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Effects of two Bacillus spp. strains on the growth of peanut
seedling and microbial community structure in rhizosphere soil
HUANG Wen-Mao HAN Li-Zhen” WANG Huan

Key Laboratory of Plant Resource Conservation and Germplasm Innovation in Mountainous Region (Ministry of
Education); Collaborative Innovation Center for Mountain Ecology & Agro-Bioengineering (CICMEAB); College of
Life Sciences/Institute of Agro-bioengineering, Guizhou University, Guiyang, Guizhou 550025, China

Abstract: [Background] The growth-promoting effects and mechanisms of Bacillus velezensis and
Bacillus firmus on peanut seedlings have not been reported. [Objective] This study comprehensively
explored the growth-promoting mechanism of two Bacillus strains on peanut by analyzing of rhizosphere
microbial community and soil available nutrients, including nitrogen, phosphorus and potassium.
[Methods] Two strains (named as Bacillus velezensis HP9, Bacillus firmus HP10) were irrigated-root
alone, or mixed on peanut seedling by pot experiment, their effects on peanut’s growth and available
nutrients of rhizosphere soil were assessed. The community structure and diversity of bacteria and fungi
in rhizosphere soil, including irrigated-root groups and control group, were analyzed by high-throughput
sequencing technology, too. [Results] Comparing to control group, stem length and fresh weight of treated
peanuts were obviously increased; in rhizosphere soil, alkali-hydrolyzed nitrogen contents was improved
greatly, available phosphorus and potassium contents were also increased differently. When Bacillus
strains were irrigated with peanut seedlings, there were no significant influence on microbial diversity of
rhizosphere soil, but microbial community structure, including bacteria and fungi, were affected. At the
phylum level, the relative abundance of Bacteroidetes and Mortierellomycota increased significantly in
three treated groups. Relative abundance of these genus, such as Agrobacterium, Arthrobacter, Bacillus,
Burkholderia, Flavobacterium, Pedobacter, Polaromonas, Pseudomonas, Sphingomonas, Stenotrophomonas,
were significantly improved; and six bacterial genus, including Achromobacter, Brevundimonas,
Chryseobacterium, Ochrobactrum, Sphingobacterium and Sphingopyxis, were only detected in three
treated groups. Using the method of principal component analysis, community structure of rhizosphere soil
were found more similar in treated groups than the control. [Conclusion] Bacillus velezensis HP9 and
Bacillus firmus HP10 could influence microbial community structure and increase the relative abundance
of functional flora in rhizosphere soil, thus the soil fertility was improved and the growth of peanut
seedling was promoted, too.

Keywords: Bacillus spp., Peanut, Growth-promoting, Microbial community structure
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AR Z R RS 2R & B ) . s
B ER, (HEI AR S AT AT G821 il £ 1
e SLmt, Rk, ATENTI AN X
YA i SRR A YRR 2
PR SE A E R

ZEAFTEA (Bacillus spp.) & —28 B B A Y
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X ZF P TR 9 4 1 3 22 4R v 7R A A TR PR | i 2
PN IRRE S € N Y I T (1< o )
FFF TRT T 75 AR XS A6 A AR PR = S i A W R T 2 Rk
SEUR AR A I . A PR FE T A,
PSR BR 2 B 20 2 N4HTE # Ak HP9 il HP10
A3 %58 A UL SN ZE A AT 1 (Bacillus  velezensis) &
IR 2F AT I (Bacillus firmus), WIEHFIE45 5 BN
PIRR B HA VAR ), XAE AR A e A
AT AU A PR 2 F AT TR S TR & TR AR AT A A 64T
AL, 38 2 v A P B R 43 b G AR AR AR B
BE AR Z AR E B IR S5 52, S5 G AEAES)
BB A R AR LA B AR s 38 1 OB A A R A AR
LR BT IZPIRR R P A AR 00, R AR ZF
FOFF R AEAE R A AL SR AL AR A

1 ME5h8%
11 #HiEHEERREHER

LR E R B. velezensis HP9 A1 B. firmus
HP10, HACBRAIZH D\ 5t M 45 38 ST 4% P BL 5 il oK
H AR PR X2 el 114 25 W AR B - 458 v 43 2 0 1B 15
s P SR B 157,
1.2 EERFFLE

NucleoSpin® Soil Kit, Macherey-Nagel 23 ] ;
Qubit® dsDNA BR Assay Kit, ThermoFisher 7%
H] ; Agencourt AMPure XP Beads, Beckman
Coulter /A7), UV-8000 £4h] WLAMEGEEH, F
TR A BRA Rl Qubit %Y. VS-24SMTI

B0, Vision Science A ; MiSeq il
JEAY, Mumina 23 A .
1.3 HMixtERRIEGHEZ

PR R, R M A F B
M 5 FH AR E X 5E 4 A (E106°39'11"
N26°26'57") , 4 2% b Bk A0 S HE 400 il B 166 08 I 7%
Mo A& 1L5em, A HAL2em, FKH
% 9cm,

