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WE. IR 5 BATE Bacillus amyloliquefaciens PHODG36 & —tk LA ME ffR A EF 0 £ e B hk. &
B 5% LU Bk PHODG36 A 4 A Bk T8 A AR 6 T AR Rk E A @ A, #ad s Xk
HRTEANBHMAELAEZMNE AL EOPH, AR AEEM X IR E /N BH R T ZE A 5
DAEEZRNEBRENLRETEWND Y. XKW, H&H PHODG36 Wl 4hUL A & & &8 K,
TH . ZE A TR Dso b (38.2540.46) pm, pH A (6.65+0.15), W HE R M AL S f L HAL,
WEAT 1.5X10°~2.0X 10" CFU/g. 5 R G xt B Atk 2748 th, A [F R 8 A 200 QL3R 5 AR W o 3
ZMERARE, MAMNEERZOE, MEHEEE THES. FFEBXHEFE KK XY, PHODG36
BRI 1.5X10°~1.0X 10" CFU/g 3¢ & Ji 5 F 3 25555 B 1 46 3K 5 300K 43.08%~58.46%, 3 7= 3= 2k 8.29%~
30.37%; Xy EERIA A ER, HTENT 1.85%~9.0%. ZEMENA, BHRERKEN
1.5X10°~1.0X10" CFU/g %A BB MEZ R L L, FTARNKAR, ARFERHEE. FRERELE
RN EREZRET &, FNZER - REARE) TR EE T A,
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Development of Microbial Agent Bacillus amyloliquefaciens PHODG36 and Its Effect on
Disease Control and Yield Increase of Potato
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Abstract: Bacillus amyloliquefaciens PHODG36 is a multifunctional strain which has significant control
efficiency on diseases and growth-promotion effect on plants. In this study, microbial agent with different spore
concentrations was prepared using strain PHODG36 raw powder as active ingredient and talc powder as filler. Pot
experiments were conducted to investigate potato seedling emergence after seed dressing, and field plot
experiments were carried out to investigate the effect of microbial agent PHODG36 on control efficacy of potato
Verticillium wilt and potato yield in northern and southern Hebei Province. The results showed that microbial
agent PHODG36 had a light yellow appearance and no agglomeration. The microbial agent had an average particle
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size of (38.25£0.46) um and pH value of (6.6510.15). There was no caking and sticking after storage for the
agent, and the concentrations were ranged from 1.5X10° to 2.0X 10" CFU/g. Compared with control and
chemical treatment, there was no significant difference on the corrected emergence rate among different
concentrations of microbial agent PHODG?36 after seed dressing, but the corrected emergence rate decreased with
the increase of concentration. Field experiments in different areas showed that the control efficacy on disease index
of Verticillium wilt was 43.08% to 58.46%, and the yield increased from 8.87% to 30.37% for susceptible varieties,
1.85%~9.0% for resistant varieties, when the concentration of microbial agent PHODG36 were ranged from
1.5 10° to 1.0 X 10" CFU/g. Comprehensive analysis showed that the application of microbial agent PHODG36 at
1.5X10% to 1.0X 10'° CFU/g could effectively reduce the incidence and disease index of potato Verticillium wilt,
save the cost of investing, and significantly increase production. The results indicated that green products were
provided for control of Verticillium wilt, which laid a foundation for the further extensive application of microbial
agent PHODG36.

Key words: Bacillus amyloliquefaciens; potato Verticillium wilt; seedling emergence; control effect; yield increase

LR ZE Solanum tuberosum LR AE SR, TE ORI GKEE. N L. FKRZEREEN
KRN, AR TR R 22 4. RS VERRTE . oMb 25 M R 2 DL R AR P Ml B T T 2 v e 4 A A e
(PR, R, e R 2 8 R e o AR R R 7 R A7 ot L 7, 20 ) oyt A 4 2 T AR 7 1
25%1 22%, fELDR HR AL R 22 A0 240 B 77 AT T R 2 kP

