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Efficacy of Economic Mushrooms on the Growth Promotion of Dipterocarpus alatus Seedlings
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ABSTRACT

Dipterocarpus alatus is an economically important tree species currently in demand within the wood
product industry. However, D. alatus has a slow growth rate and will take 20-30 years before timber can be cut to
harvest. Implementing the use of ectomycorrhizal fungi in its seedling production has potential to improve D.
alatus growth. Therefore, effects of two species of ectomycorrhizal fungi, Amanita vaginata and Astraeus
odoratus, and one species of saprotraphic fungus, Phlebopus portentosus, on growth of D. alatus were evaluated
by inoculating 6-month old seedlings with each fungus and monitored growth monthly for 6 months.

The results showed that applications of ectomycorrhizal fungi significantly (95% confidence) increased
root collar diameter and total height of D. alatus. After 6 months, D. alatus seedlings treated with 4. vaginata had
the highest root collar diameter of 73.6£3.3 mm followed by those treated with P. portentosus, A. odoratus and
without fungal treatment at 70.5£2.5, 68.2+3.1 and 66.6+2.0 mm, respectively. In terms of total height, D. alatus
seedlings treated with P. portentosus had the highest total height at 41.894+0.75 cm followed by A. odoratus,
A. vaginata and without fungal treatment at 40.95+1.66, 40.37£1.10, 36.54+0.37 cm, respectively. Laboratory
analysis for root colonization by ectomycorrhizal fungi indicated that the 3 fungi colonized D. alatus seedlings at
the tips of new roots. Inoculation with A. vaginata and P. portentosus resulted in 10 and 30 % colonization in the

epidermis indicated compatibility between the fungi and D. alatus.

Keyword: Dipterocarpus alatus seedling, Ectomycorrhiza (ECM), Phlebopus portentosus, Amanita vaginata,

Astraeus odoratus.
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Figure 1 Price survey form of Dipterocarpus alatus seedlings with wild mushroom spawn inoculating.
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Table 1 Average growth of collar root diameter of Dipterocarpus alatus seedlings after inoculating of Phlebopus

portentosus, Amanita vaginata and Astraeus odoratus compared with non-inoculating (control).

Treatment Collar root diameter (mm)

1 2 3 4 5 6
Control 48.4+3.1 52.743 55.642.1 582+1.5 61.542.1 66.6+2¢"
Phlebopus portentosus 47.5+4 50.744.3 53.5#4.7 56.4+£5.2 62.1£3.3 70.5+2.5ab
Amanita vaginata 50+2.4 53+1.6 55.1£1.7 57.4+15 64+1.8 73.6+3.3a
Astraeus odoratus 46.7+3 50.9£3.5 52.6+£3.6 55+4.6 60+3.9 68.2+3.1bc
F-test ns ns ns ns ns *x
p-value 0.4373 0.5841 0.4430 0.5424 0.2253 0.0060
CV (%) 6.61 6.28 6.05 6.41 4.73 3.97

** Results are means + SD of 5 replicates. Data with different letters within the same column indicate a

significant difference at p < 0.01 according to LSD test.
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Figure 2 Monthly growth average of Dipterocarpus alatus seedling after inoculating of Phlebopus portentosus,
Amanita vaginata and Astraeus odoratus compared with non-inoculating; A) average of root collar dimeter,

B) average of height, and C) average root length.
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Table 2 Average growth of height of Dipterocarpus alatus seedlings after inoculating of Phlebopus portentosus,

Amanita vaginata and Astraeus odoratus compared with non-inoculating (control).

