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ABSTRACT

A diversity of ectomycorrhizal (ECM) fungi in a pine-oak forest in the PhuKhieo
Wildlife Sanctuary (PKWYS) in remote northeastern Thailand, was investigated both above-
ground (fruit-bodies) and below-ground (root tips). The total number of fungi studied were
27 and 109 samples, respectively. Due to a high variation of mushroom morphotypes and
limitations in identification of ECM roots, nucleotide sequences of ITS and 5.8S nrDNA
were determined and analysed. The results revealed a high diversity of ECM fungi, especially
in the below-ground samples. ECM mushrooms belonged to 6 families whereas root tip
samples belonged to 10 families. Russulaceae was a dominant and frequently found fungal
family in our study. Other families such as Amanitaceae, Boletaceae and Sclerodermataceae
were also identified from both above-ground and below-ground samples. In addition, two
families, Astraeaceae and Gomphaceae were only noted above-ground, whereas
Ceratobasidiaceae, Inocybaceae, Sebacinaceae, Tremellaceae and Thelephoraceae were only
detected below-ground. Our study provide the first molecular characterizations of an ECM
diversity in pine-oak forest in Thailand.
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1. INTRODUCTION

Ectomycorrhizal (ECM) associations are
symbiotic, mutualistic relationships between
soil fungi and fine plant roots. They are
common in temperate and tropical forests and
play asignificant role in plant establishment
by providing nutrient and water uptake in
host plants and by enhancing host tolerance
of stressful situations [1]. The fine roots of
many higher plant families such as Pinaceae,

Betulaceae, Fabaceae, Dipterocarpaceae,
Fagaceae and Myrtaceae are associated with
ECM fungi [2]. Most ECM fungi belong to
Phyla Basidiomycota and Ascomycota [3],
and represent 162 genera [4]. The number of
plant and fungal species involved in ECM
relationships is approximately 6,000 and
20,000-25,000 species, respectively [3].
Thus ECM fungi play an essential role in
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seedling establishment and tree growth
promotion.

Pinaceae and Fagaceae are two of the
most ecologically and economically important
forest trees in tropical regions. Mycodiversity
and community of ECM fungi in these
tropical ecosystems are relatively poorly
documented. The most important ECM
families observed from fruiting bodies are
Amanitaceae, Boletaceae, and Russulaceae,
although Thelephoraceae also become
numerically important when root tips are
examined [5]. Recent studies focused on
dipterocarp forests using molecular
techniques have revealed that members of
the Thelephoraceae are the most common
ectomycorrhizal fungi followed by
Russulaceae and Sclerodermataceae [6-8].

PhuKhieo Wildlife Sanctuary is located
in Chaiyaphum Province. It contributes over
one third of the total area of the forest
complex in the northeastern region and is a
rich resource of biodiversity. The sanctuary
encompasses different types of forests
including pine-oak forests that have not
been investigated for ECM fungal diversity
and community. Therefore, we selected this
forest to study ECM diversity to better
understand of ECM diversity by combining
asurvey of above-ground and below-ground
together with molecular identification.
We hypothesized it is likely that ECM
fungal diversity in pine-oak forests would be
similar to other Dipterocarp forest in Thailand
and/or Pine forest in temperate regions.

2. MATERIALS AND METHODS

The study site was performed in 100 m?
plot in a pine-oak forest at PhuKhieo Wildlife
Sanctuary, Chaiyaphum Province, Thailand
during November to December 2011.
Ectomycorrhizal fungi both from fruit-bodies
and root tips were collected. The fruit-bodies
found in this site were collected in paper
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bags or plastic boxes. The ectomycorrhizal
roots were collected from a 5-10 cm depth
from the root systems from 20 host plants.
The distance between each plant was at least
8 m. Two soil samples in opposite directions,
1-1.5 m from the trunk, were collected.
Then, all samples containing root tips were
kept in plastic bags and labeled by site and
date of collection.

2.1 Morphological Observation

Collected fruit-bodies were observed
within 24 h for their morphological
characteristics such as colour, size and
shape of stalks, gills, caps, rings, etc.
Spore prints were then made and studied
for microscopic characteristics [9-12].
The inner tissues of each collection were
then cut and placed in CTAB buffer
before preservation at -20°C for molecular
studies. The specimens were then oven
dried at 40°C for overnight and kept in
desiccators until dry and were deposited
at the Faculty of Science Herbarium,
Srinakharinwirot University, Bangkok.

