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Abstract

Abstract

Morchella is a rare medicinal edible fungus recognized in the world. At present, the
artificial cultivation of morel is booming. However, due to the limitation of planting
technology, it is still unable to achieve controllable indoor cultivation, which leads to
frequent occurrence of morel microbial diseases. The identification of the pathogen of
morel disease has been reported many times, but there is no relatively complete
exploration of the pathogen mechanism. This paper conducted a systematic study on the
pathogen of Morchella wilt and its etiology, clarified the types of pathogens and their
disease course characteristics, and discussed the main pathogenic mechanism of
pathogen to Morchella, which providing a theory for the prevention and control of
Morchella diseases. The main results are as follows.

(1) The pathogenic environment of wilt of Morchella and the species of its
pathogen were explored. A pathogen of Morchella wilt was isolated and purified in our
laboratory in the early stage, but it has not been identified accurately. In this paper, it
was identified as Pestalotiopsis trachicarpicola by morphological identification and
molecular biological identification. Morchella diseases caused by this pathogen often
occur in the harvest period of Morchella, mainly in February-April, when the
temperature is higher than 20°C, and high temperature and high humidity are conducive
to the outbreak of the disease. The pathogenicity of the pathogen to Morchella is weak.
Only when its conidia concentration reaches 1x10* CFU can it affect the growth of
Morchella, and when its conidia concentration reaches 1x103 CFU, it can cause the
disease of Morchella.

(2) The pathogenetic process of Morchella wilt was observed for the first time.
Morphological changes of Morchella wilt were observed by morphological observation,
paraffin section technique and microscopic technique. It was found that the pathogen
mainly colonized on the lid of Morchella, and the hyphae spread along the longitudinal
ridge and transverse ridge of Morchella in the early stage, forming feathery lesions.
After that, it gradually goes deep outward and inward, forming dense white villous
lesions, which can lead to perforation of Morchella in severe cases. The observation of
paraffin tissue morphology showed that the pathogen wrapped the meat of Morchella
from the outside, secreted cell wall degrading enzymes to decompose the host cell wall,
which led to the fragmentation of the host tissue cells, the outflow of nutrients, the

expansion of tissues and the emergence of cavities between tissues. Pathogen use
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Abstract

nutrients leaked from host tissues to grow and expand, and hyphae continue to spread
into and around the host tissues, eventually causing the tissues of Morchella to shrink.

(3) The damage of the pathogen to Morchella mycelium was studied. In the
co-culture experiment of pathogen and Morchella, the hyphae of pathogen can form a
"finger" structure, adhere to the hyphae of Morchella, and also cling to the hyphae of
Morchella, causing it to shrink and wither. In addition, the inoculation of the pathogen
during the cultivation of Morchella can lead to a significant decline in the yield of
Morchella.

(4) The inhibitory effect of the secondary metabolites of the pathogen on the
mycelium growth of Morchella was explored. In the confrontation culture of pathogen
and Morchella, there was no bacteriostatic zone between the two fungs, but obvious
antagonistic lines and brown pigment deposition could be observed, and it was found
that the aerial hyphae of Morchella were affected in the later stage of culture. The
fermentation filtrate of the pathogen PD medium hardly affected the growth of
Morchella mycelium, but volatile substances could inhibit the growth of Morchella
mycelium, resulting in sparse mycelium and weak aerial mycelium. In PD medium, the
pathogen did not produce chitinase and B-1,3 glucanase, but produced neutral protease
with low enzyme activity. B-1,3-glucanase, neutral protease and chitinase with high
enzyme activity can be produced in diseased tissues of Morchella.

(5) The utilization of nutrients in Morchella by this pathogen was explored. It was
found that the conidia of this pathogen could make full use of nutrients in Morchella
extract to germinate and grow, and the demand for protein was less in the first 36 hours,
but the utilization of soluble sugar was more. A variety of amino acids in the extract of
Morchella can be used, and cysteine and tyrosine can be produced.

Keywords: Morchella; Pestalotiopsis  trachicarpicola; Etiology; Pathogenic

mechanism
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FRLE TR ] (Ascomycota) 7 # 4N (Discomycetes) #% & H (Pezizales)
¥R (Morchellaceae) “ERLEEJE (Morchella sp.) FEM. F DM H 18R
WRFIEE = S TR, — ELRART S AT bR .
1.1.1 FHERANEREFNE

FHER - REENEAHER, HEFRMEMGHNERE. ik,
FIEPEE 7 AL FRER. 2P EREAERUNZMAHEAER, S5
AT 17 M, X WS A5 3 R B A R ) B RN = R E SR MER BRik 2 Ak,
FIFIEEH ZMAEYEERG I mEER. EEFUKEYD. 28, ZB6E0.
W 4EAEZ . MEICER MRV BTSN WA W B iSO KR, T
Ex RARGENARNE. FAE 400 ZHEH0H CRENE) FRCEFELEA T
KR, mmE, WA, MRS, AR EOR P ISR R,
LB 2 R 2 B AN R R B . Hu 25 N OWIE 50 R B2 i 1 R B H & 1)
B2 PE MEP-I1, 7] LRI A FF HepG2 20 M A8 T3 4% AT 100 1 A 9o 4T L Frg 33
JH o Nitha 55 AU 818106 3 - P RS S B EAT BIF 70 &30, o0 FHE 5 A AR A 1) O
FAER o T Li 58 NI R IAE REBK 1w 28 & CPMEP, &2 — Mk 23R Ak
ZWE, BARHEREIREREN. 2Mse, FHEES ZMmARME, it
AN 7102 = AN 71 = AN 71 S I 7 N = NI 7.9 SN 1 7 L N - el = 17 ) IR B3 1
FEIE VU