LA S S PR AT B B, R U AR A R R AN, R SR X i TR S
P EAT BN, BFR™ 20%~30%, FHEBIKAE 50%LL b, 7 0 I 4% B (e A i
FIRT, EREPEIE CH . TR . B P80 &b CER. 560 B #de ahipy. b, A5
i B pEg (BN MU AT R AR RIS . B T RE PO SRR AL, % S K A A
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FRVENS 2 AT 1 Bacillus amyloliquefaciens PHODG36 &AL 48 A MRBF7 B R - 4P 0T 55 B b s =544
W5 6 2 56 B AN AR 915 B ke T 58 v 7 06 1 38 AR B R H A RS M VA AR B TR . 2018 AR TR DL B B
PHODG36 NS HIH) 15 14 CFU/g BRIV L rIBmss = EH (Bl R &) o Bk, AR
i3 LI U8 B T AR BEIRCE B ), 200 T A B S48 W s . R, 51
B e LR AR 2T LA, A A A0S L AR S B 0 R 7 VA R RN R 5 .l I A
HSRAFB R T A AR IR, D DHE)T Y R AR i R S S e A R
RS AR 224K -

1 MRE5ERZE
1.1 ##

PRIRR S IL RN Ve B 28 AT IR Bacillus amyloliquefaciens PHODG36 HIT b4 AR MR} 2 Bt w400 R 4 A

TP EEYBIa SR = e, BE, IO E AR R R B S T R o,

%R 5 4 CGMCC No. 13041, E#k PHODG36 5 A SZIG H &L K. WOk TG 3k, FHRE N
1.0X 10" CFU/g.

70% HIEFEAT HE AR PERY AT 3% 25 B 2 A SR A 720 ) i 75 B LSRR AL A PR R AR DI 5 AR Ak
AR PR AT Ak (400 HD g St i ™ il IR ) A2
FARIE T RAR HBHEZ T 45 5 I (PINDSTRUP) 44 2: 1 Ll 78 /iR, Fl Tl s Akt .
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1.2 RIEHFETEEFAMIEREEFNE

YT AR R B RE S5 20 M 2 S AL CLE BB AU IE A IR A R Ab3S, 4% — 2 Lfil7E SYH
YR AHI C LR AR RS A FDIRA A LR EL a0 (B 50 2 ek, w/w): 1 #k PHODG36
JEHS 1.5%~20%, AL ZS 100%. K14 (RIS R B (0 s 7B AR RE 22 1074 107, 107° 548 80 ‘C/K
VAR 10 min Ji5, AR PR VI EOER I 2 IR0 . LSRRI AN 7E 54 CTEIRATH I 14 d J5 %2
B A S PRI RTINS, SR pH VHIIE 57 pH: RO ISE 404 (3G 52 BRI R ) PR 4% Do
1.3 BRIEMFEAEEFNSRELEMNEZI

h T RS B TRl 5 B R RO O R, AT LA LE A PR R AR, 8 AR
TSN )R B35 () TR AT Eh 40 S H BT R o KRBT DI S (RRB 35~50 ¢ HLARUEA 1~2 2RI 517
Pl —E L) O B 71=150:4, w/w) B THRREE -, BEhBHRs), (L5 maEmE b, &1
A THRAL, 25 2 d R T35 AR R 7 (EEAR 135 mmX FEA2 90 mm X & 115 mm) , {Ei
TR, ARG E R, T1: 1.5X10° CFU/g B#AHERN: T2: 5.0X10° CFU/g B AI#ER; T3:
1.0X 10" CFU/g WiI#EFr; T4: 2.0X 10" CFU/g WIFER; LL 70% F LT AT iR R 71 0.1 kg 3%/
BRI AR PR ) 0.1 kg FHME A0 3.8 kg TR G FERI AL 2= 25 FIAL BE, W ATH 4.0 kg Pl SRR AR HE 4 2% (1 0]
M (CK) o BENACEERRRL 10 %, BR75 2 Bho 30 d R A& &AL FE AR, THE0 R A E i &,
MHE (%) = GHHEE20) X100, KIEHER (%) = GEEERHEZ/2 F EEER) X100,
1.4 HiE/NMXiRE

2018 4FA1 2019 A5G T3E R CfdbAa HSR s il 6] SRR 2 vhimeskdy) AsEdbHhIX GRrdbss s i
Wi i AR ELRE 2 AN R 7 2 LA 3T . RARRERRE D IRARKE B F 1.3, A4
B4 WRES, FRRESEAN 20 m*. AR AN BE RN LIEROE S0 8 ERIEK 30 ¥R, REANMERE 4 RES,
PR S LA A EREAR SRS L, B2, 0 20 fdRERIRR, TR IR 1 2 R 25%LLF
W, IR B R AN ) B BB 2 g AEAR 25%~S50% M Fr ks, BRI 4y
AR OB G, M AG LS TR 3 P RHER S1%~T5%M F R, AR R 4 S fl
Bi 76% UL L P 0, R TV SRR ARG . 42 OB TAA SIS A SR 2L S T BRIl ¥ R R

