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Korean Tricholoma matsutake Strains that Promote
Mycorrhization and Growth of Pinus densiflora Seedlings

Sung-Min Jeon' and Kang-Hyeon Ka™*

'Department of Life Science, Sangmyung University, Seoul 03015, Korea
*Division of Wood Chemistry and Microbiology, National Institute of Forest Science, Seoul 02455, Korea

ABSTRACT : Domestic and international production of Tricholoma matsutake has decreased owing to matsutake forests being left
alone, host plant disease, forest fires, climate change, and so on. In order to identify strains that are suitable for the production of
T. matsutake-inoculated seedlings, Pinus densiflora seedlings were inoculated with T. matsutake after in vitro rooting and
mycorrhization was examined in the roots of T. matsutake-inoculated seedlings after 6 months. The mycorrhization rate was greater
than 80% for 5 strains (NIFoS 421, 434, 1681, 1984, and 2001) out of 19 total strains. Seven strains (NIFoS 434, 441, 561, 562,
1016, 1807, and 1812) showed shoot/root ratios of less than 3.0 and had a seedling shoot biomass of 2.0 to 4.8 times higher than
that of the root. Eight strains (NIFoS 441, 561, 562, 1016, 1807, 1812, 1984, and 2001) stimulated increases in shoot volume and
three stains (NIFoS 441, 562, and 1812) promoted the growth of root biomass by mycorrhizal formation. In conclusion, 4 strains
(NIFoS 434, 561, 1984, and 2001) out of 19 total strains tested showed higher mycorrhization rates and seedling growth than those
of the other strains. We expect that the use of these four strains may contribute to T. matsutake-inoculated seedling production.
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Table 1. Origin of Tricholoma matsutake strains used in this study
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NIFoS strain No. Location Year of isolation Host plant Origin of strain
421 Yecheon, Gyeongbuk 1995 Pinus densiflora Basidiocarp tissue
434 Samcheok, Gangwon 1996 Pinus densiflora Basidiocarp tissue
441 Goseong, Gangwon 2009 Pinus densiflora Basidiocarp tissue
561 Pohang, Gyeongbuk 2001 Pinus densiflora Basidiocarp tissue
562 Yeongdeok, Gyeongbuk 2001 Pinus densiflora Basidiocarp tissue
563 Geochang, Gyeongnam 2001 Pinus densiflora Basidiocarp tissue
699 Boeun, Chungbuk 2005 Pinus densiflora Basidiocarp tissue
702 Sancheong, Gyeongnam 2003 Pinus rigida Basidiocarp tissue
1013 Hongcheon, Gangwon 2007 Pinus densiflora Basidiocarp tissue
1015 Mungyeong, Gyeongbuk 2007 Pinus densiflora Basidiocarp tissue
1016 Yangyang, Gangwon 2007 Pinus densiflora Basidiocarp tissue
1266 Sancheong, Gyeongnam 2009 Pinus rigida Basidiocarp tissue
1681 Hongcheon, Gangwon 2010 Pinus densiflora Spores
1806 Hongcheon, Gangwon 2011 Pinus densiflora Mycorrhiza
1807 Hongcheon, Gangwon 2011 Pinus densiflora Mycorrhiza
1808 Hongcheon, Gangwon 2011 Pinus densiflora Mycorrhiza
1812 Yeongwol, Gangwon 2011 Pinus densiflora Basidiocarp tissue
1984 Yeongwol, Gangwon 2012 Pinus densiflora Basidiocarp tissue
2001 Yeongwol, Gangwon 2012 Pinus densiflora Basidiocarp tissue
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Table 2. Conditions for in vitro mycorrhizal synthesis between Tricholoma matsutake strains and Pinus densiflora seedlings

Comparison list 2014 year 2015 year
Liquid medium MMN (pH 5.5) MMN (pH 5.5)
S Culture temperature 25+2°C 25+2°C
Age of mycelial-inoculum 35 days 56 days
Amount of mycelial cells inoculated per container 10 mL 5 mL
. . Seed soaking in Seed soaking in
Disinfection treatment of seed surface 30% H,0, for ZgO min 30% H,0, for ZgO min
Seedlings Solid medium for seed germination PDA PDA
Germination temperature 23+2°C 23+2°C
Age of Pinus densiflora seedlings 34 days 13 days

