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Bt KB 2 BRI 5 LUK IR OR R I A I 58 TR R KC 121 X6 T Kb 18 R S I 5 5 J ) 2B AR B 7
WFFEEER KC 121 5 35 A 70 BAR B F0 B 16 R0 B X 6 K 4l i AR A2 2 A R IR e LB, 45 SRR I, R iy 28
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R KC 121 K BER IO 8 B 46 TT B ( Fusarium solani ) FIHUAS F 5k 71 1 ( Fusarium sporotrichioides ) 5| #2 1 T KR JE
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Disease prevention against corn Fusarium and growth promotion of Bacil-
lus tequilensis KC 121

WU Ya-jie', FAN Bing-jun®, ZHU Guo-xing', JIAO Yu', ZHANG Xing-li', WANG Rui-xue',
ZHOU Ping', CAO Yan-ru'
(1.College of Agriculture and Life Sciences, Kunming University, Kunming 650214, China; 2.Lijiang Plant Protection Station, Lijiang 674199, China)

Abstract: The Bacillus tequilensis KC 121 which isolated from the lead-zinc tailings of Lanping, showed strong inhi-
bition activity against Fusarium spp. In this article, its fungal inhibition activity, plant growth promotion effect, and the
corresponding mechanism were studied. The sterile filtrate of KC 121 was used to co-culture with pathogenic fungi and co-

incubation with pathogenic fungal spores to determine its

I #s B #7.2023-01-12 effects on hyphal growth, conidia production and

EEWE: EZKAAPAREGIUH (31660002) ; 2 & H 5 AR germination. The maize seeds were soaked with fermenta-
Be (4> ) RERNBFFEIR £ 1T ( 2018FHO01-003 ) ; 47 e tion broth to determine the effects of strain KC 121 on
EAE Y IR 5 A T 5K S 3 T PR A
(2019KF005) ; 5 i “ 7 AH30 " 5 424k 9 A A %2 By 30t
F (YNWR-QNBJ-2018-011) ; = i & BT RH2 ik
i H (2021Y733,2022Y715)

FEE RSy R (1998—) . 40 T ILE S IEA  B--BFIe k| £ 5 iment. The results showed that after co-culture with KC
HAABEYBIFE . (E-mail) 1143106262@ qq.com 121, the hyphae of Fusarium were wrinkled and sunken,

BIAES . B2, (E-mail) yanrucao3@ aliyun.com and conidia production and germination were also inhibi-

maize seed germination. Finally, the bio-control effect of
strain KC 121 against Fusarium and the plant-growth pro-

motion effect on maize seedlings were studied by pot exper-
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ted. The fermentation broth of strain KC 121 could promote the growth of taproot by 61% and bud growth by 162% during

maize seed germination. In the pot experiment, the inhibition effects of KC 121 fermentation broth on root rot caused by Fu-

sarium solani and Fusarium sporotrichioides were 66.67% and 76.00% , respectively, and the dry and fresh weight of maize

were increased by 130% and 90% , respectively. The KC 121 strain promoted the growth of maize seedlings by producing

amylase, producing 6. 19 ng/ml indole acetic acid (TAA) and increasing the total chlorophyll content. The B. tequilensis

KC 121 showed important potential in controlling the Fusarium disease of maize and promoting maize growth.
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A T S 2T A TR T TR A S S
sHuAn A WO AR 5T U DL ST ZE AT
X AAEL i 7T T SR A Sk 0 TR B AR T B0k
S5 SURISY  BRAE E R 2 T TG o e e 0 T B A
RAF ISV 5 B U 4 3 R RO K R
A ZFFLRT T | B B8 28 2R R T A = 2 A A
TR A AR ) T H A BRSO E T, WL 2R A
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rum) FHUR A8 TI 58 ( F. sporotrichioides ) 4 Fh 8 7]
o IR ) TR R KC 121 I 485 Ry AR5 B 2 F A T
( Bacillus tequilensis) """, FEI 72 12 B MR 5 1 150
FHPBRCRAG IR I, A I H L W] UL oK 4 A
1Ko AWFFERG it — 20 D 8 L 25 AT TR0 4 Fh £
DKl 0 R D TR )40 ) B %S 5 K Ao i A RN 4
AR LEAERT, IR 5T B o (2 AR HLBR M Ry 4k 7 TR
1A= W7 i A o A A R AR AN B AR BE R

