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Abstract; Konjac (Amorphophallus konjac) is a horticultural plant with high nutritional and medicinal values. Soft rot is
a severe disease in production of konjac and it is also the main factor restricting the development of the konjac
industry. Tt has been reported that the soft rot of konjac is mainly caused by pathogenic bacteria ( mainly including
Pectobacterium aroidearum, P. carotovorum subsp. carotovorum, P. chrysanthemi and Enterobacter sp.) , and there is rare
reports on pathogenic fungi that cause konjac soft rot. In order to clarify the pathogenic types and infection characteristics
of the soft rot in Qujing City, Yunnan Province, the diseased corms were collected for fungal isolation by tissue isolation
methods. The isolated fungi were identified by morphological and molecular identification methods based on ITS and LSU
sequence analyses, and pathogenicity was determined according to Koch’s rule. The infection characteristic was analyzed
by mixed inoculation using the identified pathogenic fungi and the pathogenic bacteria of konjac soft rot. The results were
as follows: (1) Three species of Fusarium spp. ( Fusarium concentricum, F. oxysporum and F. ambrosium) , one species
of Mucor sp., one species of Rhizopus sp., one species of Penicillium sp. and one species of Clonostachys sp. were
identified. (2) Statistics analysis found that Fusarium concentricum had the highest relative abundance (45.45%). (3)
Koch postulates tests showed that inoculation with F. concentricum caused obvious soft rot symptoms of konjac corms
within three days. (4) In addition, mixed Pectobacterium aroidearum and Fusarium concentricum together inoculation
promoted the disease development, and the weight of rotten tissue was significantly higher than that of single inoculation
using F. concentricum or Pectobacterium aroidearum. Overall, these results indicate that konjac soft rot may be caused by

a combination of fungus and bacterium infection. The results provide a theoretical reference for the prevention and

44 ¥

management of konjac soft rot.
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Srzednicki et al., 2020), f£J&E % ( Amorphophallus
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HT Tk = 5 2 A 3000 By 45 1 i, B\ A 2 0 JE

7l L B DR B0 R s T R R S AR K R
FEC S AT RE A A A K U R = A i 1) 2 0 R E
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B NG A [ P. carotovorum subsp. carotovorum
(Pee) ] BER AT H (P. chrysanthemi ) M & g
( Enterobacter sp.) % 5| #2 19 40 B M 28 9% ( Wu et
al., 2011; %46, 2011; ¥ #% 4%, 2014; Wu et al.,
2015; Sun, 2019; Wei et al., 2020; Zhang et al.,
2022) , T & T JBE = I i o It L TRT 1Y i T 1L A
Do ATHESE (2016) BIF5E K B, 5 BOUME 4 Bk 19 AR
DX R 2 9 R AR T % ) g it L TR T R ik U
( Fusarium solani ) F1 43 f4 #f JJ & ( F.
oxysporum ) ; ZF I B 5 (2017 ) 38 A FH B 1A P 22 B 32
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JIH ( xymy-7 . xymy-9) A W 4 H 20w A 2
S o UL AT JBE = B o s I A R A0 T (AR
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Table 1 ~ General situation of sample sites
Fe SR B ] K S 7
Sample site Sampling time Altitude (m) Latitude Longitude
& i B Fuyuan County 2019-08-15 1 964 25°43'0" N 104°12'13" E
i £ X Zhanyi District 2019-08-16 2 004 25°54'36" N 103°48'28" E
[ifi K £ Luliang County 2019-08-16 1 875 25°07'12" N 103°47'54" E
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ZE(HHEE T (B5E,1979) #17IE &
$IE,

1.23 o FAM 552 NaifbfE i EF K57 L
R 22, B F 1.5 mL B0, R A
CTAB 2% 4 B B B 3 [ 44 DNA, ] (LROR: 5'-
GTACCCGCTGAACTTAAGC-3'F1 LR5; 5'- ATCCTGA
GGGAAACTTC-3") (Vilgalys & Hester, 1990) 5 (1TS4.
5'-TCCTCCGCTTATTGATATGC-3" FIITS5: 5'-GGAAGT
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i 2 FIEl 4 mT%0, B MS B RR G 1TS J7 51 5
Uik 77 B B X B RR B AR UL R 96.89% LA,
M1 M3 M4 M6 M8 M9 MI11 M14 F1 M25 f#4 ITS
FILSU J791) 5 52 S0 7 A RS =X TR AR 19 AR AL 35 K
T97.77% (K 1), RERKE I LR, M1,
M3 M4 M6 M8 M9 MI1 MI14 Fl M25 5 % & H
TR s 23, 9 B R Gk B b s 78
] — Ak 20 S 19 S HF BE A 72% , AT B AT TR
—Yfp . M10 1 M15 5 Fusarium ambrosium )i
e {7 322 35, 2 FF B 80% HO 5 #% X #k F.
ambrosium W) ITS HI LSU W B 7 % AH 1l 1 1
97.82% L) I, "IN R EA T [F —P AP, M7 521
S TR I A Ak b A B B, SR RE S 99% HLIT 5 AH
LLEE A 98.95% , F] BTN R & [/l — ¥ Fl . M12,
M19 Fil M22 4 ITS F1 LSU J¥ 51 5 #9521 12 e 58 £ 55
( Clonostachys rosea f. catenulata ) 5 2 7 £k A9 #H 12L
JE KT 99% H 325N 84% , A A E AT/ R —
Prdh, M17 #9 ITS #l LSU F 5 5 FE B /R & &
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A. Soft rot character of whole plant; B. Soft rot character of stem;
C. Soft rot character of corm in the early period; D. Soft rot