R, FEREEEN “UREAW” <8, HREEE, £ lomsa, BzA
AWM E %, B EHEAGERZ, HE2MERT W8, KM w
HAT AT S T @S ANKI R L 72 5000w = b T,
SR ATk 3 oY, 36 T A I R A R U — AR RN .
JERBR T DAEE Sy T o IR o SEH0IN 7 S AT S DAL, sk m] UK Ha 47 =ik
I, B & st E . BHRT, VLSS A W IR SR A By R AR
KR FR R R B 224, FRIDRE PR TR LA S I IR I AN T A5 281) 17 = JH T £ FH TR T
%l BA IRMER AR D0, R BA AT, X BN FE R R RIS
[ 1 i SO = 1 = [ 7 PR 1 = s N RO B O E Y W e S e I GO I e Y |
INTECE U3, DR, RS, IR nPR = At B oA g e, pF07, &
A RAS, FEREEE NERE R, SSRGS MR E W, FIER
Pho MM ARE G E MR, FER . TR0 BRI R S BRI,
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FEE R R E B AE DR XEE G EAMRE R E LR K B ERE R
Y B = LA SCRE 7€ B 25 I 2545 i B 32 KA & %
1.1.2 FHERE

LA LA =B AN B AL Ower Ronald Je 42U
I Z R A ITER B WAL, BB R AR E R <R, A
oAb BRSNS T 7 2527 58 AN BOYD AR, il B i R
) E SRAAF IR BT I — MR, B 92 B 2 DL = T v B I BRI B A
N RE IR, B ILE RS st 58 = B A AR E TR AR S
g IR LA H 2, AR R A 20T 1 = I B S R0 P A B B SE e
mr7 e B, H TR 2 0 A R R AR R I A ) 3 BRI AR
o] A 1) 8 — et — R b — SO 0 K — HE b — 45 I PR — Bt 0 AR E TR AR IR
Fo s 8 B BRI U E Rl i T8 5280,

B AR AT DL IR SR TR R, TR I AT DA B R R E R
PR Y T B H R, KRR S A T A N AR R v R e B R R R
(Morchella septimelata) ¥ FEM W (Morchella importuna) VA S 754k = it B
(Morchella sextelata) 3. T S INAERAAL R 00 F R BE A G & WEOVEDL, ER
g ER, WRAMLARKBEER, HZBES . W FRITEE 5. Hka
Refe e RAE AL B FRARCY . (H0 T 2F I B HER I 5835 A0 B Ar e R e, =F
LB R B BRIk B b 48 8255 77

FREH RS 5 A SRS A T 2y, BRI AR T
X, AR ET AL, H AT AR R AT SR . = EE . WAk, VTR
WAk HrgE. R=A HOR BV LT TEIR. L ZREEHBY . S i BERE AR
WM FE AR 3000 EIGEKR T F TR 247 HEB EREE
10 “E[A RERN K R B A I E L MRS TR B 58 E, AR EATT S 2+
PRSI R R0,
1.1.3 FHREFEE

B AR R RN T ERRE T R BENMER A E IR, BIE
WA T, EHEM TR, SRR 22, B T 22 R 5 TP R
WIZ w22, AWK E . B 7B, UL 2l i A S5 KRBT Sk, TSk gk 4t
KE, wharmasm— AR eT. 2k, aHERAELREE 7S 0T EHEER
Yo, FAEVE SR AN BOW & R T SEAR BT BCERAT AR B . — BAT
i —ANFATH LA R, B R ) R A 52 B o

F JHE B AR S d L Volk S AEBIAE 1990 fETER A, Ja 4 PilzBPSIA
Alvarado-Gastillo J&AEP MR MRS o 87 B R R U0 1 B AR 0 SR B0 3 N i A —
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b E T REAT R S, BUAR TR T B ARSRY, EEE A N, B
IV A B 22 v A A SR R 1%, BIIRAE— B R N k. —REMEYIA
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1.2 FHERRE

ER RN RE FEAIERE, —RAERMERE, SRR E . R
TR B M R R TR G R T 420, i A B e T U R T R AR e e
T, ER AR Gtk B A G Y E TR A WIS SRR A
1.2.1 FHEHE

B AR A SiE. R BhH oIS EE R e G S 44,45
H, ANFERZEFEMEREM. W2hRINEETRE, HIRNHE 2Bt
WG, SEREESINEE FREEFRM, BT 2R, FEAET TFER
MRS, VAR AR, ™ E I R S A R B 22 R, B T S A A K
REW; RIAXFEELIEN 2 ARAEE; Bl faE E i A KR
W, MR EEA RN, RSN E RS RIS IR, T
BTN, MEEWA, BTSRRI RS R4 AT AR VR AR A
T8 FRAS T SLARBE AR, 52 B 22 B AR K R T SRS R, S B EE AR T
BTSRRI s i — MG £ o T B R A S S B SR, B sk
WA AE IR E, A S, R — M e E A WA A, SRR
g, BT, FHERE R MR TR, MHw2mER,
BRI IAE B AT, FERm TR AERK LIV, B = S AR 5 PR,
ERERRR, FREG FAEEWEZMOREER, FREW T Sih— Bl ) E s
IR, (S5 517 SR (A8 SRSy, TS ECRPE . 40 Y 3 1R W%
T%[Q] R
122 ¥HERE
1221 HEMRE

