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Screening of plant growth-promoting Actinomycetes strains and
evaluation of plant growth-promoting effect of the synthetic
microbial consortium in a maize-soybean rotation system

QIAO Mengke"?, WANG Liming"*, LI Tingfeng’, ZHANG Kang'?, CAO Hongzhe'?,
XING Jihong"*", DONG Jingao"*"
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Hebei, China
2 Key Laboratory of Hebei Province for Plant Physiology and Molecular Pathology, Baoding, Hebei, China

3 Institute of Crop Development, Heilongjiang Academy of Land Reclamation Sciences, Jiamusi, Heilongjiang, China

Abstract: [Objective] To explore plant growth promoting rhizobacteria (PGPR) resources from the
rhizosphere soil of maize in a maize-soybean rotation system and elucidate their roles in promoting
the growth of maize and soybean, thus providing a theoretical basis and practical support at the
microbial level for the sustainable development of agriculture. [Methods] Actinomycetes strains
were isolated from the rhizosphere soil of maize via the dilution plating method with Gauze’s
Synthetic Medium No. 1. The strains capable of secreting protease, producing siderophores, and
fixing nitrogen were selected out. The isolated strains were identified by means of morphological
observation and 16S rRNA gene sequence analysis. After optimization of the fermentation
conditions and tests of stress tolerance, a synthetic microbial consortium (SMC) was prepared. Its
growth-promoting effects on maize and soybean were evaluated through seed germination tests and
pot experiments. [Results] A total of 105 Actinomycetes strains were isolated, five of which
simultaneously exhibited the abilities of siderophore production, protease secretion, and nitrogen
fixation. These strains were identified as Arthrobacter pokkalii (JM-18, IM-21), A. oryzae (JM-24),
A. ginsengisoli (JM-47), and 4. pascens (JM-48). They were mixed in equal proportions to form a
SMC. Growth promotion assays showed that the SMC significantly improved maize seed
germination and maize plant growth in pots. Specifically, the SMC increased the root length and
shoot length in the seed germination assay by 120.22% and 20.94%, respectively, and it also
significantly increased the plant height, root length, fresh weight, and dry weight of maize plants in
pots. Moreover, the SMC markedly promoted soybean development, increasing soybean shoot
length by 42.08% during seed germination. For potted soybean plants, the SMC increased the plant
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height, root length, fresh weight, and dry weight by 39.40%, 93.31%, 161.14%, and 163.57%,
respectively. [Conclusion] We successfully identified five Actinomycetes strains capable of

secreting protease, producing siderophores, and fixing nitrogen. The SMC constructed from these
strains significantly enhances the growth of both maize and soybean. This study offers promising

microbial resources for the development of efficient and environmentally friendly biofertilizers.
Keywords: maize-soybean rotation; plant growth-promoting rhizobacteria; Arthrobacter; synthetic

microbial consortium
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Figure 1 Promoting characteristics and identification of growth-promoting strains. A: Screening of plant growth-
promoting strains; B: Phylogenetic tree of five strains constructed based on 16S rRNA gene sequence. The

numbers in parentheses are GenBank accession numbers, the scale bar indicates a 1% sequence (or nucleotide)

difference.
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Fz1 AHKEERE IR AFIE
Table 1

of five growth-promoting strains

Physiological and biochemical characteristics

Test item IM-18 JM-21 JM-24 JM-47 JM-48
Gram staining + + + + +
Voges-Proskauer + + + + +

test

Citrate utilization  + + + + +
Propionate W W w W
utilization

D-xylose + + + + +
L-arabinose - - - + +
D-mannitol + + + + +
Gelatin liquefaction + + + + +
GrowthatpH 5.7  + + + + +
Nitrate reduction + + + + +
Starch hydrolysis - - + + +

+: Positive; —: Negative; W: Weakly positive.

