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g 4431005 3. B & W RER K= ®RELALMSFO, TG 443100

WE PN F AR R B RN R O e SR B A SR F AL R R, %2 AR
T TRV T S0 B T , 75 30 O MRS SR AL TT B i S 7D T AR 6N B 7 A 2 b B I A R B
VEFIEI B , X E IR BRTRR A T % 0E S AT RE 3 U 5E , IR B A E R, A 98 AR A DL X A AR K R
FTRFAROR o HER IR TR 21-2 I ROR B AT, 28 588 W bk 2 K S S AT TS (Paenibacillus polymyza) .
PPk 21-2 X622 B 5 i UL J5t o 350 A B i I i A T, %2 B Ah - 0 i 4 B R R HEE T . bk 21-2 B

T2 B E RN 45.83 %, BEAE.

FpEE A bk T BREESTREAINAR R S R R R AT T 21-

2 STERT WA KOS AT HUAL TR A il A A A HLAE XS > B T BB R8T 35 61.90 00 . DL 25 ERIT, 2R 262F
JEAT B 21-2 Bk AT R T2 B E B 6> A KA e bR, A et 8 SR s 0 -5 AT

KEIE NE; HEWE; ZMISERATE; YR SYAE R
FES3ES  S435.67 XEEARIRAD A

225 (Pinellia ternata) 3= K BB E B MY,
HA B PR R TR 0 —Fh i R 2, 56 22 067 S A
R 258, T SRR M EAWHE T AT
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KR E R (] B B R Fusarium sp. (AR
T8 T B Fusarium oxysporum i s % J1 W Fusari-
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Botrytis cinerea J&4e5 ) IR B (FEAEM % B Da-
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R AR BP B, W AE )32 0 AF S5V N 5 R AR T e
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BN SRR BR A ) s AU B RBUR
22 BRI A IR A IR W) 5 F il A4 i e H R
Z oAl A R A

I R B TR i T B (Fusarium sp.) CFCC % 5
5400, 2 F 4k T (F. oxysporum) CFCC 45 84715,
BERS A (Alternaria sp. ) CFCC g5 5171, Jii i i ) A
(F. solani) CFCC %5 89131, #1lig [ [ ARlk i A=
Yy AR L o BRUEE B (Phytophthora capsica)
ACCC %5 37401, g F v = 4l A A= 1y v o O A
b2 AU
1.2 DIREEMMIESEE

1) ik . K5 g Wit LA A 45 mL JC TR K
MRUEL A% 10701077 1075 1 8B, B 100 pl
PP URAT T H 0 5 Mo I 9 PDA B SR 2E |, F41 3
ANEE L 28 “CHEFR 3~5 d, HR A F BT F 10 o 7 4l
R % . TERESR 7 d s A I T P Al B 4 BT DF (B
27 mm), B T PDA VM B g2 S o  fE iR vl 2
em b XS FRAEFI DI RE B bE ; 25 CHE % 7 d, M T V% B
FEICTH AN TR A o X 410 T 1k BB 4 P T ke i A 7 2 3L
A E

D—d

1= D X 100% (1)
iﬁ(l)EF',I:W%%;D:Xﬂﬁéﬂ%%ﬁ%,cm;d: ﬂ‘

P V% HAS, cm.

2) %55 . BRI RARAE AL (b 5) A H] DNA $2 1
I & B DNA, PCR ™3 J5 I /7, f# ] NCBI
Blast FLE P S AN , MEGA 9517 2 8 )7 51 He A
SEAR GRS, 1 000 1K A 4B A5 BRI R 50 &
B
1.3 ZHEFAFE21-20IEEEANE

H10° CFU/mL 9 J5L 18 Wi 100 pL 57 Wk A 7
PDA AR, 3T 247 mm fL, FAFL A5 10° CFU/mL
ZAE IS ZEAIFT TR 21-2 BB 100 pll, 28 ‘CH5 57 72 h
pUEZSHI17) SN