H 196 T2 - 5 40 B 17 0 T o />, E B EE PRl B E J AAT
PSR, 2T TR AR R B e SR R S, e SR W, BRARAR A, RRE AT AE
BAtk, MEEMNIEEEERFHSUTE, REHREMOREURR, FHrER%
Rk ERLR AR R BRERY, TSURBE MRS, (FIEEK, BERa il
KRR, M AT K RS SR B i, R — BB S EBUR T
FERRIET:, I H RO XA 2 B i (0 7 S k1421,
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R E N E R AR BRI, YT RS A, H AT
DAY AR VR T, DRI T T R T A S B MY IR B EE R
LB A G T F I 78 I R B A & B Bt i) 8 R AR e, S it
B P AN SR S BRE . BE . & ARSI G 152850, Tt
I P 1 2R B B R SR L A AR U . AR A B A, —
& Fusarium incarnatum-Fequiseti E-& PG, FEEHE T HMN, tLEERZE
s, JRACERALPT A AR 22, fE25°CHmRmRBME T, BOELHE 3-5 K
B R TR, mABM IR ZE . T SERmE B 54—l Fuarium
nematophilumPIFT 51, T FETLARRAN LS B, HLEZGE T WITWE A 7>
WHRIIE R, ZoWYAa R, SHERFENET B A, FIEG ] w
LB T SR RE BRI, SE LA 20 AR AV . T IR . T e 280,
FERER T e R IR B A, WBE iR NHLINES, TR
MR, B TREREMEITR, BlEl, SBTREEYE. ARRHEERE IR
FEARIE A ZE 5 Diplodspora longisporal™- 35| 8 (195 55 5 50 1L 1 14 75 8 ARG 25,
TSEARMGIE, Paecilomyces penicillatus™ Vg B F w0 H AU A E G B, &
RALEEWNT, BUEEEF L. %8RS N KEBIE &N w26 80
JIE TR AL Z2 e 000 i 5 NI R I i 25 T s L A B T R B IE T AR RDT . AR sKE
s MR T — A 2 Bl s B R AL Z R R IR B R BRI A, ERE
R 5 R A, 1R R AN AR TR e R R 2, R ik, =
JETR PERCIR, WAV, W H LW TR ) FAR R, & Lan 4%
N BEEE, %W Cladobotryum protrusum™ 5] i .

123 FHEEEMRE

FIE R AR E FEAFOKE (EERNERAO, $2F GREL . &
E GRS WE (REiTm) B0, JKE 3 EE B TKEERK, MImFIH
HERESE . B, HMBUE AR RERESS, SRR IR SRS R
RAERER)G, iR S 5 BUEE I W AR AR K, WiE A e % .
WE, HiREDE, EEERKST, FREEZKK, KHERL, ERE
TR i R /NI T 2, 3B 2 TR i TR YT R 1 9 SR R BRI SR I, ™ EL RIS
LR R, Btz A iRk 2 G 00 = I B A AT REE . RV U] G 3
SN A GEHET
1.2.4 FRERENRE

BHERE G — SOy “WBiN T, ZRERG 7 WITEN, FEREEAENE
e BB, — EE R U AR G, R e SO ML 7 A E R,
LT 995 H R ORAIE S I R D E R B . ZRE PR R AR BTE . PIEERTA |

it

4



G

PG EVPHEEUIA AN FREGEK, G1ENMH, TERAEMREK. JH
WS BmAPIEIR R, DUIE B0KE 5 0 15 ) 78 eI o LA B AR /K i R0, £}
WERE AP, e RRHUR SR PO SR A0 R TR AR T YT = I B RO R A4 621,
W WA A K ARG AERTR KB T Z D o HE ) B s e U R A%
FRUE 63641, R E M R AR08, B . W iR IREFEIER
T SE AR FEE L4, ) W JER T P A% R 420 U A B ¥ = T 8 1) 0 X4 it

1.3 EZERARIRK

1.3.1 MEZERITE

0T 2 BALE B RAFAE BRI, AR H A R IE A F, A
M- FEOXJE FL M E %58 TR XELS ) 338 2 B4t & (Pestalotiopsis sp.) B & H
Steyaert!®-]+ 1949 FARYE 73 A= Al v 8] A 40 i S Tt L B &g 22 (R TR A8 i 4028,
BT HAA S AU, i =N i R AR 2 B & (Pestalotia sp.)
srE ok, A Z BB, %50 I AR T N 8 224 v oy Rk . B
Sutton*812% F I\ N FE 22 T A0 53 A £ 1 10 48 B 28 DL S 2 i P o 22 38 /2 43 5 M @ 1Y)
HENRHE, PR B 7 R R N o A A1 B 4 A FLRRIEE, Tl g 22 2
R Z M. 1M Nag Rajl NI 73 Al FAHM &5 3 84 DorBR, Tt & 22 9 5AR
Jar e 2 B2, R E 2 —RAENZE SRR B2 TZE 5 KR
IE&ALFE R WIEA—F, HEFKE/DN R, HAEDS T8 2 B A8 15 K%y
fiEE SCRAY T, BS auf, Pvmdii s o, H e = an iR,
TG A — R 2 2R BEA BRI g 22, A EE.

YT 2 BARRARMEDE, FEKA Guba"k T Pestalotia )70 Fl 72,
RG> AT A B Rl RS54, Tim b B 2283 . FE kg
BREHATMHEEE . (HEH TR Z BAENM SR K5 E MRS RHE
WA ES, V2 MRRRE S E IR AR, I B A E R A HIE SRR R IR AR
KAFHE, B TE AR 05 2 B A8 24T 70 R n A R R IR M, 2
HEWMEELT SN TRATFMHE G . ERZRAREREREREX (TS 5K
B JER AR TE P, 0 B A E 2 E AR R T, R UL A 2 e gt
1T B R E H ITS FPAME RGE K EM o, SRMICKHBRERRGEKE
W e CLAE AR 7 L 43 2828 4274, Maharachchikumbura 28 A X} 10 /N3 K] X #E 4T
RAERE W, KA ITS 75 p-tubulin 2 tefl ZERHHAT Z HF G RA R
B2 A0t U4 22 B A0 8 B N S AR A I 2 RS 70 RLIG A I S 4D A
Z BB RE N K 2 R X M7 VR,
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Wit 2 BB B E = 2 MEY IR EE, "RGE E2 M. B3
Pl BARBIRE A, 0] 5B AR FURIE R . B B
O, EEE R EFEA B, LD RS EE R, R A3, PR A AR
BAAFBNSE . BUADRERON: RGPII, 18 B EHIUEAETE . CEIETE SRR
TIREE, JaIABUEBH AL N RGO REK A G, RAFEURMTITE, MENIEA]
M FERRAE A . WA 2 R AETE A0, L AR DR STURIALARISS) |, AR AR A 2 2
IR IE, BEERAE KRB SR AN Z, B0 B EEOITR. RERE
BURAEAER &P BB, ZLBPIOU, B ROH AT 0O35E B SR SO i e T 5
FERARLZWGE, HIERRIRE, W HIIRR O R RBOR A, Bk, EI
KB tOE2Z, SMYMRERIR RS G ER. RILZAh, B5lEEAR. 5
JERh . TR AR K R 5SS M PO, (HH FONE, AR AR B AR KA
W ERBURTEH .

