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Research progress of fungal diseases in Crocus sativus and
identification of biocontrol bacteria

DU Xue', LI Xiujuan®, GUI Sigi®, KAI Guoyin®, SHAO Guoyuan', ZHOU Wei’

( 1. College of Horticulture Science, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. School of
Pharmacy, Zhejiang Chinese Medical University, Hangzhou 311402, Zhejiang, China)

Abstract: Crocus sativus is a perennial herb with medicinal values such as promoting blood circulation and
removing stasis, cooling blood and detoxification, anti-cancer and anti-oxidation. Due to vegetative propagation
and successive cropping obstacle, the disease of C. sativus is aggravated day by day. And the corm rot disease
caused by the fungus is the most common, which causes a sharp decline in C. sativus output, and seriously
affects its industrial development. To conquer fungal disease is one of the effective ways to improve its yield
and quality. In this study, the research progress on isolation and identification of soil fungal diseases,
endophytic fungi and biocontrol bacteria of C. sativus is reviewed, and research prospect is analyzed. The
follow-up research can be carried out from three directions. First, based on modern metagenome sequencing
technology, the pathogen and antagonistic bacteria of the corm rot of C. sativus should be studied. Second,
based on synthetic biology and fermentation engineering methods, heterologous and efficient biosynthesis of
effective substances in C. sativus should be realized. The third is to create a new germplasm for detoxification

of C. sativus to provide reliable and high quality provenance for production. This study can provide a reference
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for research on prevention and control of fungal diseases and the development and utilization of biological
fertilizer. [Ch, 3 tab. 89 ref.]
Key words: microorganism; Crocus sativus;, quality; endophytic fungi; pathogenic bacteria; biocontrol

bacterium

PHZL4E Crocus sativus N5 P} Iridaceae TR L1 AL & Crocus 29 W AKEY), MHRFLAE . WLAE,
DTk A2y, BRI 2, B RERIHES:, 5k “atad+7 , 2018 4FHHiia AR
BOMANE BT “Wi/\BR” Z— PRLIAEIR™= T . . BDRE. PBESS . BERR], EEV RS, =
BUt. TIE, MY, EAEERMIEIK ., EHEEFES . HoK RV 5EMEY, EhEILAR. T
i dbET . WEAE 20 240 . TERA — R AN . REMFR LI UL B AR AR Hi
JEW L PUEALET . BT, BEIR S KRR RE AL GUARART T B AT R v MR U A 2 B 2
Peo BRAESLAR, B Ye s A U p 2 S Y DR PRL AR AR ARy, H e o T B
SEOPEREE, WA RRE; RIE R TYGLLAERME AWK K, BREEEREEINE, KaEskE7ER
) A=A AR AR D B =, KR ™ ™, PRLERY i S Bz 2l m Y HEp, ST LLieny
5T FEEN TR i : OUWLALT . PUL RS EZ LM 25 S Y, i — 0P RO 24
TERZFRAED Y, QUELIAETT AW & B REDT , WX VY L4611 A WA BGE AR A OG5 U 2 R iR 1 7
ZHEMTIREMAT Y, QI LM B 5 . AL, W LA LIRS . SRS AT, I
HE L R PELT AR BN T S AR L E BT DA VG LAk B PR A A =, DA
R PRLLAERY AT, RO 3 & A R S0 P L AEBRZE S SR BOW B 140 2 5 5 1 BRES T R4 2 A
PLPGLLAL b e e ) F2 2L R, S0 TR Y 53 125 4 e LA KORE B 3% T R B A 0 A 24 ) & R FH e SR 7l R A2
RIBVRALOREEN . A58 IS PT L0 AL H IR PR T . PULIAE AR TR . PO 2046 FL R 3 A B T 142
oY e S RIF LRI, AT TR TU LA RPN E . PR IR DL Ak & SR R ALK

I WARBRAEEN &5 LT

TR . HA . R T DR ISLLAREE, IR S R E RO I, RSB e
S E Y PULLAEBREE R BRI PR LIAE L kSR E R R . BREEIE e k2R AR K ]
M EZRE, W W TR A H K 2E M S, @R R EEGE, B 30% DL R AR 2
PR EREE | A Sk A R R

