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[Abstract] Objective: Experiments on biological control for soft root of Pinellia ternata (Thunb.) Brei were
carried out to explore the green control method for this disease. Methods: The 16S rRNA gene fragment of the pathogen
was amplified for identification, and the biocontrol agents were screened by value assignment method and greenhouse and
field experiments. Results: From 2011 to 2012, the symptoms of the soft rot were diagnosed, and the pathogen was
identified as Pectobacterium carotovorum. In the next two years, the mixture of three strains (BBS) was screened out from
15 kinds of biocontrol agents and products, which can effectively control the disease. Meanwhile, the mixture was registered
as microbial fertilizer "Ningdun". From 2015 to 2018, experiment on the usage and dosage of "Ningdun" and field
demonstration experiment were performed in different areas. In 2019, "Ningdun" was used in the green planting system of P,
ternata and showed remarkable effect in controlling the disease and promoting plant growth. The control effect of "Ningdun"

on soft rot was up to 88.7% as compared with the control. In addition, with this biocontrol agent, the emergence rate and
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bulbil differentiation rate were 52.8% and 65.7% higher, and the yield was 21.43% higher. Conclusion: The soft root of P,

ternata is caused by P. carotovorum, which can be controlled with "Ningdun", a mixture of three biocontrol strains.
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TR R, ZE N HORAIE T ARz, AT N Il o Al AL T
BRIG A= s C. 2 BRI M)Ak o

E1 $EERKESKRREREZFER

2629 bp
1550 bp

7 : M. Marker (15 000 bp); 1. BX23 JE[H 4 DNA; 2. BX23 16S
rRNA PCRY#774); 3. EHEIK pMD-16S rRNA; 4. B2 (K pMD-
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6.7%. 3.0%, i CK } 46.7% F126.7%, “TJ&"
Ab 3 BRI R B IR A0 K 88, 7%, 4R
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R1 SRERHEHRYFERERRRY BX23 KIS N

X AN IS AR T TG 1 TR SR PEAS I
o i Pectobactorium c LT RN gy Wi
ectobacterium carotovorum — Fusarium sp. G E G R
2Rel7 Bacillus pumilus - - - - + _ 1
1Re36 B. pumilus ++ - - - + - 3
2Re8 B. pumilus + - - - + - 2
2Re3 B. pumilus - - - - + - 1
2R100 Paenibacillus favisporus + - - n - 3
JCO3 B. subtilis + + - + + - 4
2Re31 B. pumilus + - - - + - 2
3Re62 B. pumilus + - - + + . 3
1Re3 B. sp. WL-3 - ++ - + + - 4
AGl11 B. amyloliquefaciens + - - + + - 3
1R87 B. amyloliquefaciens + - - + + . 3
1IR30 B. amyloliquefaciens + - - + + . 3
ARI156 B. cereus ++ + - ++ + - 6
SM21 B. subtilis ++ + - + + - 5
XY21 Serratia sp. + + + - - . 3
ARI156+SM21 B. cereus . B. subtilis ++ ++ - ++ + - 7
AR156+XY21 B. cereus. S. sp. + + - 5
SM21+XY21 B. subtilis . S. sp. + + - 5
AR156+SM21+XY21 (BBS) B. cereusi. B.subtilis. S. sp. -+ ++ + ++ + - 9
X} . : S

T+ NIRRT R 0 B PP A 0~3 mmy ++ 3R TR B 0 B 124 3~6 mm; +++FR N BB B B4 > 6 mmy - SRR AR 1
B

F2 HE/PMRREFZAEI LB HREELR =5

b3 FRFJ7 A B> em BREEROHC (s) /4 B 36553 % pei (Xks) /gem ? HEPE R %

BBS 129+43a 84.30 308.17+90.72a 35.70
JCO03 110+£34a 58.51 296.77+43.21a 30.68
AGI11 109+28a 55.71 285.74+50.62a 25.82
AR156+SM21 114+£21a 62.86 270.64+42.33a 19.17
ARI156+XY21 107+18a 53.45 265.38+53.33a 16.85
E 108+31a 54.29 239.134476.16 a 5.30
SM21+XY21 100+12a 42.81 238.57+46.23ab 5.05
77Ze23 93+14a 34.29 227.98+31.20ab 0.39
AR156 85«tl1a 21.43 221.33+29.45ab -2.54
1R80 88+16a 25.71 213.63+40.43ab -593
SM21 66+8b =571 173.83+31.43b -23.46
2R100 78+9b 11.43 171.95+25.63b -24.29
3Re62 78+11b 11.43 169.86+30.66b - 2521
7Ze5 69+7b - 143 162.68+23.82b -28.37
CK 70+15b 227.10+£50.55ab