Soil (particle size)

Soil substrate Soil medium

Soil to medium ratio (v/v)

Decomposed granite
(> 4 mm in diameter)

1/4 PDMP (pH 5.5)
6:1

Decomposed granite
(> 4 mm in diameter)

1/4 PDMP (pH 5.5)
6:1
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4 75=(NIFoS 421, 434, 1681, 1984)7} AU 5.9} 11
8 FJ3IHaL, T BAE2 100%3ATH(Table 3). w2
Pl FA7}F HA] 282 ¥ T (simple mycorrhiza)
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Table 3. Mycorrhization ability, presence of rhizomorphs, and mycorrhizal morphotypes of Tricholoma matsutake strains

NIFoS strain No." Mycorrhization (%)°

Surface color of mycorrhiza

Type of ramification®

Simple Dichotomous
421* 100 (5/5) 1-BR, d-BR O O
434* 100 (5/5) I-BR, d-BR O @)
441 40 (2/5) 1-BR, s-BR O O
561 60 (3/5) d-BR O @)
562 20 (1/5) s-BR O O
563 0 (0/5) - - -
699 0 (0/5) - - -
702 0 (0/5) - - -
1013* 0 (0/5) - - -
1015* 0 (0/5) - - -
1016 40 (2/5) s-BR O O
1266* 0 (0/5) - - -
1681* 100 (5/5) 1-BR, d-BR O O
1806 0 (0/5) - - -
1807 20 (1/5) I-BR, s-BR, d-rBR O O
1808* 0 (0/5) - - -
1812 20 (1/5) 1-BR, s-BR, d-rBR O O
1984* 100 (5/5) I-BR, d-BR O @)
2001 80 (4/5) d-BR O O

1-BR, light brown; s-BR, strong brown; d-rBR, dark reddish brown; d-BR, dark brown.

*Asterisks (*) indicate the strains surveyed in 2014. Other strains were surveyed in 2015. "Mycorrhizal synthesis was expressed as a per-
centage of the number of mycorrhizal groups out of total inoculated groups (n=5). ‘Open circles (O) mean the morphotype of
Tricholoma matsutake mycorrhizas observed on mycorrhizal seedlings. NIFoS, National Institute of Forest Science.
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Fig. 1. Morphologies of Tricholoma matsutake ectomycorrhizas observed on Pinus densiflora seedlings after 6 months of inocu-
lation. A, NIFoS 421; B, NIFoS 434; C, NIFoS 441; D, NIFoS 561; E, NIFoS 562; E NIFoS 1016; G, NIFoS 1681; H, NIFoS 1807;
I, NIFoS 1812; J, NIFoS 1984; K, NIFoS 2001; L, uninoculated control root (scale bar = 1 mm). NIFoS, National Institute of

Forest Science.

Ch(Fig. 1). TAFE°] B F& this JAske A
(thizomorph)2 TS FAYE 4 5 TFoA TaE
=] eFokth. 2015550 NIFoS 4412 33 & 117 &
o] FFEY T FXHES RARIYAL, o] F 4 TFE A
218k 77 7= (NIFoS 441, 561, 562, 1016, 1807, 1812, 2001)
7} 2o TS FAJ8IATH (Table 3). T FAIEC] 7}
7 =8 FFE NIFoS 2001(80%)°]1.2H, NIFoS 561%
60%2] T FAHES LERATE. 2014959} o] 20154
o= BB APFEAE o] TEET T 3
AWFL AZEA (1-BR), 22 (d-BR), 124 (strong brown,
s-BR) Fe= FHZHA (dark reddish brown, d-rBR)S.ZE TF
31T (Table 3, Fig. 1). 314 T= @& shalo] AP/}
T S AL Ao, IF #F5 (NIFoS 1016,