1.4 BEFRYH&

S HIBU L B. velezensis HP9 #11 B. firmus HP10
(I AR FIR 2 LB B335, 180 r/min. 30 °CH{f
et , B HEE R HE LB B b 4ksiy By
24h, 4°C. 5000 r/min &.[> 10 min 5, F& L
PITCH K BRI . 18717 ODgoofH R 1.0, EH HP9
1 HP10 TH7, A RS L E B 111 K
FRLGIR A A
1.5 Rt RHEMKE

FE A Bl 7220 B 5 18 1 B 3% MLk 483 UE A7
3, TRIRF MR 1 om 5 R A— b
Bk E2A 300 g HIEME W AT, B
1 Mo @ARAIB 4 FpabH . 25 X IE(CK) .
B. velezensis HP9 AL HHZH | B. firmus HP10 #EAR
ARERAL | TR TR HE AR A 4 (HP9+HP10), A Ff
AR 6 NS, HHT 24 4. BIBCRAHTEAR L,
BERR 2 HEE—k, BK5 mL, CK4IRAS5 mL G
FK. FIAAIE T H GRS F iR, B4
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30 d JE A T AE A AR AR K AR FRIN S B AR B 4
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#2: 18 Courchesne 25"V . MIRIALBRRY) 6 DTS
530 3 (2 ), 3 HIBUERAY 2 ZEAR PR T AE
HIRA — 1 4, BAHEERA 3 M 4E, it
12 PR BR HEREA s Ay - FEHRL 5 g B T80 °C H
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1.8 SEENFHTELE
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15 B BB B 0.6
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P& 25 F 20 43 R FI K] (heatmap) ;A [l b B3 ] #8 2F
M H A K AR bR . AR PR 9 R B A AR o
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Wi IR, T CK, HP9 MEARAIAEEZE
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Table 1 Effects of different treatments on growth of peanut seedlings and available nutrient content of nitrogen, phosphorus
and potassium in rhizosphere soil

by A=K 3E4R Growth index A4 Available nutrients
Treatment ESS i8S i E R AR L

Stem length (cm) Root length (cm) Plant weight (g) AN (mg/kg) AP (mg/kg)  AK (mg/kg)
CK 20.95+0.78c 20.25+1.83b 1.72+0.13c 290.00+6.56b 3.3310.19a 156.67+2.40a
HP9 27.45+0.87a 22.56+1.41ab 3.29+0.18ab 534.33+64.34a 4.05+0.46a 171.67+6.39%
HP10 23.90+0.79b 25.05+1.38a 2.74+0.31b 470.33+20.28a  3.57+0.38a 161.67+10.48a
HP9+HP10  25.77+1.03ab 24.58+0.98ab 3.81+0.32a 497.00+28.29a  3.55+0.10a 158.00+0.55a

7. HP9: B.velezensis HP9; HP10: B.firmus HP10; CK: XIHA. [RIFIA[R]/ING FH:ER 2 50 B 3 (P<0.05).
Note: HP9: B. velezensis HP9; HP10: B. firmus HP10; CK: Control. Different lowercase letters of the same column represent different

treatment’s significant difference at 0.05 level.

B 1 AEGENEELEERMEE

HP9+HP10 CK

Figure 1 Effects of different treatments on growth of peanut seedlings
Note: A: HP9; B: HP10; C: HP9+HP10. HP9: B. velezensis HP9; HP10: B. firmus HP10; CK: Control.
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221 IRFREIEMFERSH
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(0 50 i Rt e g i T2 (B 2), wdl izl
UREE A B, BEUS LU 50 48 Ml S et 1458 v 240 1R
TR EL TR TR (M S5 R AP
222 IRFRETIEFEMR OTU K o ZHEMES

XPANFISEEEH OTU #7704, SXTHRAY 2 033 4>
OTU %Af L, TR G Pa 7 HEAR AL 32T 1 4 D ) D 4L

HEANT 1647, 11 HP I HP10 4b B ZH I A7 Fr FAE
OTU 43412k 2 023 F1 1 943; EEYIFEHET K
CK (637)>HP9 (632)>HP9+HP10 (626)>HP10 (610).
TR, AT B BRI Y 3 4
ACPRALIA], A6 A AR R - 20 R R TR A0 BV AR
PER X IRLA (R 3). 78 97T% KT, Xifek
FRBR -3 B E TS A S A E U T o 2
FEPESIHT(#6 2). Chaol FEEU T4 R B/R, HPY M
ol AR FITR A5 VR AR S8 I FHR v T AR A AR B - 43 4
BRI AR SR, Simpson H5%4s F 55 R AR b
RO B T ARBE L IEAN T R AR, BRAKT
ELIA D Z R, TR B TR R0 T AR A B 21 e
HHSE, (HAb 3 () A 1 48 205 X BE AL A L3 R
KRN 22 5 B /K F-(P>0.05),
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Figure 2 Rarefaction curves of the observed species at 97% similarity level for all soil samples