Total height (cm)
Treatment
1 2 3 4 5 6

Control 32.30+2.28 32.87+2.14  33.80+1.49  34.30+1.47 35.30+0.88 36.54+0.37c"
Phlebopus

30.75+1.82  31.55+1.63  32.48+1.22 33.51+1.40 35.49+1.11 41.89+0.75a
portentosus
Amanita vaginata 29.57+1.78 31.10+£1.66  31.95+1.76  33.02+1.67 34.77+1.92 40.37+1.10b
Astraeus odoratus 30.40+1.84 31.32+1.52  32.72+1.20  33.76+1.31 35.72+1.57 40.95+1.66ab
F-test ns ns ns ns ns Hk
p-value 0.2031 0.4033 0.2648 0.5880 0.8046 0.0000
CV (%) 6.30 5.53 4.40 4.36 4.29 2.70

*#* Results are means = SD of 5 replicates. Data with different letters within the same column indicate a significant

difference at p < 0.001 according to LSD test.
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Table 3 Average of root length of Dipterocarpus alatus seedlings after inoculating of Phlebopus portentosus,

Amanita vaginata and Astraeus odoratus compared with non-inoculating (control).

Root length (cm)
Treatment

Maximum - Minimum Mean
Control 29-10.5 20.5+7.57b"
Phlebopus portentosus 55-26.5 37.1£11.22a
Amanita vaginata 33-24 30.6+3.78ab
Astraeus odoratus 31-455 37.5+10.35a
F-test - ok
p-value - 0.0090
CV (%) - 24.23

** Results are means + SD of 5 replicates. Data with different letters within the same column indicate a significant

difference at p < 0.01 according to LSD test.

Treatment Number 1 Number 2 Number 3 Number 4 Number 5

-

3

Control

Phlebopus

portentosus

Amanita

vaginata

Astraeus

odoratus

Figure 3 Root length and characteristics of Dipterocarpus alatus seedlings after inoculating by wild mushroom at 6-month old.
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Table 4 The price of Dipterocarpus alatus seedling which were inoculated by wild mushroom spawn in the tree

market areas, Chiang Mai and Lampang Province.

No. Stores Type Seedling Price of seedlings (baht)
size (cm) without inoculated with
mushroom mushroom
1 Yothin Phanmai Shop P. portentosus, 75 15 25
R. virescens
2 Pongphatcharin shop A. odoratus, A. vaginata 80 20 30
3 Suan Chaiyaphruek Shop A. odoratus, A. vaginata, 80-90 25 50
R. emetica
4 Natchaya Garden A. odoratus 150 35 100
5 Suksawat tree shop A. vaginata, 90 35 75
P. portentosus
6 Suan Sukjai A. odoratus 100 35 120
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Figure 4 Regression analysis between correlated variables; A) height and root collar diameter, and B) root length

and height.

Figure 5 Morphological characteristics of Dipterocarpus alatus seedling on roots colonized with tomycorrhiza; A)

naked eye view of Astraeus odoratus, B and C) colonized with Phlebopus portentosus, D) colonized with Amanita

vaginata, E) colonized with Astraeus odoratus, and F) root tip with inoculated by Astraeus odoratus. (Scale bars:

B-E 50 mm; F 20 pm)
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Table 5 Colonization of hyphae in the root system covering the root surface and epidermis cell in plant

Colonized (%)
Treatment
mantle layer epidermis

Control 0 0

Phlebopus portentosus 100 0

Amanita vaginata 100 10

Astraeus odoratus 100 30
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Treatment 1 Non-inoculated seedlings (control)
—

<4—— Normal non-invasive roots of ectomycorrhiza

-

Treatment 2 Dipterocarpus alatus seedlings + Phlebopus portentosus

A) ' B)

mantle she:

e

mycelium

Treatment 3 Dipterocarpus alatus seedlings + Amanita vaginata

’ mycelium

Mantle sheath

Treatment 4 Dipterocarpus alatus seedlings + Astraeus odoratus
F

Figure 6 The root characteristics of Dipteocarpus alatus seedling, 6-month old, after inoculating by mycorrhiza,
Phlebopus portentosus, Amanita vaginata and Astraeus odoratus; A), D), and G) hyphae grown outside the root
surface (mycelium), B), E) and H) mycorrhizal hyphae form covered of root surface (mantle sheath), C), F), and I)

specific patterns of mycorrhizal hyphae (mantle layer) covered of root surface. (Scale bars: A-C 20 um).
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Figure 7 Characteristics of mycorrhiza mycelium from root tip cross-section of Dipterocarpus alatus

seedling (6-month old) compared between inoculating and non-inoculated (control) mycorrhiza treatment.

