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ABSTRACT: This study aimed to examine the ectomycorrhizal fungi colonization on host plant roots, and the
percentage of ectomycorrhizal root formation after inoculation and planting in natural field conditions. The
experiment was conducted with Phlebopus portentosus, Astraeus odoratus, and Amanita hemibapha on various
host plants. After planting for a year period, the roots inoculated with P. portentosus and A. odoratus exhibited
ectomycorrhizal structures with hyphae attached to the root surface, accounting for an average ectomycorrhizal
formation rate between 66.24%-63.79% and 50.40%-63.86%, respectively. Those of A. hemibapha after a six-month
planting period presented the percentage of ectomycorrhizal root formation on average of 31.60%-39.24%, it was
considered significantly higher amount than the control plants. In addition, the molecular biological techniques
using specific primers revealed the DNA bands that confirmed the presence of all three mushroom species in the
host plant roots. This experiment demonstrates that the use of biomolecular methods can accurately confirm the
type of mycorrhizal fungus, and it is suitable for identifying specimens that cannot be classified using morphological
characteristics.

Keywords: Phlebopus portentosus; Astraeus odoratus; Amanita hemibapha; nucleotide sequences;
ectomycorrhiza; specific primers
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Table 1 Primers in the PCR reaction to detect the presence of mycorrhizal mushrooms DNA in host plant roots

Mycorrhizal Size of PCR
Primer Nucleotide sequence (5' - 3') Ref.
mushrooms product
GAPK126F 5- TCAAGACTGTCCCCTCCAGA-3' (Suwannasai
Astraeus odoratus 250 bp
GAPK379R 5-CTAGGACCTACAACGGGTGC-3' et al,, 2020)

Ppo-03 forward 5-ACGCAGCGAATTGCGATAAG-3' o
351 bp
Ppo-03 reverse 5-GCCCCTCGCCTTTGATTAGA-3'

(uiny way
Primer_pair_6F 5'-CCCTACGAGCAGTAGGAGGA-3'

Phlebopus portentosus 254 bp Aady, 2568)
Primer_pair 6R 5-GCATGCTCCTCGGAATACCA-3

Primer_pair_9F 5-CGCAGCGAATTGCGATAAGT-3'

260 bp
Primer_pair 9R 5-CAGTTCATGCGACGAACACG-3
Ap-forward primers  5-ATGTCNGAYATYAAYGCNACNCG-3' (Peng Li et al,,
Amanita hemibapha 430 bp
Ap-reverse primers  5-CCAAGCCTRAYAWRGTCMACAAC-3' 2014)