1 MRS

L1 #EF0ILH

ABIFSE R I TCAL A 1 KA 1A Sy ik 7T 8 7 34
I R gy v A A S i B AR, ASBIFSE rh
BT 55 T AR AT B SR TTTE (F. solani, B6) |
ARG TIH (F. graminearum, B7) AR 9% J) 1 ( F.
oxysporum ,B8 ) FHUAL i JI & (F. sporotrichioides ,
B9) . FFEERLAUAT R KC 121 ARG A 70 5
fk TR

VL RARIYTE 28 °C 2% 5 5%, FRAEhi 24
FFEE KC 121 R H e K ISP 2(ISP Medium 2, [# fréd
FEWEEFRIE 2 5) Bt . 4 PR 19 S5 R
LA RUE R R (PDA) B3R A
DUBESE SR B TI05E KC 121 Wkkmemiae e, 4
KA M T2 KC 121 #H R B ",
Ashby JC R 55 97 2 F Tl € KC 121 1 A% [ 40 BE
TV VERKE SRR B IR A T E KC 121 bk
IKARTERRE ST



SRS RRBLRLZE AT B KC 121 $530 RS TT 1 1 B 02 4= 1 235

1.2 HERZFAFE KC 121 WNEER

SEE EE AN A AR EER ZF AT T KC 121 X
& Rz Bk T (F. solani) . KAk T H (F. graminea-
rum) AT (F. oxysporum ) RIS FEL 5k JT T ( F.

sporotrichioides ) 4 Fh % 71 95 JiL B 1 T T 2 43 5l R
76.91% .65.31% 47. 88% .82.66% (Kl 1) . W5 X
FEEEZF FUAF I PO AL T TR

A JEBRITTE B R RITT ; C . ARIBHRTT T ;D - BT HRIT T 5 18 o, 2201 Ty % BB (CK) 5472150 KC 121 R BEIRIRALFE
1 $SERFHE KC 121 31 4 R RERDERER
Fig.1 Inhibitory effect of Bacillus tequilensis KC 121 on four pathogens

12,1 HRBEFFHAFE KC 121 34 FmR B @ L&
FoFARFEH M BAILE  FHRRIGIL WERIERL
ZEAUFFER KC 121 SRR o Bk A3 1 1SP 2
SRR A TIE A IR, TR, DO I B A
PR 224270 F PDA AR I, & F 28 CHHIERG =46
R FR1~3 d,

K BER A5 - BRBURR RSP 2 UFT I KC 121 By 20
VAP 2 ISP 2 AR R, BT 200 r/min 28
CIPEIRREFE 3 d, A5 L B, & IR 0I5
0.22 wm P IERR U8 , 0 JC B K 43 ) il A
BE1X10" £ 13107 F5 10 K& USROG B

Xof s D B T 22 B AL F A K R T 43 BB 200
b AN [) B 1 Rk T B VROV AR T PDA P AR L, TR 5%
TR LIRS 5 AR R 8 mm 145 D B AT
e T-0r 112 78 28 ClHERARRFR 7 d, LAz
SRR RS 75 Xt R, R R K S, AT
N GYIIIE /NIRRT B AR & B AR
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FoT 3 Z %o 0 BAATILE R B 1 R IR
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X7 D R TR 17 kR ) 1 I - oR R B
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20 wl & EEIEWFN 20 wl T B2, IR G385,
B TRA IR AR B R L 7 28 C A T 1S
F7, 82 h BEkY 1R, WEIF 0 Sk i &G O, B &%)
TR ZH B & R 3K 909% At f5% 11 g
1.3 $HEHNFATE KC 121 BRI RUE

