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Effects of a compound inoculant of peanut growth-promoting
rhizobacteria on physiological and biochemical indexes of
peanut plants in a continuous cropping system and
rhizosphere bacterial community

YU Hong', WANG Mengliang', LIU Xijian', DONG Jingyi', WANG Dandan'", XIE Zhihong"",
YU Yifa®

1 College of Resources and Environment, Shandong Agricultural University, Tai’an 271018, Shandong, China
2 Nanning Hanhe Biotechnology Co., Ltd., Nanning 201315, Guangxi, China

Abstract: [Objective] To apply multifunctional plant growth-promoting rhizobacteria to
enhance peanut growth and mitigate the inhibitory effects caused by continuous cropping.
[Methods] Plant growth-promoting rhizobacteria were screened from the rhizosphere soil of
peanut plants in a system with continuous cropping for ten years, and their growth-promoting
and antagonistic abilities were determined. The strains were identified by 16S rRNA gene
sequencing. Three plant growth-promoting rhizobacterial strains with complementary functions
and no growth inhibition between each other were selected to prepare a compound microbial
inoculant, the plant growth-promoting effect of which was examined by seed germination and
pot experiments. High-throughput sequencing was carried out for the V3—V4 region of bacterial
16S rRNA gene. [Results] A total of 37 plant growth-promoting rhizobacterial strains capable
of promoting plant growth and inhibiting pathogen growth were screened from the rhizosphere
of peanut plants in a continuous cropping system. Three strains were selected to prepare the
compound inoculant. Compared with the blank control, the compound inoculant increased the
germination rate of peanut by 13.22%. Compared with the treatments with the three strains
alone, the compound inoculant increased the germination rate by 6.99%, 7.51%, and 8.87%,
respectively. The application of the compound inoculant had significant promoting effects on
the root morphology, number of nodules, chlorophyll relative content (SPAD), photosynthetic
parameters, and antioxidant enzyme activity of peanut plants. Specifically, it increased the total
root length, number of root tips, taproot diameter, root volume, and root activity by 43.50%,
49.31%, 15.11%, 16.92%, and 112.16%, respectively. The application of the compound
inoculant significantly increased the leaf SPAD value and promoted the photosynthesis of
peanut plants at seedling stage and flowering stage. Furthermore, it increased the number of
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root nodules by 34 nodules per plant. However, the application of the compound inoculant had

no significant effect on the bacterial diversity in peanut rhizosphere. The dominant phyla were

Proteobacteria, Actinobacteriota, and Bacteroidota,

accounting for more than 70%.

Novosphingobium and Sphingomonas were the dominant genera. [Conclusion] The compound
inoculant of plant growth-promoting rhizobacteria improved the seed germination, root growth,
leaf SPAD value, and photosynthesis of peanut plants, providing technical support for

alleviating continuous cropping obstacles and promoting the healthy growth of peanut plants.

Keywords: peanut; plant growth-promoting rhizobacteria; compound bacterial inoculant;

continuous cropping obstacles; growth promotion
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x1 I HREBEUME R

Table 1 Basic physical and chemical properties of
tested soil

Basic physical and chemical properties Results

pH {H pH value 6.90+0.02

B, 5% EC (us/cm) 280.12+0.15

4R Total nitrogen (g/kg) 1.64+0.32

H LW Olsen-P (mg/kg) 51.0620.11
HAER Available potassium (mg/kg) 183.03+0.31

H BBk Soil organic carbon (g/kg) 20.5140.08

1.1.2 iEFE

LB 15553  JG A (nitrogen free medium, NFM)
R 7 5 2 2% SCHk (131 B i,  JC ML #% (inorganic
phosphorus, PKO)%%7 3 (Pikovaskaia’s). £ HLi
REFE RS2 SCHR[14]0C ], 8% K75 (chrome azurol
S, CAS)i3- 522 SCHR (151 BC il
1.2 RERZBERY Y B R i

W21 g WAEAERR L, BHE TRA
10 mL K& PBS Z b e L H, k%
5 min K73 TR TR  FOR EERBFE R R E 107
107, 107, WZHC 100 pL %A T LB [ ARG 57 5
b, BB 3 IREE, 30 °CHE SR 24 he
1.2.1 BE¥RBVEESINE

RAETIIZE - 453 B SliAb 5 (A TR 3 ) 4
PP IR A B R0 [, 30 °CHEFR 24 h WL
PRAA S B0, 25 BAT [T ARE T .

