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Abstract: Truffle is a precious underground fungus famous all over the world for its unique
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aroma and taste and has economic, medicinal, and ecological values. Truffles form
ectomycorrhiza with host plants before forming fruiting bodies (ascocarps). Considering the high
economic value and the serious destruction of wild resources, artificial cultivation imitating wild
truffle growth by preparation of seedlings with truffle mycorrhiza has received extensive
attention. Focusing on the cultivation of seedlings with truffle mycorrhiza, we elaborated on the
threats to truffle resources, the progress in artificial cultivation methods, and the rapid
development of plantations. Furthermore, we summarized the research progress in the selection of
symbiotic combinations, substrates, inoculants, culture methods, interaction with other organisms,
and methods of identification. This review will provide a reference for developing the methods for

cultivating seedlings with mycorrhiza and promoting artificial cultivation of mycorrhizal edible

fungi.
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*1 ERHRERHERE IR/

Table 1 Examples of hosts reported for tuber species

T s RS ERM AR PRIE R KA 275 3k
Taxonomy T. sinense T. melanosporum T. magnatum  T. borchii T. aestivum T. macrosporum References
HEARR Betulaceae

HRAREA * * * * [1,31]
Alnus cordata

D P 968 -1 . * " [1,21]
Carpinus betulus

R A% * [ ] [ ] (] [1,32-34]
Corylus avellana

R 5 * [35-37]
Corylus heterophylla

5¢}-F} Fagaceae

B s * * * [1,38]
Castanea mollissima

RRCHH 5 . * * [1,31,39-40]
Castanea sativa

B * [25]
Castanopsis fissa

AR * [1,41-42]
Quercus acutissima

Wit Quercus aliena [42-43]
4k Quercus fabrei * [27,44]
% AR * [45]
Quercus faginea

HE AR * * [38,46]
Quercus franchetii

HREHEM [27]
Quercus gilva

H X Quercus glauca [47-48]
KRR Quercus ilex ] ] ] = [31,49]
KA AR [44]
Quercus longispica

ELLE * [44]
Quercus mongolica

/Nt X [27]
Quercus. myrsinifolia

B AR [50]
Quercus pannosa

TRA AR [49]
Quercus palustris

ZEHR [ ] * [ ] [ [1,14,31,49]
Quercus pubescens

KBk Quercus robur * | * ] [1,21,31,36,51-53]
LR * [25]
Quercus semicarpifolia

=IlEN [27]
Quercus sessilifolia

P * [44]

QM@VCMS senescens

(k)
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i) HhE R R

T. sinense T. melanosporum

Taxonomy

ERFARE PR E FHR

T. magnatum

T. borchii T. aestivum

RIS

225 30k

T. macrosporum References

T B R

Quercus variabilis
BABKE; Juglandaceae
LAz Bk *
Carya illinoinensis

e i) *
Platycarya

strobilacea

WABE Pinaceae

et

Abies alba

RVGHEEH A

Cedrus atlantica

BT R A
Cedrus deodara
=S *
Keteleeria evelyniana
HiE=AZ *
Picea crassifolia
LA *
Pinus armandii

58 2N *
Pinus kesiya

N *
Pinus massoniana
{EIEN "
Pinus pinaster

HRF A

Pinus pinea

L&

Pinus strobus

PANEEE /A *
Pinus yunnanensis
(LSRN

Pinus sylvestris

W) Tiliaceae
SR

Tilia americana

MR} Salicaceae

¥R A% Populus alba
4% Populus nigra
7] *
Populus rotundifolia
g *
Populus yunnanensis
S]]

Salix alba

LMD

Salix caprea

*

*

*

*

[25]

[1,31,60]
[1,31]

[1]

[49]

[37]
[42,61-63]
[64]
[25,65-66]
[31,56]
[1,31]
[1,31]
[25,65,67]

[1,31,56]

[31,68]

[51,56]
[1,31]
[69]

[50]
[31,56,70]

[31,56]

* o CIHAT AL R AR AR Rl we 7EEFAMA A AR S S IE iR AR R A
* : Indicates tree species that have successfully synthesized truffle mycorrhiza; m: Indicates that tree species forming truffle
mycorrhiza had been observed in the field.
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3.1 FIEER