IM-48 FEE IR AT I ERE . BERHR K . KoHPO4+
KH,POy (1:1)i ODgoo fH 5 3 (K 3)-
Xt 5 Bk R RR Y L BSR4, a5 R

Dissolve Dissolve
potassium phosphate

Produce
TAA

e
Z

Produce

B2 RRERIEAIEE ThRERS

Figure 2 Studies on other functions of five strains.
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Screening of the optimal medium composition for the five strains. A: Optimal carbon source; B:

Optimal nitrogen source; C: Optimal inorganic salts. Different lowercase letters indicate significant differences

between groups (P<0.05).
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Figure 4 Fermentation condition optimization of the five strains. A: pH; B: Temperature; C: Fermentation
speed; D: Medium volume. Different lowercase letters indicate significant differences between groups (P<0.05).
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Figure 5 Stress tolerance of the five growth-promoting strains. A: Effect of high and low temperature stress on

the growth of strains; B: Effect of salt stress on the growth of strains; C: Effect of alkali stress on the growth of

strains. Different lowercase letters indicate significant differences between groups (P<0.05).
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Table 2  Strain compatibility test

Strain IM-18  IM-21 JM-24 IM-47 JM-48
IM-48 + + + +

IM-47 + + +

M-24  + +

IM-21 +

IM-18

+: Compatibility between strains.
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Figure 7 Effect of compound bacteria SMC on the growth of soybeans. A: Effect of SMC on soybean seeds
(bar=2 cm); B: Effects of SMC on root length and plant length of soybean seeds; C: Effect of SMC on the growth
of potted soybeans (bar=10 cm); D: Effects of SMC on the plant height, root length, fresh weight, and dry weight

of potted soybeans.

FEE . ARG AR A e b T TIR AR R . nicotinovorans), 1% F K RE = A ok 5| g-3- 4
Jiang PN A SRR 4 43 B8 35 A5 T Bk 013 M2 (13.1 pg/mL), [ B H & fif 9% (164.2 pg/mL).,
(4. nicotinovorans, /32N 1T N Paenarthrobacter — f##1(16.1 pg/mL) LA K [E & fIFE S1 . Chhetri %24

< actamicro@im.ac.cn, 7 010-64807516



TRET & | T4, 2026, 66(5)

2223

MIKFEHE S B RAF—BR B GN70, IR
I 7= TAA . BRI R E I, 8 B e b1
YA K BRI AR 1. 225 |55 A AR AR PR
+ o B RIS KR L4 (4. chlorophenolicus, ¥R
S AETT N Pseudarthrobacter chlorophenolicus),
TERGFE 24 h i H TAA 774 83K 135.67 pg/mL,
[ B B A g whae fr, B R A A K
KB, W0 IAA FIA S B ARIFS
AT KA B = HEARE S b 0 BE 20 0 S AR R
53 90 R B R R K AE AT T (4. pokkalii) IM-18
FOIM-21. UK #F W AT W (4. oryzae) IM-24,
A. ginsengisoli IM-47 F11% 3% 15 FT [# (A. pascens)
IM-48, BN EA —ERE A, PR
ME AR S, BT, &R EEEAEE
G A AR PRIA BT T RE S R IR, A
WFFEUESE T 5 FF R AE A PGPR RN FHWE S, R
T I REARL A T A F At T A BE AR

AN FBFFEHE t PGPR B Bk B AR 4 Bk 1 17
TE—E 25 P HEPOR IR 12 MRIEA B,
SR E RS . R, b b E AT R A A
R 5 = ] 43 K F 48.26% . 26.33% . 66.86%
1 66.67%. Tk HEHE MR B Q8 5 B A i
P 1-4 BEE R, DMEI SR T KRG ML A REDD,
S5XTHAMIL, Kotkm. b E#+E, dt
Al T K oy R AR 4y i T 23.6%.
24.7%. 35% 1 30%. 7E F KAE AL & 0058 7
I, A SR BAS R 3 MR R AR, RS
fiff B ok Bk . 2. I M S B K
36.99%. 21.32%. 170.14% 1 102.11%, &
A9V e 1) BE 1 4 V(I PR T (P. moraviensis)
GF-55 REASAH T oK bk . v F A fef o
A3 BN 43.47% . 26.67% Fi1 82.44%, ASHF5Y
i, A RERE SMC AMBR)E, FOKMIRRE . MR
K. BEEMTESNGK T 24.74%. 48.21%.
110.08% £ 64.05%; KEGHIBkE . REK ., #EE
M DK T 39.40%. 93.31%. 161.14%
1 163.57%, FEARCR AR B mSEKF, Sfp