. A: 4IF; B: EF. A1-3: B. velezensis HP9; B1-3: B. firmus HP10; C1-3: B. velezensis HP9+B. firmus HP10; CK. X}H#;
ARIF] B E A RO 5 0R 3 AL

Note: A: Bacteria; B: Fungi. A1-3: B. velezensis HP9; B1-3: B. firmus HP10; C1-3: B. velezensis HP9+B. firmus HP10; CK: Control; The
different numbers after the same letter represent 3 repetitions.
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Figure 3 Principal component analysis (PCA) of microbial communities in peanut rhizosphere soil with different

treatments
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Note: A: B. velezensis HP9; B: B. firmus HP10; C: B. velezensis HP9+B. firmus HP10; CK: Control.
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Table 2  Effect of different treatments on alpha diversity index of microorganism in peanut rhizosphere soil

RbF 44 Bacteria HEW# Fungi

Treatment OTUs Chaol index Simpson index OTUs Chaol index Simpson index
CK 2 033.67+32.66a 2 286.18+54.59a 0.018+0.001a 636.67+19.34a 676.42+18.34a  0.060+0.005a
HP9 2 022.67+17.05a 2 298.55+32.67a 0.015+0.002a 632.33+12.69a 725.80+20.68a  0.099+0.024a
HP10 1 943.00+81.54a 2 261.21+36.42a 0.016+0.004a 609.67+23.40a 670.91+21.74a  0.100+0.018a
HP9+HP10 2 297.33+338.42a 2 305.40+12.18a 0.014+0.001a 625.67+26.86a 702.30+20.62a  0.100+0.011a

7E: HP9: B.velezensis HP9; HP10: B.firmus HP10; CK. XfHA. [RIF)AIE/ING F-RERR 25 54 I8 2 (P<0.05).
Note: HP9: B. velezensis HP9; HP10: B. firmus HP10; CK: Control. Different lowercase letters of the same column represent different

treatment’s significant difference at 0.05 level.

223 TEHRPR TIEME B E ETHE

¥ 12 Dy FEA AR PR AR S A BRI AT IR
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LR, PR R TS F A IRk, DA
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HERAT, TAE 3 AL ERAL R R B A HP10 AR
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(Arthrobacter) . ZF 4T 1 J& (Bacillus) . {1 v 8 /K ff
[C 14 & (Burkholderia) . # 4 1# J& (Flavobacterium) .
Pedobacter . # b ¥.ffl F% J& (Polaromonas) . B F.ffd
P& (Pseudomonas) . #5Jig L /id 17 J& (Sphingomonas) Fl
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Figure 4 Effects of different treatments on microbial community structure in peanut rhizosphere soil
W A: 4HEE; B: HE. A1-3: B. velezensis HP9; B1-3: B. firmus HP10; C1-3: B. velezensis HP9+B. firmus HP10; CK: X}H;
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Note: A: Bacteria; B: Fungi. A1-3: B. velezensis HP9; B1-3: B. firmus HP10; C1-3: B. velezensis HP9+B. firmus HP10; CK: Control;

The different numbers after the same letter represent 3 repetitions.
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Figure 5 Effect of different treatments on microorganisms (relative abundance>0.5%) in peanut rhizosphere soil at the

phylum level
W A: ZHE; B: ELFE. HPY: B. velezensis HP9; HP10: B. firmus

HP10; CK: X, R[al/ING RN A [RIAL B[R] 1 22 5 {22 (P<0.05).

Note: A: Bacteria; B: Fungi. HP9: B. velezensis HP9; HP10: B. firmus HP10; CK: Control; The different lowercases represent different

treatment’s significant difference at 0.05 level.
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Figure 6 Heatmap and cluster relationship of microorganism in peanut rhizosphere soil with different treatments at the

genus level
Note: A: Bacteria; B: Fungi. HP9: B. velezensis HP9; HP10: B. firmus HP10; CK: Control.
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Table 3 The unique genus of bacteria in peanut rhizosphere soil treated with Bacillus spp. (relative abundance, %)
Qb T mwE S B R ) S AT HIE G EFT R P ST R L EAN o)
Treatment Achromobacter ~ Brevundimonas Chryseobacterium Ochrobactrum Sphingobacterium Sphingopyxis
HP9 0.157+0.058 0.611+0.147 0.476+0.272 0.109+0.048 0.362+0.061 0.251+0.111
HP10 0.432+0.180 0.662+0.331 2.614+2.309 0.563+0.353 3.581+3.298 0.192+0.130
HP9+HP10 0.603+0.075 1.997+1.077 1.431+0.844 0.39940.114 2.314+1.724 0.512+0.220

Note: HP9: B. velezensis HP9; HP10: B. firmus HP10.
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