e FSIARRIFHERIR P <0.05; F£3~5F,

R3 2016 FEEZREBBS B AMEXT FEHBRRMLEZHR (=5

Ak 3 WE/CFU-mL ' BFrR A emBEERECE (Gess) /4> BIIARICR/% 7R Gits) Jgom 2 HEPR%
BBS 1x10° 112+18a 49.33 269.74+38.69a 15.03
1x107 132+34a 76.00 294.49+21.87a 25.58
1x10° 130+31a 76.67 293.1320.64a 25.00
CK 75+15b 234.50+22.70b

+ 1958 -
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F4 FRALEXNFEEHHFRERIR =5

IR EMEE % PIRRUE% 7o (Bs) /gem T BETEE%

ikl 19.90 44.26 247.60+43.60a 9.80
Jrik2 14.88 58.33 255.99+38.67a 13.52
Jik3 12.30 65.54 274.37+41.99a 21.67
T4 6.00 83.20 292.90+52.43a 29.89
kg 15.23 57.33 258.08+37.20a 14.45
CK 35.70 225.50+34.52a

L7 =TI o N B o o e S B R S N 9258 7=
o, HEE A ZRZF Sk R R A BE RS S B
52.8%. 65.7% f119.2%, FKUEH “TJ&” fefe
e EAAE G, R X BRI o A R AR
W2 RFAER LR FEETEIE, K
CTIET AR UM B A A, AE A St e
femEE i,

BR8-S ik S ok E, TR
AbFE 240 d f5 2R H RSP EZE N 1. 61 cm, P A
7650 kg-hm *; i CK P EHAE N 1.49 cm, j7itH
6300 kg-hm *, FEAH[FH R T, “T)E" AR5
PR 21.43%, ZiA LRI EE 0, “TIE” #SLEE
AR EERADEA T WRLE | BB a AR g,
BRI w2 2 0 6

4 itig
N F B F M R EARER

NIRRT, T BUK ZRARE IR AL, 2R
OB B R R A 7y B 4 R s ELAT SRR

“UE A

o Tk 1 YR E RUAS R R Y AR, R AT
HOK TAE T+ EZ . EWMEER T, B
W2 A 50% S S HRR WP (TH I R ) .
0.3% M5 R AS. 3% A% = WP (BT i)
20% WEARH SC. AL IE . 25% Kop R WPAF, (H
F 2R Z AR, A Y45 5 18 i 245
Fo JiAh, TGRSO R R AR, W]
RESZI HALA w5 Y, BRI YRR 451 .
HIL, SWAR. %4, TENEYBTG I SOk E
3K — 9 o

i e E A 2505 8 s o, FRE E s e
T B IR 6 1 7 S 3L 18 b, o AR 25 4
T, 4R B IR KOS A Y A R 2 AT B
subtilis, WHAEFEEEZRL@ENM (National Pesticide
Information Center) =& fEZIH KM (http:/npic.
orst. edu/NPRO/#) ics%, HETHA M H 1B 5 4
PERRB G 177 S 3L 200 R, o A B R A 21 F
NFRERS AR B. amyloliquefaciens FURS 5 2FfIAT
W B. subtilis 7 iy, {ELBH V65290 3 A AL B 7 il 22T
Tl AU, HATE N AN L AR T RO e
YA 7 7 i ZH PR — - BRI B 38O R 1 XU
62 2R B B L AE B iR e A A B R R
JZS ],

B PR R e T FR 2 A A 22 I P TR R
R HMEE S, HA Dickeya spp. Hl Pectobacterium
spp. IR ECH )z AR R R . D. zeae 7F
T L RFEMEEYEN, Sl ES. |