FEREFE T d AR AR T TR - Al b 40 BCRTDF (AR
7 mm), & F PDA iR AR 0 2 em ik
XK Fh 22 R 2 ZE AT B 21-2;25 “CHEFR 7 d, B
AU S R
1.4 ZHEFBETE 212X L EHEEL RGN

B KGR I 21-2 4% 290 (IR R B0 42 7h
T LB F25rp 37 CH5 35 24 h, SO H &, W B
1% 10,2050 100 f5 A . 2 E A1 800 il £
P R ¥R 1 min 5 ISR K ik, 35 CilR /K21 4~5 h

J& R UAEA R B A R 3N EE L B
HAG 3P E AT, DR &0 N FJEE KR
BAFERZE AX B (CK) . BT LAY 25 ClE
WERFR IS A, G 2K . BEFK 5~7 em 92
HA iR NE IR (A E IR 3R , 70 ] iR e
BB HE (20 mL/#k, 1k/7 d), 30 d J5 & A4 K
F5H5

15 SHEFHATE212TFERENBHENR
il

B O 78 5 U1 B 4% b B PDA AR B 5 3
28 ‘C 170 r/min {5 # 5 d. WEFEE L, FHl K6 X 10°
CFU/mL 4 ] + B ¥ W I 2 Fh 7E fgt B + 58 rf (50
mL/kg) U E 3 d. K 2RI ZFAFF R 21-2 1595 48 h
Ja B A 10,20 .50 100f5 A& . FEFT
THEEIG 25 “CEE 38, BUK B 3~7 em YA 5 A Fdk
(BEAN A PR 6 B, FHAS [R] 7 A3t 0 %) T YAk e 1
(20 mL/%k) . 60 dJEHil .

B RIRAE LSS 09, TR WIE IR s 1 4%, i
BRAVORG B, WO e b, 2R UK BORA AR 5 2 9%, i
W A O e, 2R K R AR 5 34K,
AL B AR R T, ZEAR AR S TR AR 54
G0, 2 BB A AU T, B R A " A AR T A E
T2 RGN AU i 48 8O iR ROk o

>N X n

D= X PX 100 2
Q (2)
E=2"% 100% (3)

K2, DB NS H N s n 0z B A
R Q: KW BB P e m R E . X (3)Hr,
E: BIRRCR ; A 0 BRI 50 o - AL IR T 5.
1.6 E£UMEVNEBMHEREBEZERE

W 15 g AFEAPUE BRI A 5z 026 .5% .10% .
15%0.20% F125% ,m/m) F1 15 mL ICRE/KIR G, 270
ARG LERAT TN 21 -2 DI RE PR B iV 4 1< 107
CFU/g,35 °C,180 r/min 557 2 d, 11440 B 181 V& £ LA
Wi tE W e i) B A T i OB 15 g WG A ALAL AN 15
mL TR KRG G, B D) R T B R B A e
0.5X107, 1.0X107, 1.5X 107, 2.0X 107, 2.5X 10" HI
3.0X10" CFU/g, 35 °C.180 r/min #3: 2 d. B 1mL
TR AW REUR A 2 LB AR b, D 1 7% 25 LA E 1)
REDAR M B 18 3IRE A

TR B AR [ 25 & T 3k o (X9 3845 ML AN AT 4=
Yy Lo A9 85: 15, m/m) 45 Fh Dy i TR Pk 28 28 ot 42t vk B
1X10" CFU/g, M8 7d. BEBUREE KR FFER
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Table 1 Exploration on fermentation conditions

. N B:&AKER/ Y C: Bk D kEmtE /d
KT AR /C okl Psiisay eaanli
= Moisture ¥/(k/d)  Fermentation
Level Temperature e .
content Flip times time