B ABORATREIR T SMC N TR BRIR] Y 1E [m]
HAE, JERCT PRGBS R . R,
BT B — bk, AT 06 B R e
LREGS LIRS E . Wam e RS, BA
—E I AN R

JEABFERAL T 5 IR fE SMC 78011
AR TP B e, BT —E 1Y
JFRIE, HAEKR I 28358 T 9 SEBrfie A= CR
LAg e A A Rk . U, ASHESE H AT
TR ERCRZ T, X T SMC R E R
1) B AR AL b LA A AL AT 75 2E— 2B TR A
Feo ea, AR RN R A, A5
it E— 20 I 8 T R A A A e 2R L SR AL
THEHEARNGE, &I R—E T Al
T B T R S EAR T %6

4 &

A5 E K- KRG AR T AP+
SR LR By A B ARAS 5 BRTTAT R, BRI R A
JK RS FF 1 (4. pokkalii) IM-18 Fl IM-21., /K
T (A. oryzae) IM-24 . A. ginsengisoli IM-47
FIEESRATHT R (A. pascens) IM-48, X BE TR Fk [A] B
HAAPEOnG., Prakadhk . WA, Iy
NH; i€ 1o 5 BRI AR A 60 °C5-20 °C,
AALETHRIE N 5.5% ., pH 9.0 AT, 3Rk
FRim M . X 5 BRIEAR S G0t S 2 3
HAeW o R gt oK | REM T & DL A
WHAE R K H o AU REH T £
K REMBAYCRE, HESh A & 0] fr 2k
KRS TR AT ST )7 1]

& STk = PR

T SERAATF I AR RAE . 18RS
A ERRE: BB A AR . R
RERIEAESS s oKME: 15 T SCI L HO R B S BT 5L
Fis R 16558 R I SRR A B T4k
4L, BEATSREIE S, P EUEHRMEBYG ES
S AR TRSEBOT, IR G

http://journals.im.ac.cn/actamicrocn



2224

QIAO Mengke et al. | Acta Microbiologica Sinica, 2026, 66(5)

EEF AR AT AER

VR PRI AAFAEAT AT AT BE 22 RN AS SR o A

D IREI 2y IE T N S

SR

(1]

[5]

(9]

Cui JW, Yang BG, Xu XP, Ai C, Zhou W. Long-term
maize-soybean rotation in Northeast China: impact on

soil  organic  matter stability and  microbial
decomposition[J]. Plant and Soil, 2025, 507(1/2):
141-158.

Wu JB, Hu SL, Chen J, Zhou LL, Yang SD, Zhou N, Wu
L, Niu GQ, Zhang Y, Ren XS, Li QF, Yuan J, Song HY,
Si J. Soil microbial legacy mediated by buckwheat
flavonoids enhances cabbage resistance to clubroot
disease[J]. Microbiome, 2025, 13: 176.

Khatoon Z, Huang SL, Rafique M, Fakhar A, Kamran
MA, Santoyo G. Unlocking the potential of plant growth-
promoting rhizobacteria on soil health and the
sustainability of agricultural systems[J]. Journal of
Environmental Management, 2020, 273: 111118.

Ly, SO, AR, R, SR, BOREF, ok
5 R PR AL A TR AR L) S HO R PRI ST 2E e 1] v
FE AR 41, 2025, 27(2): 13-23.

Ma XQ, Ji AR, Zheng JL, Cao CX, Gong Y, Huang DY,
Wang BB. Research progress on growth-promoting
mechanism and application of plant growth-promoting
rhizobacteria[J]. Journal of Agricultural Science and
Technology, 2025, 27(2): 13-23 (in Chinese).

Timofeeva AM, Galyamova MR, Sedykh SE. How do
plant growth-promoting bacteria use plant hormones to
regulate stress reactions?[J]. Plants, 2024, 13(17): 2371.
Bigatton ED, Ayoub I, Castillejo MA, Merlo C, Vazquez
C, Archilla MV, Bruno M, Martin MP, Pizzolitto RP,
Dubini LE, Lucini EI, Haro RJ. Plant growth-promoting
rhizobacteria on peanut seedlings (4rachis hypogaea L.):
isolation, taxonomical, and functional characterization[J].
Oil Crop Science, 2025, 10(2): 87-99.