A) non-inoculated mycorrhiza (control), B) inoculated with Phlebopus portentosus and filamentous roots

covered only outer root surface which had no developed into the epidermis cell, C) inoculated with Amanita

vaginata which the mantle sheath colonized around the root surface, D) Amanita vaginata mycelium

extended into the epidermis, E) mantle sheath mycelium around the outer root surface and appearance of

the top layer of mycelium in the fungal pileus (Pileipellis hyphae), and F) Astraeus odoratus mycelium

extended into the epidermis. (Scale bars: 10 pm)

] [ 4
[FUAYINUAITTIINUNAVDIUDA INADST 1557
< o < @ [ a
NNUAFIEH UL AAULAINDNITIITYVD

1 [ < a
Tduaz 1daeid1u19rtialuaninuilaq
a J Y YA
FITUBINUDN Inyod ef al. (2021) nunnar i
msﬂa‘uaumﬁ'mmim?iy@ﬂﬁmwﬁ'qmﬁ
[ g <3 o % [ @ =\
1]qﬂnwwammmwumammm 180 71U U
1 a 9 Y '
NAADNITIITYATUAIINGY UAZITUNIU
J 1 <v o [ ana 4
g{uﬂﬂaNaﬂwﬁuﬂﬁmmmqaamﬁa
= @ ~ (= 1 Lg 3
Lﬂ’iﬂumfmﬂUG}gﬂﬂJUﬂuwlluuﬂ1iiﬁL%®Lwa
Tasn13ANYIVDY Liu ef al. (2015) 518991 1UNA
= 1 dy 4
ﬂ15ﬁﬂ‘]el1ﬂ13ﬂgﬂmEJLGI)"EJ‘ﬂL@ﬂT@”bJﬂ’EJ‘J"l‘J“lﬂ
AUSINUBNAY (Pinus massoniana) Tagsiinag
y & P A Yy v A
“lm%ma@%"luﬂm”liqnmamq@uﬂm 1 1o

9 Y
wimsldizeienlaluanos lsw 3 asa

73

= ! dy ' (2 J g’/ d'
Nszeznarlumslamyerenuluudazasan
o A ¥ Y v o ) Y
20 Tu 1WeRIgAUNAT 90 TUrINIsdelgn au
) Aa T A Ao '
na1auNNNs lareNons1n1350AN1gININ
Y Y A (= 1 dy 9 a a
aunarn lifinmslade aumsnsayauIaves
= 1 9 9 Aa 1 4"
FauradIuuuveIdunamums laireten la
4 = a a A "9 9 ~ [
lunes lsmiimansayauTananndunain la
= y X & Y Y Ao
unsldiie navilenigaunal 11 Uoniins
a = A A é’ = ' A
IYVDIFINIANUOAUFITUDI 7 1911 11D
=1 o 9 Y A (= [l tg A A
eunudundn lilinmsldiye iesansiniie
Y 9 v o JdR A
HaZ31999M I TUMIATNANUTURUF
N1IADUAUDIADNTIT AL TnuoIiyeIfe
[ 9 I A é’ (B Y] Aa
pg19upel AT 6 10N YuadnuIveveIAL
Aa a Adq o
HagMsANs1901MIs ludunlsimizagn

e?m%"uﬁ'mmig%wmﬁ’aiuizumm%mmi



NsansdetinainethlfidedIneg 6 (2): 59-78 (2565)