1 25 45 0 3

2 30 50 1 5

3 37 55 2 7

1.7 YAV ARG

H 6 X10° CFU/mL W74 ] P il 72 TR il %
HR 50 mL/kg 79 fE H2 A AE Al R -1 b OB 3 d JE A%
o R E 644 CK: CAT A Zb B + 3 OF . 1%
PN RE WL ; CMO : B IS 2 A HLIE ; OC - s 2 g
R RORITNS 24 HILAE s BIO B A= # A ALAE s TF - 38
ToHLAL o W02 X 2 A AILAE A A= 9y A HILIE 9 HE 3% (5=
2), BR2s (%IRRT OF g 4b, HoAx 4 G — it I 43 T v
+0.70 g N.0.64 g P,0O-.0.52 g K,O, ek JFE 3~7
em FE AR A B SRR R b B AR 3 AR
B, W3 MEE . 30 dJE o b2l 2o s Ol K& B
AR

R 2 AEERHEIERL

Table 2 Fertilizer efficiency of different fertilizers

g/kg
HE.* Jr ﬁfrﬂﬁi P,0, KO
Fertilizer Organic matter
XEFATHLIE

1.8 HIBLERSH

i i3 IBM SPSS Statistics 20 J7 22 5 PE k6 36 b
SEFEAR (R L ANOVA BB 2 0 Fr A 13 56 20
2 Mk 22 5 43 Mt 5 f# H Graphpad Prism #l1 Excel & 14

2 FHRE5HMH

21 ¥ENRVEEENFESEE

30 3 SRR R R U A vk DA B AR PR - g At
A3 B BTS2 B0 I B LA FE PR I TR Ak Bl
S SR FH BT URF 92, 75 31 O Bk RF IS F00 56 70 T i 9k
AL R T TR IR i I A 7 5 2l S DL I B
P14 F5BUVE 0% T AR TR AR X A Ak 7 TR L i ik )
DAL B D DA R R R A AT R A
70.0% .54.0% .77.5% .76.7% .78.8% , Horp i #k 21-
2 BB ROR B AR BoAT R AR B ) RE TR AR Y
.

BRI RR 21-2 RIEDOEH K @, SRR AR A
B s QYL 55 50 B s TR bk 21-2 1 2B 3 A4k
YRR R TP 21-2 BB R A R P A N R R
A A B R TR A 5 HLAT 0 WA TE M K
TENTRE ST 5 T LA LB RN 0 2 Rl SR A A
Az K B TR 5 RE A 0 B R 6 K i B RS, B A AR
15 Be5r WA K , B 3 il R & 7 A BB ) o
PCR ¥4 3545 B Bk 21-2 A9 16S rDNA 3 K - B, B
DY 5t 2647 Blast LuxE A Wbk 21-2 M RFE LT

Chicken manure organic 255.00 16.30 1540  8.50 o (15 L2 N 0T Lo T A AL T B Wy 22

e T )3 5 212 T2 AR A B (2
P— L35 AL 43 BT 45 SR bR 21-2 25 R 25 2 0 4 7

] . o -

. . o 345.68 14.74 13.39  10.63

Bio-organic fertilizer (Paenibacillus polymyxa) .
58 AMO062691.1:17-1350 Paenibacillus peoriae
58

NR 117733.2 Paenibacillus sp. RHH63
I GU328684.1:50-1383 Paenibacillus sp. Nz29
|— KC260957.1:55-1388 Paenibacillus polymyxa strain X7
MZ596260.1:51-1384 Paenibacillus polymyxa strain S4
OP776807.1:37-1370 Paenibacillus polymyxa strain GYUN-2275
KT781844.1:39-1372 Paenibacillus polymyxa strain NSYS50
MK911741.1:63-1396 Paenibacillus peoriae strain HJ-2

17 I: MF776633.1:59-1392 Paenibacillus polymyxa strain PJ10
MF967296.1:49-1382 Paenibacillus sp. strain AH-1

14 _,— NR 117733.2 Paenibacillus polymyxa strain DSM36

IOOI_,i NR 117744.1 Paenibacillus peoriacKCTC 3763 strain DSM8320

7 NZIWIJ01000029.1 Paenibacillus polymyxa A18

100L—— AY359626.1:46-1379 Paenibacillus polymyxa strain GBR-478

1

BE#k 21-2 M Rt LR > A

Fig. 1 Phylogenetic analysis tree of strain 21-2
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22 ZHRZRETE21-2H91ERE
FTALAMTR IR 45 2 (181 2) o, Z2 RG22 AT A

21-2 068 5l K UL D B A1 18 B g JEE 4 B PR

(T B =20 mm) , BEAS 16 3 0 7 BHOHORE 1l L 2R 1

Bk 70 R K ik 7 R 0 BB R /N a3 3 R 31,2725

Phytophthora capsici

ivE YAk
Fusarium solani

MEEA.