FRHATLAE 2 B A ZE TR IBURES 5, B B 2 ORI 2 ME Y B0
AL R A BN PSR RS B, S A BRI EGSE,  BE AR BRI (A 2K, ik
A SO ) SR ST A A ZE A ) R, TR R e SR SR AT TR R B 2 B
991, BRI 2 HPAE S 1000 2 A Apg10T] | A A (1021 2 SOOIy A e F rp b B T
FRARLAE 22 B Al 5| & ) 3R
1.4 fRIR EE BRI IR
1.4.1 ELHNWIER

T3 R L TR T I, — RS T R LRGSR, X PRSI RGeS,
FEAUFEMEE R (Appressorium) . 12443 (infection cushion ). 12 44] (penetration
peg) A2 (Haustorium) U4, B35 M REME I B AEARB SR TAT,  FF 0 A4 A B B4 it
B, MIMAERETS LA EE R, 2P NREF T BARDR S MERZEL, &
REWS P AL R, X ARSI UK B B B4 318 35k, PRtk 4h, IR GLIRIL RES
PR EE R 22, AR ANE Y AR . AR I D R R OS5,
W EYEFEEEAAEKAAR TEYEm, Sl wmems TH3E L RN D
SARNTE FAIMR S EE 7R, DMERSE B B AEKEIENY), (R G ghi 52 2 Fh A KR
¥, RiRkiE, MSB2 B:DA W gnhdps KL HE 1 Msb2, 122k DA AR K 2 52 M s iR S TR
12 Ye LB A IR 1061091 Bk bz Ak, PMIK T 355 BRI R 2 A s T ) I 25 R
R RAL, 2 P HOGER W B AR R, MNE R —BIER, RN E
¥ ICEAE KRB L A7 g0,

i SR LB B 1R AR Qe M NARAE F 4, W] B a2 LR 5 E
RNTE T o TEBF I RUALBE 2 VR i I, 9K 3R = 56 NIt R I SR 3 Hypomyces
perniciosus TEATE AR GGG OL N, FIFERER AR EE 4 . HoAL T & e b a1
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XU g AH AR, SR W R R 22 0 5 DU B s AE TR A, e R LR L
A W 2 RS E S B B 22 A, DURE I 012 7R SR 5 XA
%t b 22 B0 IR TR T, 0 DR T T 22 5 XA I s T 22 B SR, JF DR R R
S50, IR FEOUMBE IR 2 A . WSS, FERFOREN & R EUE L
PRI, RIS PR 22 g8 e E R, S0 T T 22 A A 18], AR
FEAR T 55993 I TR B IR 106 T, AR5 T 22 [R) R 2 S5 AR 90 i T ol 22 A0 .9 2%,
BB e A AR TR 2242 N B9 TR B T 22 )
142 HR/EM

PR LA Al P AR 2 M5, HL B R R LT R AT A e R S R
(R R R AR B0 e A E T R AEBE R LAY, RIMEEAGIRE T Hae s fE 3 1E
WRAEBETDyREMS. HET, YRR E R AN, —RF BT R R,
“rArw B AR R . XA RO VE E BRI RR R W A AR R0, Ry
F AR RN T EREFEM R, TR, GlanEERg g . K 1R A A 1
JE IR A A E AR RIS, MRS £ B AR R A E R ey, B
Ahar EREx A BE MG MG .. HarkEr SR . BAEE. Rhf)s.
Afsm e AR R NWOYARS £t R RO,

WO RIEFE RIE AL R FE R . dobifk, I Ek ik, &5 nlalad s e
8¢ J5 J 1) R 1 O R EE T ok e o IR PR IR 1, 3 AR B P A AR B S, T
A — R IR o AR R 45475 32 B 3 1 5 0 A 32 40 R A ) S 2R
By 1. BRIHMG . SERMRAYSAAL, B B IRcEE i S BE R A AR IR, A TH
GEl LR QP 2 SN O A IR ot - SR a1 PR v i O T S N 1 N 3 U
It SRR R TR RS T LR, I -FE ATP AR R,

FUAT, 9 J5 LT B 200 6 T A B2 ik e /b, A T8 o ) T ] R e it
B, R E R, s cE A B IIRE®) . Paecilomyces penicilatus 7] 5l
AL T BB, AR IRE 3 5% o A T B A AT 20l S ) 2 i TR TR 22 A A A )
VE P AT A AL S 0200, <5 i T A AR T A TR VR AT A1 ) 0 2 T 22 7 1 B3R 22 7
g2, RER BN Z M aE W E 2B FMEEN, FHatEEELIESE,
FCAMI R HT AT 3G 504 0 0 B R B 3R SR BUBON XU 2 B Bom 1122, BRit
A, TR R ST IR R 00 R A T 22 AR U3, ORI A A R 43V T A R
ARG, FEOLE 240 MBE G N, BRI I, DL R R R
B AL E N R P R R TE £, (BRSO, R AR IRANIR R
1.4.3 “RAAEEPEMRERAVIE AR