character of stem and corm in later period.

B 1 EEFRERERE
Fig. 1  Soft rot character of Amorphophallus konjac
199.23% H 3 5 4 100% , Al A K EATZ R —4)
Flr;M21 (1 1TS F1 LSU JE 751 57 Je /R 6 %5 18 Pk
AR E 43 591 J2& 91.39% F1 99.20% H. 37 45 FE Ky
100% , At M21 )W i B %5 J8 H i, M18 Al M23
1y ITS F LSU % A J¥7 %1 5 5 46 #R 25 ( Rhizopus
azygosporus ) WIS 2 P& AR AH AL BE K F 98% H S 5%
] 97% ,AlIA N M18 I M23 5 B f AR 75 2 [] —
Filt; M20 (1 1TS F1 LSU JE R 551 5 50 AR 25 TR Rk 1Y
AEALLIE 23301 2 98.89% Fl1 85.85% H. 3 H#5% K 100% ,
AR M20 2 AR SRS FLA . M24 78 NCBI 8 2
[ 1TS F1 LSU 3% X )7 31 5 S8 A 58 15 5% ( Penicillium
solitum ) TR A AR L) S 91.80% H.SZ 5% 96%
ANy M24 75 8@ B ( Penicillium sp.) .

ZE L RTIR S5 T 25 5 e 45 L 6 1 AR B
JIHE AR08 T1 T Al Fusarium ambrosium 3 Fi, 5 &L
Iy ESHBEFIEN 43.86% ; BB EHEHFEE /KRB,
FAIEAMRTE T 828 BT (Penicillium sp.) Fky £LIRTE
RAFEA 1A, & 5 BB AR RN 14.29%,

R 25 7 25 5 WP [ B 2 B RR R AT T 49 B3 40

RIYGETT . MJFE =5 B8 Ik vh 23 1 75 3 1Y 5 209k
JIRR BT A f v, AR =F B Ry 45.45% 5 T Bk
Foy €1 MR 558 60 2 A B A AR B ) B R AR A, HOAH
XF=EE N 13.64% ; BBk Fusarium ambrosium F1FEJE
IR R B AR B, AR F R 9.09% ; B bk
IARHR T TE AN SR T R BB A R AR, FEAR XS
FREH 4.55% , th AT LUHET 56 8080k 7 T2 E 5k
JE& o B0 T I BE R R R (£ 3) 6

2.3 ] ik ER i T 46 i)
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R NIERTIR AN TSN NI e S o S ¢ 2
S S R AH [R] 17 25 1 BRAL T8 & I RE AR . UEE
0 1) JE = K 25 b O] LA BT 40 B B R
R, PRI T L0 5 32 T AR T R i TRE = M o 1) 2
o ELTA (18 5) o [R) Iy 32 ol s 0 5 0 T AN 8 D 2R
JEEHT TR (F+P ) b FRAR i 20 21 6 o 1 38 v T PR gl b
AEER(F A P) LRI 15 B AE B AP BRI b RE S AR
A RE 2 P LT A T 2 5 R G R Y 5 o I A T
WA S SRR TR AR [F) 25 4R ol M R T R S0k
T (EL6),