PR DU S R D PR AR, 7R DR BRI A 2 m® IR R, T AR N X
o, PR, A 4 REE, AR SR E &, 55 A =8OR, ST
SIS R RAE R, iR (kg/667m”) =A[RIAF/NX ()77 5 X 333.5, 7R (%) = L
TR EX IR AT A R /2 A IR T X100,
1.5 BEFKITEHH

FIFH SPSS17.0 8 4F, SRS AEAS TRIIG AN F A 36 050 B di 3047 2 57 B35 PE 4347« ] Excel Al Origin
8.6 FRAF AT H i r e H VR 1
2 HREQH
2.1 FRIEMFRAERTINRESRN

& B FIANIN BN R . I T RI4E Dso i (38.2540.46) pm, pH{E N (6.654+0.15) .
FESE T B D SEMBEINT, 45 54 CHEEMPIRGE, w8 HMEPRIRRENIS . ®ik PHODG36
JEUR 2 AR (0 B BIEA TIR AT, S 28 4% A5 BB A0 2E B 4050k 1.5 X107, 5.0X10°, 1.0X 10" F1 2.0
X 10" CFU/g.
22 AREREFEFINSHREWHELHEAOZM

ST T AN ) 2 B R 52 R W SR H B PRI R I, DU IE H B 238 0 PRI FR AR 45 SRR B, AN ) 2 M Ak F55 A B 1)
BEIEH TR MM 110.57% 100.96% 93.27%- 81.73%, AL2F257 AT RS IE A4 90.38%, 45 X
W IEH 2 100%. 7EBE A FOR BN, RIEHE RS2 A E 2R B 2 7 2 AN
F, HEHIREE N 1.5X10°~5.0X 10° CFU/g IR IE HY B & m A AL PR, 700 B vk B A8 0, A% 0F
R R Rt H 1.5X10 °CFU/g #12.0X10 '°CFU/g /b B2 B 2% 8% (K1) .
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CK xof 2 Tl T2 T3 T4

7F: TILT2.T3 il T4 43 HI4L% 1.5X10° CFU/g. 5.0 X 10° CFU/g. 1.0 X 10'° CFU/g 1 2.0 X 10" CFU/g B HEF  FIEFEATHE 0.1 kgt P /B 25 0.1 kg+3.8
kg IATRY/150 kg Pl B HERON AL 207 A0k 4 kg/150 kg F#ER 0 X A (CK) 5 FRE.

Note: T1, T2, T3 and T4 represent for 1.5X10° CFU/g, 5.0X10° CFU/g, 1.0X 10" CFU/g and 2.0X 10'® CFU/g, respectively. The mixture with 0.1 kg
thiophanate methyl, 0.1 kg zhongshengmycin, and 3.8 kg talcum powder as chemical. 4.0 kg talcum powder mixed with 150 kg seed potato as control. The

same as below.
E1 FRERE PHODG36 BHxT HE IS0

Fig.1 Effect of different concentrations of microbial agent of PHODG36 on seedling emergence

2.3 HEFIRIBRIE SR M

2018 AP & P S R R 45 R W], B S BRI T S i Ao R A s fe A, HREE 1.5
X 10° CFU/g X s Bl “ 47 157 SEZIR AP BR N 39.02%, SAFZAIIBTIIG A (44.89%) 25~
B 2018 AR PGk AR E 45 LW, Wi 1.5X10° CFU/g Rk 25 714k B 17 72 B3 3l
2725.14 F12617.63 kg, 145 ARG 2440.96 kg, 770510 11.64%H1 7.24% (£ 1) .

%1 PHODG36 EHIMBFHEA~HR (=15, #AMEE>L, 2018)
Table 1 Effect of microbial agent of PHODG36 on disease control and yield increase (Helan 15, Xizhangtou of Quzhou, 2018 )

AbE V3 ES K VIRELEN [ L S
Treatment Incidence (%) Disease index Control efficacy (%) Yield (kg/667m®)  Yield increase rate (%)
PHODG36 27.50£3.33b 14.50£2.17b 39.02+3.25 2725.14+2345a 11.64
HIEAEAT AR R 26.24+2.53b 13.11£275b 44.89+538 2617.63+£38.03a 7.24
Thiophanate methyl+zhongshengmycin
CK 43.84+4.07a 23.78+347a - 2440.961+45.67 b -