RSB I I 1A

Fusarium oxysporum

2820 mmy, He A BEAR 89 D 4 400 TR ROR B 4
K3 7R, 2 K28 27 LA T 21-2 W] S5 B0 It 1 14 22
O SCHE 2 RS A R A i RE | AR R A, R
ZRGIEZF AT B 21-2 X SR A5k JT TR BE RS 7 L B F)

2

Alternaria

A

Fusarium

B2 SHRFMITE21-23 5 MR EA I E s
Fig. 2 Antifungal ability of Paenibacillus polymyxa 21-2 against five pathogenic fungi

AR ML 5 B R 5T XTI TP 5 C -5 S B i 2% (A F
FEYUR) (40>X) s D IS B TR AR 2% S BUIRT) (40> s E i IS 1
PRI 2% CRBEFEPUTE ) (100<) 5 F 2 9 J5L TR T bk 0 2% (A5 B0 1)
(100X ), A: Pathogen plate diagram; B: Antagonist bacteria confron-
tation plate diagram; C: Pathogen strain edge (without antagonist)
10X4 times; D: Pathogen strain edge (with antagonist) 104 times;
E: Pathogen strain edge (without antagonist) 10X 10 times; F: 10X
10 times the edge of pathogenic bacteria strains (antagonistic bacteria).
3 EHMEFATE -2 RBBRITERLHMEER

Fig. 3 Inhibitory effect of Paenibacillus polymyxa 21-2
on the hyphae of Fusarium oxysporum

23 ZHEFBITE21-2HRERR

2R 28 ZFARAT TR 21-2 X2 B Ah i1 & A4 HI
& 4 fif 7R, CK 40 25K 4 19.57 mm, ## B 10,2050 Fil
100155 B 2K 43 9 o 27.43.33.41.43.21,32.82 mm,
PRAERR R 40% . 71% 121 % F168 %% , ANl Ffi B
A5 K0 TR B VRN 21 R 1 W R A R AR O
rhOR B 50 A% 1418 A 4R e A, SR TG Ak 1Y) T R VUK
JEE X2 B Rh - 1 i A REAS A BB A AR A VE .

KI5 & 6 s, A3l i B TR A IOk S i bk

1o B JOT R BR 2K T A AR MR AR 3 Y (e
YEFH . YRR B B0 10 20 775 I, B A oxt 2K 3 A
P T R BT R R . o TR
i B 20 F5 s WP R AE KAE I . M2
R 28 ZEFUAT B 21-2 TR V0 s B A5 250 50, 100 5 s
RAERMEHARE . 2R FRFFR 21-2 b HXT
EIE S Ss SeesinE SANEEPS B sty
21-2 W BEAARAE S 10 20 F5 ), > B 3 b AL I
GRGREERE TS AN B, KU 2R 2 25 AT
A 21-2 Rets (i k2 B4R 3 096 B, 1T 4 v Ok
H1EHRET
2.4 BHEFRTE 212 FEREMHERE