3 W5 E®

A9 5 9 D I 1) At A, X T 7 U A 0 9
TG RBEPENE R . AT 58 0T 46 JE = 5 #F 3K 25 ik
103 alifl, 345 22 pRE I, 8L SR IES &
oY B R 7 R T T
HESHR T Rk T B F. ambrosium 3 FfF,
TRREEW RERAEWRARE HF5RELR
( Penicillium sp.) MUY 2T MR e SRR 45 1 Fh ., ARIE
] s T DU A AR A 52 % 30 %6 S0 70 T BAT B
P BT e 20 70 T 7T RE A 2 e it T M IXOE
AR R BT, R E B S0k T R R R
( Capsicum annuum ) = 5% B 3% ( Wang et al.,
2013) . F K ( Zea mays) FEJE 5 ( Du et al.,2020) .
BB (Podocarpus macrophyllus ) %= 75 95 ( Qin et
al.,2021) F1 ¥ 3 i ( Hibiscus sabdariffa) F 3 i
(Rahim et al.,2020) F55 5 1H . = /X FE 2
NI DS S B S o N B T = RS D ||
JBE = L TR 1A 9 R K R T o 1 XU T 2E 2
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M1 M3~M12 M14 M15 M17~M25 A5 B wtkgG S, TH,
M1, M3-M12, M14, M15 and M17-M25 are the numbers of isolated strains. The same below.

2 BB PDA BEFEEE

Fig. 2 Isolated strains cultured on PDA medium

(2016) 7EJE 2= MR B3 43 B Hh 24k 7 B A 1 ik )
AP R 0 TR 3 Ao [l e B OB, R BT DL 5
RBEFEREEERE, 2= 5 (2017) tifiE 7 ME
A TE R W BR 254 B T AR A4k T B S
& SANIEEE DAY X oAl A0k P
PRI Bz Hle 0 B 41 e 5 | ke 46 88 - & s , (H 2 6 4
JIHANRE D | RS BR 2F B BE 5 R i . X %N 45 (2022)

A, DA JBE = ZE JE o 9 1 43 185 6 5 4 R A ik 7] T S
B 5 0 TR PR A Sl T T AEL S0 P A T i R 2R 6 Sk
JIHE (R xymy-8) JCEUR PE, & K 8k 0T B (5 R
xymy-7 . xymy-9) A B (HECRIEA 25 . A0F
FEAL A3 B8 T AR AR i D TR, AL B0 M A T K B
BORPESS TR LR T H ., A RATFE T, x se i )
TRX B = (9 SO0 1 A7 7E 22 5, 7T B 5 1R Bk B) 75 )
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Fig. 3 Microscopic observation of isolated strains
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BE-ENBREARSRE EER (B2 %,
2019) . Wu 45 (2021 ) fff 55 JBE = 565 5 12 e % £

KB, B 96 95 T A0 TR AS BB B4R e SE i ER 2R R
R SRAL AR A BE S | T S 38 4 47 1 B AR | 6 28 4%
HAR AR ABESE, BERSE(2014) I
JEEE AR ICHE E AN R 58 T AS TR 3R (BT R 3K
FIVEAR ) Ty %ot JBE 2 4L B 1T 10 42 e R, B & B
JRE AN BE M B SR AL F1 AR BB 42 Yl B S R bk, 32
SR AR YL B0 . FH [ JB8 = 456 s ik 0% J 20
K A4 0 A, — T TG AT A A FH [ 35 D B 3R B TG
S ER K R E (SR LT AR 2012) 5 5 — 7 I
AT RE R S BB AR e 45 T 7E H SRR S T s D 40 7
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Table 2 Comparison results of isolation fungal ITS and LSU sequences soft

rot tissue of Amorphophallus konjac in from NCBI database

, AL bR " HE

Wk P31 4 B GenBank % 5% 5 DL EL T Identit
Strain No. Sequence name GenBank accession Similar strain (% )y

No. of similar strain

M1 ITS NR111886.1 Litea's: Al 98.27
LSU NG069847.1 Fusarium concentricum 98.85

M3 M4 M6 M9 M11 M14 ITS NR111886.1 98.24
LSU NG069847.1 98.85

M5 ITS NR111886.1 96.89
LSU NG069847.1 98.62

M8 ITS NR111886.1 97.88
LSU NG069847.1 98.77

M25 ITS NR111886.1 98.24
LSU NG069847.1 98.77

M7 TS 1.T841236.1 X AL} 98.95
LSU LT841236.1 F.-oxysporum 98.95

M10 ITS NR173405.1 F. ambrosium 98.01
LSU NG076685.1 98.92

M15 IS NR173405.1 97.82
LSU NG076685.1 98.92

Mi2 ITS NR165993.1 W LLIR e R A 99.25
LSU NG063969. 1 Clonostachys rosea f. catenulata 99.65

M19 M22 ITS NR165993.1 99.25
LSU NG063969.1 99.77

M17 ITS NR103628.1 FeRERE 97.22
LSU NG067371.1 Mucor bainieri 99.23

M21 ITS NR103628.1 91.39
LSU NG067371.1 99.20

Mi18 ITS NR103653.1 TR 98.89
LSU NG066155.1 Rhizopus azygosporus 99.00

M20 ITS NR103653.1 98.89
LSU NG066155.1 85.85

M23 ITS NR103653.1 98.73
LSU NG066155.1 98.22

M24 ITS & LSU JX290030.1 RAREE 91.80

Penicillium solitum

. M1 M3~MI12 M14 M15 M17~M25 Fr & wbkgas . T,
Note; M1, M3-M12, M14, M15, M17-M25 are the numbers of isolated strains. The same below.

