To Daeng primary PSF,
Ramsar site no. 1102, Narathiwat province

Fig. 1 Tropical peat swamp forests (PSFs) in Thailand in which yeast
communities were investigated and summarized in this review

Technique Culture medium

Incubation conditions

Yeast colony References

purification

Direct-plating 1) Potato dextrose agar (PDA) supplemented

22°C in the dark,

Cross-streaking ~ Thormann et al. (2007)

technique with oxytetracycline examined daily on malt extract
2) PDA supplemented with oxytetracycline for the first week, agar
and additive* (50% benomyl) every other day for
3) PDA supplemented with oxytetracycline the following 4 wk,
and additive* [solution containing and every 5 d for the
50% benomyl, dichloran (2,6-dichloro-4- following 3 mth
nitroaniline), phenol in ethanol]
*For selectively isolated basidiomycetes
Enrichment 1) Yeast extract-malt extract (YM) broth 30°C on a rotary shaker ~ Cross-streaking  Jaiboon et al. (2016);
technique 2) Xylose-yeast nitrogen base broth for2d on YM agar Boonmak et al. (2020);
Both media supplemented with 0.025% sodium Satianpakiranakorn et al. (2020)
propionate (to inhibit filamentous fungal growth)
and 0.02% chloramphenicol (to inhibit bacterial
growth)
Dilution plate ~ YM agar supplemented with 0.025% sodium 25°C,3-7d Cross-streaking ~ Boonmak et al. (2020);
technique propionate and 0.02% chloramphenicol on a YM agar Satianpakiranakorn et al. (2020)
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The criteria described by Kurtzman and Robnett (1998)
were used to identify ascomycetous yeasts, in which strains with
0-3 nucleotide differences were conspecific or sister species,
and strains showing >6 nucleotide substitutions were different
species. The criteria described by Fell et al. (2000) were used
for basidiomycetous yeasts, in which strains differing by
>2 nucleotide substitutions in the D1/D2 domains represented
different taxa. The phylogenetic analysis of the D1/D2 domains
of the LSU rRNA gene was used to confirm the identification
of yeast species. The enrichment technique using YM broth,
supplemented with chloramphenicol and sodium propionate,
was also applied to isolate yeasts from peat samples collected
from the KT PSF in both the primary and secondary areas,
as shown in Fig. 1 (Boonmak et al., 2020), and from the KK and
RBG secondary PSFs, also shown in Fig. | (Satianpakiranakorn
et al., 2020). The enrichment technique appeared to support
the growth of ascomycetous yeasts better than was the case
with basidiomycetous yeasts (Limtong et al., 2014). Yeasts
from peat or peat soil samples collected from these three PSFs
were assessed beginning with yeast isolation undertaken using
a dilution plate technique, as shown in Table 1 (Boonmak et
al., 2020; Satianpakiranakorn et al., 2020). Yeast identification
was based on sequence similarity and phylogenetic analysis
of the D1/D2 domains of the LSU rRNA gene sequence.

The culture-independent technique was used to assess
yeasts in peat and peat soil samples collected from both the
primary and secondary PSF areas in the KT PSF and from
the KK secondary PSF by Nasanit et al. (2020), based on
isolating DNA from the peat or peat soil samples. The D1/
D2 domains of the LSU rRNA gene were amplified based on
PCR using the primers NL1 and NL4 (Kurtzman and Robnett,
1998) and subsequently were purified. Cloning vectors were
used to construct the recombinant plasmids of the purified
PCR products obtained from each sample and transformed
into E. coli competent cells. The recombinant clones of each
clone library were screened based on colony PCR, with the
PCR products then being restriction analyzed using digestion
with three restriction enzymes: Haelll, Hinfl and Cfol.
The restriction fragment patterns were visualized using
an agarose gel and clustered. Next, representatives of the PCR
products from each pattern of each clone library were purified
and sequenced using the NL1 and NL4 primers. Yeasts were
identified based on their sequence similarity in the D1/D2
domains of the LSU rRNA gene using the criteria described by
Kurtzman and Robnett (1998) and Fell et al. (2000). In addition,
the phylogenetic tree was considered for yeast identification as
the LSUs in some yeast taxa were variable (Fell et al., 2000).

Yeast communities in tropical peat swamp forests

Only a few of the articles on yeast diversity in peat or
peat soil from peatlands have reported on yeast communities
in peatlands in Canada and Russia, and in PSFs in Thailand.
Our research group is only the group that report on the diversity
of'yeasts in PSFs in Thailand. Jaiboon et al. (2016) carried out an
assessment of yeasts in peat in the SD PSF, the largest primary
PSF in southern Thailand. A culture-dependent approach
was used, based on an enrichment technique and molecular
identification, based on analysis of the D1/D2 domains of the
LSU rRNA gene sequence similarity and phylogenetic analysis.
In total, 65 yeast strains were isolated from 15 peat samples
and identified as 10 known yeast species comprising five
species each in the phyla Ascomycota and Basidiomycota, and
one unidentified basidiomycetous yeast species (Table 2).
The dominant species was Rhodotorula mucilaginosa,
followed by Schwanniomyces polymorphus var. africanus,
Cyberlindnera subsufficiens and Debaryomyces fabryi.
In addition, one novel yeast species, Nakazawaea todaengensis,
was discovered and proposed (Polburee et al., 2017).