PREREAARRE I IE . RAT CAS Kk, i
SR (0, P R L AR/, el PR T s R i B
P VR A B 2 B 542 (D) VK EAR(d), i
1o D/dl (¥ B ELR T e Ak A g 1,

VEWERE TN E « 0 BRI R E B AR
W AR R AT e MR A S b o
SRR (373

;e K K 5|k £ R (3-indoleacetic acid, IAA)
REIME . RA] Salkowski Hb (a3 5E B #
IAA g )] RNDJR L08R, FK™ IAA fE
MR 7R 530 nm R E HROGEE SRS RS TAA
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ik J1 T (Fusarium oxysporum) . fi& Kz 84 i# (Fungi
imperficti). ¥ fh %5 & (Aspergillus flavus)FlE 25
& (Phytophthora capsici).
122 E#HMHTTFEPNFLETE

PEHUE MR RN 40 DNA, {51 %t 27F
(5-AGAGTTTGATCMTGGCTCAG-3")Fl 1429R
(5'-TACGGYTACCTTGTTACGACTT-3") ¥ 3 H:
16S tRNA KK F£41), PCR IR MK Z (50 pL):
2xPCR ZZ P 25 uL, DNA #ifz 2 uL, . F
Wen M4 1.25 uL, Al dd HyO #h% 50 L. S
A 94 °CHiIA 3 min; 90 °CAEM: 30s, 58 °C
21k 30s, 35 AMEFR; 72 °CHEfH 90's, 10 °Cff
£ B IS )6 75 B B R A B IR
[P, R4 F A% % EzBioCloud i %
P 5 BV R AU T EEXH U, 36 R 56 5 81
FI MEGA X R 4B #21% (neighbor-joining)%: il &
GiRBER, ARMEHR 1000 K",
1.3 EEEFNHE
1.3.1  RPRMEE ERE I MEIE

TEPE 3 ARAR B 2F T il 45 52 G TR, PRI
W% T LB FARRE R Fe Rk, #E 37 °Cla
TR FEA PRI 24 h, WERBAAAEA K I .
132 EE5EFAIECH

W 3 PRICAER 3 HIFE LB ARG
b, SRIE PRECER TR V& 4 2 LB WA RE 572 211k
#rh, 37°C, 180 r/min 1557 % ODgy 4 0.8, ¥
Pl I3 HE 1% 9 b e 1 200 mL LB ks 5%
e, 37°C. 180 r/min 335 12 h, JCE PBS 2%
P TRCR LUV 3 WA, M 10101 B EL
RS RMAEY Z AR .



T & | MY, 2024, 644)

1237

1.4 Rt
141 TEZFRARE

PR AE TR - ZH TR 7E ODgoo 24 0.8 i, 5 000 r/min
B0 3 min, WCERTEIAR, TEIAFIBERRZE shis oS
U3 WIEER, EMER 1%,

CK N FUMA LK ZS AR IE . R 4 4>
LB, 43Ik T1. T2, T3, T4, T1, T2, T3
JEAE CK A 43 B A G5 2 1 2 A= 4 T
T4 NEAWEH . BALEE 20 R (B THE)FF,
WHIWELE, Hfkdd

REFFEARINE . LLER 1>1/2 Fh KM hniE.

R 2R (=R R T 80 485 R 0>
100%.

142 #TEZRARE

AT 2023 44 J 23 HAEILARR LK
SRR E T AR R 17em, |
HA%2 19cm, JEEHAR 14 cm W4E7, BEHEALT
B.omea . BERAHEY 3:1:1,

W 15 LI 1 PR AR PR R 58— VR 15 ODagoo (K
0.8, BEFLINA 37.5 mL HW, KHK S HHERT
SHRE RT3t 2 MR B, A5
J CK (AMEARfTAEFE) . T4 (A 37.5 mL B4
W), BAAFRE S AR, B
| BRAEA . ARZERFEZE 7 d, fEZFSS RS EEL
KPR AR B, AR P R R 454
JEMEAEAAR RIEE | AR EUE | FEA T Fr 4
Z 7 (chlorophyll relative content, SPAD). Y& 5&
S8 AR

TEAEMR RZTEAME . R AP R 531X
(AR B RHE A BR A /DA AER R, s
FAEEIG, R0 WIinRHIZO #4007 2 Ze XAl
RPREUG TR R B L RRE ., FAR B
e LN T

TEAERR ZR 5 T30 - (5 AR AR 2 35 T A6 D
TR (v s A= R A R DI (TTC

L)

8B AR Rt T I < AR BB e R M I 4
T, SR NBOT PR E

FEAE M SPAD {EINZE « i 3k -4 2 43 BT )
PEATINSEAE A ¥ . AEFHIIRY T R SPAD fH.