N2 3P, B & W A RO i, BRROR > B
FERPIAHCR IR B MR EC 100 1%
I, X2 5 5 A B A SR, HL R PR AT R R B TR T
JEEAG , b D T T A A B B0 PR o 2 R A
AR, X2 B 3 B BB RO AT 35 45.83 %6, X2
EE AR B (B 7)
25 HEYBENBREBEEGENRL

i 3 15 AN () A ) e Tk B R B L TR 5T AR Wk 1Y)
AR, S5 A 8 BT , Y A W A T il
159 F1120 %6 B, oA 2400 PAER & b s, HL S5 o fh ik
JERRRE 22 5 W . DIRS AT A W AR 5 v, S bR A
7 3k A v R 2 R R T, e A A R R AR
PRy 1596 It i B 2R AT 21-2 R Rk
JERBIE R IT 2R 2R AT I 21-2 s 2, 24
Z R R AAT I 21-2 A N 1.5X107 CFU/g
B, HA RO B RS R, LA 2.0< 107, 2.5 X107
CFU/g W N TC i & 2 5, i i 2 2528 2R 1 FF
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CK 1OF% F B 20175 B SOfF B 10015 i B
10-fold dilution 20-fold dilution 50-fold dilution 100-fold dilution
B4 SHEFRTE2-2QHBETEEMTHEZER
Fig. 4 Conditions of Paenibacillus polymyxa 21-2 on seed germination of Pinellia ternata
CK L5 Fi B¢ 2015 H B SOf%H R 1005 #i B¢
10-fold dilution  20-fold dilution 50-fold dilution 100-fold dilution
B 5 SHEFATE2-2FEFERNEIHER
Fig. 5 Effect of Paenibacillus polymyxa 21-2 on the growth of Pinellia ternata
A _ B C
- <= -
= Z :
= = =
= = g
A 50 =
= i I
= CK a b & d = & CK a b g d
Kb FT Treatment KEFT Treatment
= sz w Siw '
£ g 25 4 B
=2 —— i@ = 40
3@ = EE = 20 o s
= = S5 3 5 20
B 5 w10 ¥ =
&= ) £
=5 : TS 0 s ZE o .
S0 CK a b c d 2 CK a b ¢ d = = CK a b ¢ d
AEFR Treatment Qb Treatment b Treatment
#*; P<C0.05; **: P<C0.01. a: #i B¢ 10 % 10-fold dilution; b: i B 20 fi5 20-fold dilution; c: i B 50 fi5 50-fold dilution; d: # B 100 fi5 100-
fold dilution.
6 SHMEFATE21-2WFEEHRE A KEREB) . HRE=(C).HEZFEaD),
HERb(E)MBMHZER P MERAKRE
Fig. 6 Effect of Paenibacillus polymyxa 21-2 on the height (A), bulb weight (B), fresh weight (C),
chlorophyll a (D), chlorophyll b (E) and total chlorophyll (F) of Pinellia ternata
W 21-2 AN A 1.5X107 CFU/ g, CIRFIRD) > C CRIBE UK | HEAK A A T A di R A W 2 F

ARG 20 22 RASR RO ARSI AHL O ALBICD, BRI JE 30 °C, 5 K R 4500, BHAR KL 2
JIE 3 TR B BT R AGIREE ) >B (& KHE)>D k/d, KBRS do
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xR3 TEAHBREHERNEERENB ARSI
Table 3 Statistics on the control effects of different dilu-

tion ratios of bacterial solutions on Pinellia ternata diseases

AR EL

b3 . . B iR RCR/
Disease severity . ..
Treatment . Control efficiency
index
X0 54.17 45.83
X5 70.83 29.17
X X10 79.17 20.83
X50 91.67 8.33
X100 100.00 -
CK 100.00 -

VE : XO: T BE TR IR 5 X5 : 36 B 5% 5 X 10 FBE 10 A% 5 X20: #i B 20
1% 5 X50 : Fi B 50 % X100 5B 1001 s CK: AN o " R B AT
Biia a5 . Note: X0: Undiluted bacterial solution; X5: 5-fold dilu-
tion; X10: 10-fold dilution; X20: 20-fold dilution; X50: 50-fold di-
lution; X100: 100-fold dilution; CK: No bacterial solution. “ ="

means no control effect.