asnansazmsinedeneldndesganssmi
Y v A = '
YoIAUNA 1819 1A UM 6 WuIluyn
A v & [~ oA a
Treatment‘V]llﬂ151ﬁ’&‘l§@m@]ﬂ1ﬂﬂ1iﬁ]iﬂlﬂl’i)ﬂ
idulednaguusinuiasinlugn Treatment
Fd
Taordulelinisisapd1g s Epidermis Hifieq
dq 1 & A ¢ <
Treatment N1 1a1%0151A352 1909 10 110515 UA
A U ,i} < v A
ag Treatment N 1A 1¥DIRAINIZHUIN 30
s 3 & o {
wosidud lnsanyuzidulenuridnnielusin
I a =
Wumsnsylussezusn FIHan15nstadoy
a J a A
msnasinen Ia lunes lssludesljians
v a 4 a
wumstnasinenla lunes lsaazing
a A A a 1A A o
V3nularwsin ¥iesnina luininiang
90U (Harley and Smith, 1983) @0AAA09A1
WaN15308U0 Tawaraya et al. (2007) WUIINT
1 4 4 {
Ugnoedeenlalunes lsaraclunarlin

9 Y a J
‘L!'E'JEJlI‘if]Elﬁ$ﬂ1§!,ﬂﬂ51ﬂl'f)ﬂ1§]hluﬂf]illiclﬂ

(o)
-

g
=X 9 A = v Aa
3IVYAT 96 Lﬂﬂliﬁﬂﬂlﬂﬂﬂﬂ'ﬂﬂj@ﬂﬂﬂﬂﬂ‘ﬂ@@

dy =\ Y g’; g I
Wolieeieeay 6 uaznsnaanansailiilunis
9y Ao w =Y a 1

nagoulugumzndndinalsuuau diwa
Idsqenns luauilsinuiinanishdund
Mmsignasau n30n25UNTINNTIA01HI3
luguwizndl (Treseder, 2013) Taglin1sAnun

' Y Y 1 o A v a
wunegaunaniuiladenilaninadonisna

o a

onlalunes 151 Tagnmsnaaeunsns yuod
9

< Y T o [
FoIRAAUIAINUD1g N0 178D Inyod e al.

R A ] o )
(2021) VlVlWﬂWiﬂgﬂW@Mﬂﬁmmaﬂuﬂamu

v
=

W (Syzygium cumini L) iimsigndundin
v dy a A A A Y
laieasauluFeunaasalgniiaiiesignal
) v A & A Ay v
Waansldi¥one 1,3,5, 7 uaz 9 heu wan la
Ay Y Aa v A Qo ~ 9
asdunnmslawemaduiazimsde
gnileny 7 ey inssapuanTanieaiy

] 4 { o
AU lla$Lﬁuw1uﬁu5ﬂa1ﬂﬁﬁgﬂﬂﬂ@51ﬂ

74

X o v 9

= A A A ) '
masgIngalaMeununNs ldirenudunan
o 9 [} d’
wagiimsdelgnlurieeigou o
~ Y I 1 3
nnan1snaassiuaaslimulIuia
Preduasumsniaan Tavesduesiaun
I { o 1 ]
Tagaugrsunduldndaoglunguldlad
o o Y Y
Nna991nMIN1sdgnauerauIssaInsaly
¢ 4 ' :
dszTeminniie Ll lasa9e1g 1519 5 Tuns
o Yy o v v ¢ &
i lgaunasanu arumsledse Tewsiliile
Y a = 9 =1
ligegaamnssuuaz luasausou dueraund
prgsouaalumzanluili 15 D917 30 39
S YR (% d'
Hxanarlumssensslinisouaaiunuiu
9
(Royal Forest Department, 2018) Tumsineiye
<3 N o 9 = Id ]
iathnunatesursatdunisyareluns
gaasun1sasytdula (Caimey, 2011;
Aggangan et al., 2013 ) FAYNUDATINITION
Y Y Y 1 a
aeliaunar wenvinmaneaselumsauasu
a a A [ v A 9 A
MIIYAD TAV0INTO I GIUNAN1NDDUAD
A~ Y dy [
welimsazamdulovousormaluszuusin
wnwatazianinuiadeuimuzanlunis
< 3 { o ~ Y
adnaenialavziilunssgelanvhldtimsiu
o o ! ¢
wreysndWui liederaniold 1der9un
. 2
dgniimaunuuindu (Royal Forest
Department and Kasetsart University, 2017;
Royal Forest Department, 2018) uazHanaan la
3 o o a A o [ Id
NNadIasaihus Inavsedvuiedy
4 ]
UseTeminaoasieszezinarsenss i I
a a =2 (% Y
wuasau Inaudeszeznaisouaau au
' Y 9 ' Y Y A
yamweand1 1o nunsmaundiniing
A 2 Y Y oAy 1A v &
lawemalisimgannaunain luiins ldde
3 U= 1 Y Y Aa 49; 3
wathd 1.5 51 TagsimuieaunainiisoLia
d' d' 9 9 d' (= 1 dy
maeh 66.7 V1N vazAaunaIn lulinislaiye