ECM roots were cleaned to remove
soil debris and rinsed several times with tap
water. They were then carefully classified
according to their distinct morphotypes such
as mantle colour, shapes, surface texture and
branching pattern under a stereomicroscope
[13]. ECM roots were hand-sectioned and
also observed for mantle structure using a
DIC Nomarski-equipped microscope under
high magnification (Olympus BX51TF) and
photographed. Representative samples of
cleaned ECM root tips were placed in
CTAB buffer and kept at -20°C for molecular
studies.

2.2 Molecular Identification
DNA extraction of mushrooms and

ECM root tips was performed by using a
CTAB method modified from Attitalla (2011)
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[14]. The ITS regions and 5.8S rDNA
were amplified using primers ITS1F
(5-CTTGGTCATTTAGAGGAAGTAA-
3’) as forward and ITS4 (5"-TCCTCCGC
TTATTGATATGC-3") as reverse for
mushrooms, while primers ITSOF-T
(5-ACTTGGTCATTTAGAGGAAGT-3)
as forward, and LB-W (5-CTTTTCATC
TTTCCCTCACGG-3) or ITS4 (5-TCCT
CCGCTTATTGATATGC-3') as reverse
were used for ECM roots [4, 8, 15].
The PCR reaction contained 10-100 ng/ml
of DNA template, 10 mM of dNTP,
0.5 mM of each primer, 1.5 unit of Phire®
Hot Start IDNA Polymerase (Finnzyme) and
1x Phire® PCR buffer containing 1.5 mM
MgCl,, in a total volume of 20 ml.
The samples were run in a DNA
Thermocycler (Eppendorf, Germany)
according to the following cycling
parameters: initial denaturation for 4 min
at 98°C, followed by 40 cycles of
denaturation for 5 sec at 98°C, annealing
for 5 sec at 56°C and extension for 20 sec
at 72°C. The cycling was ended by an
extension phase for 1 min at 72°C. PCR
products were examined on a 1% agarose
gel under UV-light and purified using the
GEL/PCR Purification Mini Kit (Favorgen).
All purified fragments were sequenced
using the same primers at the 1 BASE
Laboratories Sdn Bhd (Malaysia) and
manually edited using the BioEdit program.
Then, all fungal sequences were identified by
running BLASTn against the International
Nucleotide Sequence Databases (INDS) and
UNITE databases [16]. In the case of
unreadable sequences, the purified PCR
fragments were cloned using TA cloning kit
(RBC Bioscience Corp., Taiwan) before being
sequenced.
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3. RESULTS AND DISCUSSION
Twenty-seven samples of fruit-bodies
and 109 samples of ectomycorrhizal root tips
were collected from the site of pine-oak forest.
Ectomycorrhizal fruit-bodies obtained were
identified as belonging to 6 families and
9 genera i.e. Amanitaceae (1 Amanita),
Astraeaceae (1 Astraeus), Boletaceae (4 Tylopilus,
1 Boletellus), Gomphaceae (6 Ramaria,
4 Gomphus, 1 Ramariopsis), Russulaceae
(6 Russula) and Sclerodermataceae (3
Scleroderma) (Figure 1). The dominant ECM
families were the Gomphaceae, Russulaceae
and Boletaceae (Figure 2). Among these
collections, only twelve samples were
selected to sequence because they were very
difficult to distinguish in species level.
The BLAST results showed in Table 1.
There was only four samples (Amanita fuliginea
PKWS11-11, Ramaria largentii PKWS11-18
and Scleroderma sinnamariense PKWS11-12,
PKWS11-16) revealed clear identification
based on I'TS sequences, whereas nine samples
revealed less than 97% similarity against
known species from the GenBank database.
Then, they remained unidentified at species
level. This result indicated that there was a high
diversity among the fruit-bodies studied.
Some of them might be new species.
Ectomycorrhizal root tips were divided
into 23 different morphotypes based on
mantle colours, shapes and branching
(Figure 1). Three types of branching,
monopodial pyramidal, dichotomous and
irregular, were recognised. It is noteworthy,
that we found more than one morphotype
associated with one species of plant roots.
From a total 109 ECM root samples,
65 (59.6%) samples were successfully
amplified, but only 43 samples were
successfully sequenced. The BLAST results
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are shown in Table 1. ECM fungal roots
were divided into 10 families and 11 genera
i.e. Amanitaceae (1 Amanita), Boletaceae
(1 Boletus), Ceratobasidiaceae (1 Ceratobasidium),
Inocybaceae (1 Inocybe), Russulaceae
(8 Lactarius, 7 Russula), Sclerodermataceae
(1 Scleroderma), Sebacinaceae (1 Sebacina),
Thelephoraceae (6 Tomentella), Tremellaceae
(1 Cryprococcus) and Cenococcum geophilum
(Figure 2). The most frequent fungal taxa
found were Russulaceae (51.7%) followed by
Thelephoraceae (20.7%). This is in agreement
with several reports from both tropical and
temperate forests[17]. Substantial dominance
by members of the Russula-Lactarius and
Tomentella-Thelephora lineages are considered
as characteristics of both tropical and
temperate ecosystems [7, 18]. The low
diversity of Boletaceae and the presence of
Cenococcum in the pine-oak forest site in this
study are indicative of their temperate
affinities [4, 19]. By using a 97% sequence
similarity threshold over the entire ITS
region, only 11 samples (25.6%) were
identified to the species level with high %
similarity (97-99%) (Table 1). Totally,
32 samples were identified to the genus level
because of low % similarity (less than 97%)
or closeness to unidentified species in
databases. Lactarius, Russula and Tomentella
species were found to be common colonizers
in plant roots in our study.