B 7 ARHREFEHERENFEREHNHEHR
Fig. 7 Control effects of different dilutions of bacteria

solution on Pinellia ternata disease

2.6 EWBEHEKE AR

N 5 W7, il FH 22 R 28 ZE AT B 21-2 TR ik Ak
PR A A 1 18 5 | kS i) 2 B0 B ACH 23.81%%,
F L DA MR AE S PR A 2 b B v, o B B A B
TR 5 5 BN 22 R S 2R TR TR 21-2 ) RE TR VR AR
Eb, Z2RG S 2R FAT I 21-2 DB TR+ A HLIE XS 2
I B R A7.62 %6, R WA HLAE B A2 E B8 AR T I
MR B AR KO R B IR BOR s AR A B X
I3 I B RRCR e, B A 61.90 %0, AL ik &
T b B | BB S 4 o B R AV B NG R T 2 kG
TEIRFF B 21-2 5 B 4 R AR DIABCR s A LI A
HILAE &b 32 X B T AT — o Y B TR AR, B R
AR AL BB R U A A K E I 2 [ &
U BIRE ST IR BIB G & A ROR  ZEAR R
B A HLARZE HE JCHLAC 20 By 26k B i, JHL D DR ] R
BHRE A /DB 25 R, X I B A PR

30107

C
ég 20x10°F

A EE
Eg 10x10'F

Eax

10 15 20 25

AW BV T b %

Initial content of biochar

3x10'r

2x10'F

Ix10F

==}
BB/ (CFU/g)
Bacterial number

2 S 2R 21 -2400 W HE Rl (CRU/g)

Initial inoculation amount of Paecilomyces polymyxa21-2

B8 A&Mx(AMBSHEZFAITE2]-2HFMEB WHE
Fig. 8 The addition of biochar (A) and Paenibacillus
polymyxa 21-2 (B)

3 W @

A5 AR PR 3573 B AR 51 1 RRXS 5 R
ST B 5 T JEU TR A R RBCR B9, 200 T
B MEE EBAE AL S Ko T AR 2 E L BA
AN A 2 K2 ZE AT I (Paenibacillus polymyza) .
Z RSP R — 2R A AR B Ak, W R
FENA SRR, B 2 EEE Y A
W52 R W], 220K 28 2F A6 8T 1 BE 0% 400 ) K 5 T
(Botrytis cinerea) 2R 1 4 J1 18 (Fusarium oxyspo-
rum) 55 Z2 FRLYR I, BT g, e — R A
IO FH T SEAAE P AR B AR A B 4l g 1 e e —
FEMPRA 4 i, BE W58 I o3 WAL T W) o L AR ST
JEL A S 7R AN [ £ 9 i 32 A0 AR ) DT 10058 %% 1 2
R, 2 1 6T A A R R - B IURE 1) B B, R A AR BT IR
FURYVE L, R RE R hne iy f - 3877 03 A B i ik Y
FRECIT I 9 3 o A S TR A R A R R
T, PRI RG2S 27 FURT T X 2 B3 i3 A OS2 ), 45
R [R] B AR BEAR RO > b i 1 BLAT fie ik
YER . A28 2R AT 1R 21-2 P B T RE WS 11 a0 2 S A
TR A, %2 B B Ak 45.83 %0, M AT AN
20 F5 I, %2 B Ak Ry LB T R BREE RIS R
GBS S AN . AR A R R Y
WO R ECH 10 20 F5 I, 2 B A bR g i i k2R
e R S A KA R B8 & T H X, &
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Table 4 Orthogonal test for preparing bio-organic fertilizer
# Factor T R AL/
i H Ttem (X10"CFU/mL)
A b ¢ b Viable count
1 1 1 1 1 9.30
2 1 2 3 2 7.05
3 1 3 2 3 4.35
UG 2H 4 2 1 2 2 1.24
Experimental 5 2 2 1 3 7.40
group number 6 2 3 3 1 8.40
7 3 1 3 3 4.20
8 3 2 2 1 2.08
9 3 3 1 2 1.77
K, 2.07X 10° 2.59% 10° 1.8510° 1.98% 108
K K, 2.82%10° 1.6510° 1.8810° 212X 10°
K, 8.05x 107 1.45%<107 1.97 X107 1.60 10
/3 6.90 107 8.60 10" 6.17 107 6.60< 107
k ky 9.40x 107 5.50 %107 6.27 10" 7.07 X107
ks 2.68 107 4.83X 107 6.57 10" 5.33 %107
2% R Range 6.72% 107 3.77X107 0.40% 107 1.74 X107