B T TR AR 1 A% B 3 E 0 A EAE ) A=
MR AR A SR 5T, i D e o K B 1Y
B . [RIEE, hy 7 ke e At b AR T AR L TR Y
T, R AT W R e 1 A T B
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NP A R A BT . SR, g
AERAFTIRREERIER, BHaRZ;
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*x2 ESFREERGRNGE
Table 2 Methods of mycorrhizal cultivation of truffles in recent 5 years
e fh 44 i BRI pH HEFH MR SR ek B WA ZHEIHR
Taxonomy Host tree Culture substrate Inoculant Inoculation  Additive or Colonization References
vy dosage (per treatment rate (%)**
plant)*
thE EEINEM BERTBENDT - TRMETH 1.0-2.0 W NO HHAFIAN 81.043.0; [73-74]
T. sinense C. illinoensis (100%); Jesc. ¥  Ascocarps [RIBEvR AL ; % 88.0+2.0;
f(1:1); 3¢ e spore Jin NO fi A& ImA 52.1+0.9
w WA BEE powder 12% A K /R RS
(5:2:2:1) Subjected to
100% exogenous NO
nutrient-poor treatment
sand; Organic combined with P
soil: vermiculite stress; No
(1:1); Soil, peat, processing;
vermiculite, Exogenous
perlite (5:2:2:1) treatment of NO
was applied; Add
12% lime/CaCO;3
EEITEIS B AP - TREATR 2.0 ToAbs; VIBRMR  62.0+10; 75.0 [61-62]
P. armandii  (1:1); e W24 . 7.5 Ascocarps 9, Tt i A
HYUT:1:1) spore No processing;
Vermiculite, powder Root-tip cutting
organic soil (1:1); and uniconazole
Peat, vermiculite, treatment
organic soil
(1:1:1)
JRBR P, AP, 7.5 THRMTR 2.0 - 52.1£13.5  [41]
Q. acutissima WEA1(1:1:1) Ascocarps
Peat, organic soil, spore
vermiculite powder
(1:1:1)
MR Jesc. A 7.5 FRAMFH 2.0 - 49.0 [43]
Q. aliena BHLT(1:1:1) Ascocarps
Peat, vermiculite, spore
organic soil powder
(1:1:1)
BAERE SCEIDERE R DR AL - TSRS 1.0 A 12%47 W/t 43.5+0.9 [73]
T. C. illinoensis B (5:2:2:1) Ascocarps T2 5%
melanosporum Soil, peat, were Add 12%
vermiculite, homogenized lime/CaCOs
perlite (5:2:2:1) with water
EEITEIS WA AN - TRETH 2.0 - 47.9+8.0 [61]
P. armandii  Vermiculite, Ascocarps
organic soil (1:1) spore powder
WEAAE O FEEEL AR - TIRRRERE 2.0 il 45.4 [45]
0. faginea % . A KAME b3 Slow-release
(12:6:1) A slurry of fertiliser was added
Calcareous sandy homogenised
loam soil, sporocarps
sphagnum white in a sucrose
peat, limestone solution
coarse sand
(12:6:1)
(F52)
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(Zi32 2)
e fh 44 i ERAE R RER pH HE&Fh 7 FeRpsilis B ERA R EARSSe ZE SRR
Taxonomy Host tree Culture substrate Inoculant Inoculation  Additive or Colonization References
4% dosage (per treatment rate (%)**
plant)*
AHE B R - T ICRRR 2.0-2.7 MEIMZERAE; Bt 35.0-43.7;  [45,75]
0. ilex Be A RATRLED ERCYELy ) b B 21.2
(12:6:1); Y8 .  Ascocarps Slow-release
Blew . BHRA spore fertiliser was
(11:7:2) powder with added; Glyphosate
Calcareous sandy hydrated application
loam soil, magnesium
sphagnum white silicate
peat, limestone powder

coarse sand
(12:6:1);
Sphagnum white
peat, sphagnum
black peat,
perlite(11:7:2)

o AEREON TIRBTR (AL, g)s e SRIETEAIAR R b B0 E AR LASCRRIGE AR AR d s O A R ST 3T, G O AR

BUBRRE100%; —: 275 3CHk AR W]

*: Inoculum amount is the weight of fruiting body (in grams); **: The colonization rate of truffles on plant roots was calculated
by the treatment group with the highest mycorrhizal rate reported in the literature, which was usually mycorrhizal number/root tip

number x100%; —: It is not noted in the reference.

