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Abstract

germplasm resources and cultivation technology at home and abroad were introduced, wild-type strains can be candidates after domestication.

(College of Life Science, Luoyang Normal University, Luoyang,Henan 471934 )
Morchella is a kind of rare edible fungus varieties, commercial products are mainly from artificial cultivation. Researches about

In artificial cultivation, outdoor cultivation technology with greatly improved, the migration application in open terrain area can be realized by
field cultivation, but it is still limited by season. Although indoor cultivation can break the season limit and quickly meet the market demand,
but its mobility is small and investment is too large. Relevant resources and artificial cultivation of Morchella seed were reviewed in recent

years, in order to provide a reference for further research on the artificial cultivation of Morchella and breeding technology.

Key words Morchella ; Germplasm resources ; Artificial cultivation ; Distribution

B (Morchella ) J& T BB A ( Fungi Community ) | T~
W] ( Ascomycotina ) ., %% 7 4 ( Discomycetes ) . 25 H ( Pez-
izales) 2 £ ( Morchellaceae ) 2 - 17 /& ( Morchella) , &
— e )2 A R IR E R B L SRR RE
AR 7, BT RERAE B Boe it PO oSy b
FALSE 2R 2 SR B AR 2 B e AR R
PRI T A 5 R, S R A A AL AR, 3K )
fe 7 LRI, B SCEE R, S A [ AR DAY B
BT o ESRITAE R AT I N AR B 47
T VARG (8 AN T 2R A B A R R
B sl R A B T AR S T Y EE Rk E S
Oy TR BRI AT T BN AR DA T T 45
FILEGS | AR 25 b 2 PR DO N B30 T e i J57 5 506 5 LA
FATHERIE R AR R A RIS
1 FHEMRETR

HET, FRETA 15 AN 0 M) 5280 18 1 N AR,
Hrp 8 NME M TEA LR TR BORIE S G720, 55 7 Ay
NI MATER o 8 SCREG R oA, 2581t 1
18 P LR LA, iz o0 A TR 21 DAy, FREEIEE
RS IR A SR O AR 1.2, BRI IC % &
B, B AR S R M O A )R TERN SO b AR TR T
(M. conica) 5 40% , 2 J1: B (M. robusta) LA (M.
crassipes ) /N JLTH ( M. deliciosa ) 15 60% ; 7 3038 53 45 |,
PO S AT 9 Bl CH R A 1L R A& A 6
Pl FoA A5 B AR 6 FRLATF O L S A 2 S

EETE ThhSEFRELASA A (18BI800I8) ;4 A JF it F 1k
A5 2 3 A4 B (4600082)
Z3LFa(1985—), B, T T RA, Hh0F, W, A EM A Y
FHR,

2017 -10 - 11

EEEN
WimBH

Aib f R A I, LU A0 DU 148 AR 2 W 3 AR
X A P A P TR A AR A T S

TE S AT 5 IR AR P 5 R I, 22 AR TS i 7
ok e LN SN T e k= S N R
HAr B WA BRSNS B R B RR IR B SE N B R B
IR AL G W B 5 R, ARAR T 22, Y RN 5 B R, I
PEATARHE " o I3 26 77 9k oA M A4 2 Jeb T A 09 )
BETHE 2R, WEEOT, Y140 Y B AR B AR VR A R
JECEE IR T i, R PR 24 b B R R, ST 8 fige R 3 B T
SRXF SR AR IR
2 FAEERMOEERA

2 B R 9 R B, I 7 SR A N TR
SCERAHGE o AEARIE S BN 2R, T A E Ak A
FHNES , FAMREE R R T AR KA ERRE K
P TG Sk 4 5 25 P9 AR B A A4S B S M ST 4815 5% R TR
SR 1 A 2 A s B ER B R S A AT (K 3)
FEARIE IR I LK AR b 125 R RIS 5 SRR
Wik AT T X6 3 ARl 7 SR AT LR, A K H Ak B
AR 52 36 ARG, L PSR, AR AR 5 32 b BLR S 5
WA, 2 ARBEHR R e 32 L, Z LA 2208
WEXTG A T RS S 5 TR, I, A S5
Fff S — WA KT T
2.1 FHBEEIMERAR
2.1.1  KHIFMHE, KEFE—BE 10 A 0T, EZAHE
ettt HEA b - | R A R TR R R O
N AR S 2535 Jr s s A Em A
2.1.1.1 KRHEAREFE. KEG, FRE N 2 ~3 em
R FR ARG AR ESE) W AR ST R . B
RS B A K AR R 60% ~T0% . #&Fh 7 d 5T