1807, 1812)9] 7A-¢-oll= HYE FAA7} 2o F2 2 e
Z o] Fa JgloL}, #AKEC ® HY|E ol git). BEd
TEL slElage] #28 53 7 84 7% e
H It (Fig. 2).
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Fjg)ro) Fol| A I E Alo] AA AlgE o] AU
3, EEel e Wdeln] eigkow, 2 Al dad 1 5
HEE Folto] I vissle EAS & 4 Qi) 3k
T o] Bha] Age A, JZAl A Follo
o, Alte] o)z} gtar, Hejdo] W) ATk (Fig. 1L).
Ka 5 [17]2 =] AP 0] 5of AU #8749
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Fig. 2. Hartig-nets and fungal mantle of Tricholoma matsutake ectomycorrhizas observed on roots of Pinus densiflora seedlings
after 6 months of inoculation. A, NIFoS 421; B, NIFoS 434; C, NIFoS 1681; D, NIFoS 1984 (scale bar = 20 pm). H indicates

Hartig-net. NIFoS, National Institute of Forest Science.
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S 75-oll= NIFoS 1984 2]72] A% Zo](64.2 mm)7}
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ek Az FolE vlwalnt. 117 H2l7e] 2% Zdol=
AR SE FAYTY 2(39.9 + 7.7 mm)F} BISsSEAL
=4t} (Fig. 3B). 57 A|2]7+(NIFoS 561, 702, 1806, 1812,
2001)= F-22]7HY =2 A% ol Yehlo] o]& A
7ol HES ol #F7F AU F85e] AR S
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I A% Zol= 735 mmZ 7P =93], o= T8
o] Hi A% Zo|rr} oF 188 T H& 3t s}
201437} 20159%9] A9 A, T2l e} 2z o7t
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= 47.5~73.5 mm%ATt.
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Shootheight of P. densifloraseedling
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Fig. 3. Comparison of shoot height among Pinus densiflora
seedlings inoculated with different Tricholoma matsutake
strains. All seedlings were incubated in culture bottles filled
with sterilized granite soil and liquid medium at 23°C for 6
months. Mycorrhizal synthesis was performed in 2014 (A)
and 2015 (B), respectively. Bars with the same lowercase are
not significantly different (Duncan's multiple range test, p <
0.05, n=5). NIFoS, National Institute of Forest Science.
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718.(2-0)9] 7H(stem length) T4 25 cm ©]/d?] Ao
2 71A1=] dtt[22]. A% o] (shoot height)2} 7H(stem
length)2] 2Jv]7} 3] tf27 IA|TH & o HE 2
o] BFHES Wrlshs &) HER o]EF o= w7
Zhol] w2 Ht Al o] AFHS oS3) & = Ut
BE0] ¢ 7171l whEl AL vl F o2 Frkshar
7V 79, 470 T5=(NIFoS 561, 1984, 1812, 2001)Z Zz+zt
HAES A fH 2d ¥ dSE e e Alx dole
25 cm A=V} Hrh. mEbA o]E- o 2= AkE A
BEOZ A3t qZo] "ot 1y o HEE} A
g BE2 wljoF 87V ul ey 7o) 2R o mg Az A
o] A &Ko} AZSX|7} ThE 7 UTh. webA] Folito]
AU fFHe] A% Ao AR 7|X= JEFTOZ Fo]
AEE A 3t Fo] 155 sy ofHo) da
o] FE9 AEHE 3 A8

ZukE o g 201435} 20159 % A3 Z4 sl &
ojto] AU FHO AEF SV TS 7S ¢
ATt 2014d%2] A¥= B EAT FH VD &=
AETFE 142.0 + 39.8 mg 2 87l X252 A A
202 Folgk zto|7} gtk (Fig. 4A). 4709 T B4 A
275 (NIFoS 421, 434, 1681) 7+o] AEHT =7 thEX)
kTt 2015 3% Ag Aol A, NIFoS 4415 53k 97l
Aol F-A42]9(101.9 + 31.6 mg) I+ FAEZ] o
gk zfo|& YERHS & = UATHFig. 4B). B3 A% Zo]
A7 =27} =k 3709 T A XJ8] T (NIFoS 561,
1812, 2001) I+ FAEHT FAFSIAT