Nan1sANEILAZIITA
nansAsIRdauNsaSenealaluneslsmuaze Adudnisinidaealnlunaslsulusnldfivends aeudensldide
winuazuanluanmulassssuyid
nsmsavaeunsadeTnealaluneslssuarmidesidudsnenlnluneslssvesnd lindnslddomamnz
18 Fugnaun, wealas, nsifounes, wesan wagnd1ldl 1w uathu uassmeungs Tadoidindu fugluiuidhnng
1ogy IR 91U 8 wuas Usznounie wias PM2, PM3, PM4, PM5, PM7, PM8, PM9 Lay PM10 wagt1uiened
FIVTALNS 71U 4 wlad Usenouse wuas WH1, WH2, WH3 wag WH4 msmé’amiﬂgﬂiuamwLL‘Uaaﬁiimwa Wuwan 1
U Tnsihsnuinsianisasesnealalueeslsouaznidesidudnisiiannealaluneslssinieluiesyifins wuin
Snwarnndliilasunsladomamne wavdindusninnisadrsealnluneslsmdnuvasidulonizuin alasni
(external hyphae) uarauiuluunsiududunsegnvesdule (rthizomorph) fdthmasmseuq siniulddaeu Feyliny
Snvaesnanluduildldde (umuAw) (Figure 1) kaznIIdRUMENTTToNATINANLITVRS Phillips and Hayman (1970)
Tnednuvarsnduiildsunislade wedanuuuivimudulefndaes Trypan Blue fdnvasdunievievu uazlasy
MURUUARURITINTY L38AT1 wuWia (mantle) (Figure 2) danndaeiuauideues sUn uazauy (2558) nun1sasiuen
Tnlumeslswvoadininzasuss (A siindhomiae) wianslaside WaENUNEY rhizomorph a"’ﬂwmzﬁﬁwmaﬁﬁam 510
wuddnsmadasnealalusesilslunnulasivhnermasoy usslivesduinisindewnnsatu Tnoudasiuiithuts
widynuUasiivedidudnininsnierlnlunadsnnnni 60% Tuynulas wagivedidudnisinsniealnlunedsunniian
¥uA uas WH2 uaz WH3 aewiniu 69.69% waz 68.13% sudsu dauluiuiithudhaen wuidiesidudnmsiingn
walalunedsmnniian Aeutas PM7, PM3 wag PM9 1adewvindu 67.80%, 65.84% uaz 64.29% muasy wazuuasdiil
Wesidudnsiinsnienlnlunefarifigaifios 41.10% Aeuuas PM4 (Table 2) luvaziivlinvosiivordonguidl
UsyAviBagsan Ao H. odorata (mxifieunas) fdnadenisfnidegean 66.24% mude D. alatus (81su) Wity 63.86%
wag C. pulcherrima (vsungslng) Wiy 63.79% LLam‘LﬁLﬁudwﬁ%mjmﬁﬁmmmmzauqﬂuﬂmﬂuﬂﬁnmﬁ’aé’m%’wﬁam

Nseswiln (A. odoratus wag P. portentosus) d@ruiwedeineuausstosms A xylocarpa (zalus) AnsnsAnitoiaie
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AR 50.40% B194HBININAN BN NETTINE1VBITINYTOANIANNAIAINTIN (Root Exudates) Tidewasanisnseeu
Assenvesalasidieslatesninivwindy Tudruvesaudunustuiuiulas PM wuandeienisandeiiniieunn (i Tu
Wy A. xylocarpa $i9aus 25.84% Tu PM8 luauils 79.56% Tuluas PM7) &silo1aiinainannuunnaneued dutanienignIw
a a | | 1 ay = _a [ a = a a o = [J )
LAELANYDIAU ’meaz?\gm WU A1 pH AU y5aUsSuupanesalufuy FIMnAULWDAND TS fyarvanausndulunig
famlupaslsyias (Nuangmek et al,, 2016; Insnssal waz Uild, 2563; g1ins1, 2561) Tunguynalua (Non-inoculated)
WUNIIAALYDFITUYIR 12.50%-19.56% waninluiunilitesiluneslsuviesdiueguds Fser1afinnisudadu (Competition)

fuentdastuluunwdas dwalvonsinisinieldasiaue

4

D. alatus A. xylocarpa H. odorata S. roxburghii S.grandiflora C. pulcherrima

: A2

L

Figure 1 The roots characteristics of D. alatus, A. xylocarpa, H. odorata, S. roxburghii, S. grandiflora and C.
pulcherrima seedling after inoculated by mycorrhiza including A. odoratus, (A-D) and P. portentosus, (E-F)
for 12 months of planting in the natural condition, the appearance of rhizomorph around the root of

plants compared to control plants (G-L).
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D. alatus A. xylocarpa H. odorata S. roxburghii S. grandiflora  C. pulcherrima
Figure 2 The characteristics of mycorrhiza mycelium from roots tip cross-section of D. alatus, A. xylocarpa, H.
odorata S. roxburghii, S. grandiflora and C. pulcherrima seedling in the period of 12 months of planting in
the natural condition compared between inoculating and non-inoculated (control) mycorrhiza treatment,
inoculated with A. odoratus (A-D), inoculated with P. portentosus (E-F) which filamentous roots covered

outer root surface and G-L) non-inoculated mycorrhiza (control)

