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Abstract: In order to clarify the effects of biocontrol agents on common tobacco diseases, five
biocontrol agents were selected in this study, and their effects on tobacco diseases and agronom-
ic characters were analyzed. It was found that Bacillus subtilis and Bacillus thuringiensis had
good control effects on tobacco virus disease, tobacco wildfire disease and tobacco brown spot
disease. The effects of the two biocontrol agents on the occurrence of tobacco diseases and agro-
nomic traits were further compared between root irrigation and foliar spraying in different peri-
ods and with different application methods. It was found that the best application period and the
best application method for control of Bacillus subtilis were the middle growth stage and foliar
spraying treatment, respectively. The best application time and the best application method for
control of Bacillus thuringiensis were the middle growth stage and root irrigation treatment,
respectively, which could significantly reduce the occurrence of tobacco diseases and improve
the agronomic characteristics of tobacco. This study provides a theoretical basis for tobacco dis-
ease control and improvement of tobacco agronomic characters.
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86.66 20 (& 1), FH T M8 Fi A% B O Jm 00 7+ TIUI A s A LA . DRI A O o B A A A R R 2

®1 EXRGFHEHFERE
st LAl LR M AR A
Ik RRR % RIERRRC BRARCR/ Y JomE/v EEREC O BRRRRY/ 0 R/ U0 mlEIREC DRARCR/ %
A 4.00 L774+114be  7333£17.16ab  10.00 11140352 285742258
B 4,00 0.88£0.65  86.66+9.71a 10.00 1114£050a  2857£31.94a - - -
C 14.00 421128 36.78+19.29ab  10.00 111035 285742258 - - -
D 2200 5.10£0.44ab  23.426.66b 12.00 13340222 14.29%14.28 200 0224022 -
E 1200 4.44=1.86ab  33.33+:27.88ab 8.00 0.89£0.22  42.86+14.28 - - -
F 2000 6.66-1.22a - 14.00 1.5520.27a - - - -
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yi3i LA N KA Al AR AR
T RRR OREEC BRRSCR/ 0 B/ mREC BRRECR/ 0 SRR/ RIEREC BRAsCR/ 7
A 16.00 5.77+166c 593041172 16.00 178+027h  38.68+9.4% 200 0.224022b 87.50+12.50a
B 14.00 6.44£2.06c  54.68114.49a 22.00 244£022ab  1550+7.68ab 1200 133+0.22a 37.5020.00b
C 22.00 9.10£0.89bc  35.9246.26ab 18.00 2.00£0.22ab  30.93%+7.75ab 1000 111#035a 53.1315.62b
D 2600 1177+18lab  18.70+12.26b 26.00 2890272 014%9.40b 1600 1.5540.27a 37.50%0.00b
E 2000 1155%0.83%b  18.71+5.58b 24.00 2.66£0.44ab  18.62%+15.42ab 1200 1.33+0.22a 37.50£0.00b
F 2800 14.21£147b - 26.00 2.89£0.44a - 1600 1.7840.27a -
T /NG TR ) 3R 2 ) Bl P 22 S B AT G0 4 B8 L (p<<0.05).
RI THPREMHRZERBE cm
Ak B8 75 R = LIS M5E =M
A 88.47+3.49a 67.20+0.82a 24.77+0.98a 8.92+0.21a
B 90.73+1.17a 67.55+1.18a 24.50+0.48a 8.42+0.11a
C 91.47+0.94a 70.10+£0.86a 25.00+0.35a 8.86+0.11a
D 90.86+0.53a 67.80+1.08a 24.27+0.34a 8.60+0.14a
E 92.28+1.49a 69.63=£0.45a 25.48+0.61a 8.85+0.18a
F 89.34£2.57a 68.70-£0.68a 24.27+1.05a 8.724+0.25a
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Xof AR S B 8 Bl IR AR AN [ R R A B R R % TR A it 2 U o, AR AR O S R Y A
B ZFIRLAT D RV 96 5 = A B2 TR, 6 A AN TR it FH X GRE AR R TS D R AT L d . 43 il A A
W RE PRI FT U S 7d #E1T 96 FE ST