A8 Bio] ZPgel A ETRS Bio] AEY
I A idske & shue] 37t 2 = k. 20149
= AHE HH, 87) A2 & NIFoS 1984 A2} (140.5
+ 25.5 mg)7ro] 4|2 7(106.3 + 25.3 mg)H T} FoSH
AV BEFO] B S & 4 AT(Table 4A). Y-
FrH Aehte] AEFS T2} e/ A7} vissst
Rom, e i FA AT 1 A AEEE Z A
o7} fiith. 20159% A3 Z7 stollA= 17 A2+
AP A EaFo] AT (71.5 + 16.8 mg)HT} F-2l5H
o} Foliro] AU FH AR S FXleke As
& 7 UATH(Table 4B). AV BEH FA= 7 O
A 212]7- 5 NIFoS 561(157.2 mg)Z} NIFoS 2001(160.7
mg) AT} 7P =Tk X A== NIFoS 441
FIRH 7l A2 FA21(304 + 161 mg) R o]}
Al 8. T ¥4 A2 T NIFos 1812 #2]7-9] A
S A= WA (748 mg)7t 7P BT 201439}
20155 23S Tl 8 w5 (NIFoS, 441, 561, 562, 1016,
1807, 1812, 1984, 2001)= -FrHE.&] XA Ky Ao, 3 7
Z+(NIFoS, 441, 562, 1812)F T3 FAAA XSt K
o LS w5 3E G T A}k

BE A7 HxstA AEHA W H5Eo] St &
EFYAE 9S4 Q1o xS A He| 0]2] A] AYo] A3

Total biomass of P. densifloraseedling

50.0
0.0 . == . == I ==
C 421 434 1013 1015 1266 1681 1808 1984
NTFoS strain No.
Experiment A (2014)
300.0 . ab
a,
ab o, ab a ap

250.0 -

Total biomass of P. densifloraseedling

C 441 561 562 563 699 702 1016 1806 1807 1812 2001
NTFoS strain No.

Experiment B (2015)

Fig. 4. Total biomass of Pinus densiflora seedlings inoculated
with different Tricholoma matsutake strains. Mycorrhizal syn-
thesis was performed in 2014 (A) and 2015 (B), respectively.
Bars with the same lowercase are not significantly different
(Duncan's multiple range test, p < 0.05, n=5). NIFoS, Natio-
nal Institute of Forest Science.
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bl xe] atEd) B AESo] Erial AT =
gich. =gk BA 02 A B AS rlshe dlell
= BE APFRe} A AERdEThs 11 & ] 1
o] FQstkal A7) ko, BE o]24] FA (transplant-
ing shock)9] T2 F9] ST HE R e} X|5he]
AE-7F H] (shoot:root ratio, S/R ratio)e] % wiFo|z}t
Ao A1 A TH23]. S/R raio= FAF 28-S 3}
Aot EGCZRE 55 Foke At
g SAS vt /g o R, 870A 71 AhT A4
= (container conifer seedling stock)e] F2-S H7lsh=
gl AeslR] L= B IAYF UE (bareroot see-
dlings)®] ¥4 7} A H.e] 7HE 333 (drought avoi-
dance potential)S F7sH= Hloll= de] ARS3l hth[23].
E Aol ARSE A= Folds AlQlsiale b 4
B o] w4k 87104 At A AR SEAIRE, S
S BT AAS 3 5 AEFS S5 wlitel] dut
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Table 4. Shoot biomass, root biomass, and shoot-to-root ratio (S/R) of Pinus densiflora seedlings inoculated with different Tri-

choloma matsutake strains

Experiment A (2014)

Dry weight of seedlings (mg)

NIFoS strain No. S/R ratio
Shoot Root

C 106.3 + 25.3 35.7 + 14.7% 3.1 405

421 1353 + 18.5% 42.0 +10.1° 33+ 0.5

434 122.6 + 11.5* 48.1 +10.7° 2.7 +0.8°

1013 103.2 + 18.2° 46.2 + 184 24+0.7

1015 96.0 + 32.0° 404 + 16.6' 2.4+ 0.6

1266 97.6 + 14.6° 204 +2.4° 48+0.8

1681 104.9 + 16.6™ 40.4 +24.2° 32+ 1.6

1808 131.6 + 30.3* 50.0 + 9.8 2.6+ 0.2°

1984 140.5 + 25.5° 35.7 + 5.3% 40 +0.6"