Tudruvesiundiildsunisladelunoslse wuhdivediduininAnsniealslureslsenadvogsming 50.40%-
63.86% lunaiziidumunuiiivesidudnisiinsnenlnluneslseadvegsening 12.50%-19.56% mudwu eiSeuiiiey
Wosiduinshndemuriaveandlsl wudundildugndredeitamng 1dud fusien audeunos neeeu uasualig
fiesidudnmaiasnonlnluneslsenademinfu 63.86%, 58.39%, 55.58% Wway 50.40% AIUENU dufULATIL LAEWIS
ungslye Aldidodadusmuirdivesidudnininsniealsluaeslssuingn Wity 66.24% uay 63.79% nudidy
(Table 2) Mnuafidusininininiealnluneslssndnliisenienslduarlaildainde nuiduilldsunisugnaiedoed

o w

5 @ & a 1 1 a v
L‘UE]SL“U‘LW]ﬂ’ﬁ(ﬂ(ﬂ'ﬁ’]ﬂLaﬂiﬁliﬂﬂaﬂi‘ﬁ’]@ﬂﬂﬁ’mﬂﬂQuuﬂa’mm
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Table 2 Percentage of ectomycorrhizal on seedlings inoculated with A. odoratus and P. portentosus in Ban Pang

Mon (PM) and Ban Wang Hong (WH) areas compared with the control for 12 months

Percentages of ectomycorrhizal

Percentages of

Planting codes A. odoratus P. portentosus infection in
D. alatus A. xylocarpa H. odorata S. roxburghi S.grandiflora C. pulcherrima each area
PM2 - 75.65 63.50 - 56.50 57.19 63.21
PM3 68.66 51.28 - - 73.58 69.84 65.84
PM4 52.78 32.16 48.65 30.82 - - 41.10
PM5 - 33.29 44.89 59.64 - 56.74 48.64
PM7 68.95 79.56 62.50 - - 60.20 67.80
PM8 73.93 25.84 37.52 76.28 - - 53.39
PM9 59.76 60.47 60.56 - - 76.37 64.29
PM10 65.84 44.98 69.47 - - 39.81 55.03
WH1 44.56 - 58.43 - 58.67 79.65 60.33
WH2 76.71 - 54.03 - 71.03 77.99 69.94
WH3 59.87 - 75.67 - 78.04 58.93 68.13
WH4 67.54 - 67.12 - 59.67 61.23 63.89
Percentages of
ectomycorrhiz ~ 63.86 50.40 58.39 55.58 66.24 63.79 -
al seedlings
non-inoculated
12.50 19.56 13.50 17.19 15.65 16.50 -

seedlings

Note: (-) indicates the type of seedlings that were not planted in the experimental plot.

navaulosiduinisiinsiniealalumeslsonlundrldwdenisldadeinselan TuiuAviuuiseny 31wy 3 wias

(PM4, PM7 Way PM8) i ufi U1uv8119u $1uau 8 wUad (HN1, HN2, HN3, HN4, HN5, HNG, HN7 wag HN8) wagiiui

Uruduwmueding 31U 2 uuas (SN1 uag SN2) szewiian 6 o nawgnluiuiuuasssuyd lnevinisyasiniian

asrannlesiduinisiinsiniealaluneslsernisluiosiinis wuindnwazsinnd 1 lifldsunisledid ouin

sglainfinnsasaentnlumeslssdnvasdulonzsuinaiingniiv (external hyphae) wazgamudulumsiudndunszanves

wdule (thizomorph) fidvasauq sinuiuladaiau Jeaslinudnuaesainaluduilildde (Fuarunu) (Figure 3 uaz

Figure 4) §swuindnsnisiiasnealaluneslsylunnulasiivhmsnsiaaeu waziiivesidudnmsindounnseiu
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D. alatus H. odorata S. siamensis S. roxburghii

:
:

Figure 3 The roots characteristics of D. alatus, H. odorata, S. siamensis and S. roxburghii seedling after inoculated
by mycorrhiza (A. hemibapha), (A-D) for 6 months of planting in the natural condition, the appearance of

rhizomorph around the root of plants compared to control plants (E-H).