HI 285 R AT UL, PARR | B o SR T B0 Ak 5 25 604 - T W X 08 2 4 P R B s 1Y
B T3 AR T K R A 9 B4 B VR RO 43 Dl 67.07 %4, 78.58 Y6 R 75.35 %6 % B B K 0 1Y
BB R 530 R 70.80 %5 65.53 %0 F1 65.70 V0. ML 95 2= 4 52 A T TEE AR A B AE AR L BE A T
T TOUHA XoF A8 5 6 - RT3 2K 9 EL A B A A 1 80, R AR R A T 1) B YA AR 43 S 89.56 %4
T5.47 Y0 M 73.18 %6, RIH FLEY SN Y B ¥R AR 43 B 90.51 %, 77.45% F 70.76 %0 (R 4, K5,
2 6). PRI, Ok T R 2E S0 AT AR T WEE 9 D7 SORBOR BT, X TR IR = 4 A R R
R 5 XROR B AF

x4 ARPEHEANRAREATXEHREBERLLER

s BT AR BT g HAEE R R
Tk RWR/ Y TR BRRECR/ 0 RROR/Y% ORIEIREC O BRAECR/ % RO/ WA BIRsCR/ %

1 0.83 0.2740.21d  67.07+25.50ns 1.25 0.13£0.08c  70.80£17.07a - - -
2 4.16 1.38£0.21b - 2.08 0.2240.09ab  51.09£20.44a - - -
3 4.58 2.0840.14a - 1.66 0.184-0.04ab  60.58+£19.71a - - -
4 0.83 0.094-0.04d  89.56£9.04ns 0.41 0.04£0.12c  90.51+9.49 - - -
5 1.66 0.831-0.08¢ - 4.16 0.4610.05a - - - -

T e AT T JAAG B2 ST T AT R R o [T B s A 2 U AR 5 S TR NG 5 AR PR 3 DR O ZF AT R E A Ab PR 4
IR 4 S A T HEAR s AR BE 5 ST IR /NG SRR R 3 A ) B e 2R S B Gt R L (p<C0.05).

x5 HERFHPHEHEANFRERATXBHFEERBRLLER

4b A AL PR MR S A

A RRR/ % ORIEREL BRRCRY/ Y BRR/ % RIEIREC BIARCR/ % BRR/ 0 ORIEEE BIRRCR/ %
1 1.66 0.64£0.20c  78.58+6.77a 2.50 0.2740.08c  65.53£10.31ab - - -

2 5.00 2.22£0.14b  26.0844.66b 458 0.50£0.09ab  35.74%11.91b - - -

3 9.58 3.93£0.51a  1.78+1.33¢ 2.91 0.32£0.04c  59.57+5.96ab - - -

4 1.66 0.74£0.12¢  75.47+4.11a 1.66 0.18£0.17c  77.45+5.96a - - -

5 6.25 3.00£0.09b - 7.08 0.780.07a - - - —

T /NG AN [ 7R 21 VRO e 22 5 BoR GE it 2 8 L (p<<0.05).

Fo NHEMBAARERAAXNBMHREFRLILE

4t A AL i 5 B K o MR S AR

L RRVE/ % ORIEREL O BRRRCR/ % RR/ % RIEIERC O BIARCR/ Y BRR/ 0 mIEHEEC BIRSCR/ %
1 2.08 1.060.16c  75.353.83a 2.91 0.3240.05c  65.70%5.05a 041 0.04%0.04 -

2 6.66 4.26£0.65b  0.93+3.26b 5.83 0.640.05b  30.3245.05b - - -

30 1291 6.66-0.48a - 5.00 0.550.08b  40.43%8.75b - - -

4 2.08 115+0.12¢  73.18£2.80a 2.50 0.27£0.08c  70.76+8.75a - - -

5 7.91 4.30£0.52b — 7.91 0.9240.09a - - - —

T NG TR SR A RO LA 22 5 B G it aE 1 (p <<0.05).

Xt 2 A 5 R AR ATRRIDS . RE A AR ST IO 3 501 SR FH AR N I I8 WG 2 it D7 A B
7 d AT AR ZMERGE T AR L 2R AF 4 TR AR
L5 T PHRR IG5 2 FRFT B P T R R AR LA S A P95 2 < R R R AR ALk XA R B
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e I I R, 5 KON IR LR E S DO GE T o T S (BR T R R S G 2 SR AT R T
X R R R e B A AR T S KO IR R e S A et R R, BEARAR B
T RN MR LB 22 S O G T2 T8 S5 T3 2= <6 02 TR0 1 B % AP0 o ik L v B
VERT, TIHEAR AL PHAE 25 4 v 25 M, S0 KN I IL A A G758 ). TEAT T, A 5
2 LT TR P T Ak B R g A 25 R A AR SRR 2 4 B TR P T S I A
ZE AT S e RV TR A R R AR B P U 95 = 4 A2 TR X 2R A — T B R . S K
Xt B B2 S BOA Ge it S0 (GR 90 SR A, 2 b AR B el A AN TRt P 7 X 8 e %) o 4