B A AR BIAE A T O 106 46 M R 3 R A SR
BEAIFE R4 i AR K A2 D). M PHALARMAH R
2%, 2025.

Jia YW. Screening and identification of plant-growth-
promoting rhizobacteria and their effects on the soil
environment under apple replanting and the growth of
apple  seedlings[D].  Yangling: Northwest A&F
University, 2025 (in Chinese).

BRI, RS, T30, REE, BHH, H oo, 2
A AR AR 2 AP TR X Bk AR AR X - 9 A 85 A
PRAE A B SE W (1], L) 95 5 R4, 2022, 28(8):
1494-1508.

Yang XF, Liang JH, Yu WY, Wu XL, Li YY, Xiao YS,
Peng FT. Effect of Pseudomonas fluorescens on
rhizospheric soil quality and growth of peach (Prunus
persica L. Batsch)[J]. Journal of Plant Nutrition and
Fertilizers, 2022, 28(8): 1494-1508 (in Chinese).
Contreras-Cornejo HA, Macias-Rodriguez L, Cortés-
Penagos C, Lopez-Bucio J. Trichoderma virens, a plant

P4 actamicro@im.ac.cn, 7 010-64807516

[10]

[11]

[12

—_—

[13

—

[14]

[15]

[16]

[17]

[18]

[19]

beneficial fungus, enhances biomass production and
promotes lateral root growth through an auxin-dependent
mechanism in Arabidopsis[J]. Plant Physiology, 2009,
149(3): 1579-1592.

Da Silva Sousa C, Soares ACF, da Silva Garrido M.
Characterization of streptomycetes with potential to
promote plant growth and biocontrol[J]. Scientia
Agricola, 2008, 65(1): 50-55.

Liu X, Liao YQ, Shi ZF, Pu T, Shi ZL, Jia JP, Wang Y, He
FF, Yang PW. Genomic and metabolomic insights into the
antimicrobial activities and plant-promoting potential of
Streptomyces olivoreticuli YNK-FS0020[J].
Microorganisms, 2025, 13(9): 1964.

ARHEM, BRI ZE, £, 542, AR L0 HE, X4 5% . R H]
“RE W IR B S 2 A T B A U A
PRI AR, 2017, 33(9): 145-152.

Lin HZ, Chen ZQ, Wang Y, Guo J, Zhu HH, Deng MR.
Mining the cryptic bioactive secondary metabolites from
Streptomyces  vietnamensis using a  ‘tree-removal’
strategy[J]. Biotechnology Bulletin, 2017, 33(9): 145-152
(in Chinese).

Wit T/NR, A8k, 1 PRTK, BRae, G AT . A HOR PR
PRI AN R HMGY 6B 1) 77 1 % 5 K %0 J5L 7 114 465
BUVERT. Y2, 2016, 43(10): 2207-2215.
Chen W, Wang XL, Fu W, Zeng QF, Chen Y, Shu JH.
Screening, identification and antagonistic against the
pathogens of a siderophore-producing bacteria HMGY 6B
from rhizosphere of ryegrass[J]. Microbiology China,
2016, 43(10): 2207-2215 (in Chinese).

FI, R, AR5, AR, E T, . EOKFE AT AR
TR 7 8 568 A M H A R g X A PERE R (0], AR bR
W RAE2E1], 2016, 47(12): 30-37.

Wang F, Hu PY, Li S, Feng LP, Wang Y, Gao L.
Screening and identification of corn straw cellulose
degradation strain and the effects on quality of immature
soil in potted experiment[J]. Journal of Northeast
Agricultural University, 2016, 47(12): 30-37 (in Chinese).
RS . A 58 2E AT TR XZ1-5 108 25 11l ) il b o
SIIRemFE[D]. AN TR Tl K%, 2025.

Liu SJ. The enzymatic properties and functions of low-
temperature protease from Bacillus subtilis XZ1-5[D].
Zhengzhou: Henan University of Technology, 2025 (in
Chinese).