Experiment B (2015)

NIFoS strain No. Dry weight of seedlings (mg) S/R ratio
Shoot Root

C 715 + 16.8° 30.4 + 16.1° 2.7 +0.7

441 143.1+ 28.0" 73.6 +22.4*° 2.0+ 02°

561 130.9 + 28.2* 52.0 + 16.4™¢ 26+ 0.6

562 157.2 + 28.5° 56.3 + 16.6™ 29+0.7

563 130.5 + 39.1* 60.7 + 11.3* 2.1+ 04

699 147.1 + 18.2* 67.6 + 15.9* 22403

702 151.2 + 46.0° 65.0 + 30.1* 25+0.5"

1016 107.4 + 30.5° 488 +11.1™ 22+0.5"

1806 136.4 + 21.7* 49.7 + 8.0° 2.8+0.3™

1807 111.4 + 12.8% 450 + 1.6™ 25403

1812 151.6 + 18.1°" 74.8 + 17.9° 2.1+0.3"

2001 160.7 + 31.6° 440 + 184" 40+ 13

C, uninoculated control seedlings.

Mycorrhizal synthesis was performed in 2014 (A) and 2015 (B), respectively. Values with same superscript in each column are not sig-

nificantly different (Duncan's multiple range test, p < 0.05, n=5).

2Rl A8 vmel AR, webA 2P 74} ke 3
g Z7Pt 7giEe Fo] FEEE Adsr] 98] U=
9] o422 S/R ratio (£ SR ratio)dl] 7PREAIE 7+ A
g7 = vlasie]of st

dukr o 2 953 LFHO SR ratios 3:1 ©]3}, $35k
B|71HE 2:1 oJ&H21]2} s, EqFo] 1AZF 3ol| o4&
AAH O] 79 HEO| SR ratio?} HE BERS A
7} 1o, o] ) L9 o dHQ] SR ratio= 2:1 (2 g/g)
ol Aog L&A QUrH23]. Table 43 W, AU §H
Aol AEo] SRR} 2.0~4.88] A= E& gk
o] At} 20143 % AR A NIFoS 1266 #2]7-(4.8 + 0.8)
= A3 770 ATt 2831 0.5)2] S/R ratioZ}
BAHCE fofgt zlol7t §heS & = UTH(Table 4A).

7N A= FA A]GE(NIFoS 421, 434, 1681, 1984) 7+ S/R
ratio= FAFSFATE. 20153 %9+ NIFoS 2001 #2]7*(4.0
+ 1.3)2 A3 107 At Fx18)7-(2.7 + 0.7) 7+ S/R
ratio®l] 2]t X}o| & & 4= §ITH(Table 4B). 77l v &
’d 2]+ % NIFoS 20015 A|9|g Y =] 22|59 Z4
S/R ratioS 2.9 oJ3lZ, &A AF3 53 YES SR
ratio (3:1 ©|3})e} FAFSISATE. WebA] S/R ratio AL A,
T BT S/R ratio $h= A FHEAZ} gitk= A
S & 4= Ut} TSk 770 $eo] TS5 (NIFoS 434, 441, 561,
562, 1016, 1807, 1812)2 Y1t 3.0 ©]5}] S/R ratioS LJE}
o] 21 W Eo] Wl kg 3|9jEo] & ASE o=
=, Az 89 ke o] 2] A] A& o] gk B0

= A4 7Ps Aol ZlojEt.