PULTACER R 20 32 R A G 2 i, L rb SRR - R A AR Bk ZEIRIR Y, e 22k
ATERR AR AR R IR AR R SEDY NP LL ARk b 4 B 3 1 BREEAK FL TR Alternaria alternata, 1913512
95 R AT R PGLIAEER RN, P S E & W — IR M LB R BB, RS ™
R VTLLAEBRZE S R Pl e 2 2 A E0R T L VR 45 2 . SR DS i 1 2 20 25 7k B Bk =K v 43
AR T 2 MBURER, 8 R AIHE Anthracnose sp. F1AFLHE T B Fusarium oxysporum; [F13i56 &
L 3K 2 b LA I [A]R PY 2T AR R ZE AT R g 1 A 2R o IR A DU 2 R 25 v 43 B R A5 L 7 ity
% Aspergillus brasiliensis . {08k I F. oxysporum FIAE T 55 18 Penicillium citrinum %5 3 FhEURH, B2
X3 MEESEMREETDREEREE LS, Hurw TS HRE . WANT 5 g REER2E 43 85 1 AR L
ZIRRLEIH T8 CSE26 W& #K Porostereum sp., Z8¥K25 42z M H AR AR P10, &R IR ™ 26 1 7K A B
ST A AT 5 VAR BR R, (HRE AR, R LI AR AL A TR — Fh O M358 105 I
o RIS R) T A8 ] R S BBk I B F. solani, it IS UERT - 1 2 Fh BB 2B A B0
MIRES | A PHLLAEBRZE M BOR LI . ZHANG %50 N S vG £ Ll AR RAE, IR RIS
FRRERZE T B SE T 1 PR RED | B PU LLAE BRI 2 0 B LR B M W AR P. solitum, 324 M1k, ©ATF
B 19 5 AL VY 20 AR BR 25 5 12 00 BOW B 45 i 55 )8 Aspergillus sp.. #k J1 W J& Fusarium sp.. 7 %% # J&
Penicillium sp.. BARH & Anthracnose sp. FIEEA& f IR JE Alternaria sp., A8 I &8 25 B HAb 25 H
FEYIUNBE & Astragalus membranaceus!'” . N2 Panax ginseng!"”', -5 Pinellia ternata®" S5 ZE M 1 (6
D)o B, BiiGHR I b8 8 SR AT D Ve L0 A8 FP F i & A4, ZEA ™ 1 BT SC PR FH M A
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Table 1 Summary of pathomycete isolation from rotting bulbs of C. sativus

HIRRZEH! STETROL BTk PRI STETOL BTk
RAVR I Fusarium oxysporum JEREERZS [15] IRAHL R Anthracnose sp. JEEREERE [34]
JE KB ITH F. solani JEREEREE [15] LIERFLIETA Porostereum sp. Rk [35]
PG B Aspergillus brasiliensis JEREERZE [32] BEEEE P solitum JE A TRE 36]

EHREP Penicillium citrinum JERERkZE [32] FeHe/METH Sclerotium rolfsii R (38]
BEMSHUTE Alernaria alternata e FEBR=E [33]

2 WANLNEREWWB S ER

MW A B AR )2 A A TR U A R, (HR S5 i e R ALY, E w5 1E BB
BCH H A S R,
21 ALBRNEEENSS

W5 RI: [F—PFh A LR AR SR 222 A . ARSI . UM I U AR R F s, Jf
WARE W 22 70 L, 2B vua e A B T ZEXT AR R R 800 (AR . 25, 1H4E) 2 B E
Mo BT, PULAENA BRI 5B EZEoR A LUk, RIor B AS RIS AL 14 P8 £1 AL 2L 200 e/ NEABI IS
MG, K E T DB A R R L 25 ¢ 5535, PRI EE R g4k, B4tk
AR LR T BT TR S E f o K558 o PHLT A6 N A BLTR TR 7452 2 58 32 B 4 L 11 0 22 LA
SUREAE o Z5UAFAE AN P74 IE S . DAV i (200 . BHDIR . Bi% . sim). Wvg AR | Wikk
T2 75 72 AR O AR OWARIE N P 2208 . IR (OB . BIBIE . BIAYE . BNEDE . #EEJE
). AR A IR TAEN, PULTIE P AR R 4> T KT S A8 R F A 5 [0 B SE R 4 DNA e
SLRP AT . HATPE LR T E N 1Y) R AT . N SRRIR X G Y) (TS). RNA R A7
13V 55497 (RPB2) il B-i & AL 5 4 (B-tubulin)*,
22 ALEFNEEERIIIEE

AR LR AT A IR BCE SR A AR KT, R A AL AE R SRR, RS
1 X AE D a AR AR i AT 2 M, TS EARM A AR Y A L, B AR R S 18 AR
ARSI R RE S, A R A IR seAh, AR B K AR e B
P EEPY . RSP PR SRR, LR R A (RS AR K RE b
PIFEH

