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Abstract: In order to screen out the optimal proportional ratio of Bacillus subtilis HMB26553
and B. amylolique faciens PHODG36 for growth promotion and disease prevention in potato, in
this study., the growth-promoting effects of different proportional ratios of the two strains on
potato germination and plant growth were determined by seed potato immersion and pot irriga-
tion experiments, the inhibitory effect on Verticillium dahliae and the control efficacy on potato
Verticillium wilt were explored through the inhibition zone test and pot irrigation experiment.
Results of the growth-promoting test showed that combination 6 (HMB26553: PHODG36 =
50: 50, V + V) exhibited the best growth-promoting effect on potatoes, the germ length of seed
potatoes, the plant height, stem diameter, leaf color value, plant fresh weight and plant dry
weight were 3.37 cm, 20.75 cm, 20.26 mm, 61.71, 9.54 g and 1.05 g, respectively, All indexes
were significantly better than those of treated with single microbial inoculant and control. The
results of antifungal and disease prevention experiments showed that the diameter of the inhibi-
tion zone of combination 6 on V. dahliae reached 21.33 mm, meanwhile, the control efficacy on
potato Verticillium wilt reached to 46.90% , which were significantly better than those of trea-
ted with single microbial inoculant. This study determined the optimal proportional ratio of
B. subtilis HMB26553 and B. amylolique faciens PHODG36 for growth promotion and disease
prevention, providing a theoretical basis for research, development and application of compound
microbial inoculants against Verticillium wilt in potatoes.
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(V. nonal fal fae) 5| &1 A& HeFp L 1 408 A0 F 0, TERE NS WL, Hlr, T 25
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A7 AR A, (R A NS R R W AR R B T A BB AL 3 M R A R A
FEAR M A= 77 v A5 3 Ok bR 22 1 DG V. SR, T B Ih T S T U N 0 SR AR R R D
PR o 0 55 20k 20 Joe B 4% S B S e A S (L B A BRI 9. A iRE R W] 2 BT B X 4%
ZE005 HLA BEUF R B VA ORI e g T R T B — A T R TR E BTG A RIS 2
TIER 2R R LA, S i B TR BORBEARSOR R AU DR, DA 2 kA Bl A TG HE
YLG B IR Y AR 2 Y B ST RS 0 2 AT R A0 F-1 R0 D-3 TE bR R VR C L 4 A
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B ¥ FAR A RORE 5 WA DG A By 1A C L 46 By TR B 8 5 8 SR 1 O S RGE B b BT OE R
B, LUK ROZE AT B HMB26553 T8 bk LR € B 28 AT 1 PHODG36 B Bk A7 R0 43 BF & 1Y
30 {2 CFU/ g ZF MUFF T Al WM b 00 B 05 A5 R 9 16 B0 4% S 8 55 LA — o I 3G ™= VE JH A L B il
b RFFTEIRR T 2 AR R B 4 A % S AR A VR . SRR AT T X S il b 41
£ X T A TR A 0 A PR Bk S S R SR R B IR AR Wi — S IRATTE R 2 AR E A
A= T R BT TR D A S 2 AR LR A AR Al

1 MBERZE
1.1 ks R
L1.1 AR A

A= W7 AR R ZF AT B HMB26553 . fFUE Ry ZEMUFF 18 PHODG36 DL B AR 1993 i b A i 8 B A (Ver-
ticillium dahliae) ¥4 {1 A6 LMBL 7 BEAE Y DR B AE 55 B AL W o 3 A= W0 B i 52 46 28 0 B O R AR AT
1.1.2 BHX LA F A

B RS R R W A ROl R A A .

1.1.3 AR i

LB AR5 B A 10 g WK 5 g NaCl 5 go H,O 1 000 mL, pH { 7.0~7.5.

LB AR 5. EEE 10 g, MK 5 g. NaCl 5 g, Bil§ 15 g H,O 1 000 mL, pH {f
7.0~7.5.

