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Abstract: [Objective] Soft rot is one of the major diseases affecting the yield and quality of
konjac. This study screened a strain with antagonistic effect on Pectinobacterium aroidearum
from the rhizosphere soil of konjac, aiming to provide germplasm resources for the biocontrol of
soft rot in konjac. [Methods] An antagonistic strain was screened by the plate confrontation
method, and its antagonistic effects on pathogenic fungi were measured. The control effect of
GZA12 on soft rot in konjac was examined by the inoculation in konjac corm tissue, pot
experiment, and root irrigation. The growth-promoting effect of this strain was tested indoors and
preliminarily verified by tomato pot experiments. [Results] A strain GZA12 with antagonistic
effect was screened out and identified as Bacillus velezensis. This strain showed the inhibition
zone diameter of 21.33 mm against P. aroidearum and the inhibition rates of 58.16%, 47.30%,
and 54.53% against Botryosphaeria dothidea, Fusarium oxysporum, and F. solani, respectively.
Inoculation of GZA12 in konjac corm tissue decreased the disease index by 26.67%, 33.33%, and
40.00%, respectively, compared with the inoculation of B. dothidea alone. In the pot experiment,
the treatment with GZA12 suspension decreased the disease index by 22.85% compared with the
control group and reached the control effect of 53.31%. The results from the root irrigation
experiment showed that compared with water irrigation, irrigation with GZA12 fermentation
broth reduced the disease index by 4.89% and reached the control effect of 21.57%. Strain
GZA12 had the ability to fix nitrogen, solubilize phosphorus, and produce siderophores and

http://journals.im.ac.cn/actamicrocn



3918

ZHONG Yu et al. | Acta Microbiologica Snica, 2024, 64(10)

indole-3-acetic acid (IAA). Inoculation with GZA12 suspension promoted the growth of tomato

seedlings in a concentration-dependent manner. [Conclusion] Strain GZA12 can inhibit the
pathogen causing soft rot and promote the growth of konjac, demonstrating the potential for

further development and utilization.

Keywords: Amorphophallus konjac; soft rot; Bacillus sp.; plant growth-promoting rhizobacteria;

antagonism; growth promotion
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1 EH GZA12 M EFHIERAINE (R AR ASHHE

Figure 1

Antagonistic effect of GZA12 and morphological identification. A: Antagonistic effect of strain

GZA12 on soft rot of konjac. B: Colony morphology. C: Gram staining.
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B2 Btk GZA12 £TF 16S rRNA EEFFIMBNRZL BN
Figure 2 Phylogenetic tree constructed from the 16S rRNA gene sequences of strain GZA12.

E 3 Etk GZA12 ETERER gyrA FIENRE L EH
Figure 3 Phylogenetic tree constructed from the gyrA gene sequences of strain GZA12.
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Xif 1
Control

Treatment | |,

4 EH GZA12 XA EEYHEERINEIER
Figure 4 Strain GZA12 conducted plate antagonism tests against different pathogens. A: Botryosphaeria
dothidea. B: Fusarium oxysporum. C: Fusarium solani.

5 BEFHREMT dEERFRZERLBEL A LREK: Ay FIEWREESR: As—As: B
PR A SR GZ A2 BRI 101, 1:2 #1123

Figure 5 Konjac corm tissue soft rot severity 7 days after inoculation. A;: Sterile water; A,: Soft rot pathogen
solution; A;—As: 1:1, 1:2, and 1:3 mixture of soft rot solution and GZA12 solution, respectively.

x1 BFHREAARBREEST THHEBRAR T 22.85%, TMRAGE 53.31%, JfH.
Table 1 Disease index statistics of konjac corm tissue FAXF By LSS LR, B, 4N AN

JGBL S T A 4L RIFER e s .
Treatment Disease index (%) Grade of incidence IE'l: ﬁfﬁé&% i /_‘E'l: [I‘[‘ H‘ Zliﬁ @ﬂj‘%ﬁ Eﬁ L K%{EE » B