SrEth T B OMEAE RS A A, X E MR PEREEESEY) B ( Lange et al.,2019) , AT
ANRET S A R FE = BRZE 0, EANTTE BRI G A W JBE = ook 25 A R A Az, bR A0 o ) i e R
A B E R A R — 2D, Ho,  eAh, AT DAJRE =5 B i AR 2 4L i 52 S Ak o3
XL A BB T U L AU B A (Kavkler &  BS T OBYZ0IBE R 085 8 B 1A , B2 — R AE BT I
Demgar,2019) , 7£ H 3 B FH (1) 5o A8 0 25 70 b 4% REN% il 1 7 F1 26 B ( Seenivasagan & Babalola,
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Fig. 4 Phylogenetic tree of strains
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YL BT AL RS N HR LB,

RN BE 2 565 5 Bl IR 1 S AH SC B R £
(B 2021 10 K& 2021 5 & /N4E2021)
HRECR B E BRI AR Z . R T
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THBUHR ) R T A5 | B SE R RO, R EUR B

Pl O IR AN P B S RS TR R Sk T B R
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Table 3 Relative abundance of isolated strains

HL BB bk bk B AR 5 B
. . . . Relative abundance

Similar strain Strain No. No. of strains

(%)
LU JITE Fusarium concentricum M1 M3 M4 M5 M6 M8 M9 M11 M14 M25 10 45.45
F. ambrosium M10 M15 2 9.09
RAHR T F. oxysporum M7 1 4.55
FAHIHEE Rhizopus azygosporus M18 M20 M23 3 13.64
LI E TR AEE Clonostachys rosea f. catenulata MI12 M19 M22 3 13.64
£ J& IR BB Mucor bainieri M17 M21 2 9.09
T % JBICH Penicillium sp. M24 1 4.55
B3t Total — 22 100

LLERREN S IR AL RV EE SO TT TR TR B B 3R FLHIR TT T TR #R 5 C. B b F. ambrosium; D. H2Fliby 2112 e 2R 11 55 ;
E. MR ; F. MFRE/REE; G EMEHERILE,

Inside the red frame are mock inoculation; A. Inoculated with Fusarium conceniricum; B. inoculated with F. oxysporum; C. Inoculated with
F. ambrosium; D. Inoculated with Clonostachys rosea {. catenulate; E. Inoculated with Rhizopus azygosporus; F. Inoculated with Mucor bainieri;

G. Inoculated with Penicillium sp.

B 5 fHFRENRNSEER

Fig. 5 Koch postulates test of isolated fungi

%ji%j[ﬁﬁ Traditional uses and potential health benefits of
Amorphophallus konjac K. Koch ex N. E. Br [J]. J
BEHERA SS, RAY RC, 2016. Konjac glucomannan, a Ethnopharmacol, 128(2) : 26-78.
promising polysaccharide of Amorphophallus konjac K. Koch CUI S, CHEN CL, FENG JH, et al., 2021. Characterization of
in health care [J]. Int J Biol Macromol, 92: 942-956. Pectobacterium  aroidearum causing konjac soft rot and
CHADHA J, HARJAI K, CHHIBBER S, 2022. Revisiting the biocontrol effect of Bacillus velezensis [ J]. Chin Veget, (3):
virulence hallmarks of Pseudomonas aeruginosa: a chronicle 83-93. [# X, FRE T, MHEZE, 45, 2021, BRI
through the perspective of quorum sensing [ J]. Environ WS Pectobacterium aroidearum WRFAE B D1 SERT 2E 1 AT 14
Microbiol , 24(6) : 2630-2656. RAERIRCR [J]. PEBEE, (3): 83-93.]

CHUA M, BALDWIN TC, HOCKING TJ, et al., 2010.  DAI XF, ZHU L, ZHANG SL, et al., 2021. Screening of
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[BFR2E7EE (P<0.05),

F+P. Inoculated with Fusarium concentricum and Pectobacterium
aroidearum; F. Inoculated with Fusarium concentricum; P.
Inoculated with  Pectobacterium — aroidearum; CK. Control
treatment. Different letters indicate significant differences (P <

0.05).
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Fig. 6 Pathogenicity test of mixed pathogen inoculation
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