VOLLAE FBIRME RS (ANPELIAE T . VRLIAERRSE) 25 M A , (A7 ek, Mg B St ik, 2
BHF TAEZ s HDOGHE 1) 7 PE L2046 N 2R BT AOAFSE . WANT 052 R 3. P06 N A R LTS Mortierella
alpina CS10E4 FEARHEVHLIARAE R . HOINZEAS D RFE | S Sk boi: 46 07 i 2 A W R0R s R
R L AR PELI BRI R, BREEEE R BREERU/N . M AR L T 2R AR, e AR
BEFE AR BRI BEUGE . LT BB R % B E o R OCR A AR EE IR i Rk, R
SIS N R AR, i e E e m a7 228 MR &, ZHENG 55 UL e E A
FW T 5 P. vinaceum Ki 329 (AT PE Ko v 20 B 1) 7 msmp bk AE Ak 54, DOk H B VR B 4l i 53
PEFIPTE B TG . WANT P iF 55 R 80 . PEL A6 N A BB H B Phialophora mustea W 4 /5 27 £ A4 %t
Z PR A0 R 2, AR W A VAR BB B R T T . 2RO AR BRI 3 AR K[ 2
ik (IAA) LIS FALY A A4, ieAh, WEN S50 X py A= R I/ 2 05 (BPS) AYfifF 5T & B EPS fig
ARCERR ALY 1 A d A, 2RI A TS R, TR 2 T .

FHCAT UL, VAR R AR, SN AR, 1Y SRCEY Z R OC R, A BT
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PO WRAER . RS EIZERD | S BERY  fE Y AR K AR AR 2 SR SO A 7
A PRI, AR B AR A 25 R A B PR A, TERRARVE L0 AR R R A [R]Is, XF AR5 37 32 04T
fap 453 05 BYo B R VE £1 48 A% By 5 T AT 58 B A 1Y A B A IR B ML T Pseudomonas™™ . K B
Trichoderma™ M Z K Bacillus'® 45,
3.1 ALREMEEESRKIE

ZEAUAT R —Fh BRI A AU 1A P LI AL LD 5 B A B A TR o B v = 5510 AP LA e b o B 0T 45 e
T 1 Bk B IS 2EfUAT T Paenibacillus alvei ZYUB2011-1 BBk, 1 PR PH £1 48 BRZEJE 229 1 7 16 2805 5
ik 57.14%, 52 HRBIIARCEA Y, R22050 NPELLAEAR PR 3 7 B 8] 1 RRXT Y 20 AR BRZE e
BB B IR R B D€ A 2E 0T Bacillus amyloliquefaciens C612 WK, &P C612 [ #RiE 1 7= 4= I Ak
FKhUEZ MG REE AR, IFEXPELAEA B R A K AEH . KOUR S5 APELTAEAR B + 18 rp 432
T3 MEEATE, NS e AT B. thuringiensis DC1 F kK . B RZEHIFTIE B. megaterium VC3
RN VE K 2F FFT I8 B. amyloliquefaciens DC8 Ttk ; H[HA50 A BIX 3 PREFAUAT B AR AE W] b A F P 2148
MbRA K, FRIRERZE R . A, GUPTA 51 K& BUAG 5 2E fFF 16 B. subtilis . 9¢ YGAR M B P.
Sluorescens FURAAR LR T. asperellum AR T P 214697 I oA 50 AL 35 & AR, A iR I L0 A6k
R, AR TR PRLLAERAE ] (3R 2). BT, FFX AT B A B G AR e ) A K T 2
BT RGNS, MWK LIRS, 7R TR AR,

®2 CHENBELEENRE

Table 2 Biocontrol bacterium of C. sativus had been reported

PR ik [l =S KE &£ A S5 30k
We RIS EEAURFIA Paenibacillus alvei ZJUB2011-1 gl e B BRI 1A [63]
FRVERD 2 AURT TR Bacillus amyloliquefaciens C612 AT HRPR -4 TR B A K [15]
B & FTE B. thuringiensis DC1 i) GicY 70 uk TR, ARk AE K [65]
F R AT B. megaterium VC3 il ) b 1 LISy I S i £ R4 ER IS [65]
FRVERY 2 FUFT B B. amyloliquefaciens DC8 il B+ TR, e AR A [65]
Wi 2EAUFT BRI B. subtilis i) A B2 it e Ay [66]
PARAMIER Pseudomonas fluorescens gl AR [SipEEe &y [66]
IR BT Trichoderma asperellum H A= B 245711 VP S = [66]
FERTERD ZFTURT R B. amyloliquefaciens W2 I PR iRz &N P [67]