K
E3 “FEAI208 d EXTEEAE R & H R

K5 “FH” BEISIXMEEHRENRE (n=100)

AbFR ME Gits) /em R K (Xes) /em 442 SPAD{H (xks) BRI (Gts) /% SrBEEC (s) HHTR /%
“TIE” 7.56+0.18a 3.51+0.082a 51.6+0.81a 30.0£1.51a 4.09+0.16a 79.9
CK 6.79+0.11b 3.18+0.06b 50.7+0.61a 18.1+1.21a 3.43+0.14b 52.3

+ 1959 -
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ZER G AN SRS Pectobacterium carotovorum subsp.
carotovorum (Pcc) W LATE UK . B85 LK
B 25 K KA & Typhonium giganteum R JE R,
AHRE, BN S E T WL LR G T B
K2 B R Y N Pec™™, ARBFSTIER T 5 R
A6 DL Hl X B 56 5 (4955 i 18 4 Pectobacterium
carotovorum . TEAWI BTG 7T, W 5¢ 3 W1 ik E By
SEHAT I B, amyloliquefaciens T A% X T 4% 25 BRI iR
& Pectobacterium carotovorum Ftk 11 16 HLA 5 Hi4E
A, B. amyloliquefaciens KC-1HEA %A Pect LAY
KESZRIE ", Maciag ZV I & 1 1 5 A= By B Bk
(S. plymuthica A294 . Enterobacter amnigenus A167 .
Rahnella aquatilis H145, S. rubidaea H440 F1 S.
rubidaea H469) il 5§ 143 5 L 77 7T dd 25 PR AR S 44 25
R0 G  7™ E ERN A % . XSRS IR, AR
B TR AR 2 45 P AR Ry — T A s B i SR

38 1o 22 AR B A RN DX e 1, AR Y b
TS A A B TR A A B RO, O AR A ER T 2
AT B. cereus AR156. A5 ZEHUAF & B, subtilis
SM21., VEINES. sp. XY21 MR “TJE". AR
L Fi AR AL A 22T I R I R 2 M SR R AR B
I e TG XA AR R s B A e A
WRWHEH 75 Lohm 27, IF R BUAEZW /] T
JE™ X i S AT HEAR AT G VR I AE S o el R AR
FHM, PR AR SEIE R A IR, AR CE
J17 38 5k v AR A 3 e T M i A R A it H 7 VA AR
“PEOCECR” WA LACR L AR, HIE
TH 5 PR AL HEE 5 0 7 L B iAo B PR R AL
R ES, RygE w2 L iRy
B RSO R, E R E SRR AR, S
SRR FE S, A RN AL T R R A
HRWE T T SR R AR+
Wb+ 55 S H R AT I B A 1< 10" CFU-mL '
N BRI TR T A R AR AR A, IRBE AR
R ATRER K . HEBEK . RH. IER, LIS
FlORFEAGRE & 48, PR e 5800 AT 7 AR K0
eRY, THTMRZESH LAamREW, 2hHE
RAEHIARY o R RV R, TR IS
PR, (BRI T A P e 58, X i al LA
FF T R A 2 B T B ) e b 22 Uit RO A

HCKAMW, “TE” AR EEfEgE . i
AR EEBMER G bR LA, AL H

- 1960 -

AT, TR BB AZY, 2RI IE R
M b AR SR ZF AR A, AR C/NHRZET YR
IR CHb BHREET B R, HEI TS AbEERT LA
P b b ERHEER A, D4 ol B R
FEA S B rh P o AR . SE R R e
KRB, CTIE” AL PR R B PR X AR ) B
%, MR AR PR ZE Y AR K K R AT o B
SR = 25 /R B, T JE " BB WOGR I
PR mS &S T CK, WL T “TJE” fig
R I ETE AR, ARG GERIRDE S R,
AT 8 242 5 77 i AR . ARF R 2 T O
% 78 N Pectobacterium carotovorum, R “TJF”
X2 BRI BLAT R B IR SR I RE B R
A 0, S AE I 0 A2 ) 7 v R A= B TR A Y
AR AT AT R AR B
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