KB B FR 4L . BllE 8g. H.O 1 000 mL.

PDA ¥ig% 5. T4 5 200 g, AW 20 g, BiE 15 g. H,O 1 000 mL.

PDB 373k . 4% 200 g, Hj#4 M 20 g, H,O 1 000 mL.

MR PDA R SR2E. S48 5 200 g, #%0H 20 g» B8R 8 g2 H.O 1 000 mlL.

1.2 ik
1.2.1 HMB26553 B # %5 PODG36 @ #k A8 5 Mm%

W R AR HMB26553 B k5 PODG36 HFRTE LB B4R RE 77 A B iG 1k, 30 Cad
WHEFR G PREC 2 AR R E T 5 T LB A 2R B As X RIZR, 30 ‘CH 9% 24 h R, MR
2 MR R R K SO, B 3 K.

1.2.2  RE B LA R Bk o 4 &

73 PRI HMB26553 BBk Al PHODG36 B Bk 1Y B V& 22 A T° LB WK 85 57 56 (250 mL 3%
W 100 mL) A, LA 30 °C . 180 r/min R 5% 12~15 h, Hl A F k. B 2 A HE R 3 R A+
2 2 %0 B3RP HL A4 S AP T LB WA R 35 5L (300 mL 2 100 mL) 1, LA 30 °C ., 180 r/min
PR iR 48 h, 1358 2 AR R B SR AP AR B 75 T B0 8 2 AN TR B 0 R S R O S T K
S HEBEZ 10° CFU/mL, % BT RA RN L BH#EATR I (R D, SRR EC I H & AW, &
T E A .
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F 1 HMB26553 E#k5 PHODG36 & #k B bk bk 51

HE HMB26553 : PHODG36(%, V : V) HE HMB26553 : PHODG36(%, V : V)
1 0:100 7 60 : 40
2 10+ 90 8 70+ 30
3 20 : 80 9 80 : 20
4 3070 10 90 + 10
5 40 : 60 11 100 : 0
6 50 : 50 — —

1.2.3 XmHAEHAT AT EFRYHE

W ORAF R I A8 A 7E PDA 53R 5P A Bisifb 3558 6 d J5 . 4THUE AR 6 mm HYTE &%, PRI
5~6 HF B A 200 mL PDB Hi 3R 50 =M+, F 25 °C. 180 r/min F&/F T HE 45 6~
7d, AR MR R E] 10° N/ mL B, # H.
1.2.4 REBRLAES L BERN LS EFEHEGH A

Poke KAN—2, WA 1~2 AN ZFR1Y DR EEERE TR AR (ER 15 coo 23050 A
HMB26553 Btk Al PHODG36 B kA [ BC e 2H & & B, =360 30 min, PO RF B I T4 5 & T

T 3WHEE . HEFRIE T 25 C AN TAMREHITRIERFR, 25 d 5 DR B &2 R LR K.
1.2.5 R B 4L A & Bk AT B A e AR A AE R AR

Poik KAN—3, WA 1~2 A ZFIR A S8 S 7 A Fh T4 500 g TUHIE A WAL & (A0
HAE: ZJKHERA  m=18 cm : 13 cm ¢ 15 en) W', BEAHEFN 10 Wi Fp 7, 43BIBEHE 400 mL A[H]
PCHOZH & R TR ' TR E PR IR, IR A& LB MRS R IR X IR, AR 3 4 I &
HE A BN 6 d AR L4 & LB 1w, SEueiti 4 WK, fa —IRBEHE 7 d KJg (A #%
Fi 25 WA . 2R oF R i (L R R S R ST T . bR R T TR
it Hor, i A, {E (Soil and Plant Analyzer Development, SPAD) % JH] SPAD f# #5 2 - £
M E AL (SY-S02, A KL R A R D #E707E .
1.2.6 FRBELASXBRNLAHEHER I HER