PR AT B B B TE R RE I 4500 T BB T B AR , (HLERT
FRAR ST E T, M35 R 100% 0 7ok,
Pest | WEARFRE R 101 B, SEEIIRMEEAR
B AR REIR T 80%, 2] 25 [ ILAZ AL
HRH A8 By PSR U, ML | A LA
LR 11 B, TCie R ne R Y g &1L
PR ARE OV e s . AL . A
(L:1:L:L.SFEA . BEA (DG ERE FR W
i, AR 50% 2241,

TR R PR AR T R AR R O B (O
P AR RS T v B iRy ) A R R A A
IF, (R A LB (1) AR LA AR
RIKF T 47.9%+8.0%, i FAESERME L | 1
e . A KA HLED (12:6:1) I AR A 4 16 HE R 78
40% 44 TR . BERAE . IR L AR
(9:9:2:2)ILJHT, TS 2R A+ RS fE
Py TSR,

TR TR 1 B AR A B T A A i P i

FEIR RN L SR A5 e 1), RS R 5 BE R i il
B E A RFEFFEBE I Robin nursery 23 A
ok, (BB g AR A I R T 1Ak
BRSO, BRTEREAT . Yeak(1:1),
PR | MR, Y81, PRk, AHUR. 1E
A QLD EEME 518 FHYTIE SRR [H
PR, BRI RRAESE A . R (1:])
IR0 L VS INE  o  B B D L S 170
BRI AR PSP A G e B R AR BT RE TE I A
i, WAL T BERE @22 )EE IR
AR
32 #EMWSEEARR

T A ) PR 2R AR S ] P L TR B
F e A B ) AR e e A A R
PR T SRS K B 8 T Ry EA T HE R, DB S
SR FH 25 55 0 M B T 22 AR B . il R A TR B
T SRS S BT S R TR 2 TR A T EE AL B
FEAR XS OB 451 TR e 203 R, SRR K
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g At A LR & ) B Al o 7 R 0 TR
I, AT DA P G e A R GE SRR, it
I T T e AR T LR P AR iR AR % R Ay
FERD, i AT LR AR 5 15 3R R JB0R 2 J5 P 0
T e BIR S BEh B

SR ol R B v TR AR A Pl R TR TR
AR BB A, A FH e 9 32 T 791 ) e AR e SR g
FEBOTHE RS 50.1%—125.1%, T4 5 Hh
FRR R R H R 1-5 ¢ FOXA/ME, FEE
] P82 g R 32 AT B 2 i bR v AR 1 T 5k 8 0
R

20 5 S 110 R B 22 AR (AR 22) L m] LA Dy
TR i 20T 22 A 7 R AR R A s A S
Gi— | HEECRIEE SO, HIZHARHE—E
WA ) BRA B ™ HAT, BRI
EARMBEPE ., BRRE ., U SRR E
Tuber japonicum H. Sasaki, A. Kinosh. & Nara #/l
Hh [ B A B R AT T Al 22 R R
I PR 8 22 5B 1 1 T8 22 i 26 TR AR B
Zed N TORE T — i W AR B 2 2ok T
FE PO AR IE T — Kk R BE R
R 220078, BIZ0r kR B AU A 75
PRBRI R A R IESE

PRifb s FRIEAN, Wi BFANFISE G 5 PR
RESS & L T TR AR T o R A el ) SR A T TR 2%
T3 Jn AU T B e R R A e [ 1
Wk (Tuber lyonii Butters) R, 28 WYLtk
ARALREN ] TP B AR B 5 7 oh o S e
W FEAT PR AR G A, 5 DR B — B0 20 TR A
I J5 A% ARBT ) JC TA  e Rbtb  , ) FH RTAR
FIRE T v 1) TR 22 AR AR ™ 3 A D5 Tk e
WARERIREE, WA, BABERE R A 1y
Mo (HIEREE SO T, it 4 5 2 2
HAb AR R A5 T, 528 TP R R A
2l AR, RIS, E T

K.

AR (in vitro) I HE R R JE BT Al B 22 1 B
Fe . BRIR R M T JC TR A Rl A
W, B R | B IR AR LA R R 5T P bR
T Y T A ) o BRI A R R b A AR AR
FAREE SR Loy B MR BT 2, AN 5 2 JLAth 24 1A
o, B HUEE R . &) TSR R
AR REL A BHAr, FASKRLERRDS
B BT BB . A | R R S5 AR 4 1) A1
AT, IR R AT DI TR | AR TEEARS M A TR
RER T, BRI R R ST RGN
Db R BRI A S Rl , RO 05T 7 R R BT
HEFTRRE R AE T, SR AR T R AT TRTAR v o o )
TRAR , [ S A S B P A1 A TR AR AR AR AR R
HRIE B 43 F- LB TR R F B
33 #OMAE