D. alatus H. odorata S. siamensis S. roxburghii

Figure 4 Characteristics of mycorrhiza mycelium from roots tip cross-section of D. alatus, H. odorata,
S. siamensis, and S. roxburghii seedling during six months of planting in the natural condition, compared
between inoculating and non-inoculated (control) mycorrhiza treatment, A-D) inoculated with A.
hemibapha which filamentous roots covered outer roots surface and (E-H) non-inoculated mycorrhiza
(control)

Mnmsasafanunaiaealalunedlsnsuanlisses 6 Woundsgn wuirdundnldiinglddoiad
Wesidudmaimeninlunoslse (% mshnideusasiiui) 1Auog3EMIng 31.60%-39.24% uazuasiiiiefidudnisiin
snenlalunasrunniign Aefiuithuduuinuedlual was SN1 adeify 39.20% sesaauAefufivuraen 3
Wesidudnisiinsnienlslunsienunniign Asutas PM8 waswinfu 37.58% luvnigiiuvas HNA Aflesidudniningn
welnluneslsvshitaniiios 31.60% (Table 3) luduvestundiildsunsladainsslanimdes nuhiesidudniaia

@ I3

sntealaluneslsvadead sening 30.86%-38.53% Tuvufidunivnuiilesidudnsiinsnealaluneslsyindeey
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9119 10.70%-12.20% WlaiFeuifisuiesidudmstndemuniinuesndlsl wuindundilldugnaredofinsslanmdos
THun fuenaun azdsunes nepa uwazds Slefidudnisifasnealsluneslseiadewintu 38.53%, 34.15%, 32.93% uay
30.86% pudiy Mnesidudmaiannealaluaeslsmndldssninnslduarliladade szovna 6 WWoundgn
wuiduildsunisugnaredeiesifuinsiannenliluroslsnganilildldadossnadaau wasdusaundundldais
LUEJ%L‘%uGﬁmiLﬁmwmaﬂimlmaﬂimmﬂﬁqm donndesumiddoves susfny uazane (2564) Anvnslddefinsslndnm
0, 25 uaY 50 Ua./fu NanIsAADINUINERsINNSTATeT 25 A /du Lﬁué"mwﬁmmsauﬁqm wazsugaundunanldifivende
Fmrauveataminsslinum lnedwmadonisisadulmnnnindlowssudieuiundldvsiinsusasduiililazunisldade
pgaiituddyneada feansnreseumednguinenudnsurnsaiidasaisealalunedlssiivaau loud Wl
Meuan (external hyphae) uagmsamudandunszanveaduls (thizomorph) Suudnunzianzveadinenlsluneslse
(Peterson et al, 2004) Tnawinunzuazidinduiindiduledianam luvasiivasslinndediduleden denndesiu

318974789 Sanmee et al. (2010) IAnwdnwazmMsdugiIneveuiaenlaluaeslsslulsundlny

Table 3 Percentage of ectomycorrhizal on seedlings inoculated with A. hemibapha in Ban Pang Mon (PM), Ban Huai Nam Un

(HN) and Ban Sanna Nong Mai (SN) areas were compared with the control for 12 months

Percentages of ectomycorrhizal Percentages of
Planting codes infection in
D. alatus H. odorata S. siamensis S. roxburghii cach area

PM4 38.63 33.65 30.16 31.36 33.45
PM7 35.78 32.20 30.31 29.74 32.01
PM8 40.61 38.97 34.19 36.54 37.58
HN1 39.47 29.43 28.40 32.47 32.44
HN2 42.16 39.18 32.56 33.67 36.89
HN3 33.34 3372 30.67 34.58 33.08
HN4 34.13 29.25 29.44 33.56 31.60
HN5 36.74 30.16 32.53 29.85 32.32
HN6 37.83 34.81 30.56 32.44 3391
HN7 35.67 33.64 31.85 32.56 33.43
HN8 37.88 31.76 30.53 31.77 32.99
SN1 45.66 39.81 35.62 35.87 39.24
SN2 42.95 37.35 24.42 33.68 34.60