2 i B LR T 1) EE R B A B B, AR AR U SR I T AR G iR R
TR FIU2S], 9 JiR L B AT 2 DA 40T i e o e g DAABR SR 2 B . 2 S Y 4 Y B [ At il
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BAEH RN LT . RO R AR, CPAgE RIS . XEPE
FAR I AN AT 23 A T 2 R, (2 R0 iR PR N AR S B Re 0% 7 A T R U ) SR 026,
Autesa . R B BURMES FE S g0 i B e I E PR S AEARSS, B,
FERT 0N DR 28 5 SRR FE 02 95 it BT 1 3805 S B R 1 5 7 iR BRI R BU PR G R I, 3t
IR T2 B O A I A vy LR S8 P T P B R B A B vy B B0 1127 AR A AT
ABGE T, W RO R L Alternaria citri B SURERS FRRESE N 9878, Hox Mt
MR SR Z R E RIS BE T, BRI e, thah, e
MR R E S 3 RA 6 RINKEBMFFEMSREM B FREIER, HEMNKE
L5 5 b p- A S E B AN H 5 SR BEBR I CAZymes, LARAGEEEE S R IE R KL iR .
DA 1353 BH 20 B B [ A i 2 08 IR U R e 32 CEIERE D B TR
1.5 BXHEHWERNREENX

FHEERNELNERE, EAMEARSNEAHANE, ©REAIEE SR
SUrE, BT, EREZHISE RS, BEHACIA 247 E . AWERS
PR, ERLR AR ZER AN R A, XA ER R R T ERA T k. A
SR 3 e TR A 20 P s iR 2 e L BOm AL o0 L B, XA R TR I R 2
Toi 1 BT IA o

1.6 FAREREE
it A
|
! ! ! '
Wk || s mms | | mR e T
s | | R wokw || sk
wa | [ordm]| [ enw | [ v
% | | wde || Btk | | T
BRI LR S0
+ v v v v i
994 L B X1 i B B 94 4 7= £ 3 5 8 i
T 4 4 4 it 7= B 0 5 1R = M B A Al 4 500 o A R
ferki i [ A i fie ) X K BT
et || ke | | et | | wew EEE IR

Wi Yt JA B NN
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F2E HEZEMSIENFHEREREFMR

TN X 2, 20 EENE G R W fr, ANREALE
A e A PR A W) B 3 TR R R A B T — MR AL R, 20 S Ak
U8 SRR BIE N SGAIE, 120w &R MR 2 B RwW A5l . 2R AEETMT
B S HE R TR RO B, IF HAZi HE R mE BT EE R, BRI AR SOt
T2 IR R 51 S I B W SR AT TN R IR E RO, W
152 R SR AR R AL O A, T TR ROREERE, 1K AT LR
TN T AR 12 1R A FAR R
2.1 XA
2.1.1 #HikER

WA 2 AR Mk (Pestalotiopsis sp.): M “Varg B LSV R IR IR BE R E
2SI = BB WOURAT T 40 B IR AT

INIRFENLEE (Morchella sextelata): W “ VU B AZNEY TIRRT” ZEHE
J SR 58 LT BRI 9T % 00 B IR AT
2.1.2 R EEIXF

PDA }:7¢2k: 200g 15, 20g /KM & B 20g BEfiE. 1000mL 2518 7K

HEER ARG & WEETAM TRER A,

A A ZIY) B A SR AN FEREE CBE . R PR A O R 58°C-607C).
WHESE . IKCR W=8F. FAA [EE (SmL A=, SmL 38%IV 2% SmL
UK 90mL 50%7FH% ).

2.1.3 RBEILER
#* 2-1 Wi s
Table 2-1 Experimental apparatus

NE EA S A5
Instrument name Type
TIEERIR T TAL-2
FahitEa JXJSQ
MERTHE = XB-K-25
VL RERE YN ES-300
A ST L RM2235
Y/ ARG BA310-T
KGR ERS moticam2306
AL TR A SPS-151
PCR 1% T100
B TR HE 7K T H yk R DYCP-31BN/CN/DN
B R R 5 GelDocXR+/XRS+1708195
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22 RIEFE
22.1 MEAEBERBAE

WA s ARSI E 2020 FHFAGSEEMNIFE AR /R T SE R A
X AT R A

WA TEbR: WS EEE AL R TSI . IR 8RR O SRR ER R
222 WEEMBLEE

LA ST

Vo 2ERE TR0 R B B T PDA 53R pEAL, SRS TS R B AT PDA F
B, 25°C, FRE. RS, HRIBE FRFRHR. WEHLEER SR, K
HoarEmTHEfs, HMSKBRI D A7, KA RE AWKERS T EHOT, &
R, BIREER . BTAYRME WS IR, TR R O T
THI25 M AaT, MBS, %, WReHE. KELRERIT
K

TS

Yo R B2 R F PDA PR, 25°C. BB BEE. HRRE FERIK, &
PR 22 AR IR A, ORI B 22 A, {8 P T R 26 R 2 B B ) A A B Pk 4 Bk T
/H. DNA, H 514 BT2A.BT2B ¥ S-tubulin #:[X, 514 1TS1.1TS4 § 14 ITS ¥
%, B4 EF1-526F. EF1-1567R 43 tefl 2:[H. BI4F N3 22 fis, 1K
A R SRR P ARYE SRR S B 3= 1% SRR R LR r vk, &
WE, ERAETAEN TR (R FRAFATIT. H DNAMAN 4R 7
iR IT P, RE KPR 4 R/ NCBI W uh 18 31X BLAST (Basic Local
Alignment Search Tool) 47 F7 F1 LLXT, AR LL 45 B ICA & PP RS K B
%M tefl\ 1TSS\ B-tubulin W17 T4 15 50 AL 751 03 50l 92, 15
MEGA7 ¥ AF AT R, 2P FILEA R A ClustalW 27317, REGK B WM&
KHAR#E (N 347, 3 Bootstrap #H4T HAGLG, HEIRECN 1000 K.