3~ A A = vy ¥
IANTIAURAYN 27.5 UIN G]S\TﬂWiGlTTGUfJﬂaJ'ﬁi]']ﬂ@



NsansdetinainethlfidedIneg 6 (2): 59-78 (2565)

v v A

o ] Y Y &1 ~ 1
smenar iThlunundamdames vy uay

@ YA A

1119 wun ldansagudulaindr ladng
13 < W Ao 1 3’, ~ 9 [
mslawoiar Ndnuedulns eV
dy < ! a =< ?z}.: dy
worrind 1 luszuusInese Fansnaasensall

Jq Li’ <3 1 A Aa a a
1 laemiathausiianinutisuys Ina
= [ 1 Li’ 1Y 9 F) Qdd’d
Tagaonyinms larenudunaIaIuIsNUANY
a 2 g ax A
HonguuIsnsnae uazazainlumsign
A g oy A g an <
Wworial1 et un1snIugeuITNIsHazdlu
9
) I~ N @
puanelumsi l dalgnieiathiundr o
Y g vw v
Taglumnaassaseitlsdunaiesnauieiy
A o 1 dy g)) o
oYU 1UN1TNAADININT 1alae 2 ATI LAzl
Y < A
msoyuranauiunal 6 1AoU HANIIATIINS
1010931 11Uz VVTINAUN1819UT WU
9 o H . Loaa
N151919178v0 951114510 ¥U Epidermis Uitiie 9
Y < 9 <
$ooaz 10 lwriaszlan uazdoeaz 30 luia
9 d‘ dy < A
2 M 1199 1NIFDTIVDURALAZIIAVDINY
o Y 9 Y Y] A=
o1deanIn1sna lumsaseaNuFUNUT 29
A Y9y Y A 2
aspenldaunaioiy 1-2 woulumsisuns
v A g o v
ldwoiath tazadsimssyuIanaIauasy

2 KR 1 o 9 Y o ] A
1Y 3HNIZaNaeNITHIAUNAIDINUIY 1D

v
a 1

Wunsuyamldsundrldiede198

U

) [y < o [ [ @
ﬁ’lﬁilllfVi@Gl°UL@WlliJfJﬂWi@]i'Ji]WUﬂ'lileﬁﬁﬂ'lﬁﬂ

Y
Tus1n%u Epidermis lurtoaljiiamsilaonsan
9 = a Y Y
wutdulodnaguiiieadisindaiuuenyesdu
2 g
nd1e191 Fadlullaunsseauvee Kumla
A = 9 .
etal. (2020) N51891UDIN15T319 Fruiting
bodies 18 Iag ludoelinyorde uazanionan
<3 1Y 1 Ya 9 [ o
wadue Taslasmzaredaqumiz Tugad
Ly 8 o
nnmnaaestidulamaduaiaiuisoing
9
Y] 1 [ [ <3
andagmizedauysaivacnnmsldyeria
% 1 1Y Y A
auta111 90-95 Tu neldaninlsuseumiy

g A ° V1 AR
e ﬁﬁ@ﬁ'ﬁﬂ3ﬂﬂWﬂ']ﬁLWW%GlﬂﬁiJNVUfJW]ulliJ

75

2 ! 9} o g’l o o d U 1 =
FHaa19 9 18 aviudmsuiiaauia1va
mmzanlumaihwuwe lumlaslgand 13