SR FH AR AR L2 B 5 B 10 58 AN W) E b 45 R VO B 48 S 25 R R VE . 8% 10 mL
PDA 85 38 BB AT B R MLrP AR R 2P A4 5 78 100 mL 2t R PDA B imA 2 mL K
I 276 6 TR 43 A A - B R R (10° AT/ mL) . RS G BIE T 2 il LAE R 12 A6 il 28 47 i XL
JZ Mo i 1SR A AR, A 150 pl AR A A R B UL LB AR 3R 54E N
PR, BRALER 5 A, 25 CHEFR 5 d JE WG TC be 20 G XTI S AR T A AR T JFRL
A SO A T B Y B
1.2.7 REBLAE LB R L HEFFRATEHLR

R AR AL PP A R C b 4 G & TR VT T A% S 3R 0 1 Bl A SR Pk R/ —
WA I~ 2 AFIRN SRR A A E TRAFAER(HE L EE=1: DL,
BEA R 10 BiFh T, 20 BIBEHE 400 mL AFIEC A& Z B . & T 25 CHN TS PR R
PIDEA S LB RS SRS 5t B, A2 3 AR, WA 1 4, MR 10 d Deit 1 &, 3t
Beti 3 UK. RIKGEN 10 d 5. 7E SR BT 2 con AL FHBEAR I RSV — B8, B THEA 2 L
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R A8 A B 43 A A6 F B TR (107 N/ mID) R & (K + 98 ¢ B =42cm ¢ 30 cm ¢ 12 cm)
R 30 min, BUHIFE T 25 CATARME T, ShE8eH5% 21 d e, M5 R RkiE 58
TSI R A L IR T T HE BOR B AL 1 4 E = = O < A I R B0 / (4 X
RED X100, Bl 8% = O BRI 155 48 £5 — A 3995 155 48 250 / XoF B 155 48 £ < 100 %%.
1.3 #H\HITE5HH

K H Excel 2016 1 SPSS 19.0 A #EAT G0t 70 0 R B OB B i 25 6647 22 7 o 35 1k

2 ZERE5H5WH

HMB26553 B #k5 PODG36 B k8 & 14l &

HMB26553 Witk 5 PODG36 Wbk AE R — LB Pt b iF 17 R4k 5%, 458 %0, 2 k40
TRI T R 0] 4 855 3% 19 38 S B3 A R R BB I ) A BRI R I 42 . DB I 2 A TR RE (] A KBRS 52
(. Bt P9 AR ] A2 R mT ARG L A .

2.1

PHODG36 HMB26553+PHODG36

HMB26553
HMB26553 B # 5 PHODG36 Mk £ R —F# Loy 2 Kk

A1

22 AEAMIEAEGEEBANSREMERLNZIE

FE S BRI R R T, AR L & R R AL B . Fh i R R A b B 2 W) A
HUEZES, SXEM IR A BEME S, HAA 6 MR kR B 16.67 S EH 48
ESREMEFR I, A6 6 MR 27K B m (3.37 cm), 5HIE 3. 4.5, 7 Al 8 A i
EMER, ABES FHAMB LA G X WG 1 MAH 11 0 B 5 5 b #5552 &
50.66 %0 A1 50.98 %, L RE$E S 113.48 %0 (& 2).

100  ®iFRFE oK a a 4
a a a a
90 r a a a a 35
80 ab ab M
ab 3
70 abc be be
60 be 25 o
v 8
g sot M. 7 Y
R 40 1.5%
30
1
20
10 0.5
0 0
1 2 3 4 5 6 7 9 10 11 CK
AbEE

A 2

T ) B b 2B A K B i xT B A E K 0 R
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23 AEAMIEASEBRNSRENREER

AN LU 206 R T T B S B i bk v o 2R I e (e (L R R B T T L AR fRE TR
 HAA AR AR B AR AR (R 2).