Percentages of

ectomycorrhizal 38.53 34.14 30.86 32.93 -

seedlings
non-inoculated
11.80 10.70 12.20 11.10 -

seedlings
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o < = 4 v ad a aa
nan15afin DNA vauiinluaaslsgnainsniivendensivdaudieisiaadianinsnids

nnsisnvesnalinmendainslddemamnzaduiivendens 4 via liun Auerwn avideunes ugaluuias
P ~ v = = - | vy va & & o 2 W ' ° a oA
Fungeey sududulemiamnzuueImsude PDA (positive control) dundldiluiivendeveainsiuwl 1 3 vl fie
fumaungs fusatiu wazdunt wagsinfivendeveniinszlen 4 ¥ila loun 19 azideunas 51 wasneeeu uaziunllle
Funnslede (control) a1neieg1esInendlivianun nsiaaeufieIBnadianinsnida wWisuliieuiu DNA 1asgu 1
Kb DNA ladder wuin Atdutediainladuouiluiindfiowe (Genomic DNA) vwnlugiidaau waziiawauauiluiindfdue

oA = a v o d .
ganloasumeunuaLueNInTg U (Figure 5)

Figure 5 The examination of mycorrhiza DNA from roots of four host plants by gel electrophoresis.

- Lane M; 1Kb DNA ladder

- Lane 1; mycelium of A.odoratus on PDA (positive control), Lane 2; DNA from D. alatus, Lane 3;
DNA from H. odorata, Lane 4-; DNA from A. xylocarpa and Lane 5; DNA from
S. roxburghii.

- Lane 6; mycelium of P. portentosus on PDA (positive control), Lane 7; DNA from
C. pulcherrima, Lane 8; DNA from S. grandiflora and Lane 9; DNA from S. cumini.

- Lane 10; mycelium of A. hemibapha on PDA (positive control), Lane 11; DNA from
D. alatus, Lane 12; DNA from H. odorata, Lane 13; DNA from S. siamensis and Lane 14; DNA
from S. roxbureghii.

- Lane 15-17; non- inoculated seedlings (control).

HanInTIvsauUN1siiaguas DNA vaudialunasisynlusiniivendy

nsnsIRdoUNsiiogues DNA fifeusumizdeinunylusnfivordeis 4 in doyalnawos GAPKI26F uay
GAPK379R nan13n39aeunuininuay DNA vaaduleiiamizuun 250 guua lutes Positive control (dulewiininizuy
pnsidsate PDA) uazndlififinslddainmnzazsnguau DNA fanam (Hesil 1-2 vesiuenaun, des 3-4 dunsiiey,
F03 5-6 FunzAlug uazYes 7-8 funzeew) ifvun 250 ALUa wiiuuay DNA 484 Positive control dewSeuiiisuiudu

flalgFunslaide (control) nuiTliusinguau DNA fenaa (Figure 6)
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M P N 1 2 3 4 5 6 7 8

1000 bp «———

500 bp +———
250 bp +——

Figure 6 The presence of A. odoratus-specific DNA in host plant roots was examined using primer sets GAPK126F
and GAPK379R (size 250 bp) by gel electrophoresis.
Lane M; 1Kb DNA ladder
Lane P; mycelium of A. odoratus on PDA (positive control)
Lane N; non-inoculated seedlings (control)
Lane 1-2; DNA is specific to A. odoratus in the roots of D. alatus
Lane 3-4; DNA is specific to A. odoratus in the roots of H. odorata
Lane 5-6; DNA is specific to A. odoratus in the roots of A. xylocarpa