x 22 T EEMEH SR

Table 2-2 Primer sequences of molecular identification

g 7
TR e o
EIE /N WA (5'—37 Name of T
. . ) ) Amplification
Primer name Primer sequence ( 5'— 3 ") amplification _
duct product size/bp
produ
ITS1 TCCGTAGGTGAACCTGCGG TS 586
ITS4 TCCTCCGCTTATTGATATGC
BT2A GGTAACCAAATCGGTGCTGCTTTC
[S-tubulin 458
BT2B ACCCTCAGTGTAGTGACCCTTGGC
EF1-526F GTCGTYGTYATYGGHCAYGT
tef 965

EF1-1567R ACHGTRCCRATACCACCRATCTT

10
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2.2.3 RIEE BRI
2231 REEREN FEREEZE K0

B9 R o AE T4 G FE A 1x101, 1x102, 1x10%, 1x10%, 1x10%, 1x10°
ANmL 5 AE T2 RIVETTES . HICE A A PR EOR IR & 7 A1 HEE T
TR, #B5), 8 mAnp Bt 2, A HIREEIA ] 1X 1084/ mL, @it
AR FEE A5 PS5 A B 10) T VR AN [ R B 0 i 1 70 AR AR 8, R A 430 R X 200
TS TRV B PR SR B o B T BB T PDA 5983t b, SI8-R°F, SR
3WEL . DLW AKIENX IR, EEMBEREN Smm FEAEH R, BT 22°CHHE
FAF T IR, B 24h WEE— VR T AR AR 0 B9 DR B o A 70 7 R A 0L

M 6 K, HTF&XGEERGAI A FAt WV BAR, R A sy |
o, HEMEIR= (CHHBZ I FE % H4£-0.5cm) - (56 20 /) H 7% B 4£-0.5cm)) /
IR 2 ) 1 75 BL1%-0.5cm) x100%. BN HE S 3 K.
2232 REERENEREFEAEBRIN

IR A EME AR, F I TR m K 22408 6em ), A
T B /N I B a5 B VI — N2 Smm §945 1, 2E45 AL 2 4Rk 200ul A RIHEE (1
X 10" 1X 102, 1X 103, 1X10% 1X10°, 1X10° A~/mL) 55 5 & 74 1 Bl
AR TC K AR, BRI 3 IRE R, M e e EHE S FE BasE 2
WG TOR /NS, DR S A SR B B, RG22 fE B AR SR Nk EE K, 45 3
RMEE— IR B R L
224 BRFEHEFEINEREZRHERZMAR

SREUEIR FE LB, R0 I B 3 AR A1 SR FE R 1103 AN /mL 783, ik
B 15 RO/ AR 55 24 6em (1) 5 2k T 1S4, T TG T /N DA “F Bt v e . B )
KNy Smm B945 1, R4S kbR 200ul R EE A 1105 AN /mL (195 JE # 15
W FEFERUGAERE R FE BRI /N, DRGSR I B 150,
SRIGMEZ AE H ARG RS o BRR 3 RS — U B B AR o BE AT LI Y 3
PR E AL AT SUEHE, 5512 Rk, DUER EEASUNN IR, HAraa
AT, GetaIpuig. BARRRI PR
(1) 5. Kk B o e Rt R 4L 2V E T FAA [E 5 b 8 52 24h.
(2) PP KGREMBONEIES, H S0%IERHZIE 1h.
(3) 7K MR FHASER RS (70%—80%—95%—100%I—100%I1) 2L 1
h.
(4) FEW: MOl ZHR=1:1 BEMAFEFE M 2h, A4 = 2R 2h,
(5) = BRI A E=1:1 IR EYIRI 2-20h, HIRIERA MG 4N
R E T 50°CHEAR T, 2 1R 3h,

11
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(6) B HRIbr AL TUE J7 L, BT Ayl e,

(7) BT R ESREF (AR B T AR 20T, SREHU N RAH A, BT 4Cik
FaTRAT

(8) Yl AV VLR B a 8 D) S Y 10um W R, 7E 37°CHIZE1RKH &
TF, FARGMEI R R, BT 45°CHUAE TR ML

(9) JLit: Kt 5 ARE A 4l — R B P K, FHIK 10min.

(10> &K: ¥R RIRE T K LBE-TIK LWE—95% L IE—90% L 1E—70% &
BE—Z K, &KX Smin.

(1) Yefty: ORISR ORIE Smin FVIE FH /K ik

(12) BiK: KK 70%L8E 80%LHE. 95%LHE. /K LR WFE R, ik 1
min

(13) #HF: FFOEFEKR 15min, 25 " H A 15min, FHFER RS, fET
FEE A E T BB N,

2.3 Fit RBIELIE

%] IBM SPSS Statistics 26 . Excel2019 2 MEGA7 %4 Frilll £ #5347
BEMWERIN . BdEE LA,

2.4 ERES R
241 RELZEBFRBAE

X PE ATV K SEAL P SE I B R e . T e M AL BRI AR e . B
T 2R WAL = i 7 AR s 25 i A% il o o =2 P 7 S 355 i b 190 = JH B 7 i AR AT D R A T 1A
7, RIS FME X H I IEFE E R DOk, SR IA [ BRI k2w (E
2-1)o Bl rh E I B e A, HAGR I e B I R . HARREIR
4 0 B T () 2 L R BRPRE — B ) P £ AR A TR T 1 22 HEAT SRR
P HAF T PDA iR, Aifb RS EEES, RWHEEES S 2 Bl
BRI PR — 2.

W E2 2975 5 B R I RV IR B R I, %2 I 8 55 22 R AR AE 2R A B RS,
T 2-4 7, MR ER R AE S 200C L E . kg 2O SR I D
A e B AE T I A i A AR I XU 2 BEAIG . BRI 2 A, %0 T8 W R AR AT
] -5 VT2 TR o 0 1 7 AR A i PR v B R SRR T () b T, A0 AT 82 EH T TR M 3
St rer 1R R b R IR RGN 5 TR T B S AN TG K = B R G 1200 S TR
FIREME . TAE R RN A B, — Oy VIR AR, i T
i X B0 B A G R A E ESE L B e A, AR R LI R
A HARAEYI TR, 28 238 K B ] R .