TERRES I . A4 6 MRk B . 183 20.75 em, 54 A 5 B9 19.72em 2R AR, HE
EFE T HAE LA G R B A 1 LS 11 syl 4 18.72% 1 27.21 0%, B X IR
30.05%. fEZERL W, A 6 BZEHEHL, N 2.26 mm, 54 & 4.5.7. 8 M9 LR EMEER,
0 2 THA L L2 A okt B FRAl A 1 R A 11 4304 54.79 Y0 34.52 % » LR B4R &
50.67%. TEM M- @(E )T, HA 6 Mt f R, 55 61.71, 5HAE4.5.7,. 89T
BENHES, BB EFH T HMAE LHS LM, A 1 AMAS 11 5045 32.87%
16.83 %, bt B4 R 31.53 %6, FEAE AR T 0 5 1T » A 6 AR AR fF 5T S AN T A X e . A3 R
9.54 g 1 1.05 g, HAE 4.5, 7.8, 9 10 %A BEHZES, B ESTHAMELAS X
WE G MERREE, TR LA S 1 B 92.95% A1 61.54% . LA A 11 40425 52.64 %
59.09% . HoxF HE 43 il 2 55 71.89 % Al 101.92%. FEMR i Jrim,. A 6 MREE T fm, N
1.13 g, SHME AR LR EEZER. (AR TR, WX MG 18.95% A AL 4l
AR TREY TR EEZR, HhAE 6 MR8, s 22.22%.

F2 TAEBREEAAKBRNOLENREER
AbEL BRE/cm ZEH/ mm MR AERREETTE /g MIMRT RN /g MREETIE /g MRTHE/g
1 17.48+1.01def  1.46+0.37d 46.4443.82d 4.97+1.40b 0.65+0.20b 1.00£0.19ab  0.09+£0.01a
2 18.14+0.52cde  1.67£0.29bed ~ 50.8474 2.93bed  5.65+1.92b 0.61+0.20b 0.974+0.06ab  0.104-0.01a
3 18.87£0.18bed  1.7540.26bcd  49.08+3.33cd 5.6941.00b 0.6640.08b 1.0940.03ab  0.11+0.01a
4 19.1040.58bcd  1.97=4 0.18abc  58.98+7.37ab 6.671-1.76ab 0.8340.26ab  0.96+0.13ab  0.09740.02a
5 19.7240.43ab 2.064 0.13ab  58.80+0.92ab 6.98+1.73ab 0.73+£0.09ab  1.0240.02ab  0.10+£0.01a
6  20.75%0.14a 2.26%+ 0.30a 61.71+3.67a 9.5440.36a 1.0540.14a 1.1340.02a 0.112£0.00a
7 19.38+£1.18bed  2.164+ 0.36ab  55.55+2.75abc  8.0340.45ab 0.8340.0lab  0.97+0.06ab  0.0940.01a
8  18.35+0.48bed  1.9240.20abed  55.10+2.14abed  7.6740.51ab 0.8540.11ab  0.97+0.07ab  0.09+0.01a
9  16.91F£1.28¢fg  1.88740.18abcd 57.73+9.10ab 7.2842.71ab 0.7640.21ab  1.01£0.12ab  0.097£0.01a
10 16.847£0.78efg  1.6940.31bcd  48.13+3.99cd 7.164 3.45ab 0.81£0.29ab  0.9840.07ab  0.09+0.01a
11 16.31£0.88fg 1.6840.26bcd  52.82+4.37bcd  6.2540.42b 0.66+0.14b 0.99+0.02ab  0.0940.01a
CK 15.96+0.68g 1.5040.26¢d 46.9243.57cd 5.55+1.08b 0.52+0.10b 0.95+0.02b 0.09£0.00a