W FEEIREA RN FRR R EREE (P<0.05) . FH

Note: Data in the each column followed by different lowercase letters indicated significant difference at 0.05 level. The same as below

2019 FFAE 37 ARSI 21 38 2503 10 K A2, BRI Sl Bl A 157 0 PRI RS 1 P ) &5 SRR
B AIERF R ETE R A (1.5X10°~2.0X 10" CFU/g, T1—T4) , WEZERRIBIERS K 58.46%.
52.31%. 43.08%F1 27.70%. BEAIZEACHKE (1.5X10° F1 5.0 X 10° CFU/g) I & T4 2 24 70 kb B 14 177 96 200 R
(44.62%) 5 Bl 1 7 2E O (0 _ETHB VA A S0 R a3 07> 85 1, WK%l 2.0 X 10" CFU/g
=g AR B ZE AN B, (s T A AR BRI 2R (4.77%) 5 LA g A AL 2R R
i TR I, 82550000 13.37%. 19.38%41 16.59% (£ 2) .

5 1 JE SR RSB L ARSI 2 B R i R A eSO T, R Rk L i F TR R 5 SRR B, R
SN B B B AT AR (R P R, T T 2 R R B P R . AR E N 1.5X10°~2.0 X 10"
CFU/g I}, 775 AF 1.85%~9.0%; Hrh 40 FIH)% H 1.5X 10° CFU/g 87 RO e i, Bl 811 24 M 9k
FERITE s B2 BT R B 7 i P v Sk () R ARG 45 AR I, WA 8 S 7 S R P s R T 0] T
2i5]. WHKREE N 1.5X10°~2.0X 10" CFU/g It} , 74+ 8.87%~30.37%; Herf 448 FI % H 1.0 10"
CFU/g I}, 3= e (R 3)
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%2 PHODG36 HHIBIFREAHR (=15, EifkEE, 2019
Table 2 Effect of microbial agent of PHODG36 on disease control and yield increase (Helan 15, Pailou of Weichang, 2019 )
hbE BRI I I T L IRELEN R LIPS S
Treatment Incidence (%) Disease index Control efficacy (%)  Yield (kg/667 m*)  Yield increase rate (%)
T1 28.89+9.56 b 22.50+£11.80d 58.461+10.79 3179.05+135.03 a 13.37
T2 30.00+14.40 b 25.83+14.77d 52.31+7.67 3347.46+96.33 a 19.38
T3 36.671£16.56 ab 30.83+12.60 ¢ 43.08+5.89 3269.19+105.67 a 16.59
T4 47.50£595a 39.17£4.53 b 27.70£8.36 3036.531+235.74 ab 8.29
FREFEA T AR AR 3222+4.16b 30.00+2.72 ¢ 44.62+5.02 2937.894+205.16 b 4.77
Thiophanate methyl+zhongshengmycin
CK 58.33+11.67a 54.17+13.08 a - 2804.071+198.01 b -
%3 PHODG36 EHIMIE=HR (2019)
Table 3 Effect of microbial agent of PHODG36 on yield increase (2019)
b HgBk i (722 14) PRk (724 15)
Treatment Taoshan of Weichang (Helan 14) Xizhangtou of Quzhou (Helan 15)
e i i s e
Yield (kg/667 m®) Yield increase rate (%) Yield (kg/667 m?) Yield increase rate (%)
T1 3226.44+318.72 a 9.0 3220.55+463.11 a 8.87
T2 3206.061+423.71 a 8.32 3495.691102.04 a 18.17
T3 3014.64+173.68b 1.85 3856.47+451.74 a 30.37
T4 3049.83+357.69 ab 3.04 3251.63+233.87 a 9.92
FEFEAT P AR T 2695.85+372.81b -8.92 2871.89+299.39 b -2.91

Thiophanate methyl+zhongshengmycin
CK

2959.92+271.09b

2958.04+£106.45b

3 1ie
4 M1k, BECEICHAEMRIAE BN 2@ 50 Fr, Bl e e 1200 4. AR e C
NG B R W AR AR 29 5 B, Ar A BRI B B Beauveria bassiana 7k 254 MUATBE Bacillus
thuringiensis~ 20 A5 2EMIAT B Bacillus subtilis 17T 77y, AU A 24 50 Bt FAp A 2
PEHHIA T AR R M FH O EAR R S K. B s X A, R B N O SR
Fo A L s g U0 AR T B A A B S IO A S ST AN S, AR e
ReBE RN AEWARL), DM AR AR 2 BT BRI &R, IA Bk 7 A 24
JRE ) H bR