K53 R4 B R B AR T 1 38 >4 7K
(L 0 kPayH FI THRIETE 21K, UhEF &
A HRBR BRTAR 1 T B0, A WM S5 WL AR IR A
T A X B B AR T A A R
FE A ML A 1 2 ke B B R AR TR i A 0 o
VER®, Bl Fn o0 IR — Ak S AR - A
PR B (10 RE B R A R 7R B Pl
(5 pmol/L) K A3 #H A ¥ £ 47 100 wmol/L B i 2
FEH N 81.0%+3.0%; A 100 pmol/L fiff 4l
P THEER R 88.0%+2.0%, FHXT4THHY
Ay RIS 7 A B R Y 4
B K IR, fEEER Ca>™>Na™>K'™>
Mg* P, &8 BT I E S 2 R AR I A
o, AR A g8 K R RE £ 2F B TR BRT AR 14 T
B, — BB A 2 FAAAR B . RA R
W SRR R S e R AR E R, XS
Py AT RE B A R HEBR B A K B

PR E BT E SR 0 S RO A K
XA AR TR | TR RN 24 ™ A 2 o SR
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R S YA 2% 3 o 8 Y [0 0 S DR %) 2 8 T el A A
W %ot L TR A 9 AR R ST A A AR ) S T
IVHRAED O, TEE R, FLRR REAE BRIV
53 WA 1 AE ) o A DR AR TR A TR, S )
RATIRIEAR , FEARAE ) S S, ST i i AR
RIWEFRE NP X PR A RS,
R (R A TR R0 ) B TR S RE S e E BT
W FAEY AR, A TR E AR E .
I Y MR RE B M P AR RSOR  DIBR AR
REPE m B A SR, R A YT BR T 2k
IR PR K, SRR A, SRR R
SR T REYE , DB A RO 100,
34 RESHMEMWEE

P B9 A= 15 s e R 52, 5 2 M A A
A A A R ZN I HAE DG AR o HL IR RR A8 AR
WHl S, GabiF b a i P A 5 5
K, KB AR B B G 2 B0 A
I TRTARS T 2 TS ke | BB A 4 R PR SR
WD ZRRITS Yy, JFTEREERD 6 I e Rk
PRI PR ARTE B

Jit FH AT R 2 A= T B 4 v R AT T AR 5 IR 3L
o ARG AR TR R TS e 0 TR AR L DA AE s A
PIARFR A AR L B B[R] 422 LA R AR ) AR K 4R
w3 A R A U D e IR M B
(Pseudomonas  fluorescens) Fl 4 £ R 5. i
(Pseudomonas corrugate)TEP; FQHL TR I BRAR H 4
%, HAPEIE 10 & B 22 A K e U
I 4 ST TR (Bacillus thuringiensis) FIERIE 17
FF & (Arthrobacter globiformis) 3% P Hi 4 A= R R
RE S o AR AN [] e A 20 rh R B IE B
A TR AR B PY  TRAR I AR T vk B s s e AR
SR, AR R B B (Pseudomonas) . % 55 TH &
(Streptomyces) . T3 W 1 J& (Variovorax) W) 18 Bk 1E
AN TR) v BE T X6 TRTAR T BRI 4 A 4K i e E A5 2R
RIF), A ROE R A e ) AT 38

W (Arthrinium phaeospermum)Be 175 TR & 45 5
FIUARBTE R, TR HEBRAR A8 P B
wIH P EA EE N ZRERUEY), R AR
R 5T A R £k T R BE U AR R A K ) 2 LA
PR, KGR W) R R AR B T A0 A T S R R P
ZEAE I,

P BN R 2 SR N A B
T R v A B TS 7 ] AR BRI I P BT
X AR BT AR K B, (I R4
AR TETE B4y s B3RO R g
FPHORBEIE K SR A e A F SRR
FHSEHI TR, o 38 i D il R AR SR = R it
BB AR T EE R P A R R, B
W AR PR R ) 2 B TR AR, XK
A e T DR ARG B2k A e A A 1O By
U T TR AR SR B BB ), R
P (Rhizobium) . {ERF LT . BT B (Fusarium)5s
X A AT BE X TR AR E BE A SR R B AR
R, e & B B R RN
Ui s I P 245 2R v B 0 A TR Rl BB R
TR AR A5 BRI TR 5 A 2 e P B 1 R 15 F
it AL HEH AR B mm R S A SR

