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Abstract  Bacillus polymyxa showed high activity in controlling pepper blight. The effect of the strain on bacteri-
al microbes in the rhizosphere of pepper was studied. The rhizosphere bacteria of pepper treated by B. polymyxa
10° cfu/g WP, azoxystrobin 25% SC, metalaxyl-M « mancozeb 68% WG and the control were collected, and the
diversity and community structure of the rhizosphere bacterial population were analyzed by Illumina Miseq sequen-
cing technology. The diversity of rhizosphere bacteria of the pepper treated with B. polymyxa was the highest,
and the diversity of rhizosphere bacteria of the pepper treated with chemical agents was also higher than that of

the control. The bacterial populations included 13 phyla such as Proteobacteria, Thaumarchaeota, Acidobacteria,
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Chloroflexi and Actinobacteria. Proteobacteria was the most dominant phylum. The abundance of Proteobacteria

was as high as 70.65% in the control (JD), but decreased in the treatments of azoxystrobin (JA), Metalaxyl-M
mancozeb WG (JB) and B. polymyxa (JC), which was 24.41%, 25.64% and 34.95% , respectively. In the three

treatments of chemical agent and B. polymyxa, the abundances of Acidobacteria and Chloroflexi were much high-

er than that of the control. In particular, the abundance of Thaumarchaeota in the treatment with chemical agent

was extremely higher than that with B. polymyxa and the control. After treatment with B. polymyxa, the abun-

dance of Gemmatimonadetes was 7. 35% higher than that of the control. B. polymyxa as a biological pesticide can

improve bacterial species abundance in plant rhizosphere soils and make a great contribution to the prevention of

Phytophthora blight.
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Table 1 Disease indices and control effects of different treatments on pepper blight
b Treatment W 1 F5 4% Disease index Biva s/ % Control effect
25% WS SC azoxystrobin 25% SC (3.7840. 29)b (71.54-0.92)a
68V kEH 55 « 4h4% WG metalaxyl-M « mancozeb 68% WG 110 g/667m? (3.11£0. 48)b (76.30F4. 0d)a
109 cfu/g 255227 M WP Bacillus polymyza 109 cfu/g WP 560 g/667m? (3.33%0. 38)b (74.35%+3.97)a
Z A IR CK — (13.2240. 61)a —

1) R NI FRuEDR . [RISVEE R AR /NE P RERIRTE 0. 05 KFEEREZE . TIH.
Data are the mean &= SE. The different lowercase letters in the same column indicate significant difference at 0. 05 level. The same below.
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Fig. 1 Rarefaction curves of pepper rhizosphere soil samples under different treatments
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Table 2 Microbial community o diversity index of pepper rhizosphere soil under different treatments

Ab PR

Treatment

=

7l Dosage

FE R TRAGRL

Chaol Shannon Inv_Simpson

S AR R R

25 % WA fig SC azoxystrobin 25% SC

68V kEH 55 « &% WG metalaxyl—M « mancozeb 68% WG
10° cfu/g ZFEZEZEMIAFTE WP Bacillus polymyxa 10° cfu/g WP
25 AXTIE CK

60 ml./667m?*
110 g/667m?
560 g/667m?

— (1 643.92+45.97)d

(2 339.57489.94)c  (5.32740.03)c (41.4743.16)b
(3 269.314140. 41Db (5.7640.09)b  (63.08=4=9. 48)b
(3 560.90£43.82)a  (6.4340.08)a (202.91417. Da
(3.17£0.12)d ~ (6.90=0. 65)¢
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Table 3 Correlations between ¢ diversity index of pepper

rhizosphere soil under different treatments and disease index (DI)

e MR WERE BEK
C . S a0 TR S 7 < € 72
orrelation
Pearson Spearman Kendall
DI-Chaol —0. 800** —0.726% —0. 584 *
DI-Shannon —0. 925* —0.672* —0.527*
DI-Inv_Simpson —0. 536" —0.691* —0.565*

1) * . P<<0.05; * . P<<0.01,
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Table 4 Dissimilarity tests of microbial community ST S N 2 TSN aumar-

composition and structure of pepper rhizosphere 3 /EJ\JE ?ﬁ:%ﬁ: ﬁ (%% 5. % ﬁ A1) Thaumar

soil under different treatments chaeota 75 4 LA il o B AH XS 3= 5 43 53y 16. 1004

41 ] H e CiLE=L 2N A B R TEIT AT (JA).10.28%(JB) . 2. 68% (JC) . 1. 17% (JD), JC

o e 4145 ID 41 AR B IAIB LR B F (R

JA-JB 0. 248 0.033 0.516 0. 005 5), HZEE ] Actinobacteria [ 8 X 3 BEFE 4 4 AF

JA-JC 0.228 0.033 0.753 0.001 lﬁquﬁ‘jnﬂjjﬂ 13. O7%(JD)\11. 46 % (JC) . 7. 10%
JA-JD 0. 260 0. 028 0. 885 0. 001 N S e v