A6 26 T I5 I A« M ARk I8 Ak T (superoxide
dismutase, SOD)., 1 S (L ¥l (peroxidase, POD) .
1 E AL AU (catalase, CAT)IE 4 HEHE A AL I 1k
B(SOD)IAF & . o ALY BE(POD)IR & . 1t
S AL U (CAT) ) 6 (R om0 ) TR 5T
JIT )10 5000 5 o

A SENIE . fEHDE A0 E .
1.5 HIRENIE

FIFH Microsoft Excel #E478dE 04 51K #&
Wil fE, MM SPSS 13.0 #Ffrim/N2 R B M
(least-significant difference, LSD) & AH KA 4347 o

2 BER540

2.1 RBRMREREHITFIE

MGEVEFEAE AR R 1= LT e 3R 1T 37 ARAR PR
aeR, Hob 30 BREA AR, 2 B
IRBERE, 5 HMEBEER, 11 BN TAA B,
O R ABUI IR BRIAR o MG 1 H (8RR s 41 BT b 1k
e 2 MR AT RSB . WA R AR TAA
TIRETRPR 128 1 J1-3 (3R 2), LAJ 1 BRE AL
YRR RE IR T14 (& 3. B 1), U7
2B 0E
22 IRFAMREEST FEIFEEE

WE 2 fis St ATy 9 e, & B0 Bk
J1-:3 5 4 JB & 5 Ml ¥ " (Pseudomonas
plecoglossicida)f) 16S rRNA %k [K 7 51 AL JEE £
15 5 TR 028 543 BLZ i (Pantoea dispersa) it 16S
rRNA L P AU fie i 5 BRIAR T14 S5 HESEHL
2RI (Bacillus tequilensis)ff) 16S rRNA FE[K
FEHARIE fe i, AHBUEE XS =T 99%.
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<2 HEHKREINRELERE
Table 2

Identification of growth promoting function of strain

Wtk EERE FEER R RE A HLBERE B ICHLBERE ) TAA =5

Strain  Nitrogen fixing Siderophore capacity Organophosphates Inorganic phosphate ~ IAA production
capacity (cm) solubility (mg/mL) solubility (mg/mL) (mg/L)

128 + 3.22+0.27 161.00+0.23 209.00+0.15 11.00+0.14

J1-3 + 1.91+0.14 228.00+0.03 183.00+0.12 56.68+0.12

T14 + - 157.00+0.13 - -

+: This function exists; —: No this function.

x3 BEHEREENNE

Table 3 Determination of antagonistic ability of strains

(73 ISR &5 B A it B TR PERE M

Strain Fusarium oxysporum Fungi imperficti Aspergillus flavus Phytophthora capsici

T14 ++ ++ + ++

128 - - - -

J1-3 - - - -

++: Strong inhibition (the radius>2 mm); +: Inhibition (<2 mm); —: No inhibition.

Fusarium oxysporum  Fungi imperficti

1 T14 Xt 4 Fm R RS E
Figure 1

2.3 EHEXE

W Ry B 7 ZF L KT 7 (Bacillus tequilensis)
T14. /3% Bi(Pantoea dispersa) J28 . Z5 T I B
JItL #T 7 (Pseudomonas plecoglossicida) J1-3 32 X
RN IR R AR Z [ RS BiME, 45 R Kl 3 fios,
3R Z AR I S BRI .
2.4 IRPRMBREBEXTEE X ZFHIFZ M

AR ZFAB N 4 Fos, AR R E S
PRRIXTAEAE R & sZm an &l 5 fs, J1-3 (T1).
128 (T2). T14 (T3)45 CK MHCAEMRIINASA T
XPAEAE R HA BT E . 4403 24 h )5
FHREZE, AKE] 96 h o MEAEA AT R ZFIF L.
g5 0Lk G K b B 25 0 BRAE AR R R

P4 actamicro@im.ac.cn, & 010-64807516

Aspergillus flavus

Antagonism of T14 against four pathogens.