RIS PP T, FORFPFAE T B S,
BRA B ERGEBRZRAREG I RHE
+ogrt=1 ) b, R E 3 MR, A
AR P 30 B, ALFEIESLUNE

Sb P — B TR B RS AR B IEH 4

AEI F FORGT S AR B R B 7 L
Bl TEA 200 ml PFREEERL ZEFRAT B KC 121 REAR (T8
R N4.97x10° CFU/ml) 45 7 d B3 1 1K

ABF = K K 4 v B Rk B P A 0 i R Y 1 4
o RIS 200 ml (928 IR RS, 4 7 d RHE 1 IR,
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10* 5 . 1x10° £5 1 10° 51 K B BV, 3501l W B
10 ml _F3ARFE BB A B JEAR IR, BRikiE
KIZULT 24 h BHRHE FORFR 7, B TR SR I, AR 1L
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70% ) "PREFE BERANTE 2 ml K PR VROR RRIA (3L RE
F%5 d) BRI TIER ISk FARK A ZE K,
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A KRB TG KRR 24 h JFEUE, Pk
TEARLTG 1 T Kb 7 B A 1 B 4R B % 10
2. 1 80% M FP il & Ja PRt K — 8 M T %
T, B A 1 RA T BBk M 10 em
FeAiit R R AR B A Ak SRR, B R R AU A
200 ml Y % R R VROHE AR , A 4 d JEAT AR I iE %
PR FIZEML, #Fh 24 d SRR ARIR Y, T K g
HR SB35, A i XUAL R I 3R i K oy Je
A3 AT b3 R S A3 T A ) B i B
P RERE AN 65 CrEEMLT R R T i,
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KC 121 fRAVEFIRMLEE, MR ¥ 55375 > 10 i o 4
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JEW 22 kA RIS, B6 FI BO [ B 22 (25 47
B H 5 W%, B7 F1 B8 MR 22 (R B T — i 72
JER A As ARG (B 2) . LA BG5S R R H AR KC
121 KB nT LA 3 fifF 4 bl 00 99 D oA B 24 A A
I 8 ) A 4 | TV R 25 T o sk G P 22 ) AR

W B MBI (K 3) TR, 5
X REAH L , B6 96 J5 T A B 4H 1 43 A £ 1 Bl b
SHHEAMTFIRAAS N H AN BT 5 i oA Ak B A R %
TR R K oA AT, AL B BT S BT , TR 2243
Bk /b B 5 S B A B 2H (14 43 AE T RO R B
D T A R D ) A A T A, B T
TEAARE /N AN, BY 5 J5 B A B AL 43 A fl
Hiat [R) 0 BEAH L g2l | o A= 96 IR S JCHH AR 1
ZEERFREILP AT I KC 121 Z B nT LAl
T VR D T A 43 A 6 18 e Sk 0 T R e U R
I FRLGHR ] DA RIUURE FE 488 T B G 2R K i b e 22
Sy FEARANHI ARSI A K
2.1.2 HABFIHMHHA KC 121 3R RHE > L£78TF
R0 B T 2SRRI RIRA
TR AR A, R A IR I 58 T 4 28 7
FFTE KC 121 A RE 0T HoAt 3 Ffoig Ji 147 43 A= 46 5 1
RIFEM (R 1),

X5 I BRI (F. solani) KUt , 24 FF 2 4 h
B, 0 BRA o3 AE 0 B R R 59. 37 % , Kk IR R
AR B B 43 A A6 B e R ANCK 22, 16% , M BE1x 10!
i 118 2 T 0 R ALD B 1) 3 1 6L W RO 38. 44%
FERE1X 10 A5 10 K B UE A B ) 43 HE 0 0 &R S
TR TCHH B 22 5% YR 2 6 h i, XF BB 43 AR T
W RN 87. 06% , K e W I Y Ak B 3 1) A 46T
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B R HRANK 27.49% | i Fe B 1x 10" 4% F1H5 B 1x 107
5 0 2 T 0 T ALk BB ) 43 A A T R R N A i (3R

1) o LA -ZERRWI BRI A B i iR A, 0 2 A
TR W K A BE T L A

B8

B6 . Ji§ el V)T s BT RS9I T 14 B8 JRAHI T 14 BY . BRI ) T . A XTER(CK) ;B .KC 121 RESRALFIAL
B2 KC 121 REi&R 4 MEREREZE RPN
Fig.2 Effects of KC 121 fermentation broth on mycelia growth of four pathogenic fungi

BO . i Ko Ak TI T 5 BT AR ARG T 5 B8 SR ALHRTT 1T 5 B - UBLIEAR T . AW IRAL(CK) ;B KC 121 R BEHARHRAL
B3 KC 121 ZEExRRERFE KN
Fig.3 Effects of KC 121 fermentation broth on spore growth of pathogens

X oA A R S AOU SR R B, 2 h B X R
IR o R A O IR W &, A 3 2H ) 43 AR T
TE 4 h A TR W] &, B B 52 I ] A 28 <, X AR
53 A AL AN R T & B NE TR 22 5 K I
IR FNAR R 1 10" A5 1) &2 1 0 VR AL BB 1) 43 A= 6 - D)
KREGIER TR , 816 A A 8k 208 AN [ AL
BRI, SRR SR L AL T R 22 A, %R
SAEREFE 8 h BFFR R 1x 10" 175 1Y) & B 38 Y A B4 P