A 0.00£0.00d 0 ZH A0 B 225 AT AR I e (B R

A 76.67+3.34 4 e i et e e

N o 0o ; 233 Ebk GZAI2 HEFREHIBRIAL
Ay 43.34+3 35bc 2 HERLR G F2 I Tk GZA12 X B 0 H

As 36.67+3.34¢ L— A—EMBHARCR (K 7 F15R 2), C AR TETREL

Aj: Sterile water; A,: Soft rot pathogen solution; A;—As: 1:1,

1:2, and 1:3 mixture of soft rot solution and GZA 12 solution, K 22.67%, CyHIRTETSECHN 22.66%, C; HIHTE

respectively. Data are means+SE; a—d: Lowercase letters indicate wr s .y -

significant differences between groups at the 0.05 level. E'bi%[jq 17.78%. Ci #l C; ﬁﬂﬁi I‘%*Eﬁmimﬁ >

2.3.2 1;* GZA12 X—;J-Eé$$kgﬁal\]i|}}‘i§\i% T&ilﬂu LB i%?‘%%%‘iiiﬁ?ﬁ?ﬁ%ﬂ?%%ﬁ”@o C3
BRI I R GZAL12 ST ER L AR C 4D R B IE T 4.89%, mBiRGA

H—EWPIEACE (R 6), B, dfiEieshy  21.57%, WEWIRE GZA12 M= H8 i HAa 4

65.71%, B U1, 42.86%, Xt B 4l BIiCR.
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6 BFABIEIIAR

Figure 6 Biocontrol experiments of strain GZA12 against soft rot of konjac. A and B: Effect of plant infection.
C: Effect of leaf infection. D: Effect of stem infection. E: Effect of corm tissue infection. B;: Soft rot pathogen
solution; B,: 1:1 mixture of soft rot solution and GZA12 solution.

¢, e e

7 BFERERIRIE  Cp: HK; C: LB
RREFRIE; C3: GZAI2 BRI
Figure 7 Konjac root irrigation experiment. Cj:

Clear water; C,: LB liquid culture medium; C;:
GZA12 fermentation broth.

*2 BFRERFREREERSI
Table 2 Statistics of disease index in konjac root
irrigation experiment

Ab P AL EES Bk

Treatment  Disease index (%) Control efficacy (%)
C, 22.67+1.76a -

C, 22.66+1.15a -

C,s 17.78+0.39b 21.57

Cy: Clear water; C,: LB liquid culture medium; C;: GZA12
fermentation broth. —: No protection effect. Data are
means+SE; a, b: Lowercase letters indicate significant
differences between groups at the 0.05 level.
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1-5 h FkkE GZA12 A K18 ; 5-8 h AR
SPECE KM, TS AR DRI 8 h S bR
Ko B AR 7 (K] 8)
242 B GZANRZESR. A, 7 ERE A
N IAA BE G ZE R

PR GZA12 RETEFIZ0 D1 [ R 3% 5 2 FOEH
A, UEBIZ AR R B R RE (B 9A). 7E
TCHUBE ARG R b, B wERE, DA
BERE 1 (K 9B), fEJCHLEAEES 37 3L b s i 1B
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Figure 8 GZAI12 growth curve.
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9 EHk GZAI2 REFFM A AN, B: MHLBERE M. C: ZERAE S EMERI. D, E:

PR

EEME, XTIAO)AIRKA(E). F. G: 7= IAA GES @ MG, XF B4 (F) A58 4H(G)

Figure 9 Characterization of growth promoting properties of GZA12 strain. A: Nitrogen fixation capacity
assay. B: Determination of inorganic phosphorus solubilization capacity. C: Qualitative detection of siderophore
production capacity by chrome azurol S (CAS) medium. D, E: Quantitative determination of siderophore
production capacity in control (D) and experimental (E) groups. F, G: Qualitative detection oflndole-3-acetic
acid (IAA) production capacity in control (F) and experimental (G) groups.

(11.67+0.33) mm, #BEFEECH (1.9540.06), 7E
CAS ARG SR 5L 2oy A1 w0 2 B8 (K] 9C),
VLA TR GZA12 A - A Bk aA I Re ), &8
wE (K 9D, K 9E)H: AVA {E 4(0.23+0.02),
2 TAA EVENE , K As Ak 21 (&l 9F .
K 9G), UiHIHEtk GZA12 HA ™ 1AA fIfiE
2 TAA E K, M 48 TAA Bl ph 223153 1
7= IAA BYURE 4 (38.50+0.72) mg/L.
2.4.3 Bk GZA12 SEMMNEE KB SHIER
IESMT, GZAL2 HRBEHEER ] BAE
PEF AL B AR K (K 10 FI5E 3), S0 RRZH AR T,
D, H(1x107 CFU/mL GZA12 T & Ak B Rk = 44
T 12.98%, MWEKIEIT 0.57%, ZEHIEM T
0.48%.D5 2H(1x10° CFU/mL GZA 12 T i Ak 34
BREIEIN T 14.25%, WREIEINT 8.28%, £
HEANT 0.96% b4 S F B TR R X 26 it 407 i
HARAEER,