Boonmak et al. (2020) used culture-dependent techniques to
evaluate yeast diversity in peat and peat soils from the primary and
secondary PSF areas of the KT PSF. They used the dilution plate
and enrichment techniques for yeast isolation, with identification
conducted by analyzing the sequence similarity of the D1/D2
domains of the LSU rRNA gene alone or combined with internal
transcribed spacer regions and subsequently confirmed based on
phylogenetic analysis of the D1/D2 domains’ sequence. Yeast
strains from the primary PSF area of the KT PSF consisted of nine
known species and twonovel species Candida kantuleensis (Nitiyon
et al., 2018) and Saturnispora kantuleensis (Khunnamwong and
Limtong, 2018) in the phylum Ascomycota and six species in the
phylum Basidiomycota (Table 2). The secondary PSF area of the
KT PSF produced seven known yeast species in the phylum
Ascomycota, and four known species and one novel species
(Cryptotrichosporon siamense) in the phylum Basidiomycota
(Kaewwichian et al., 2018). The most prevalent yeasts in the
primary PSF area were C. kantuleensis, Cyb. subsufficiens and
Geotrichum candidus, while the common yeast species were in
the phylum Ascomycota, with a lower member in the phylum
Basidiomycota. Saitozyma podzolica and Papiliotrema laurentii
were the most frequently found yeast species in the secondary
PSF area. The following species were detected in both primary
and secondary PSF areas: Cyb. subsufficiens, G. candidus and
R. mucilaginosa.
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Table 2 Summary of known and novel yeast species in peats or peat soils from tropical peat swamp forests (PSFs) in Thailand assessed using culture-

dependent and culture-independent methods

Yeast taxon

SD primary
PSF!

KT primary
PSF*?

KT secondary
PSF?*3

KK secondary ~ RBG secondary

PSF*

PSF*

Phylum Ascomycota

Candida albicans

Candida kantuleensis’

Candida maltose

Candida tropicalis

Candida xiaguanensis

Cyberlindnera subsufficiens
Debaryomyces fabryi

Geotrichum candidum

Hannaella phetchabunensis
Hanseniaspora lindneri

Hanseniaspora thailandica (invalid)
Kurtzmaniella natalensis

Kurtzmaniella quercitrusa
Metschnikowia chrysomelidarum
Metschnikowia koreensis

Meyerozyma guilliermondii
Nakazawaea todaengensis®

Pichia kudriavzevii

Pichia pseudolambica

Saccharomyces cerevisiae

Saturnispora diversa

Saturnispora kantuleensis’
Scheffersomyces spartinae
Schwanniomyces polymorphus var. africanus
Schwanniomyces vanrijiae var. vanrijiae
Schwanniomyces polymorphus var. polymorphus
Schwanniomyces vanrijiae var. yarrowii
Starmerella kuoi

Wickerhamiella azyma
Wickerhamomyces anomalus
Yamadazyma jaroonii

eslieslesHies!

es!

D,E, 1

E

momp

Phylum Basidiomycota
Apiotrichum mycotoxinivorans
Cryptotrichosporon siamense®
Curvibasidium pallidicorallinum
Cutaneotrichosporon mucoides
Hannaella pagnoccae
Hannaella taiwanensis
Hanseniaspora lindneri
Malassezia restricta
Papiliotrema flavescens
Papiliotrema laurentii
Papiliotrema ruineniae
Piskurozyma taiwanensis
Rhodosporidiobolus poonsookiae
Rhodosporidiobolus ruineniae
Rhodosporidiobolus nylandii
Rhodotorula mucilaginosa
Rhodotorula taiwanensis
Rhodotorula toruloides
Saitozyma flava

Saitozyma podzolica
Solicoccozyma keelungensis
Sporobolomyces blumeae
Sterigmatomyces halophilus

ED

ED

I

ED

D,E

— = g

!Jaiboon et al. (2016); *Nasanit et al. (2020); *Boonmak et al. (2020); “Satianpakiranakorn et al. (2020); *Nitiyon et al. (2018); ‘Polburee et al. (2017);
Khunnamwong and Limtong (2018); *Kaewwichian et al. (2018)
SD = Sirindhorn; KT = Khanthuli; KK = Kuankreng; RBG = Rayong Botanical Garden;