Fo] gFEE I FAES AT fE AAES X
AR A3} 20149 % A ZA Sl A= & 475 (NIFoS
421, 434, 1681, 1984)7} AU FH2}F 100% T2 FA
3Tt 53] NIFoS 1984 *{2]7<, 21d7F 871004 vt
749- o] 24} A% Zo)7} 25 cm oldo] H Ao E dj=g
o] AH-E R 71Ee ARt S 2 BEol E Vks
’do] St} HE-9] FAIET, AV A=, Ak A=,
S/R ratio HFS 4 W5 HES A2 FAA ZF FAF
31t 20159 % A3 24 sl XE & 7] 75 (NIFoS
441, 561, 562, 1016, 1807, 1812, 2001)7} TS AAIBIA
©m, NIFoS 2001°] 7 =& ¥ X E(80%)S UEt
Wk, 370 75 (NIFoS 561, 1812, 2001) &&)7-e] A1% Zo]
= FAYFU & g5 JES ARG felsH
=%om, 2d7t 87164 i A AHE- YH 71 Z
F3t FAC R AL 7FsAol ATt ©] F NIFoS 56124
1812 A= 2lx ZAoj¥nt olyg} B FAEH X
R AEEo] TR w3kon, APdRet Relie]
H|&0] 3 oJ3IR] Ao Z ZALE|o] 48 4E FHE A
Zye| B o= o). 93 i gAE Y S dE
S BT UEEhe $o] # -5 AEshr e oy, Sl
et w2 §4d 210l whEt A1 BEO] 9y AT &
Jo] GEfR|B R olo) me} 2kHE HEE ALt At
Fo] ¥ FRE d¥sfof ditf= 2S¢ 4 ATt ©]
2 FHIM o) F7E FESs 1S ), 201495
9] A3 ZAd| A= NIFoS 4349} 1984, 20159% A =
ol A= NIFoS 5613} 20010] o] HER A2l 2gst
Zol] et A2zt

¥ Q

Folikel R, 7\FA1Ee) A, A, 7150E) 5 O
3 910] oJs) )9 o] atepo] st o] o
o) AE|A SAS ol88 A 71% o] Bad
Aol B AFoAE Fol AFH i) HAD TF

>

=

T+ ko] T TS ATt o] 7 FAAES
Z 190 5 5 570 T5-(NIFoS 421, 434, 1681, 1984,
2001)7}F 80% ©1’d-= YERATE. 77l o] 5= (NIFoS 434,
441, 561, 562, 1016, 1807, 1812)= Ht 3.0 ©]3}2] S/R
ratios YERRIAL, AU F5 Ae] AEZo] x|t
Ht} 2.0~4.890 A= =4t} 87 7 (NIFoS 441, 561, 562,
1016, 1807, 1812, 1984, 2001)+= F-H.&] A Hu] A%
of], 37} TF-(NIFoS 441, 562, 1812)& TS SAIEAA A
S F3) S e S G AN ARHOE A
s JES A e 5, F 190 APE T 4 TF
(NIFoS 434, 561, 1984, 2001)= B} FFE9l| Hl8] $o]it
o] o<t P A {8 AR o] 9 Ao

ElLt Fo] HEE At Qo o]&2] &8-o] 7|tjEth.
Acknowledgements

This study was supported by a grant (FP 0801-2013-01)
from the National Institute of Forest Science, Republic of
Korea.

REFERENCES

1. Ka KH, Koo CD. Research questions for artificial cultivation
of Tricholoma matsutake. Trends Agric Life Sci 2002;2:1-6.

2. Zeng YW, Yang JZ, Pu XY, Du J, Yang T, Yang SM, Zhu WH.
Strategies of functional food for cancer prevention in human
beings. Asian Pac J Cancer Prev 2013;14:1585-92.

3. Kim YE, Yang JW, Lee CH, Kwon EK. ABTS radical scaveng-
ing and anti-tumor effects of Tricholoma matsutake Sing. (Pine
mushroom). ] Korean Soc Food Sci Nutr 2009;38: 555-60.

4. Lim HW, Yoon JH, Kim YS, Lee MW, Park SY, Choi HK. Free
radical-scavenging and inhibition of nitric oxide production
by four grades of pine mushroom (Tricholoma matsutake Sing.)
Food Chem 2007;103:1337-42.

5. Kim JY, Byeon SE, Lee YG, Lee JY, Park J, Hong EK, Cho JY.
Immunostimulatory activities of polysaccharides from liquid
culture of pine-mushroom Tricholoma matsutake. ] Microbiol
Biotechnol 2008;18:95-103.