T KFRTEA B .C DA KT I8 BEBUE ; o 87m X 14 K IS AST 334, W) =K,/ 35 #2% RAR3 &, e KAE S e/
{622 (i =1,2,3). Note: K, represents the total number of viable bacteria at the i-th level of factors A, B, C, and D; % represents the arith-

metic mean of the corresponding K, i.e., & = K; /3. The range (R) is defined as the difference between the maximum and minimum values of

k(i=1,2,3).
x5 AELEANFEREMEURSIT
Table 5 Statistics on the control effects of different

treatment groups on Pinellia ternata

Ak B2 331 UECEER BIARAL %
Experimental groups ~ Disease severity index  Control efficiency
CK 65.63 —

IF 50.00 23.81
CMO 43.75 33.33
OF 50.00 23.81
oC 34.38 47.62
BIO 25.00 61.90

1 CK: TCARAT AR B 138 s TR BRI IEHLIE 5 CMO : B In3S 64 HL
HE s OF : #S i S RE TR s OC - #4812 BE T ¥ RS 2643 HLAE s BIO - ¥%
JAEYIAHUE ., Note: CK: Untreatmented soil; IF : Inorganic fertil-
izer addition; CMO: Addition of chicken manure organic fertilizer;
OF: Addition of functional bacterial liquid; OC: Addition of func-
tional bacterial liquid and chicken manure organic fertilizer; BIO: Ad-

dition of bio-organic fertilizer.
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Screening of biocontrol bacteria against Pinellia ternata diseases and
control effect of bio-organic fertilizer on promoting growth and
preventing diseases

SHI Haijing', XU Mingjiang',ZHU Yincheng®,ZHU Guofeng®, REN Zhuging', WU Jian'

1.Animal Science and Technology, College-Animal Medical College , Huazhong Agriculture University,
Wuhan 430070, China;
2.Yichang Yiling District Animal Epidemic Disease Prevention Control Center, Yichang 443100, China;
3.Yichang Yiling District Agricultural Products Quality and Safety Service Center, Yichang 443100, China

Abstract Pinellia ternata diseases pose a significant obstacle to the industrial development of P. fer-
nata.To screen for superior strains of beneficial microorganisms that promote growth and enhance resistance
to P. ternata diseases, strains were isolated and screened from the rhizosphere soil of P. ternata.Nine strains
exhibiting antagonistic effects against various pathogens of P. fernata, including Fusarium oxysporum , As-
pergillus , Fusarium , Phytophthora capsici and Fusarium solani, were successfully isolated. These strains
were identified , and their antimicrobial activities were assessed.Subsequently , the strains were formulated in-
to microbial fertilizers, and their effects on promoting growth promotion and controlling disease in P. ferna-
ta were evaluated. The results showed that strain 21-2 exhibited the strongest antimicrobial activity, and
identification confirmed that the strain was Paenibacillus polymyxa.Strain 21-2 demonstrated notable inhibi-
tory effects against five common pathogens of P. ternata and significantly promoted the germination of P.
ternata seeds. The bacterial suspension of strain 21-2 exhibited a disease control efficacy of 45.83% against
diseases affecting P. fernata and significantly enhanced the plant’ s height, fresh weight, bulb weight, and
chlorophyll content . The bio-organic fertilizer, which consists of P. polymyxa 21-2, straw-derived biochar,
and organic fertilizer from chicken manure, exhibited a disease control efficacy of 61.90% against diseases
affecting P. ternata. The results indicated that the P. polymyxa strain 21-2 could be effectively utilized for
controlling diseases in P. fernata, promoting its growth, and demonstrating significant potential for further
development and application.

Keywords Pinellia ternata; fungal diseases; Paenibacillus polymyxa; biological control; bio-organ-

ic fertilizer
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