12
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Bl 2-1 S B 3 R A
Fig.2-1 Situation of Morchell disease

242 REEMEBLERE

TEAYE: JRRETE PDA FRFR 7K, Wk HEAIL 9em, ML ERIFIR,
HAAEHE (F2-2A), BHEWNAM (K 22B), HAEMTHEEMA., BRE. 3
W 2-20). 7oA 20K, E LIS (K 2-2D). #4BTERIE,
BELALEE /S AN AR, DY 43RE, K 21.0-28.6um*6.0-7.6um(x=24.8umx7.0um)
TS 40 3% W [ ARR, 2.7-4.5um K (x=3.7um), FLTFSRA 2-4 H3 B0 IR I5T B2,
6.0-19.3um K (x=10.2pm); A =AML [E AEC R G 2R AR AF BEART
B, TIRERTERBAAR, 7 bRab%idi, oAb BE K b A 7 iy 240 e B 0 (0
B AR 4.6-5.9um (x=5.4pum), =K 4.4-6.0um (x=5.1pm), ZEPU4HJE
K 4.1-6.5um (x=5.3um), FEEAMMLEH B HER . SRTE, K 3.3-7.2um (x=5.2um),
B KA N, K 2.4-6.9um (x=4.5um) (& 2-2E-H). 81t j 32 TR & B %%
SRR A SIEME 2 BREES—E.

DTAEYFSEE: BPCRY WA BRIEEAETAY TREARARNT, 152
586bp 1 ITS #4317 51).458bp [ -tubulin FEKHE 53 51 LA K 965bp 1 tef] F:[H )
AT, =275 AL R genebank FR1FE 355 737 OL362082. 01828342,
OL905009. il Ff 45 S 4E NCBI Wl EHExT, £ BN, Bk =27 515 54
ELZ B (Pestalotiopsis trachicarpicola) [F)JRMEEIE 98%-100%. 5 =25 77
G, RBUHIEMREET 2 7 5 BE &M, FIH MEGAT 8ff, MERGZKE
W (B 2-3), W5 E S Pestalotiopsis trachicarpicola Witk YB1 RAE[F—432, H
for S6H{EL =% 100%

GAEWMAFEEMZERNBRE IR RIEE S ENEMHNE S B0

(Pestalotiopsis trachicarpicola)

13



552 B AU 2 B G 1E I S R FR A T

P 2-2 5 T SR AR
Fig.2-2 Morphological characteristics of pathogen
A: PDA Hi 7 R B IETH T % E45: B: PDA K573 b 5 0 15 H VR T A5
EMTHE; D AT, E-H: REE AR TS

og, Pestalotiopsis clavispora MFLUCC12-0280
93! pestalotiopsis clavispora MFLUCC12-0281
Pestalotiopsis ellipsospora MFLUCC12-0284
86 Pestalotiopsis foedans CGMCC3.9178

90} Pestalotiopsis foedans CGMCC3.9123

100 | Pestalotiopsis saprophyta MFLUCC12-0282
Pestalotiopsis asiatica strain MFLUCC12-0286
0 Pestalotiopsis umberspora MFLUCC12-0285
43 qp| Pestalotiopsis chrysea MFLUCC12-0261

M e Pestalotiopsis chrysea MFLUCC12-0262

r Pestalotiopsis adusta strain MFLUCC10-0146
4gr Pestalotiopsis unicolor strain MFLUCC12-0275

443} Pestalotiopsis intermedia strain MFLUCC12-0259
Pestalotiopsis linearis strain MFLUCC12-0271

32|, Pestalotiopsis karstenii strain OP013

1 Pestalotiopsis diversiseta strain MFLUCC12-0287

20 Pestalotiopsis inflexa strain MFLUCC12-0270

37 [ pathogen of morel disease
100! Pestalotiopsis trachycarpicola strain YB1
Pestalotiopsis kenyana strain LC3633

~

6| Pestalotiopsis rhodomyrtus strain LC3413
Pestalotiopsis rhodomyrtus strain LC4458

| | Pestalotiopsis rhodomyrius strain MG7
Pestalotiopsis telopeae voucher BRIP 72184
Pestalotiopsis photinicola isolate FY7-3

w
joe]

Pestalotiopsis brachiata strain LC2988

Pestalotiopsis biciliata strain CBS 790.68

Pestalotiopsis biciliata strain CBS 236.38

Pestalotiopsis brachiata strain LC8189

96} Pestalotiopsis parva strain CBS 278 35
Pestalotiopsis grevilleae strain CBS 114127

89! Pestalotiopsis knightiae strain CBS 111963

Seiridium camelliae strain SD096
—

Kl 2-3 tefl. ITS. p-tubulin ZILBEE R R G W
Fig2-3 Phylogenetic tree combine tef1, ITS and S-tubulin

2.4.3 RIEEBUR RN
14
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2.4.3.1 FRIRERE S FEIEEZ AN

08 T 0 AN [F A B (%) 99 i 1 70 AR A 5 S I B R 22 AR I 3L R BRI, o 5
B A AL TR TN 13106, 1x105 K2 1x10% AN/mL (133 56 4H 05 J5 18 40 A 7 776 26 2
RISFFEHEA R, BHRFEERA 25, HIREBEH RGO, 2R EE
KB S R B B . W 1103, 1x102. 1x10'AN/mL AR E6 20 KA 4 A 1
TR, FMEE2EKER S A BFRE 4K, REN 1x10°, 1x10°
AN/mL BRI 2H 0 i B A K HE AR, B A R AR K BLAR 3, HEHT UG H A AR T o
BRI . WA 1x10* A /mL (RE6 4L B A D g A, BRI AR K BAR
#, FHIERKHESERFHE. WRERN X103, 1x102, 1x10" 4~/mL 1564157 J5
BRI R . BiF5 6 K, WREAN 1x10°, 1x105 AN/mL BRI 405 R & 774 T 8
BB AT HE, BRILZ AN, IKRFER 1x10*AS/mL [5G =4 1 73 AR 1
e, HE . SRR S 1x103, 1x102, 1x10' AN/mL (K56 450 J5 3 40 AE 11477
KUK fEfGEeMEt, WA 1x100, 1x105AN/mL a6 2000 J5 i 1 2.4 KA
OLSHTIA— 2, (ARG I (A B4R = A8 T 2 ) AR fl 3, IRFEA 1x10*>/mL
I R T2 R LB S TR F KRR 13103, 1x10%,
1310 AN/mL BBR58 2H055 Ji7 B - AE AT AR IR R Re i i, SE I B AE KA 1L S5 0 R 4
—3 (B 2-4). MERFRE 6 RINFMIR MR B, KIEEEE BRI
PRI A 1104 AN/mL I 32 2 B AR, AN [R5 S5 B 43 A 903k R 3 Ji T T v 4110 7 2
AN 0. 0. 0+ 20.89%- 57.89%- 91.44% (& 2-3).