D = dilution plate technique; E = enrichment technique; I: culture-independent technique
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Yeast communities in the peat and peat soils collected
from the KK secondary PSF were investigated using a culture-
dependent approach and two isolation techniques (dilution
plate and enrichment). Identification of the studied yeast strains
was based on similarity analysis of the D1/D2 domains of
the LSU rRNA gene sequence (Satianpakiranakorn et al.,
2020). Of the yeast strains obtained, 63% were derived
from the enrichment isolation technique and 37% from the
dilution plate technique. They were identified as five species
in the phylum Ascomycota and nine species in the phylum
Basidiomycota (Table 2). Based on these results, some species
could be detected only using the dilution plate technique or
the enrichment technique, whereas other species (Sch. spartinae,
P laurentii and R. taiwanensis) were detected using both
techniques. In the same study (Satianpakiranakorn et al.,
2020), yeast strains isolated from the peat or peat soil samples
collected from the RBG secondary PSF were assessed using the
same two isolation techniques (dilution plate and enrichment).
Nearly the same number of yeasts were obtained using the
dilution plate technique (17 strains) as for the enrichment
technique (15 strains) and were linked to seven species
in the phylum Ascomycota and six species in the phylum
Basidiomycota. The number of basidiomycetous yeast strains
(56%) was slightly higher than that of ascomycetous yeasts
(44%).

Nasanit et al. (2020) used a culture-independent technique
or environmental DNA (e-DNA) technique to assess yeast
communities in PSFs in Thailand the KT PSF in both the
primary and secondary PSF areas and the KK secondary
peat swamp forest (PSF). Their study extracted DNA from
peat or peat soil samples, with the clone libraries of each
sample separately constructed using PCR products of the D1/
D2 domains of the LSU rRNA gene. About 53% of yeast-
related operational taxonomic units (OTUs) were obtained.
The yeast-related OTUs obtained from the primary PSF area
of the KT PSF were identified as only two yeast species
in the phylum Ascomycota and one species in the phylum
Basidiomycota (Table 2), while four yeast species in the
phylum Ascomycota and one species in the phylum
Basidiomycota were detected in the KT PSF’s secondary PSF
area. In both the primary and secondary PSF areas, most of the
yeast-related OTUs detected were in the phylum Ascomycota,
with the dominant species being G. candidus. In the KK
primary PSF area, one species in the phylum Ascomycota and
three species in the phylum Basidiomycota were reported,
whereas most yeast-related OTUs found in the KK
secondary PSF area belonged to the phylum Basidiomycota,

with Solicoccozyma keelungensis the dominant species.
Saccharomyces cerevisiae was the only species common to
all areas.

The results of these investigations, as shown in Table 2,
indicated that some yeast species in the PSFs appeared to
occur frequently: Cys. subsufficiens, S. cerevisiae, P. laurentii
and R. mucilaginosa. In contrast, it was only in the secondary
PSFs that Sai. podzolica was detected. Some yeast species
(S. cerevisiae and Ste. halophilus) could be detected only using
the culture-independent technique. In addition, both yeast
strains in the phyla Ascomycota and Basidiomycota were found
similar proportions. However, this finding was drawn from
only a few investigations, with more studies needed to reach
a reliable conclusion.

These investigations of yeast communities in four PSFs
in Thailand revealed that the yeast communities differed both
in the same and different types of PSF (Table 2). Differences
in yeast communities between the two primary PSFs and
among the secondary PSFs could have resulted from using
different investigation techniques (Jaiboon et al., 2016;
Boonmak et al., 2020; Nasanit et al., 2020; Satianpakiranakorn
et al., 2020; Thormann et al., 2007). In addition, differences
in yeast communities could be found when comparing
the same type of PSF, even when using the same isolation
technique from the culture-dependent approach. This was
apparent in the comparison of the yeast communities of
the three secondary PSFs, namely, KT, KK, and BRG PSFs
that were in different locations, with 12, 10 and 12 yeast
species, respectively being detected. Of these species, only
two (P. laurentii and Sai. podzolica) were identified in
all three secondary PSFs, whereas the other 28 species
were detected only in one PSF (Kaewwichian et al., 2018;
Boonmak et al., 2020; Satianpakiranakorn et al., 2020).
These differences could have resulted from variations in
environmental factors as reported in other microbial
communities and plant communities (Lamit et al., 2021);
physical and chemical characteristics of the investigated
peat or peat soil (Preston et al., 2012); depth of the sample
(Thormann et al., 2007); and depth of the water table (Kitson
and Bell, 2020; Lamit et al., 2021). However, further in-depth
studies should be conducted on the factors affecting yeast
communities.
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Conclusion

Currently, relatively little is known about microbial
communities in PSFs, especially on yeast, as most of the
research has been focused on bacteria, actinobacteria and
fungi. Yeast communities in PSFs have been studied mainly
in Thailand. These studies were carried out in four PSFs
in southern and eastern Thailand. Each PSF contained
a primary PSF type or a secondary PSF type or both primary
and secondary PSF types. Different yeast communities were
revealed in all the investigated PSFs. These differences could
have resulted from using different investigation techniques or
from differences in the various environmental factors in the
investigated PSFs, or from both. Therefore, further studies
on yeast communities in any ecosystem in one period of time
should apply multiple investigation techniques to determine
the composition of these communities. As yeast communities
in the PSF ecosystem have received less attention, more
investigations should be conducted on yeast communities in
these ecosystems. In addition, the role of yeasts and climate change
effects on yeast communities in PSFs should be determined.
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