45 % 35 4

FILmE FRAMRATRAAIRZARER

61

FAMINE FREE CEFRASERE AT 78 /N4 IR 1 TR 2 28
VBB L)  HEATRRE (T AT 4%, T R 57

At

R1 FHESHESMAERE

Table 1 Distribution of Morchella and the source of known germplasm
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Table 2 Distribution of Morchella and the source of unknown germplasm
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Notf'?;l:j/"\l{iant there was no specific literature or record,or it was not clear in literature. "unknown" meant there had cultivated record, but there was no

clear record of fungus source. The related literature of the same species was not repeated and marked
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Table 3 Cultivation type of Morchella in the indoor (outdoor) and

cuture method

S Sy B N
éﬁlli\gfn églclltigion C%ftljl‘::efc Re fiﬁjéf;rce
character type method
FEHF LS KA RRARSE B Tz
Outdoor KHETCHAFRE  EHHRR BT
cultivation MR RS RN, TR B

W 7 EX i
LIRSS 2L A Miller(US)
FENFES FE PSR RPERE IR g
Indooor TP A [EEezeonl Tk
cultivation RALBLA EspzZpai PR S
WRLF HREEREE EEY
Ower %] 75 TR R Ower 21

2.1.1.2 RIMTJCERIAE . JoHEAHRI R SR e Sk R i T
M5 0. 15% SOIL W TR 20 i, B HE FE Bl 3R & I 22 OIS e
30 g/ MR EERES] G 7 500 fi/hm® SEF TR, 255056
BB AR VOKINE . B 30 d UL FE ML RIE AT A
A AERPE AR AMINE TR A A S R &

FRELE A, M T 20 b R AN R . PR T4
TTREHLIX, AR A 48 BRI 7 5 ; BEHIE T 2% Fh B E , 2
PR, NN BN WA AN RO — BB o i e
70% ~75% (338 BH 19, 70 M PAY 5 B8 s S 45 ol 382 2, (LS Sk A
HRAKUR, AR T 22 0 3 B G IR R T 228 1, 2
NI N TR AL A — SERE AT R SR R 22 40 0 . — ELRPAE,
e 1T AN T AR 4, O EL S S A g X
2.1.2 MR, AROT RES 2R LU R bR sl i i AR
(MRH I TR ™ . BERMAM AR — MR 0.6 ~0.7, H
M LIRS T o), EECL BRAUE L AR IR RFh ., A
(197 2 FE R B B A B o PR 0 B T B AR
TR ORI o 2R B A 50 LR A B 47 5 T, &K IR
e 2/ iV
2.1.3  THLZIRRETHE o T G T 22 AR B R i AR
0, IR VIWH AR R SRR R BB TR R A R 22
BT B S A%, Il a6 3 AT T 31 ik 3
PR 22 (AR B B AR v

FRAET I AP I T A = S , Il A = B ) 2 SR s
RTINS, AT TSEPRA A A . (E AN



45 % 35 4

FILmE FRAMRATRAAIRZARER 63

B SRR , TR S AR TSR A 1B R
2.2 FHEENREEAR
2.2.1 [EPNERBEE RS WO T R B
FREN I A AT IR K ] B G 0 T e A
SV WO B A b BEAT 1 3R A B A 2 A U7 2 K
IFF Ak PRGBS St 00 SR 0 B 9 B, LA 98 785 26 JLk T 199 R
BRI ST 5 PR A e
NI AT 4 P 0 R 0 B A T A, e e St T i i
LW A S 25 B JRUREZ & BIRC LU R AR B IR ik, AT 8 5% 5 3
BV FEARE IR RN, IR R 42 5 s ok
Oy 22 5 B R A T T 22 OB TR IR A% R, K 3
JR AR 4

il A BB e BRI A SR o7 R . 5
SR L, B AR X B R PR S R H Ry, 35T, Ho sk
(] S A% i DN, (EL 2 A AR N T T P o 3R
T, AT 19 (Y BRI 1 , REAS B 4y Ml I T 7oK
2.2.2 [ESMERRIEE ARG, Ower 1™ B JE X1
ol [ R B 22 A TR R, RIS B R E R 24
A% , T 2 5 R A DL 7 38 0 55 P R
HEATE S R I B 1 SR SR I I 7 d s BT
185 P0IBT B SR 4 S B A Y
RHEI, 5 B R A BRI b R s T
Masaphy ' 38 izt 4944 L 1~ S AR L8 2 JLE BT S P R A e 1
HMRES R LA, e DR T D LR RS, 2 5 2R
SEIAK, ISR 04 BTN DSOS Hh O H B S, R ] i B D
TEFSEAI i A v A F B
3 RE