VAT, AT THA% 2 5 DO R AL 2 2GR RIOR BT I Th 4% 2 Ak i, a3 U 1 2
2.5%M& T i BRI (300 mL/150 kg $EFH) FT 10%05 B SR IF ] (37.5 mL/100 kg #EA0) X 44 2w 35
TRB R L] 50.20%K1 35.50%. i T e A5 Sk Hh 22 1 8 D6 A P AR P B IR e 27 22 0 42 SR 2 ol
I BBE B R . AR, 2016 R IR IR EE S 22 (W28 1L Gl ATk — 2D 4 T S8R k=2
T A FH A2

FI I AR I ) S B 18 AR08 S A s it 2 — 1), Uppal 26U HE S0 B B vA SR8 2t %
W, B IBha R . BNSSEPSR AR B Trichoderma harzianum 150 i BCE IE /it 45 & H
JERRERT VA SR T, HBTB0L 72.60%. Hadrami 25 PUHIF 5T 26 B A= 97 40 81 1 Rk 11 70 €4 7 2%
BRAR T TH 4% 2 2505 1 % A RO S PR 3. IR PSSR A B R B Trichoderma spp M-17 T B
Pl kb BER 2, AE R[] X AL B IR R0 0k 52.14% 1 62.14%.  HI 55 255 ik % Py 7 ik i
Wit R He by 27 AT B B, tequilensis % Ty 8% B R BT 0 A RIS ] 60% L 1o ARWEIEHIL W T filf iE
¥ 2 UM i PHODG36 B A I T2, Jiad = P Rkl W 17 A [R] 28 e S5 B 0] S 28 2 L
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I5em, 45 LW, ERFFORIETEHE N (1.5X10°~2.0X 10" CFU/g) , KIF i % 5 4% o0t i 2 ] 2
SRR,

TR E GEEE. MR BRIUE) « EWE R AL AEROR YL AR SR SR R R I N e RS 1A
EMIRIEAEBE ST, NI S M B AR T R BB R P20, A R R I S 4 SR, RIFRIMRE (1.5
X 10°~2.0 X 10" CFU/g) [ 1 771 Ak b 2 I3 36 T3 ity P 24 15782500 (BT I8 28 - AT 27.70%~58.46%,
BE TR AU E T R, DR R R, M X PR G 1 R DR ) B A R PS8 1A o 9148 FH e 5o 3 2 )
BRIAE P AR AR e M Bl e T I A S R T, AR TR I g A 2 AT A [ R A B A B S X
BRI RETR SRR AR s . AEFRSA Rk, PUR SR 22 14 RRATEZER, HE A G R
=R, BT 1.85%~9.0%; 18 MR PE Sk, PR R s i B A R AR B 00, 0 L AR S )
FAT 8.87%~30.37%. HIZHHIX & T mifgdh (KLY 1200 m) « it HiX . Lk ZAEMR AR, 8O
T TR 0k A A X s TR (R 40 m)  MELEZAEFRAR AL T R AI R D50 2, W2
MU A L L B E 2, P SR RO AR R AR T . DR, SRR LA
SERN T [ b T B A T R (0 B ORI o AN [ Hb DX AR A6 4 AR W, AN R R P 1T
PHODG36 B FIALER f5 BEAIG T 2 2590 I AW R R Fa 4, SOREIE m DR . 25025 I I A A
2, I AZEIREAE 1.5X10°~1.0X 10" CFU/g I T84 2 BAT R I BB 72 2 i . tbdh, T AIAE
WFUHEVER A (1.5X10°~1.0X 10" CFU/g) , P& Sisdeph Ll 150:4 (R , X ik 3
I 817 V3 R B L e S T A [R] PR 2 S o AR T T e A T ) P ) R R TR AU A [ 2 15 e IR 31— 3
(25 B R FRE— 5T

R4 PHODG36 W FIE T4 2 R I B 1 B s s R = VR, AHSZ545 2% BT VA 6 S 1 A9 R
A BRI EOR . TIERRE L A RO R R R B R, TR TS I Y R, A
TR FE TR B 5 AR e« Ak, SRR JE o IR R . B . RS I S e T T AT £
bW

& % xx #f
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