10 FTEmahEREIRE D XA, Akt
FREIFRATLIET 3 Dy F Dy A3HIFHHEE A 1x107 CFU/mL
1 1x10° CFU/ML 1) GZA12 1S Ab R 40 i

Figure 10 Effect of GZA12 strain on tomato
growth promotion. D;: Control group, tomato
seedlings treated with clean water; D, and Ds:
Tomato seedlings treated with the GZAI2
suspensions with 1x10” CFU/mL and 1x10* CFU/mL,
respectively.
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*3 BMRELERGT

Table 3  Statistics of tomato growth promotion
results

A K AER D, D, D;

Growth indicator

73S 8.63+0.09b 9.75+0.10a 9.86+0.14a
Plant length (cm)

LiiSN 12.3240.40a 12.39+0.39a 13.34+0.40a
Root length (cm)

Byl 2.09+0.00b 2.10£0.00a  2.110.00a

Stem thickness

(mm)

D;: Control group, tomato seedlings treated with clean water;
D, and Dj groups: Tomato seedlings treated with the GZA12
suspensions with 1x107 CFU/mL and 1x10® CFU/mL,
respectively. Data are meanstSE; a, b: Lowercase letters
indicate significant differences between groups at the 0.05
level.

3 itk

JEE AR R AR R AR I RE YR B
TR 25 2R 55 2 5% T S G 26 R4 2R W B s
RO EZE N R, W5 R WA TS 1A AR R
B A 9 MR B A2 A 41 7 (plant growth promoting
rhizobacteria, PGPR), UNZ AT, ANUBEWSHE
HEAEP A, T E AT LU AP S, i
Y R A, AT R ) A 5. fBiln,
Hamaoka 25 P49 Hi i D1 S 17 25 £ FF 14 (B.
vel ezensi s) X 75 % 4 J15 T (B. dothidea) . 2R7f1%k /]
I (F. oxysporum). JfifiJix#ik /] i (F. solani)ff i 22
AR A B R PIHRIVEF - Dong 25521533 H 1) h 4
ZEAIAFA(B. siamensis) YB-1631 X R4&4k J1 4
(F. pseudograminearum)f B & (5 HTRCR , It
RefE i/ N AE R R T . I, DUBEAEAR PR - 5840
BB 977 DA AR Ay Al %) JBE = S0 0 A 0 97 ¥ B
A TR B T A TR A, X A 7 AT F
SLREHAREEE L

AWFFTE, GZA12 R AT LA R8s i
FRIR RO, EREAERREEA UL,
A AR A B3R 34.79%, Ay ZLAINT Ay 4
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BHRE 43.47%, As AAHXT Ay LBHR0GE 52.17%.
B A= (875 TRT V0 I 8 v, %o 4 A T s 1 A BRI
Hly, X EAEREI I L PR R F188 X4k
JE s TR B A PTR IR A I 45 R— B TR B A R R AR
B B, ARXS By BiAGA 53.31%, ik
SR 0 S AV 5 1) 1 A BT I (Lysobacter ) X
IR A B . ERE SRR T, C 4
FEXE Cp HRIETEEFAR T 4.89%, 1M B &4k
21.57%, A1 [ (5 T R 32 1y s o 24 g
W5, AT T A o 250 VR LA X T8 2 A
W BRI, H Ik S 5 AR AT B b BT =X
TEAR AL B RO B S I R A OG , SR S g
HE—2L 000 . LA, GZA12 FERE XA Y0 5
WHAT SN bOEYE, Bon b R 0L B
1, BBl AR PO e A5 3] ) U1 ST 2F AT 5 (B.
velezensis) YB-1476 X J& Rz 4k JI T (F. solani)Al
Ik T 1 (F. oxysporum f. sp. niveum) HA #1
R 5 A A A T 2 ) A DL SIEBT 2 AT 1 (B
velezensis) SD13 X 7 JIVkE Z2 95 (F. oxysporum)
BB 2595 (F. oxysporum). HHRAZERE . 5K
29 . 5T T B0 (Alternaria alternata) . 4H%E
J% %597 (Phytophthora nicotianae) HA #ll R 5
i[5 S B RRFIE R B, DL S 2R AT B TS6-1
X Z2 i I L P LA R RSOR SR T A B9
P GZA12 X775 i s 1 (B. dothidea) . 2274k /1
4 (F. oxysporum) A5 8 7] B& (F. solani) A1)
PRI, 2 U] DL 27 AT B B A R i L T T
T AYFEPURICR , [RIEXF DL ST ZE 04T B iy 5 ik
AT T4 TS, BRI GZA12 X7 25 8 i L HA 4
PURCR o SR, TR S BT 1275 e A JBE = 3K
JE 96 1) K 97 3 S8R IR A o i — 20 BB B
ZEHIFFBRIAE A —25 PGPR, RENS 73 IA 05| We
MRAE A E KRB, SOl e .
AR D R 1 P AN RE AR W) L OIOR Y
PIOCER . BETRMBITR AL Y AT DL E A
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FARPIRAS, fEdHE % 3 e R A,
v, PGPR MIfRHR . S BEDIRERES A B IR1L
=7 NERL A S At PSR (0 AR 2 | IR BE 15 YL 45 )
R, DARRIR R AR B S 2 e 1 P
AT AN 12 X1 . Balderas-Ruiz 28147