AL RRITFE BBR AN A 7 52 B e B, 7K TH R, Tk
BERE 5 A SERUREAR LU, JCRERHRE TR AN SR A AR X
B A HRL AR A3 AR X, AR B Ak s b [ o A
Hh A Tk 5 P AR AT, P R 1) TR AR A AR E 1
FGR, BE AP HUARA AN AN RPRIE (AR VAR X BB 5 R ol
AL AR IR AR AL , A R T s 5, 45 B (6, T AR 411
FUAN ELEREE (YRR AE S0 S, ARIBI R AR, B A A AR B R
PRI, SR B R R A B i P R R 22, A RO AN
TE 2 RS T [ PN S R A BOR 5 M L, DA e B
MRF T F I BARE OHE AL B Bk g, BlC 5L
BUK TR A 2 AR , (R 3 AR AR R AN 53 T S
CSEE T A A (B AU A S AR EEAS i, AT i
PRI AL A5 Y S A N R e RO R, A & L
755 WA 7 2R SE B PR, 1 N 119 28 AR, b
RRVZHE, TR 22D R AL SCB A Bl = N
A 5 A S EL, S R AT T PR, S B,
T3 ARG T IE R i RS2

SEFE MR N R T e R AR R, H
AT AR — S0 % f55 figp 2 ) R A5 X = o T 149 By A P ol
R R OB AT A FE 40 X i 33 T 42 7 K 1 5
M A P A TCALER: (2 A 3% AR A AR 3 R0 45 Y 5 R A5 TE

AR T 2 kB B 7 ) B R
A S AT IR A R R A B VRO A AR
EEXt BRI, A T SR BT LB 1) D% T2
T AR PR IF S IR e Ao 8 2 L BTG, O AN
[ AR A AR HEA TR B, R R EE R ) o, B e S A
Pt OBV B 5 AP 522 RO RSO T
ABRIE T s QR T IR R A FF AR, el
B IRAF B TR E R O3 B R AF R AR AN [a] b 3l e
RN AT YN F , 38 2 AU AS [R] 26 84 2 i 1 10 B
HMA TG IREE R AR B AN IR D e Ay N T T B8
TR AT 4 A1 32 R 3 25 5B IR
N2 N AR DT BE G 1l A 0 5 i BT R 27 A0 5 A ol it
FRRFEER R
S 30k
(1] A% a6, 22, 5 FREED T B RN TR TR T ]
R FR,2013,12(4) (44 -47.
[2] LIU C,SUN Y H,MAO Q,et al. Characteristics and antitumor activity of
Morchella esculenta polysaccharide extracted by pulsed electric field[ J].
International journal of molecular sciences,2016,17(6) :986 —1001.
[3] LIS H,GAO A ,DONG S, et al. Purification ,antitumor and immunomodula-
tory activity of polysaccharides from soybean residue fermented with
Morchella esculenta[ J]. International journal of biological macromolecules,
2017,96:26 - 34.
[4] LI Y,YUAN Y,LEI L,et al. Carboxymethylation of polysaccharide from
Morchella angusticepes Peck enhances its cholesterol-lowering activity in
rats[ J]. Carbohydrate polymers,2017,172.85 —92.
[5] &340 FHPEEATARRAFERL)]. PEEHE,2008,27(4) :3 -5.
[6] H:->1EL, B, R, SEILETRY 26 FEt s s SRR 5t vt R
(7). B4 2014 ,33(2) ;183 - 197.
(7] %, 550, 2535 RN. FEEHE A R VBIR M3 )], 25 H
PH,2017,25(2) .77 - 83.
(8] #BJI1, 22/, 2508, 5. R ARG S0 I N TR M s SR
[J]. B & FHEE,2015,34(1) .7 - 12.
(9] 5=, FATL, HE400, 5. PR A THEEEOR[T]. FhE & IR 2016,
35(4) .87 -91.
[10] 53 1857 SEARIRGER T ). HE AR IR(BAREED ,
2007,25(2) :36 —40.