Due to a species number of ECM
roots obtained was higher than a number
of ECM root morphotypes (Table 1).
It could be implied that one morphotype
may include several fungal species.
In addition, the sequence results of below-
ground revealed four fungal families of
Amanitaceae, Boletaceae, Russulaceae and
Sclerodermataceae related to fruit-bodies
from above-ground (Figure 2). Two families
of Astraeaceae and Gomphaceae were
only found above-ground, whereas
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Ceratobasidiaceae, Inocybaceae, Sebacinaceae,
Tremellaceae and Thelephoraceae were
only detected below-ground. From this
study, eleven genera of ECM fungi were
discovered in the soil and three genera
correlated with fruit-bodies. Therefore,
approximately 17.6% (3 genera from 17
genera in total) of the ECM fungi observed
were of genera represented above-ground
from this study. Even though some genera
of Gomphus and Ramaria were common
found above-ground, there were not found
below-ground. In contrast, the genus Lactarius
was frequently detected below-ground,
but no fruit-bodies was found above-ground.
However, several ECM fungal species have
never been found producing fruit-bodies
[19]. Further the absence of fruit-bodies and
short-term superficial search efforts have
resulted in the discrepancy view of
above- and below- ground ECM diversity
[20]. Also a number of abiotic (light, moisture,
litter, organic matter) and biotic (tree root age,
tree species) environmental factors which
occur at the forest, may plays important
roles in the dynamic changes of some ECM
fungal species observed. New mycorrhizae
are continually formed as roots proliferate,
and other mycorrhizae die, and new species
can come to dominate [21].

Pinaceae and Fagaceae are recorded as
the dominant plant species and are commonly
found in the area surveyed. Nine different
plant species were potentially associated
with ECM fungi. There were Pinus kesiya
Royle ex Gordon. (Pinaceae), Lithocarpus
ceriferus A. Camus (Fagaceae), Lithocarpus
truncatus Rehd. & Wils. (Fagaceae), Castanopsis
argentea (Blume) A. DC. (Fagaceae),
Dipterocarpus obtusifolius Teijsm.ex Migq.
(Dipterocarpaceae), Aporusa villosa Lindl. Baill.
(Euphorbiaceae), Schima wallichii choisy
(Theaceae), Crabiodendron stellatun . W. Smith

(Ericaceae). The most common ECM
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associations were with P. kesiya, L. ceriferus
and C argentea. Two taxa, Russula and Tomentella,
were associated with six different plant
species and Lactarius was associated with
three different host plants. ECM associations
were highly diverse in L. truncatus and
C. argentea in term of both morphotypes
and molecular identification. They host at least
eight defined ECM fungal species within
their roots. Bahram et al. [22] estimated that a
single European aspen tree individual may
host at least 200 ECM species. Our study
identified a high diversity of ectomycorrhizal
associations and provided a brief insight into
their plant relationships in a pine-oak forest in

Thailand.
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4. CONCLUSIONS

Although a small sampling area was used,
our study provides significant information of
the ECM diversity in a remote pine-oak forest
in Northeastern Thailand. We found that the
ECM fungal diversity in the pine-oak forest
is comparable to other forest ecosystems.
It contained an element of ECM fungi
present in temperate regions including the
Russula-Lactarius and Tomentella- Thelophora
groups, Cenococum and alow incidence of the
Boletales. A single tree may also host as many
ECM species as recovered from our study.
These information was important for
understanding the mycorrhizal diversity
both from above- and below-grounds
because of their influence on forest dynamics.