RIGECAE (E 4) . FRRE1x10° F5 1 & B8R
XiF oA A B R S R R B 4

XFIAHETIEE (F. oxysporum) Kl 15526 ~8 h
HE X B8 %) 43 A 01 %R }955.65% ~90. 54% , T 4 1
TSR KBRS T AP R (R 1), K TREDE
YRR TR TRONT 4 A 6L 117 22 10 A0 o ) 48 5 55
A M B B R 5% 8 h I A T oA Ak Ak B g 2R
T TR A D BOT R & B =R 23S kAR
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A XFHE(CK) 5B FREERLZFAUFFI KC 121 KB IE AL LA

El4 [HE 8 h BHEIx10' 5 KC 121 XEHR K ERET]
ER TR

Fig.4 Effects of 10-fold diluted KC 121 fermentation filtrate on

conidia germination of Fusarium solani after 8 h incuba-

tion

R1 EERBEXREEEEFHEZM

X F AR HI 8 TT 08 (F. sporotrichioides ) Tl 5 , TF
F5i3% 2 h 3 8 h B EI BN, A R B bR 2%t 3 A
o177 KA i AR T (5% 1), AT & 5y
A1 TR BRI FRREE IR . K BEIE
i TR XT3 A A6 B & (R AU A FET T S A1

L5 FRTIR R EERL AT I KC 121 R EERE
ST 0 A 0 1 2 S A A2 B 5 254 AR I
K, HMHITE 22 ER e, h& 1 LA S, A
FREHA] R T 2 h B B AR KC 121 & BRSO 1 Rz
eI T SARHIRTI T AU T TR oA A R
ISR AL

Table 1 Effects of fermentation filtrate on conidial germination of pathogenic fungi

— fob TR s i) ST IR (%)
(h) bopd e eI TR 10" FFRRTEIEWE R X107 519 & e U IR
Ji Bz Hie 1 T 2 1.93+0.97a 2.57+0.52a 2.26+0.59a 2.001.08a
4 59.37+4.68a 22.16+7.01c¢ 38.44+3.62b 56.54+8.42a
6 87.06+4.92a 27.49+1.66¢ 66.25+1.98b 84.62+2.49a
8 90.68+2.93a 76.53+4.81a 85.83+5.92a 84.95+6.18a
Rk wal ] 2 4.76+2.46a 1.86+1.13b 1.33+0.58b 2.90+1.97ab
4 6.02+2.48¢ 1.97£1.00¢ 14.76£4.20b 44.67+2.07a
6 55.65+11.21a 4.19+1.75¢ 30.63+7.95b 65.77+14.33a
8 90.54+6.73ab 9.45+3.84c¢ 82.96+1.86b 94.58+1.94a
Y108 AN 2 13.08+0.83a 0.58+0.34d 2.600.61¢ 4.62+1.57b
4 70.07+7.44a 2.08+1.20d 16.69+2.59¢ 49.95+3.50b
6 90.72+3.79a 2.98+2.02b 68.93+22.97a 89.85+5.96a
8 94.80+2.37a 29.83+6.17b 84.44+8.97a 95.07+1.98a
[ — v SR A [ — A 7 4508 5 AN [R) B 3R 25 57 3 (P<0.05)
2.2 HEAFMATE KC 121 BB RRR ®2 BHARHEHR
ﬁﬁiﬁgﬁéﬁ % ( % 2) %:z% , —[%H;ﬂi KC 121 7/{@@ Table 2 Control effect of pot experiment
JEF Y TR R AL BT E T8 1 S T TR (F. solani ) FLLAS A b3 GRARELES BRI (%)

B I (F. sporotrichioides ) 7| F) T K AR & 9 1Y B
TRECR IR 66. 67% Fi1 76. 00% , %t i R 74 I B
(F. oxysporum) MR 5 J1 0 ( F. graminearum ) 5|
LAY T K AR R 9 7E AR R I Y B IR RO AR
3.43%M 4. 64% , VL LERFY] RN AT IH
KC 121 X i1 B B3R T 1 (F. solani) FURL AL 7T T
(F. sporotrichioides ) 7| 2 1) T K A Ji 95 47 B8 4f- 1) Bl
Ny € SNPRS00 ARG IP R FANE AR L Y
T BT IR RO AL 2%