Phytophthora capsici

82.62%, MWk J1-3 AEFAL(THAEAE K ZFRN
87.41%, itk )28 AEIRAH (T2) 16 K 240 87.00%,
FIR T14 (IR (T3)EA K 2E%N 85.91%, HGTH
FIAEPRLH(TA A K ZFHN 93.53%, HEIREKIIX
3 MR R R AL AR Il A, I B L)
TRA RS W B S A 1R 23
2.5 EEEFIXNEEEKNZZI
251 EAEFIXEEMH SPAD ERXES
AL

oA AR I 6 firs, A SPAD EAY
AN 7 s, T FEEM IS IR A HE S
SPAD & EMHIEINT 5.30%. 7.50%, il
Y52 A AR RS B R A A R 2 B i R 3R



T & | MY, 2024, 644) 1239

A 73 J1-3 (OR660517)
Pseudomonas plecoglossicida NBRC103162 (BBIV01000080)
Pseudomonas inefficax IV551A3 (OPYNO01000008)
Pseudomonas monteilii NBRC103158 (BBIS01000088)
Pseudomonas taiwanensis BCRC17751 (EU103629)
Pseudomonas mosselii CIP 105259 (AF072688)
Pseudomonas guariconensis LMG27394 (FMYX01000029)
Pseudomonas hunanensis LV (1X545210)
Pseudomonas juntendi BML3 (MK680061)
71 Pseudomonas fulva NBRC16637 (BBIQO1000036)
Pseudomonas defluvii WCHP16 (KY979145)
96 Pseudomonas huaxiensis WCHPs060044 (MH428812)

-
0.0010
71 J28 (OR660516)
75 _[ Panfoea dispersa LMG2603 (DQ504305)
80 Pantoea eucrina LMG2781 (EU216736)
Pantoea cypripedii LMG2657 (MLJI01000002)
Pantoea endophytica 596 (PJRT01000022)

Phytobacter ursingii ATCC27989 (FJ611881)
Enterobacter huaxiensis 090008 (MK049964)

89 r
89 L Enterobacter bugandensis EB247 (FYBI01000003)

Pantoea stewartii LMG 2715 (Z96080)
9% Pantoea anthophila LMG2558 (EF688010)

09 Ldnmea vagans LMG24199 (EF688012)
0.002 0 69 Pantoea deleyi LMG24200 (EF688011)

¢ 71 ,T14 (OR660518)
Bacillus tequilensis KCTC 13622 (AYTO01000043)
57\ L Bacillus cabrialesii TE3 (MK462260)
Bacillus nakamurai NRRL B-41091 (LSAZ01000028)
Bacillus amyloliquefaciens DSM 7 (FN587644)
90 Bacillus atrophaeus JCM 9070 (AB021181)

9] L Bacillus glycinifermentans GO-13 (LECW01000063)

| Bacillus safensis FO-36b (ASJD01000027)
100 | Bacillus safensis BC09 (KY990920)
Bacillus gobiensis FIAT (4402CP012600)
Bacillus salacetis SKP7-4 (LC367333)

98 Margalitia shackletonii LMG 18435 (LJJC01000006)

72

—
0.005 0
2 =EHEMARZKAEW JF5 8/ GenBank Bt 5 73 EUECER IR bootstrap [H; 733
KRR
Figure 2 Phylogenetic tree of three strains. The GenBank accession numbers of aligned sequences are shown
before the name of the strain. Values at branch nodes represent bootstrap value. The length of branch represents
the evolutionary distance.
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Th4 =73

3 ZHREEAFEREIE
Figure 3 Verification of antagonism between three
strains.

B4 TERLEBTHEENELIFIHER
Figure 4 Germination of peanuts with different
treatments.

100.00 - gcKaT! eT2 8T3 oT4
95.00 |
90.00 |
85.00 t

80.00 |

2
Germination rate (%)

75.00 f

70.00 — — =
CK T1 T2 T3 T4
Germination rate (%)

5 FEEFICEBTRENLFER

Figure 5 Germination rate of peanut treated with
different bacteria. Different lowercase letters indicate
significant differences (P<0.05).
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&6 fEZR

ik i

Figure 6 The pot experiment of peanut.