Lane 7-8; DNA is specific to A. odoratus in the roots of S. Roxburghii

nanaaoulnswesiiianudumesoiiaduiilusniivedodsnne3deldihnsiaussniuuyalnswesh
anunsaiiiduiu DNA lemsdlsveadinduish Insanisvanomi1 DNA 9nsniiverdea 3 wlia Aesinduvsungs 510
Funatu waesnduni fldsunstadedtatuei Wisuifisusufumuny Wemnadafiuuinudeiite1s lnoynlns
wedidmusumesadiasiusi nuhauisaiinuIinauay DNA Wswaudien dsliuunveaay fail ndwed Ppo 03
(vwn 351 ALud), Primer_Pair_6 (3119 254 ALU#) Wag Primer_Pair_9 (Y110 260 ALUa) Fofuanuansnageufudilen
vusnfiverdedidulsveafiedusunzey iesnnlnswesftumasouidulwiiwesiiferusunzdemiaduiiuviidu
dewFeudisusuduiililasumsldde (control) wudildusinguau DNA fandn (Figure 7) drunansnsradeuifinsglen
dlor1 DNA Innfiwenderis 4 wiln fo Tindugnaun SindupziAsunes Tnduss uazsindunzeen lFsunslddeiase
Tan sufadulefiaszlanuueimisuds PDA (positive control) L3 suiisufufuaiuaw Wevinsmaaeulnsiuesidl
ANTUNIZABLIRSELaN s yalnsiues Ap-forward primers Wag Ap-reverse primers (Peng Li et al,, 2014) WuinAnuay
DNA tesuauifion ddlsivunuasuny wuin 430 gua lundliffverduveadinsslaniis 4 viin nudaduloinsglanuy
ownsuda luvasfiduruguaglhivsinguay DNA fand (Figure 8) MnsansiiAdueiiatnansinfivedediinisugn
ariawng Winduwh uasiinsslan nadey uarBusudielnawesfisung wuhansafusldhlusnfivendedide
Fiarks 3 alamzegiinnfivass maveaesiuandiiiuinnisléiinamaluanaausossyfudurinveiintldesng
wiiugn uaznzandviuszyriavesiessilianunsaduundenslidnvas medauguine, viendosqanssm
wuvameslels aonadosiuaiseveswes Suwannasai et al. (2020) fidnwnsasssnealaluaeslsvve iz aiuss
(A. sirindhorniae) Tudugnsun (D. alatus) lnen13ainROWIBIINTINAUEINUT ATIVEBUAIBYAINIINES GAPKL26F Uy
GAPK379R @ aflmudumiziuifiame wunauidue Sauim 250 grua Aatdu 89.40% anuiusindusiaun 143
#eehs lsianunsaduduldiglnsmeifinaniussansamlunmsnsaaeunsiinnnealnlune slsuilusiniivended

lsunislaerinmng wazdsdenndasiunuideues Adams et al. (2005) Anwinisldinaiianiadluanaduasedioly
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Figure 7 The presence of P. portentosus with specific DNA in host plant roots was examined using primer A,
Ppo 03 (size 351 bp), B; Primer Pair 6 (size 254 bp) and C; Primer Pair 9 (size 260 bp) by gel
electrophoresis.
Lane M; 100bp DNA ladder
Lane N; non-inoculated seedlings (control)
Lane 1; DNA is specific to P. portentosus in the roots of C. pulcherrima
Lane 2; DNA is specific to P. portentosus in the roots of S. grandiflora

Lane 3; DNA is specific to P. portentosus in the roots of S. cumini

M NP 123456

1000 bp
500 bp +——

Figure 8 The presence of A. hemibapha-specific DNA in host plant roots was examined using primer Ap-
forward primers and Ap-reverse primers (size 430 bp) (Peng Li et al., 2014) by gel electrophoresis.
Lane M; 1Kb DNA ladder
Lane 1 non-inoculated seedlings (control)
Lane 2; mycelium of A. odoratus on PDA (positive control)
Lane 3; DNA is specific to A. hemibapha in the roots of D. alatus
Lane 4; DNA is specific to A. hemibapha in the roots of H. odorata
Lane 5; DNA is specific to A. hemibapha in the roots of S. siamensis

Lane 6; DNA is specific to A. hemibapha in the roots of S. Roxburghii
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