(117 =3k, e i, AL RIS IR orR ) . SRR, 199,21
(2):56 -61.

[12] KIM T K,KIM S S,KIM W J,et al. A artificial culture method for mass
producing mycelium of Morchella esculenta: KR20150140145[ P ]. 2015 —
12 -15.

[13] SRR, TRES, B TH, & 0T HOIX AL FOBR =R ROR [T ] 1L
TR, 2015(3) :92.

[14] wpttn. | IPEE RO BN THES AR T]. fREEZ X,
2016(20) ;187 - 188.

[15] trt. ERERH RGN ] AABEEOR 2017 (5) :36.

[16] Fiiele. PeisSDm TR SERE B RME A Ariani 52 [V ] SRR,
2011(3) .81 -82.

[17] Zepeds, Mo 5 7, 4. P LI ERL R s ik ]. &
FHPE ,2008,30(2) 139 -40.

(18] J&ligyy. i P LS [PeE R RS R D T ). £ FHER ,2015(6) -55.

[19] Wegide B, bk, 5. PRI A B I EoR 1] e,
2017,39(1) .46 —47.

[20] BEHTC MR ERLRREGSROR LT ]. R R 2 A, 2016(6) :147.

[21] ez, AR A TR HOR [ T]. Al R 515 E,2017 (6) «
62.

[22] tr. PO ARt i B I B P el e e el s [T 1. PU)I
FallRz,2015(5) :49.

(23] 5KV, £5 5, XU F. FRERE IR RO [J]. 25 R, 2017 (2) «
133 - 137.

[24] Mg, SR8, Bk, 5. B BT EASE IR 5 [ s B iR
[J]. #EERA,2016(6) 42 —44.

(T 4% 66 )



66 G e

2017 &£

3 EYSHEETEGN

RYGT A ZER, SR FI ZJE A, = A, + A, =
7.5+7.5= 15, Fh A, = Ay + Ay = 2.5+5.0=7.5;
PRRRAYE:A, = Ay + Ay = 2+ 4= 6; IR Z M,

A=:21A, =15.0+7.5+6.0=28.5
HEBRGEREEIX 341

B,=B,+ B,=4+4=28
B RGLREEA AL,

B,=B,+ B,=4+9=13
25 RGN E NI SY :

B,=B,+ B,=3+1=4
ARG R .

B:ngi =8 +13 +4 =25
A A ) Z FE P B

R=3A +$B =28.5+25.0=53.5

FRYFR A W) AR PP bt , X 2R b E 4 24
DREHATITAN , 25 SR W W Fh 2R MEAS 20 28.5 23, A9
RGZHEMARSF 7 25.0 43, G55 S T AR AR W) 2 HE 1
SbF— KT o PRS0 i Ak R VT MY 53 K4 Ay, 5
M) o K, LA AR 8 (A AR (L, (L3 31 BT PN A il S T e
M AT 2 1P R i e BRS04 A T T K R 7 8 R 4 1 1 K
FEHIERIC , (o A5-0 t TET s 5 oR A A P S ISR R T, 2341l
BT A RS ST NE S s] b= A I Sy NP 3 = e 2B O R s 15 1T
Mo AT AU 5T, A TSIV b Y A ) 2 REVE DA AR 2
80. 5" s MG M A W) S REVE AR A PR3 R 59,01 4%
FAARMUZAL
4 Ttig