Tian Z£19F1 Mosela ZEUBF 5T 20, D1 3EHT 240
FFHE 83, Bv-25 il Ag75 /- HIREMSIEdE Tk .
JNFIRE A, SXTREA L, S AR 400
12.0%. 14.4%F1 26.5%. AT T GZA12
PRI R ARt , AR A AR A, 58 T
GZA12 BT A K e EVE T, S5,
GZA12 R HA A . 8. 7 1AA =gk
KBy JT, HEBEEECN (1.9520.06), T A
E Y A N U T R R R Y R R 1 e
(N 1.13-1.62), it T34 KUFE M EEBUAOAR |
25 b B R RSO T B 4R AL
(CH 1.89+0.15); IAA HIHE4(38.50+0.72) mg/L,
15 T T B ST T 00 AR o - 4 v 7 e AR AT TR
MRS TAA fiES1CH 5.35 pg/mL), W kTR 2500
ST SRR PR e T e Y TAA A HRE
J1(CH 30.05 pg/mL); 7=k Ak AA H N
(0.23£0.02) , 1t T 4 4 % W POKAE o 5 B 1)
C10-19 7=k AARKF, AIAME N (0.07£0.03),
T S1-11 B~ BREIAIKF-(0.18+0.06), [F]
BF, GZA12 RAKH IR BB A R i T4l i
BAHK, ffiFH 1x107 CFU/mL H1 1x10° CFU/mL
WL GZA12 T B WAL BT Al 41 1 5 % BEA
Fo, BREKIEINT 1.12 cm F1 1.23 em. ARKIEIN T
0.07 cm F11.02 cm ZEHIEHN T 0.01 mm 10.02 mm.
2 GZA12 WEIRAC PG T AR L i bk . 254
FIAR K B 386 i = A F 8 52 45 POBIE 9E & B Y
HNU24 B9 AR AL S T ATk 5 (4.06 cm) |, 25
(047 cm), AR R KJE(0.96 cm) (3G hn ;WK F
TREPIIT R R R YN-2A BB R R AL
PHJS A bRE(5.90 em), ZEH1(0.07 cm)fg3Em

i, (X AT RE AR EE Ty =X L AR A T AR B AR A
RAHK, AR ERMFEE GZA12 HAIEE LT
FIAEAE R | Ja 22 FE T R it — I A T IR A

i LRk, GZA12 HHkEA 2Ry
o Jr TR AT M R RS B A = S o s i AT
A, DR B R RO, I H R B
RAFr R, ARSI AN A . &
S [ 5 12 T AR T JBE = 5 g 79 FH 1) g FH R A=
B AL J i — 25T

4 Hip

ASBIETE MJE S MR B - 38 o 8 Y — R
B P 8 D R AT S5 A P O AR P 02 2 4 T
GZA12, 2455 R VUSRI ZF AT T o MO JBE
TRE I HA B3 BRaRCR I A R fe
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