Figure 1. Ectomycorrhizal fungi (a) Tomentella sp. 4 RPK12-1A2, (b) Russula sp. 4 RPK12-3B2,
(c) Boletus sp. RPK12-6B1, (d) Russula sp. 1 RPK12-10A2, (e) Inocybe sp. RPK12-14A1,
(f) Scleroderma sinnamariense PKWS12-03, (g) Ramaria largentii PKWS12-18,
(h) Boletellus sp. PKWS12-23, (1) Tylopilus sp. PKWS12-12, (j) Gomphus sp. PKWS12-01,
(k) Amanita fuliginea PKWS12-11, (I) Ramaria sp. 1 PKWS12-24, (m) Ramaria sp.

2 PKWS12-25, (n) Russula sp. PKWS12-09.
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Figure 2. Numbers of fungal families and species from above-ground and below-ground
found in pine-oak forest.

Table 1. Molecular identification of fungal samples from above-ground and below-ground
based on ITS sequences analysis.

Fungal family Mushroom ECM root BLAST result  Similarity(%) Representative
taxon taxon (Accession No.) vouchers
Amanitaceae Amanita - Amanita fuliginea 99% PKBP12-11
fuliginea (FJ176717)
Amanita fuliginea Amanitafuliginea 99% RPK12-11A1,
(F]176717) RPK12-11A2
Astraeaceae Astraeussp. - Astraeus ygrometricus 92% PKBP12-08
(F]536664)
Boletaceae Boletellussp. - Boletellus sp. 83% PKBP12-23
(AM412293)
Dlopilussp. - ‘Dylopilus sp. 2 97% PKBP12-12
CG-2012
(HE814223)
Boletus sp. Boletus sp. EMF7 93% RPK12-6B1
(JF273510)
Ceratobasidiaceae Ceratobasidium sp. Ceratobasidium sp. 93% RPK12-4A1
RGOLD2
(GQ175300)
Gomphaceae Gomphussp. - Gomphus bonarii 89% PKBP12-01,
(EU846244) PKBP12-07,
PKBP12-20
Ramaria - Ramarialargentii 99% PKBP12-18
largentii OSC:143964
(KC346862)
Ramariasp.1 - Ramariasp. 89% PKBP12-24
OSC 111765
(DQ365621)
Ramariasp.2 - Ramariagelatinianrantia 85% PKBP12-25

var. violeitingens
(EU697261)
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Table 1. Continued.
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Fungal family Mushroom ECM root BLAST result Similarity(%) Representative
taxon taxon (Accession No.) vouchers
Ramaria sp.3 - Ramaria rubribrunnescens  93% PKBP12-02
(EU697262)
Inocybaceae Inocybesp. Inocybe sp. 98% RPK12-14A1,
DED8061 RPK12-14A2
(GQ893021)
Russulaceae Russula sp. - Russula cascadensis 86% PKBP12-09,
(F]845426) PKBP12-10
Lactarius friabilis  Lactarius friabilis 98% RPK12-1A3
(EF141553)
Lactarius hatsudake Lactarius hatsudake 99% RPK12-3B1,
isolate sp159 RPK12-3B2,
(EF685098) RPK12-3B3
Lactarius sp. 1 Lactarius sp. IH2011 97% RPK12-6A1,
(HQ168369) RPK12-6A2
Lactarius sp.2 Lactarius fulvissimus | 93% RPK12-7A1
Estonia
(UDB011533)
Lactarius sp. 3 Lactarius sp. EMF29 99% RPK12-9B1
(JF273531)
Lactarius sp. 4 Lactarius zonarius | 94% RPK12-16B1
Estonia
(UDBO11468)
Sclerodermataceae Scleroderma  Lactarius sp.5 Lactarius scrobiculatus ~ 95% RPK12-16B2
sinnamariense (EF530942)
Lactarius sp. 6 Uncultured Lactarius 95% RPK12-7A2,
(JF519291) RPK12-7A3
Russulaaeruginea  Russula aeruginea 98% RPK12-6A3
(HQ604837)
Russula sp. 1 Russula sp. FH 97% RPK12-10A1,
CCES19F4SY RPK12-10A2,
(DQ778002) RPK12-3B1
Russula sp. 2 Russula sp. ECM9 94% RPK12-7A1,
(GQ900533) RPK12-7A2,
RPK12-5A1
Russula sp. 3 Russula cascadensis 90% RPK12-13B1
voucher UBC F19691
(FIM240541)
Russula sp. 4 Russula sp. R40 87% RPK12-3B2
(AF350063)
Russula sp.5 uncultured Russula 95% RPK12-8A1
(HQ021946)
Russula sp. 6 uncultured Russula 95% RPK12-2A1
(HQO21944)
- Scleroderma sinnamariense  97% PKBP12-03,
(FM213364) PKBP12-05,
PKBP12-08,
PKBP12-16
Scleroderma Scleroderma sinnamariense  99% RPK12-1A1,
sinnamariense (FM213364) RPK12-17A1
Sebacinaceae Sebacina sp. Uncultured Sebacina ~ 92-96% RPK12-9A1,
(HQ154314) RPK12-9A2
Thelephoraceae Tomentellasp. 1 uncultured Tomentella 98% RPK12-6A4