6. Choi SY, Kim NN, Kim YE, Lee Y, Kim §J, Kim JH. Inhibitory
effects of cultured Tricholoma matsutake mycelia on melanin
biosynthesis. Korean ] Food Sci Technol 2011;43:240-2.

7. Kim JS, Park JB, Jang SW, Kwon DH, Jang MH, Lee MO, Ha
SJ. Determination of antibacterial activity from Tricholoma
matsutake extract and its application to low salted Jeot-gal.
Korean Soc Biotechnol Bioeng ] 2015;30:253-6.

8. Guerin-Laguette A, Shindo K, Matsushita N, Suzuki K, Lape-
yrie E. The mycorrhizal fungus Tricholoma matsutake stimul-
ates Pinus densiflora seedling growth in vitro. Mycorrhiza 2004;
14:397-400.

9. Islam E Ohga S. The response of fruit body formation on
Tricholoma matsutake in situ condition by applying electric
pulse stimulator. Int Sch Res Notices 2012. http://dx.doi.org/
10.5402/2012/462724.

10. Yamanaka T. Researches for development of the cultivation of
‘matsutake, a prized mushroom produced by the ectomycor-
rhizal basidiomycete Tricholoma matsutake. Bull For For Prod
Res Inst 2012;11:85-95.

11. Ka KH, Park H, Bak WC, Kim HS, Hur TC, Yoon KH, Ryu SR,
Lee BH, Koo CD, Lee SI, et al. Artificial production of pine-
mushroom using transplanted pine trees infected by Trichol-
oma matsutake. Seoul: Korea Forest Research Institute; 2010.

12. Korea Forest Service. 2015 Statistical yearbook of forestry.
Daejeon: Korea Forest Service; 2015.

13. National Indicator System of the Statics Korea. Forest damage
occurrence and prevention by forest pest insect and disease
[Internet]. Daejeon: Statistics Korea; 2016. Available from
http://www.index.go.kr/potal/main/EachDtIPageDetail.do?idx
_cd=1310.

14. Ka KH, Kim HS, Hur TC, Park H, Bak WC. Artificial cultiv-



15.

16.

17.

18.

ation of Tricholoma matsutake using matsutake-infected pine
tree. Seoul: Korea Forest Research Institute; 2009.

Ka KH, Jeon SM, Park H, Lee WY, Oh DS, Choi JW. Develop-
ment of mushroom cultivation technology on coniferous res-
ources as a medium. Seoul: Korea Forest Research Institute;
2013.

Marx DH. The influence of ectotrophic mycorrhizal fungi on
the resistance of pine roots to pathogenic infections. I. Anta-
gonism of mycorrhizal fungi to root pathogenic fungi and soil
bacteria. Phytopathology 1969;59:153-63.

Ka KH, Park H, Hur TC, Bak WC. Selection of ectomycorrhi-
zal isolates of Tricholoma matsutake and Tricholoma magnive-
lare for inoculation on seedlings of Pinus densiflora in vitro.
Kor ] Mycol 2008;36:148-52.

Yamada A, Maeda K, Kobayashi H, Murata H. Ectomycorrhi-
zal symbiosis in vitro between Tricholoma matsutake and Pi-

T G 2 R Ao 9 Fol Tl A 165

19.

20.

21.

22.

23.

nus densiflora seedlings that resembles naturally occurring
‘shiro. Mycorrhiza 2006;16:111-6.

Palmen J. Matsutake: mushroom of the year - or millennium?
Fungi 2016;8:40-8.

Yamada A, Endo N, Murata H, Ohta A, Fukuda M. Trichol-
oma matsutake Y1 strain associated with Pinus densiflora shows
a gradient of in vitro ectomycorrhizal specificity with Pinaceae
and oak hosts. Mycoscience 2014;55:27-34.

Haasse DL. Understanding forest seedling quality: measure-
ments and interpretation. Tree Planters' Notes 2008;52:24-30.
Instructions for forest seedling business: Established Rule No.
599 of Korea Forest Service. 2011.

Bernier PY, Lamhamedi MS, Simpson DG. Shoot:Root ratio
is of limited use in evaluating the quality of container conifer
stock. Tree Planter’s Notes 1995;46:102-6.