B NZXT F AR TG SR A AR W38 i A B il = k2 (0 I
FIR, A Z2 B E 2RI/, © R a8 N A A7 B mT 5

SR R TE AT TR B AR AR W) 2 R A T
AT, AR kA ) 2 R B PT 42 R R AT i A=
YRR A B, mAY SRS ST R 2
REPEGA P S PR SER AN B TR L RETE AR 2R
Jrm S AR, T 20 42 90 AR A TR R T AEY £
FEMESEHEPRAGIITSY . 2007 4E T A KA JFIR T 2 F AW
ZFEHZE AR TEMAFGE . 2012 4 4 F REARSAINE L 1E gk 51
ABEZmH A S, IE 42 ) PR Al s R
FIRH T SRR T /TR A B R 5 R I & F1I A
Ao AR D A 2l SR Bl A B 8 T S AR PR A
B R WUEE R A Y 2R TR TR R A S R B
SAESANBHAE Y Z RPN R AR R R . (R R B S AU
R T PER IR AE Y 2 RE B, B B i — 2 R R
Bl B H R R AR R
S & 3Lk
[1] 2288 IRHb R S KIS SRR C L/ S EB MG L S A 21
MRS IR . dbnt: b piFERRE2: 2011,
[2] XL AR ERIP I M. db st FR MR R, 2008.
(3] TR S EVR RS AR (134 7) [ Z]. 2008.
[4] BRI EER A BE. | PO RS (I E 5
AR EARER(2012 -2020) [Z].2017.
(5] ARPZ2Te. ST T L) 1. T PEAG=RH 2007 (2) <26 - 34.
[6] TS, IR, [RHAE Y AT RN AR AR5 [ T ], b LRt
22 2010,49(8) :1877 — 1879.
[7] Sk, SR 2R, 5. A SN BIRA R L) ] R LR,
1999,18(6) :284 —285.
[8] SN, /K ISHEH A= 22 REE AR ST REREO [ ) ] BRI SRR
#7,2011,9(1) ;110 - 112.
[9] FaEe, . P B RIS A 2 FE PO [ ]. 7O B 2B,
2013,27(4) :22 -25.
[10] HPMZE. At R HAR P A M. dbatfb= Tl Rk,
2005 :238 —269.
[11] ZfEA4, FIREE, skaArH, 5. iR & = 2 AR R A S RN T
ERIERISERIIT,2000,22(12) 1382 — 1388.
L2 ) TAK BB, THE, S5 AR G TN R R [0 ). A= %
RERE,2007,15(1) 197 - 106.

G G G GG GG G GG G G S GG S GG S W G G W G G S S GO G PP SO G W

(8% 63 )

[25] XI5, 56, XY, & F RS AR T]. SAREZ, 2013
(20) :48.

[26] X1 SEREBER MRS FHRL) ] R 24,2017 (8) :126.

[27] F00, 2%, B4, 5. FALE P2 R BLIR[T]. il
1122016 ,25(4) AT —489.

(28] Ja/rfe. HEESFEH A THISEAR )] RREE 2 K,2017(4)
166.

[29] Bk, 882, S A Ta3E]. RERE,1994(6) 31,

[30] Fokr. —Fbzs PN Fbie S L B % 7 B A L A1l 75 13 : CN105294255A
[P].2016 02 —03.

[31] FRutEs, kA7, FAER B N A R B EOR [T ] LR
32,2010(3) 143 —45.

[32] (kA5 WHIZEM B ARSI ERS Ok Eh [ T ] . &246HIE ,2017(2) :98.

(33] i, AKX 2Ef B A R s R R B S [T ). B A,
2015,9(25) :13 - 14.

[34] ZRABMF MONPPEE RSSO ] AR Z,2015(9) :35.

[35] MILLER S C. Cultivation of Morchella ; US2004000090[ P ]. 2005 - 10 —
4.

[36] #7. “FHE A TEISFAR ], RAEHFEAR,2005,35(3) :29.

[37] =155, (Bt —PperRt pa Y RRE R 772 CN102823429A [ P 1. 2012 —
12 -19.

[38] B3 F LB = NS /7 1k ) L A i == : CN101926262A [ P .
2010 —12 -29.

[39] OWER R D,MILLS G L,MALACHOWSKI J A. Cultivation of Morchella ;
US4594809( P 1. 1986 —06 —17.

[40] [Ae) KMo ] “JFEALRE —5" e R [ EB/OL]. (2015 - 09 -21)
[2017 =09 =05 ]. http://tv. entv. en/video/ C10391/79d629e8{0f7470484
2de9ce3d6cd727.

[41] 5/ kM. RN THIEEOR 1], S5kl 2016(13) :99.

[42] MASAPHY S. External ultrastructure of fruit body initiation in Morchella
[J]. Mycological research,2005,109(4) ;508 —512.

(43 ] VBT 5[ RN TSRS EORIOT 5 IR AT ] 246, 2016
(3) 140 - 144.

[(44] ok O, Tk, 5. TENER M A R R R R B B 22 A R 52
ML) ]. PRAEAM R R EARREER) ,2011(4) 2211 -215.

[45] &0, FHBEFIUARSER [ T]. MRILETREIR ,1997(4) 21 -24.

[46] STEFANI F O P,BERUBE J A. Morchella tomentosa: A unique below-
ground structure and a new clade of morels[ J]. Mycologia,2010,102(5) :
1082 - 1088.