32 ABEAEHMAAEYHRNEZESIEIE

A B AE AL E AR 2510 AR A, nIRGEIREETE e . RRIRR 2558 R, 24 FTAE S A= B 1 A 42 9 5 56
WE SRR AT I . ANISHA 2518 )N A= 32 Zingiber officinale "h 53255 1 ¥k A& B 1 Acremonium
sp., HA REFIIETEE; P58 kM. % ] A IR B K (gliotoxin), X B R HL A 5 1) 4
PEA, RUZEEAEWBIAE T HAN S5 WS HRER £3E R 43 B3] 1M EAT 5 S P B s 1 1 56
KB Chromobacterium sp. JHT Witk , ZE e ~EJLT . EAMEDE ST, WHFEASEYD
IBRERE T OISR YE . ZRFETUIRRI . MEHEBT R AR FG14 AR R REA RS IE NS, &
Tk 68.69% . B =HEH “TIE” M T 0N Fritillaria thunbergii ¥JER5HbE, & PLHXHMRA B
FAEK . BPRIERTIER 3). LE BRIk, AR B X 20 AR i e s RRR R L AR TR T LA AR
A i g 5

4 EZE

P AL R R R =, RIS, AR E RS RS | NS AR Z P80k
TR 25T, SRR B LR, B S TR 7 e R L TR, T ML 7 4 R
BFTCE . — 3 T B 22 KR 2000 P AT PG 2 A RS I RSl 1 . AR . AP R R B MO F 7
BEIOTIE , SMHTPOLT A ER 256 R 5 MR -+ R I RETR OGRS 0K 25 B TT 2 B PR K
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Table 3 The excavation and verification of biocontrol bacteria in other traditional Chinese medicine plants

Tk 44 ik TR eV ke S0k
5@ B & Acremonium sp. HE fRREEZ P A R R AR IR B [68]
L0 (AT E Chromobacterium sp. JHT i) ANSHRBR A8 B JUT Bl 25 R e R [69]
TRIGHERE I Streptomyces scopuliridis E2iiles) ANSHRBRHE FRAEIUT oG . 25 1 EEm e i A [69]
IR IRGERETR S. griseorubiginosus MEHE  )IERE 401 5 AR S T [72]
I BETE I S. agglomeratus [ET I =% E AR5 AR5 B A [72]
TRFERY ZEFUFTH B. amyloliquefaciens C10 il ANSHRBR 3 R FLR BT 45 [73]
FL I E B. arrophaeus SXKF16-1 ] FEREARPR I R TARPR 3, oot e AR [74]
WK HREE Trichoderma harzianum TharDOB-31 B fEREERZE EHETIRE, PEEELEY [75]

RO, e ARG X A SR AR PR I B A SRR A T R SR A, A
TE RS B A S YR 22 5%, i B &R e R 5 5 BN R A WA, REIZH
NSRS EBURR , U T 34 L5 rh & )8 8 7 R e NS T TSR IA T . Rk
TAWAEY R R B TR EE, K b 2516 PR A A 1m0 4 Ak il 35 [N HE K IR 4 I Escherichia coli
WERE . HHPE Nicotiana tabacum SFAE R FAZ A ELAZ Y M BEA T 3L R T A, DLSCIR 25 200 o 1) S T e 2
VAR, DR S H 0BT 25 25 T Kk L 25350 B AR A IR A, [ G A ot 2B ) - 1
(hyoscyamine), T i % (artemisinin) 55 245 VG PE9) ot O SC 0L T8 AE Y #HOR ik Rl A 2 6
B R, AR EAT PR LI AE T . P8 20 AR R A 2 M o G A 4 Ak il 3R D B 4
PR, R AL BT PG £1 AR e B DR A B 355 1 DL R R T 6 A 2 BoR T B PR 2148 20 Vel 1) S 5 AR
VG AR AL BRGNP = 0 2 v 2 b i o AR Ak I P A S0028 it vh A0 1 AR 5 RS R
IRk, BET, B4 Chrysanthemum morifolium ™, & Pinellia ternata™, 4 Hi %%
Rehmannia glutinosa "> 55 25 4 [l 35 R 1 76 28 7 1 A9 AU A 0 A SCHL 3% 1 4 bz 4 5 | kS i) s o 35 0
K TS A PR ARE AR R T . PRLLA AR Y, BRI PR E A T, e A AR AT
SERRBPRLL AL, R E A R,
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