(FR852183)
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Table 1. Continued.
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Fungal family Mushroom ECM root BLAST result  Similarity(%) Representative
taxon taxon (Accession No.) vouchers
Tomentella sp.2  Uncultured Tomentella — 92% RPK12-7A4
(FR852204)
Tomentellasp.3 uncultured Tomentella 94% RPK12-15A1
(EF218838)
Tomentella sp.4 Thelephoraceae sp. 94% RPK12-1A2,
EMF48 (JF2735438) RPK12-1A3
Tomentellasp.5 Uncultured 96% RPK12-12A1
Thelephoraceae
(JF519275)
Tomentella sp. 6 uncultured 97% RPK12-15B1,
Thelephoraceae RPK12-15B2
(AJ893316)
Tremellaceae Cryptococcus Cryptococcus podzolicus 99% RPK12-11A3
podzolicus (FIN428938)
Dothideomycetes Cenococcumn Cenococcum geophilum 98% RPK12-2B1
geophilum (AB089816)
ACKNOWLEDGEMENTS [4] Tedersoo L., Nara K., General

This study was financially supported
by National Research Council of Thailand
(NRCT) and Graduate School of
Srinakharinwirot University. We would like
to thank the head of the PhuKhieo Wildlife
Sanctuary and all staff for sample collections.
We thank Miss Nittaya Tunpin, Miss Aor
Jor-em, and Mr. Suchat Junthahum for their
kind help in field surveys.

REFFERENCES

[1] Brundrett M.C., Coevolution of roots
and mycorrhizas of land plants,
New Phytol., 2002; 154: 275-304. DOI
10.1046/;.1469-8137.2002.00397 .x.

[2] Brundrett M.C., Mycorrhizal associations
and other means of nutrition of vascular
plants: Understanding global diversity of
host plants by resolving conflicting
information and developing reliable
means of diagnosis, Plant Soil, 2009;
320: 37-77. DOI 10.1007/s11104-008-
9877-9.x.

[3] Rinaldi A.C., Comadini O., Kuyper
T.W., Ectomycorrhizal fungal

diversity: Separating the wheat from
the chaff, Fungal Div., 2008; 33: 1-45.

latitudinal gradient of biodiversity is
reversed in ectomycorrhizal fungi,
New Phytol., 2010; 185: 351-354. DOI
10.1111/5.1469-8137. 2009.03134.x.

[5] Brearley F., Ectomycorrhizal associations
of the dipterocarpaceae, Biotropica, 2012;
DOI10.1111/4.1744-7429.2012.00862.x.

[6] SirikantaramasS., Sukioka N., LeeS.S.,
Mohamed L.A., Lee H.S., Szmidt A.E.,
Yamazaki T., Molecular identification of
ectomycorrhizal fungi associated with
Dipterocarpaceae, Tropics, 2003; 13:
69-77.DOI 10.3759/tropics.13.69.

[7]1 Yuwa-Amornpitak T., Vichitsoonthonkul
T., Tanticharoen M., Cheeveadhanarak S.,
Ratchadawong S., Diversity of
ectomycorrhizal fungi on
Dipterocarpaceae in Thailand, /. Biol. Sc.,
2006; 6: 1059-1064.