JB-JC 0. 257 0.029 0. 646 0. 001 UA) A 7200 (B) KT AE JA 45 JB ALZ A1 22

IBID 0. 289 0. 021 0. 857 0. 001 BN, JCH IDHME 2R/, {HIB Y JD B4 [H

JCGJD 0. 268 0. 030 0. 872 0. 001 %%E%(%@ 5)
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Table 5 Capsicum rhizosphere soil microorganism in relative abundance of different groups at phylum level

44l Group JA B JC JD
A ] Proteobacteria (24.42+1.02)c (25.64=+0. 27)c (34.95+1.43)b (70.65+2. 31)a
#7h #il] Thaumarchaeota (16.10+1.07)a (10. 28=+1. 95)b (2.6840. 35)¢c (1.1740.57)¢
BRFTHE ] Acidobacteria (19. 53%2.02)a (16. 9842. 02)ab (12.284+1.41)b (0. 4240.09)c
23255 ] Chloroflexi (7.38%£0.66)a (7.13£1.10)a (7.70£1.18)a (0. 92=£0. 25b
T4 # ] Actinobacteria (7.10=£0. 96)b (4.724£0.40)b (11. 46£0. 80)a (13.07=£1. 09)a
UFF ] Bacteroidetes (8.42+0.63)b (14. 23+2. 63)a (12.51=£1. 29)ab (2.23+£1.06)c
8| ] Planctomycetes (5.36=+0. 74)ab (7.41£1.7Da (3.70%£1. 03)be (0. 54=+0.17)¢c
FHMIEE ] Gemmatimonadetes (4.89+0.45)b (4.36+0.51)b (7.98+0.79)a (0.12+£0. 03)c
PEfl i ] Verrucomicrobia (3.67£0.14)b (5.54+0.58)a (2.93+£0.44)b (0. 56=£0.19)d
JEEEE ] Firmicutes (0. 54=0.05b (0. 27+£0.02)b (0.49+£0.02)b (9. 26+0.50)a
T AL M2 i€ TR | ] Nitrospirae (0.42+0.03)b (0.53%+0.03)b (1.13+0.08)a (0.45+0.15)b
1) JA: 25%mEHIRg SC; JB: 680K HIA « sy WG; JC: ZREMATH: JD: 25 i, [T B AR R/ING B8R R#E 0. 05 /KT

EZRBF. TR,
JA: azoxystrobin 25% SC; JB: metalaxyl » mancozeb 68% WG; JC: Bacillus polymyzxa; JD: CK. The different lowercase letters in the
same line indicate significant difference at 0. 05 level. The same below.

1EJE K E(OTU X EERT 1.5%) Whiy (D) AT i m T H Al 2 A3 (5 6). Kb
F APk Candidatus Nitrosotalea £ JA 2071 JB 244 FEMI R AN 7 uncultured forest soil bacterium
FAXSE A A E] 12, 0420 JAYFI 8. 910 (JB) LT 7E 4 A A AR RS 32 B2 43012 10. 0626 (JA) (6. 8424
FEHAD 2 4LAARXTERE 4350 1. 06%6(JC) 0. 01%  (JB).6.27%(JC) 0% (JD) . #IHHAE ID b AR
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Fig. 3 Relative abundances of different groups of microorganisms in Capsicum rhizosphere soils at phylum level
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Table 6 Capsicum rhizosphere soil microorganism in relative abundance of the top 10 genera at genus level

414 Group JA B JC JD
TAH L& Bk Candidatus Nitrosotalea (12. 04=0. 82)a (8.91£1. 69)b (1. 06=£0. 13)c (0. 01=£0. 01)c
ARAEEFR AR - B uncultured forest soil bacterium (10.60%0.84)a  (6.84%0.37)b (6.2740.43)b (0£0)c
AR REFRI SR d 1 uncultured Crenarchaeote (3.3840.73)a (1. 1140. 200b (0. 8840. 10)b (0. 014+0)b
IKIEAT IR Mizugakiibacter (2.96£0.17)a  (1.84%0.29b (2.51£0. 10)a (0. 06-£0. 04)¢
autol50_4W (3.3840.77)a (4. 34=£1.00)a (2.8740.42)a (04+0)b
R % # )& Rhizomicrobium (2.3840.15)a (3.05740.49)a (1. 3140. 09b (0. 1640. 05)¢
Wik P& Telmatobacter (1. 4440. 12)a (0. 9040. 100b (0. 2540. 07 ¢ (0. 0140.0D)c
WKL )R Granulicella (1. 4940. 08)a (2. 0040. 33)a (0. 2440. 06)b (0+0)b
Al B IR B PR uncultured Planctomycete (2.14=0.37)b (3.77=£0. 35)a (1.16=£0. 22)c (0£0)d
SFHM B Gemmatimonas (1. 2140. 12)b (1. 5440. 17)ab (1.7640. 15)a (0. 0440. 0D)c

D JA: 2551 SC; JB: 6826XEHI 7 « St WG; JC: ZRFEMATH; JD: 25 X R,
JA: azoxystrobin 25% SC; JB: metalaxyl * mancozeb 68% WG; JC: Bacillus polymyzxa; JD: CK.

3 itig

AR A [)— A BN AR A 2 6] 25 S BN, 2B
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