» 70 . 0CK T4
o
> a
IV :
3 50 I b T
3 l 1
T ]
= o 30
=2
s 20
a
< 10
(=¥
“2 0
L] FEFHY]
Seedling stage Anthospicule stage

7 AEREATEERT/ SPAD &

Figure 7 SPAD values of peanut leaves in different
periods. Different lowercase letters indicate
significant differences (P<0.05).

e A A A S EnEl 8 Frs, iti &2

AR AL A SRR R A e & aah,
LR WA HeR | 2RISR B E N,
HAZERW A MNEMmT 161.71% . 52.53% .

108.34%; AEATHAAHIEIN T 27.92%. 6.61%.
14.70% . 1t B 52 45 T 701 T Sk 28 8 v A6 2B AR R 1Y
MG AR, A A,

252 SAEFIMEERIRFSHI
BAWRIXIEANR RIEARm 5%, it S
PG 50T BERAL BEAH FLAE AR AR R B AR

éﬁz\ FAR BRI RGN T 43.50% .

49.31%. 15.11%F1 16.92% (¥ 4), MiEkE

FEGRREERE TIHARRARK.
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(pmol/t
(98]
S
S

>e (mol (

W Al = AE T

HE

E 8 MAMENEFETENBNEESH

Figure 8 Photosynthetic parameters of different periods after application of microbial inoculants. A: Stomatal
conductance. B: Room carbon dioxide. C: Transpiration rate. D: Net photosynthetic rate. Different lowercase
letters indicate significant differences (P<0.05).

x4 ESETMNEERRANZME

Table 4 Effects of compound bacteria on peanut root morphology

Ib ¥ ALK HEASEL(FR /™) FHRER LEEN N
Treatment  Total root length (cm) Number of apex (plant/piece) Taproot diameter (mm)  Root volume (cm?)
CK 344.10+0.24b 754.00+0.54b 0.65£0.12b 378.70+0.21b

T4 493.80+0.15a 1 126.00+0.43a 0.76+0.09a 435.91+£0.22a

Different lowercase letters in a column indicate significant differences among treatments at (P<0.05), respectively.

253 EAEFINEEREHKE RSN FARRIRCF RN T 34 4>, AR T
K9 AL RIESMIE, A0 10 Fis, 25.82%, MRARIE M T 112.16%, MIARE,
i A 5 AR AR AE MU B S 380, B i AR RS TIRRIE /1, (SRR K,
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2.6 EESEFIXEEEKES SRS
POD. SOD Fll CAT J& = ¥3d b FIHEPr i

Pih e A B, LR T BRI PR R S, AR
P EARREGE . WAL 11 Bt A Y 2 A
5, BEREEAY PR TS, POD,
SOD F1 CAT BG4 5l 1 30.51%. 12.60%.
57.62% XU BCAE YIS A TR AT DR AE AR

E9 SEAEFIMEERAESHZ I v s =
Figure 9 Effect of compound bacteria on peanut RS T RSEMIAA O L, (AR PR A 52 2 5
root morphology. W%
G [ R I L
CK T4 CK T4 CK T4

10 E&SEFIEERAZRF M
Figure 10 Effects of compound inoculants on peanut roots. A: Number of nodules. B: Fresh weight of nodules.
C: Root activity. Different lowercase letters indicate significant differences (P<0.05).

11 EAEFIXNEEEKREEENS
Flgure 11  Effect of compound bacteria on peanut plant enzyme activity. A: SOD. B: POD. C: CAT. Different
lowercase letters indicate significant differences (P<0.05).
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27 EEEFIXNTEERFFTIEMEDIF 0
271 SHRFRIIRFMEY o SHMER p SN
FppAl

o ZHEE TR, EERAER)E, RS
U ) Chaol 8% . Shannon 5% . Simpson $§
BOCH %% 5F , Goods_coverage 3& 50 E % T-XF
HEALPR(E] 12). Goods_coverage $5 £k =1 1 BH 4
P w BRI, X SR It &2 6 R S S e
TR B

XF A8 A AR B A B R A 3R AT AR AR 0 BT
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IAA | BREUEFN 1-Z L3R N be-1- 32 1R i 2 1
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ACC- i & i), Jiang %558 & 3 Pantoea
dispersa A LU H B AR AR IE G, R T
FAE R A P8 ia R P T o Singh S5 YA
1 Pantoea dispersa AA7 HI Enterobacter
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H B ZE AT 1R (Bacillus subtilis) Y4 X464 148
oo D TR BT 3 RS UL IR R R 67.10%,
B RCR B2 . 5 BRI, AT ik
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