A ! A Y a < I
#1911 13e luthyusu e lifaaonisiaiu

A PR A v a2
911’7151459518[1@%3\11/]@“EﬂQ‘LleTJI@]

asl

=a

VA d oy Ag
wan1snaaodlayeorviar 1Nl uiia

A o g 9

a v 4 g '
IITHIND TaglgaoniauuiFonuaunan

9

AY Y o a A ¥y ya
YINUN wam%auuauuauumgmwm 10
2 oo 1 d ) < A~
LUAAULAT LU AN VU LLﬁ&Wﬂi%I\‘iﬂ NUAA
[ a a ] Y Y
G]'E]ﬂ'li!i]iﬂlumﬂiﬁuagﬂ'ﬁwGMHW]@\?ﬂa'lhlllEJ'N

PN TN AA19A Y HATANNUANAIIN VNI

[ 91::'

9
aaanudundnluinmsldasomial laowa

a a

ATNAADIAIUNITIIST AU TatdurIy

9

¢ 4 o v Y dq 1 & &
ﬁuﬂﬂa’l\iﬂigﬂﬂﬂ’f]i’lﬂG]Uﬂa']Vlslﬁl"]ﬁ]l,Wﬂig

A { i J {
Tanfiamasduruguanasgainga 509091
A ~q v dy 3 o ' < @
9 Treatment N 1A1ABINAAUIA HANIZ I
9 3 o 1 Y A 9
AuUANNgUHAAUI IHAIRAEAINgIANgY
~ A J dy < Y
NgA 509990770 Treatment TeAOIMANIZHII

] v Y v =
me‘l’iﬂ‘i%lﬂﬂ ATUANNYTIITINAUNANYINUIN

v R I~ =) ~ <
Gl’ﬁl‘%'f)!;’ﬁﬂ!;ﬂ?%MNﬁﬂ'NiJEJ'I'Ji'Iﬂ’q\W]q@] 3719

IS 1

(% 1 < o
ﬁﬂlﬁnlaglﬁﬂigiﬁﬂuNaﬂﬁ'lllﬂ'l'gi']ﬂnﬂ']ﬂu

]
A I A

Tasdundieraurininislaiyotfiainig

=t

v 9
wigrauIaldandindrensun lidinslay

(]

%

< A a 4 Aada o W
e Taslinan1suanzinwananiieding
o v A ] A 4 9 Y dq 1
waanslaeral lu@eun 6 aundainla
A a P
I¥OLTA LALIINNITATIVILATIZH 1 U
Y a oA A 9 o
nevlfiianisimegnisiiiendeluszuusin
! v s D) PO P
AundoIganssainudulomians 3 siiamny

V3NN Taslimadioldeusnalalssn



NsansdetinainethlfidedIneg 6 (2): 59-78 (2565)