22 PRk, 6 R E A IR A S 1x104 AN /mL i, A] L] A R R R 2
Ko, ABHNHIRCRIFAIA ., oo SR 0 S R YO T BUR B, AR R —E
W LIS A 2508 = I B B 22 AR K R

F 2-3 AN[AVIE T B A A RN A T T 22 1 e

Table 2-3 Effect of different conidial concentrations on mycelia of Morchella

S HERTIRE W 1x100 1x102  1x10° 1x10* 1x10° 1x10°
(“M/mL)
FIFHEHEER (em)  9.00a  9.00a  9.00a 9.00a 7.12£0.08b  3.79+0.11c  0.77+0.02¢c
BEIER (%) N 0 0 0 20.89 57.89 91.44

T ANFSESONG T RER IR 2 5 3 E(P<0.05)

15
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B 2-4 955 J5 B 43 A A3 B R 2 I I B 2 AR K RS )
Fig.2-4 Effect of sporogenous concentration on mycelium growth of Morchella
Al-Gl: 945 4 K, WIEEERTIREMR KON 00 1x101, 1x102. 1x10%, 1x10%. 1x105,
1x10°4~/mL; A2-G2: 357755 6 R, Wi B 0 AEfF IR BEAK N 04 1101, 1x10%, 1x10%, 1x10%,
1x10%, 1x10°/mL; A3-G3: 5325 15 R, SRR/ AEA-FIR KON 00 1x101, 1x102,
1103, 1x10% 1x105. 1x10%4>/mL

2432 RIEEREXFIHEFABRNEN

O T AN (R B (05 iR B A R AR T BB N I R e R, SRR A
IO, RI AP Ji B 43 AR A IR IR B 1103 /N /mL {5 AT S B A 1 2R
I LB 05 o R e A BB SRR R R R AR Bt B (] 2-5). B RERE
%%Fﬁi“$@¥ﬁ$ﬁi¥%wmmﬁﬁﬁmfﬁ1mmAML

o A
@257@%“$@¥mﬁﬁ$ﬂi¥%%$FM%m
Fig.2-5 Effect of conidial concentration on fruiting body disease of Morchella
IR =R A X B-G: R BRI 1x10', 1x10%, 1x10%, 1x10% 1x10°,
1x10°4~/mL

244 BRFHETFEAERBELRIHE

XA [ G IR 300 () = UL B S AR AT TSR, R B i I B S T A
W b, BT 22 AR SR I AN B S5, TR ORI SRR . B
REEIHEIN, MEE TR & LB O LB, 1B ROV BUE B
W BE,  HAWE N LV 3, ARG ARIZHTIE K, P (10 = I 1R i R IZ T
Z45, RATEFIEEEERE TR (K 2-6). %00 R A= 38Uk
FREE ST, WEGRI R I E R, FIEKOR AT LIEF A K. £FILE T
KRS H AT ME R RI, IEW FIEAFD G ARG . HRARKE. BH

16



02 5 A B GHE R I R R R A

Ban (B 2-7A), YL 3 K, FRLEANG A SRR P A DA, a5
FEH M Z S48 (B 2-TB) . JRYLEE 6 R, HMGHLCEKRIET FHREALIEE,
MR EZS, HBEFEAZ LR, R RKIRES (B 2-7C), &G
9K, EREALESC TSN A (B 2-7D), EXBEHTHEARMRE, Tk
WAL G I B 20 A 40T i, 3 A2 45 i A B 22 BT DA, R b 5 B o g —
T BRYLEE 12 K, HLUVRSEEMEE (B 2-7E). RHERGEE 6 RIEALH
AR JRERTEOR 400 £, R DUM 30 00 = it TR 4 23N A T F AT A AE
(K 2-7F), (HRTEIER FEREE P E%E WL (K 2-7G), HENX AT R 2T B
R IR B RN, E B A ORAE P T R B B 4 i, (X AR 2 T
SRR 2 B8 AN A2 [R] — B 3 7 22 B P 35 22

Pl 2-6 AN[F] IS ST 1 2 I O 1 B R A
Fig.2-6 Morphology of Morchella fruiting body at different infection stages
A: IEFWENEE: B-E: 200lEGEE 30 6. 9. 12K

A 7T jiB C A D = E

B 2-7 ARG I 3 I T SR I H W) oS
Fig.2-7 Morphology of paraffin sections of Morchella fruiting body at different infection stages
A: IEFEMEAS (100X); B-E: /ARG 3. 64 9. 12 REYFESLHALL (100X); F:
IEHEIEAL (400X); G: YL 6 RIFEILHAL (400

2.5 IZNESTHS

F AL 2R A S I R R A AR I KA, AT Z MR R R SR,
BT FEUFRE T . MHUEE 2 B AT RN E L EAZ R R AR U TRE, K
Pz FEEZRAE T FE M ERBOHRE B SR R, SR &, 23 mnaE
B o FEOLRFH KA IR R AT R S, LA H I T
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