2.3 HEAFAAE KC 121 3 ERMEREHLR
2.3.1 KC 121 A®igit 2 R4 FHLG%A  F

B6+121 16.67+28.87b 66.67+57.74ab
B6 CK 50.00+50.00a -
B7+121 69.00+50.00a 4.64+3.47c
B7 CK 72.20+19.23a -
B8+121 75.00+25.00a 3.43+2.39¢
B8 CK 77.67+4.62a -
B9+121 16.67+28.87b 76.00+41.57a
B9 CK 69.33+17.21a -

B6+121 7R KC 121 K i R BEAR 57 35 PG B2 4l ) B 5 1 B2 10 ok
MR s B6 CK F/R 8 Kz i 71 B 5 RS 1 KR AR IR s BT+ 121 R KC
121 KB TR AR BT A R R A4S 5 00 T 5 1R 9 B R AR B % ; B7 CK
FRARA I 5 A EARME G ; B8+121 KR KC 121 & R H
TRHEAR IR Fh Ao F0 R TT T 5 1 A9 5K AR S ; B8 CK # /R R ik 7)
SRR EARMRIER ; BO+121 F/8 KC 121 & B FRE R B4
PR T 5 R A FRMLE G 5 B9 CK /s AL A 8l ) 11 5 | k2 1Y
TR, [F—FN B 5 A 7R RR 2257 B3 (P<0.05) ,
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IF1E] (d)

L3k 10. 46 em( B 5A) BT B E T 61% ; 2K 35
7.24 em AR T 162% (B 5B) , Bk, K%
DERREL X 10° A5 2 A1 b AR R 2 26 K Y e R Ak
H(E6),

8rp
7
6
T s
2 3
ll{\
s 3
2
1|
03 3 4 5

1] (d)

o IR e BRI —a— SR IEIEVRGREL X 10V —v— RIVEIETRRAREL X 10°R5 I ;= KIEIETBORRE 1 X 10°F5;
—— RIFIETRRRE L X 10MER; —— RKWEBRREL X 10550 ; —e— ABIEIRAREL X 106f5 T

A ERR B,

B 5 KC 121 %Bifx EXFHFEERAREER

Fig.5 Growth promoting effect of KC 121 fermentation broth on maize seed germination

A XTI (CK) ;B KC 121 L EEIERRGFE1x 103 f5Ab A

B 6 KC121 ZERMEXMFHEES d HRKEFRKIEEER

Fig.6 Growth-promoting effect of KC 121 fermentation broth on root length and shoot length of maize seeds at 5 d after germination

2.3.2 KC 121 Xk RRIL 2R AEKGIER
K9t 24 d B, R BRSOV T K 2 B A4 A 4
BN (B 7). 38 d Ml 16 d B KC 121 K%
TR R A B R 5 5 0 IR B 22 5 76 R 16 d B
PR B AR = 1 0. 38 A% (141 8A) |, {H X Z5 KL 52
AR (E 8B) . Flkl 24 d J5 HEAT T 5 2k 0 Jo 2 )
i, A R ZE AT T KC 121 & R R AR Y
FRAF MR L3R BT it Ry 5.7 o, B IR = T
90% , T+ Jo 2 WA Xt R T 130% 3 KC 121 X b
TR RN BT A AN K
2.4 HEFFAMNE KC 121 B EINEENE
HITH IFTEEE R B R 2T KC 121 1]
DI i F KA1 & B 2R AR, [l At v LA
) 0/ ) [ e s a2 0 110 101 91 [ E = N

IR, Pt AWFRRIACARSE T HAR A,
24.1 TAARMEAE APEE R AL W XRE IR ZE
FFFIR KC 121 [ s e ae 1 agil e &80, %
DAMRTE S 4 iR T L85 372 P Al S P A B 2 51
M 1357075 B P8 (1) 7= A5, FLYE Ashby TG KE 97 37
M EANREAEAS , PRL, % R RS HA [ &L
B YIRE .

242 ik TAA R SRR, S PL ZE R B
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Fig.7 Growth-promoting effect of KC 121 fermentation broth on maize seedlings at 24 days
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Fig.8 Growth-promoting effect of KC 121 fermentation broth on plant height and stem diameter of maize seedlings
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