' EY A A y A
IM1veIdue19UINN Treatment UM 110

1 9 [ g’; . . Y [}
uadmsineide luyu Epidermis galuiane

v
LY

Y

' < ' a 1 a

wums ldiyerriailuasyghaansadaasy
a a 9y Y A 1
sy Taveandieran 18 sremuyan

Y ' dy 9 Y

ndannygamiugiuluiesnaia’la Tag
Yy v A !
szozna1lunmsoyuiana ldersunndingla

A g oy A A A )
Wworrinthvuzavae 13 weldsuazsin

@ v Jd W

na ldfiszeznanlumsaialjdunusaony

a a
anAnssulszma

ypvounmrtledosnutazSnu1hi
Y 1 Jd 9 9
an. 2 ((u1ae) Tuanueyasizvinar il nay

NUEATUAUUMTANYT TATINITUBIONAT

a q a

=~

U

[

oWauNBATNT U v 2R

NIAINeaeuu 19 and1inwauIn13I9e
4 o

NISIAYAT BIANITNHI¥U) Used1T

qualszuna 2563

1PNA1591909

Aggangan, N. S., P. Mitzi, B. Jeremoas &

G. Joan. 2013. Growth of Shorea contorta

Vid. Inoculated with Eucalypt
Ectomycorrhizal Fungi in the Nursery and
in a Logged-Over Dipterocarp Forest in
Surigao, Philippines. American Journal
of Plant Sciences 4: 896-904.

Cairney, J. W. G. 2011. Ectomycorrhizal fungi:
the symbiotic route to the root for
phosphorus in forest soils. Plant Soil 344:

51-71.

76

Charoenmahavit, B. 2018. Don Pu Ta: Northeast
Cultural Forest Related to the Local and the
Forest. Veridian E-Journal, Silpakorn
University (Humanities, Social Sciences
and arts) 11(2): 2203-2016. (in Thai).

Ji, K.P, Y. Cao, C.X. Zhang, M.X. He, J. Liu,
W.B. Wang & Y. Wang. 2011. Cultivation
of Phlebopus portentosus in southern
China. Mycological Progress 10: 293—
300.

Harley, J. L. & S. E Smith. 1983. Mycorrhizal
symbiosis. Advances in Bioscience and
Biotechnology. Cambridge University.

Inyod, T., T, Lattirasuvan, K, Chawananorasest,
T, Toemarrom, C, Konee, S, Yatsom, S,
Bualoi & P, Eamprasong. 2021. The study
of the Suitable Aging of Syzygium cumini

(L.) Skeels for Promoting Growth of

Phlebopus  portentosus  (Berk. and
Broome) Boedijn under Greenhouse
Conditions.  Naresuan  Agriculture

Journal 18(1): 1-13. (in Thai)
Inyod, T., T. Lattirasuvan, T. Termarom,
C. Konee, S. Chaimongkhon &
W. Fongthiwong. 2 02 1. Effects of
Ectomycorrhiza from Astraeus odoratus
and Phlebopus portentosus on some
Species of Forest Trees and Fast-Growing
Trees in Natural Conditions. King
Mongkut's Agricultural Journal 39(3):

215 -223. (in Thai)



NsansdetinainethlfidedIneg 6 (2): 59-78 (2565)

Inyod, T., T. Lattirasuvan, T. Termarom, C.
Konee, S. Yatsom, P. Eamprasong, N.
Srihanant & A.  Gabjun.  2022.

Examination of Host Plants and Quantity

of Ectomycorrhiza (Astraeus odoratus)

Suitable for Promoting Ectomycorrhiza

Rooting of Dipterocarpaceae Seedlings

under Greenhouse Conditions. King
Mongkut's Agricultural Journal 40(1):
28 —37. (in Thai)

Kumla, J.,, A. Erik, N. Suwannarach &

S. Lumyong. 2016. The ectomycorrhizal

status of a tropical black bolete, Phlebopus

portentosus, assessed using mycorrhizal
synthesis and isotopic analysis.
Mycorrhiza 26: 333-343.

Kumla, J., N. Suwannarach & S. Lumyong. 2020.
A New Report on Edible Tropical Bolete,
Phlebopus  spongiosus in  Thailand.
Mycobiology 48(4): 263-275.

Liu, Y., X. F. Wang & Y. Z. Zhinan. 2015. China
CN 105861315 B. Jinpu Garden Co., Ltd.