T R PR T TR WS BRSNS FREROR 0.05 KF 2R R E

24 AEEIEAGRBERKMEREIHIER

ATV BE E 20 A e T 06 K TR 6 A TR LA AN ) A B g 4 7 (L 3. Ho, 1A 6 X Kl
R R AR s, AR B R K, 5% 21.33 mm, 5414 4 MG 5 A BEEES,
HEEmS THMB LAS, RAES 1 MAE 11 895 BF B4 5142 5 20.30 % 1 19.63 %.
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sl

B3RP B2 A R B i x4 KT A4S T 64 F R AF R

25 AEEILEGEBERNMIVREEZRNPHEUR

N RITE BG4 G R TR RS 5 4% S5 25 I BT TR R A TRl (| O G 1~11 ¥Rt B %
FEMR S S R 0 G e 5, Ha A G 6 iBiiasc_ e, i858 46.90%, 54 4E 7.8, 9 Ml
1O CBE R )k 42.23% | 42.58%  42.70 % Ml 41.43 %) Z B A B &2 5. (B8 % 5 T H AR
A

45 5 N o q 60
10 WS B RiaRCR
a 50
ab ab ab ab b
be od
de be 440 o
cd e fo =
de fg fg fg g fg ®
ef s 30 &
pis:
- 20 §
10
0
2 3 4 5 6 7 8 9 10 11

kb #E
B4 FRRBAESEBERSLAETERAG R

3 Zr5id

A

O W W TR R s A B — A B T AR A R TR A A TR T A G A R R s A B R X o B
R DI REM B AR AT AL & RAE B DIRE T AN VE T, 7E 80 R 418 . 42 A B O 1 LA B
AR ROIRE T LA g A R T, NS TR AR L TR N A U R 2F AT T A G T TR TR A A 7 R R
16.22% s TG WIS RM, B AT AT B AR AR AR AR R AR K L B N6 A AR R A D) R 4
M SPAD A, AWF5E 5 kA TR a5 R AR, B RG RE 28 MO FF 5 HMB26553 5 % UE B 2 Ml AT
PHODG36 LA [A] Fe e He 20 65 J5 b P2 B 28 58, AN TR I TC L 20 & X6 5 4% B4R A UOR AN TH]
Horh 44 6(HMB26553 : PHODG36=150 : 50, V : V)RENS W F 125 R R B A5 K, bR,
R, o R AR T T TR — A R AL B X Ul B A R W R B R E
NG iR e 7/ N I R AW ek 7/ 7) N K (B i 77 o Sl i 1 = et o A B 7R Bt DO PVAAE VS

S
=
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5 — Bk B A G, BT A UE W R A S s, A R X AR A T A
YEHI.

AR, 2P A B A R R IC T B A B AR FNRRUE . A R 2E MFE R GLB191 A /)
ZEMIAF P GLB197 IR A H2 P b 3 X6 4 25 I 85 95 19 9 BRE 4100 161 %6 = 1K 70.89 %4, e T BT BE 119 55 BiE
P Exiguobacterium indicum D1/8 FIEFE ZE UAF B D1/17 164 Bl if 25 a0 24 8 98 45 o
TR R A L R b T 27 061 B BB 5 R T O AR IR A TR RR I TEC LG LU 49 E AT O L. AR5
K, HMB26553 F1 PHOD36 F Ik e LAAS [6] o 49 FiE L 20 4 %68 K 6 A3 T B A A [m] 2 82 i) 10
HIER . P gl & 6 X I e kL o A A0 1 o, B TR — EAR . X P BE S 2 AT R
PRAS B (0410 D A FH 5 55 B B bR ™ 2B A B A= R R AN ) 4 DR 22 A 6L R, Aok B i e 2
RBFEY, 46 6 X SR FEFZRMPIHER R RS, DS TR K, 5% 46.90%, X nlfE
J2 IR Sy T TR R TR 5 B v AU v 0 VR B T PR I BE BE 0, DT B A b AR BT AS R R B
S RIS & R W R DOR DA AR 2 A Y BR 0 — DR B, AR Sy TR B 3
I 525 A 0 R R B T A B AR A
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