[8] PhosriC.,PolmeS., Taylor A.F.S.,Koljalg
U., Suwannasai N., Tedersoo L.,
Diversity and community composition
of ectomycorrhizal fungi in a dry
deciduous dipterocarp forest in Thailand,
Biodivers. Conserv., 2012; 21(9): 2287-
2298.DOI10.1007/510531-012-0250-1.



Chiang Mai J. Sci. 2015; 42(1)

[9] LargentD.L., Johnson D. and Watling
R., How to Identify Mushrooms to
Genus III, Microscopic Features, Mad
River Press, Eureka, CA, 1977.

[10] Chandrasrikul A., Checklist of Mushrooms
(Basidiomycetes) in Thailand, Office of
Natural Resources and Environmental
Policy and Planning, Bangkok, 2011.

[11] Chansrikul A., Suwanarit P. and
Sangwanit U., Diversity of Macrofungi in
Thailand, Kasetsart University,
Bangkok, 2008.

[12] Phosri C., Martin M.P., Sihanonth P.,
Whalley A.].S., Watling R., Molecular
study of the genus Astraeus, Mycol. Res.,
2007; 3: 275-286. DOI 10.1016/j.
mycres.2007.01.004.

[13] Agerer R., Characterization of
ectomycorrhiza, Method Microbiol.,
1991; 23: 25-74. DOI 10.1016/S0580-
9517(08)70172-7.

[14] Attitalla LH., Modified CTAB method
for high quality genomic DNA extraction
from medicinal plants, Pak. J. Biol.
Sci., 2011; 14: 998-999. DOI 10.3923/
pjbs.2011.

[15] White T J.,Bruns T.D., Lee S., Taylor].,
Analysis of Phylogenetic Relationships by
Amplification and Direct Sequencing of
Ribosomal RNA Genes; in Innis M.A.,
Gelfand D.N,, Sninsky ].J., White T.J., eds.,
PCR Protocols: A Guide to Methods
and Applications, Academic Press,
New York, 1990: 315-322.

[16] Abarenkov K., Tedersoo L., Nilsson
R.H., Vellak K., Saar I., Veldre V.,
Parmasto E., Prous M., Aan A., Ots M.,
Kurina O., Ostonen L, Jogeva ., Halapuu
S.,PoldmaaK., Toots M., Truu J., Larsson
K.H. and Ksljalg U., PlutoF-a web based
workbench for ecological and taxonomic
research, with an  online
implementation for fungal ITS
sequences, Evol. Bioinform., 2010; 6:
189-196. DOI 10.4137/EBO. S6271.

87

[17] Obase K., Lee J.K., Lee S.Y. and
Chun K.W., Diversity and community
structure of ectomycorrhizal fungi in
Pinus thunbergii coastal forests in the
eastern region of Korea, Mycoscience,
2011; 52: 383-391. DOI 10.1007/
§10267-011-0123-6.

[18] Geml J., Timling I., Robinson C.H.,
Lennon N., Nusbaum H.C., Brochmann
C., Noordeloos M.E., Taylor D.L.,
An arctic community of symbiotic
fungi assembled by long-distance
dispersers: Phylogenetic diversity of
ectomycorrhizal basidiomycetes in
Svalbard based on soil and sporocarp
DNA, J. Biogeogr., 2012; 39: 74-88. DOI
10.1111/j. 1365-2699.2011.02588.x.

[19] Tedersoo L., May T.W., Smith M.E.,
Ectomycorrhizal lifestyle in fungi: Global
diversity, distribution, and evolution of
phylogenetic lineages, Mycorrhiza, 20105
20: 217-263. DOI 10.1007/s00572-009-
0274-x.

[20] Gardes M., Bruns T.D., Community
structure of ectomycorrhizal fungiin a
Pinus muricata forest: Above- and below-
ground view, Can. J. Bot., 1996; 74: 1572-
1583. DOI 10.1139/b96-190.

[21] ChiD.D., GuoSJ., Sun X.B., Qin T.T.,
The major factors affecting ectomy-
corrhizal fungi diversity in the forest
ecosystem, Adwv. J. Food Sci. Technol., 2013;
5(7): 879-890.

[22] Bahram M., Pslme S., Koljalg U.,
Tedersoo L., A single European aspen
(Populus tremula) tree individual may
potentially harbour dozens of Cenococcum
geophilum I'TS genotypes and hundreds of
species of ectomycorrhizal fungi,
FEMS Microbiol. Ecol., 2011; 75:
313-320. DOI 10.11111/}.1574-6941.
2010.01000.x.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