Moyersoen, B. 2006. Pakaraimaea

Dipterocarpaceae is ectomycorrhizal in

dicating an ancient Gondwanaland origin

for the ectomycorrhizal habit in
Dipterocarpaceac. The New Phytologist,
172, 753-762.

Mungklarat, J., C. Kanchanaburangura &

P. Petrmak. 2001. Species trial of 8

dipterocarpaceae at Thong Pha Phum

Forest tree seed station in Kanchanaburi

77

province. Office of Forestry Academics,
Royal Forest Department, Bangkok.
(in Thai)

Nuangmek, W. & M. Titayavan. 2020. Cereal
grain for spawn production of Astraeus
sp. and the effects of host plants. Khon
Kaen Agriculture Journal 48(1): 1173-
1180. (in Thai)

Office of the Secretary of the National Strategy
Committee and the Office of the National
Economic and Social Development Board.
2018. National Strategy 2018-2037 (short
version). Office of the National Economic
and Social Development Council, Bangkok.
(in Thai)

Royal Forest Department and Kasetsart
University. 2017. Economically valuable
wood “Knowledge for promoting the
cultivation of economically valuable
trees”, Reforestation Promotion Office,
Royal Forest Department. (in Thai)

Royal Forest Department. 201 8. Sustainable
Economic Forest Plantation Management
Manual, forest economics bureau, Royal
Forest Department. (in Thai)

Sangthian, T. & U. Sangwanit. 1994. Growth of
Dipterocapus alatus Roxb. Seedlings
inoculated with ectomycorrhizal fungi. Thai
Journal of Forestry 13: 22-28. (in Thai)

Sim, M. Y. & A. H. Eom. 2006. Effects of

Ectomycorrhizal Fungi on Growth of



Seedlings of  Pinus densiflora.

Mycobiology 34(4): 191-195.

Suksawang, S. 2014. Long-term ecological

studies in the national park: The permanent
plot in tropical forests. pp 146-106. In
Proceedings of the Thailand Forest
Ecological Research Network (T-
FERN): Ecological Knowledge for
Adaptation on Climate Change. January
23-24, 2014. Faculty of Forestry, Kasetsart

University. (in Thai)

Tarah, S. S. 2017. Seil acidity impacts

beneficial soil microorganism.

Washington State University.

Tawaraya, K., M. Turgjaman & H. A.

Ekamawanti. 2007. Effect of arbuscular
mycorrhizal colonization on nitrogen and
phosphorus uptake and growth of Aloe vera

1. HortScience 42(7): 1737-1739.

Thongklang, N., D. H. Kevin, B. Bussaban & S.

Lumyong. 2010. Culture condition,
inoculum production and host response of
a wild mushroom, Phlebopus portentosus
strain CMUHH121-005. Maejo
International Journal of Science and

Technology 5(3): 413-425.

NsansdetinainethlfidedIneg 6 (2): 59-78 (2565)

78

Thongjiem, N., I. Panthasu, P. Kalthiyanant,
P. Yingkum & N. Kumtago. 2018.
Production of edible ectomycorrhizal
seedling in fast growing species. Research
and development to sustainable forest
management and utilization. Royal
Forest Department. Bangkok. (in Thai).

Treseder, K. K. 2013. The extent of mycorrhizal
colonization of roots and its influence on
plant growth and phosphorus content.
Plant and Soil 371(1): 1-13.

Unphim, U., S. Sophapol, R. Chaiherunkit &
C. Pookhit. 2017. Knowledge Management
of Local Mushrooms Wisdom in Ubon
Ratchathani Province. Humanity and Social
Science Journal, Ubon Ratchathani
University 8(2): 156-176 (in Thai).

Zhang, C., H. Mingxia, L. Jing, X. Xinjing, C.
Yang, F. Gao, F. Yiwei, W. Wenbing & W.
Yun. 2017. Brief Introduction to a Unique
Edible Bolete—Phlebopus portentosus in
Southern China. Journal of Agricultural

Science and Technology B7: 386-394.