) 22 8] FRAH AR P 25 52 i R TR TR AR Y T
%, A AR RS B T L2 R R T,
PUi S AE AR PRI T IR A
HEPIRET LI MR- AR - D - P A Y
AR, SEmBRp pg Az K s en e,
3.5 ERERNSFH

A v o ) AR P AR R N TR
S A B SR . TERR, RV AR R
S A SER S AR L h S 30 R AR
B A= 7 ARSI A TR, AT PR IER AR B T AT
e R R e 1 o i AR o A,k R A
0 3 0 A B 2 I S B s 1 ) R R T A
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Afeds s MAEE W, 8RR BRI
BN AR A T AR ™, N B T A TRTAR 1 it ot
22 AR,

B TR AR B A DU VR A TR AR 2 A Ay
TUEPIRN . oA 4 0 38 2 L T A 1
o JERSERAE S C WIB Y TR AR ARRIE 261 7 F X A
T 0 TR AR ()R 2IS  TRAR I RE3E Ao 79 25 e Bl
N, N FE 5% R g X ¥ 41 (internally  transcribed
spacer, ITS)fI4f% RNA RE 0 1155 2 VLAY

FE A (second largest subunit of RNA polymerase II,

RPB2Y) iz I T HL RS A% 5E . K00, R
PRSP RY L IR L U B 1 SR SR Y T S
fiE 18 118 R A Tk =52 1 (PCR) R 3 2 AR T AR
BT F SO

B TR AR 2B A RN 52 TE Y R 7 e 0 g oy L
ARSI FE AR 2 — o 738 0 RE X B B i AR R
FLIR AT AT, () B ARG N 2 5 A H At T 7
DL, A55 SEIOE & PCR HORIEAE W
P bl T 2 R A SRS LY T B Rt
A BHR AL, X BT B AT A I Y D] A A N
RN TH R R P AT D —T N2, 4EdE
AN TR] A2 e 8 R 1) EL A9 AT RE 2 41 F R i S 44
{57 19-120]

TR B TR 5 B I AR AR IS #R A 2 A T
MERG Y P p A KR SR, 55
HoA A A= TR AR A 55 4 POR B A MR S
A F RSP T, BRIA RARAE L S RO
Rt AR 22 AR KA - rp A ME AR LR A9 5E
G, FEORHERBERBLG] TR, N AT RE
B T R IO TR
TR 3 B A PR 5 MR 2R FHAR B ) B G AR R 3
WA, T DATRE T4 P A 700 i) 5 A T A AR T e
TR T BT e Y i 0 R R TE I T B A TR
ML, B UL TS G A A TRAR AT 2145 )& (Russula) . B
% Sl E (Scleroderma) . FLA & (Suillus) . /)N

BRAUFE A (Sphaerosporella) 53412 R R B
RZ AR R, B E R s R SR
N T B A L Al Rl A 1R A A B R S A TS
;;'%[7,122]O
3.6 HERBBEEHEXRE

HET, BN 2 X AR A A 15 5
FREAE A T ARAE, 5331 )14 bR
RP R BRI PR A e R AR ) 1)
(2020 4 12 J1 1 H &St FI 5N (e
PR AR T B RO ) Y2022 4F 10 H T H
RS ) o A A TR SO 0 S ARG Iy 32 55 7 T
R 2200 o m A RS T L A L ek
B 1), pH N 6.5-7.5; R
BT AR, SRIGHERT 2x10°=7x10° 4N F/8k 5
7 R R T AR ARSI, ARG I SR A 5%
FEFR A5 bR B B B A AR SR 6 | Y AT %) R TR TR AR
TESFHE . BB A HARE FUR S B, A
B B BRTAR T 200 AR R KT 75% 35 41
Ja# R oy Rk . Bk Mgl e
(6:3:1), IF A KB A A A5 pH E N 6.5-7.5;
LT R AN AR LR, BRI 1% 3% T
FAREIH, MARBHLTFEFFH 15-25 min;
Tl A B 12 A 1 A 1 0, A R AE 5%—10%,
R 5 0 AL 5 T AS 2 WA TN 20 FAG , A% 1
e T A AL 1 B SR TG H A PR AR L TR V5 e LB B T
RRTF 40%", T DbARHES, 5 HRTE
PSR IR T TR AR T o AR A% G B R B At
MRV G, BESROTHR TR B R4 T SAG DU R e IR
MR R IR R BN AR RS
AR JE I N X AR TP A T R ek
PR ZR AR, (8 1 B P TR AR P B 7l £t
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it 0 A S 02K o 5% 7 R T R e A T N
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