e AR FAC A AR AT o G 2 1 I TR S G 2 TR B A R AR A BN A9 = < R

x7 BARBPARERAAFRXBEHRREEREEER cm
Kb BTy /3= IS 5 eS|
1 47.44+3.28a 56.77+0.20a 22.94+0.39a 6.6340.03b
2 40.054+2.57a 52.22+1.02b 21.44+0.83a 6.52+0.12b
3 46.94+2.31a 56.77+0.20a 22.944+0.39a 6.6340.03b
4 45.55£2.04a 56.55+1.15a 23.22+0.73a 7.1140.22a
5 41.3340.98a 57.16£0.84a 22.72+0.24a 6.77+0.06ab
e NE FREAN R R 4 25 5 BT Gt B L (p<<0.05).
x8 EKHHARKERAFXERRKEEIRIEE cm
Ab BTy P = SIS 5 ZE
1 62.27+£0.35a 64.37+£2.28a 25.04£0.90a 8.0340.17abc
2 57.83+1.76b 60.19+1.54a 24.23+0.82a 7.6740.04c
3 60.3040.33ab 65.36£1.65a 25.44+0.96a 8.2640.17ab
4 59.45+1.43ab 64.39+1.95a 25.36+1.00a 8.3640.10a
5 57.04+1.52b 63.84=+2.64a 24.63+0.44a 7.8940.03bc
e /NE FREAN R R 4B R 25 5 B SR B L (p<<0.05).
*F9 FTMHAREERANEERRZHEREER cm
Ak RT3k B SIS Ly ZEH
1 78.00+0.70a 70.92+0.58b 26.83+1.09a 9.4040.05a
2 72.70+1.66b 73.44+0.29a 27.23+0.82a 9.54+0.04a
3 71.19+0.61b 67.47+0.70c 25.36+0.70a 8.76+0.07b
4 72.41+0.68b 70.42+1.12b 26.80+0.31a 9.61+0.20a
5 71.58+£1.60b 69.69+£0.55b 26.52+£0.82a 8.9440.06b

W NG PR R R 21 T B A 22 S B G L (p<<0.05).

24 APBEAARERARANKTELZENZN

PNZEJEAT L, il R 2 A0 B A B R B X R A s R B O B AT AP B AR B
BRI 45.57 %6 F1 63.88 % 5 ML I3 == 4 52 & T AE PIRR U FH 1 B ROBOR B4 J = A i
5 R B KRG . B VA R R Gk F) 56.89 Yo RN 37.26 %6 5 M A LS T[] &G SRR . 2 Fl A= B T 5
FE N (7] B 03 T P 50 6T 0 R i B 1) B YA RO B AR — B (3R 100, R AT WL, BE A v 390t A
AR TR0 A R B B B T AT T 6 55 2 4 52 TR A R S R A B R
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F®10 AEMHEREHFEFNRERNE

4b A AL it 5 Al A SR
IRERRR Y iR BRARCR/ % BORE/ 0 RIRIERL BRARCR/ % R/ iR B BRSCR/ %
1 4.58 2174038 11.48£6.89b 7.08 0.7840.05a  10.65£5.32b 041 0.04=£0.04a 75.47£24.52a
2 1.66 L11£0.14b  45.57£6.72a 2.91 0.324£0.05b  63.88495.32a 041  0.04=£0.04a 75.47£24.52a
3 2.08 0.88£0.09b  56.89F4.59% 3.33 0.69£0.16a  37.26+15.97ab 041  0.04=£0.04a 75.47£24.52a
4 3.33 1.48+0.24ab  27.38£12.02ab  5.83 0.69£0.08a  21.59£9.22b 041 0.04=0.04a 71.00£29.00a
5 4.16 2.03£0.20a - 7.91 0.880.12a - 125 0.1340.08a =

TE: ARBE 1 A A B ZE ST T ARSI T AR b B, IR 10 d — U SR T2 2 WG AL BE 2 D A B2 ST B ATRR I 15 d JR IR IR Ak B, AR
10 d—¥CJEHIZE 2 U AL B 3 S M I3 = 4 5245 1 R SBI JF 6 b B, 5B 10 d — W SR T 28 2 WG AL B 4 S M4 95 = 45 5245 T TR
15 dIR JFIR AL B, 518 10 d — 3k, SR 2Y 2 Wk b B 5 i 2k X B 5 /NG SRS [ 2 2 1) 508l LU e 22 S B B2 1 3L (p<C0.05).
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R 11 RE AR A B E AR Z R R cm
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3 70.7241.77a 70.7240.89b 27.6940.79ab 8.38+0.19¢
4 70.74%1.46a 72.7541.28ab 29.70%0.35a 9.05+0.05ab
5 70.19%1.42a 73.24%0.84ab 27.5240.76b 8.56=£0.21bc

e NE FREA R R 4 B R 25 5 B St B L (p<<0.05).
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