ARFSER, SRUE | WA R G4 T M. de st B
2FH AL, 2001,

IEE, HAW . AAZRA N S T WM. 8 il bt B
AR, 1984,

Buchanan, Gibbons. Bergey’s manual of determinative
bacteriology[M]. 8th edition. Beijing: Science Press,
1984 (in Chinese).

2R L R A 2 R A= B T R 1) 7 L S 5 TR
BEA&[D]. A€ : el K2, 2023.

Li ZP. Screening and identification of biological strains
and microbial agent research for corn stalk rot caused by
Fusarium  spp.[D]. Baoding: Hebei Agricultural
University, 2023 (in Chinese).

SN, ERE, A, #UR, M — R 4
PR R 2R B B 7 1 S SRR AROEAR D). TP R
i&, 2019, 38(11): 37-42.



T4 | BUESEAR, 2026, 66(5)

2225

Jia XB, Wang QQ, Li Y, Chu GX, Sun YF. Isolation,
identification and fermentation conditions optimization of
a salt-tolerant, growth-promoting and indoleacetic acid-
producing bacterium[J]. China Brewing, 2019, 38(11):
37-42 (in Chinese).

WP, e, B9, o E, Ml £T, 5K40. R
PR A 40 TR ) U B K X /N 22 i i At A 4 R ). 4
AR, 2016, 45(12): 52-57.

Chang HP, Xing WH, Xia TQ, Yang X, Fu RM, Wang D,
Zhang H. Screening of plant growth-promoting
rhizobacteria and their growth-promoting effect on wheat
seedling[J]. Journal of Henan Agricultural Sciences,
2016, 45(12): 52-57 (in Chinese)

FERRTE, TR, ks, 200, PRIBEER, ik K, i 524, ot
JCIE, BRIE . AR AE- B AR R X 7 i b - S )
BEVE L I RE R 2 R[], WY bk 22 4], 2025, 34(8):
1455-1466.

Cui FY, Zhang L, Zhang Y, Li Q, Chen XL, Hou XF,
Miao HC, Gu YG, Jia DH. Effects of cotton-peanut
rotation on yield and genetic functions of soil microbial
communities[J]. Acta Agriculturae Boreali-occidentalis
Sinica, 2025, 34(8): 1455-1466 (in Chinese).

FHEN . ER-RGAVER RS i S e E YR %
2R D]. SE : ZE KA, 2021.

Yan FF. Effects of maize-soybean rotation on soybean
yield and soil microbial community[D]. Yanji: Yanbian
University, 2021 (in Chinese).

Jiang Y, Song Y, Jiang CY, Li X, Liu TT, Wang JR, Chen
CQ, Gao J. Identification and characterization of
Arthrobacter nicotinovorans J139, a novel plant growth-
promoting rhizobacteria strain from Panax ginsengl[J].
Frontiers in Plant Science, 2022, 13: 873621.

Chhetri G, Kim I, Kang M, So Y, Kim J, Seo T. An
isolated Arthrobacter sp. enhances rice (Oryza sativa L.)
plant growth[J]. Microorganisms, 2022, 10(6): 1187.

[25] 251, BTN, ZREA5, 1A, SRANIE, W% . —pRIEAAR PR

R A= TR B U 28 4 E I AR PET S [0]. AR S AR A IR

—_

—

—

2441, 2012, 28(4): 416-421.
Li Y, Yu L, Li HX, Xu L, Jiao JG, Hu F. Isolation,
identification and characteristics of a peanut growth-
promoting strain of rhizobacteria[J]. Journal of Ecology
and Rural Environment, 2012, 28(4): 416-421 (in
Chinese).
FE, B, TP, XIAEAE, sy, T BPRE. 2
AEAR P 2 A= TR A T 18 58 7 A 2R BCRIPFE D). AR 4
ARiE R, 2018, 34(10): 108-115.
Guo Y, Yang P, Zhang DY, Liu YY, Ma LJ, Bu N.
Screening, identification and growth-promoting effect of
multifunction rhizosphere growth-promoting strain of
wild soybean[J]. Biotechnology Bulletin, 2018, 34(10):
108-115 (in Chinese).

mt k. ARV AR PR A T 5 5 B R R LB e A
FRERISHIFTFE D). Bk PEALARMBHR S, 2025.
Wang ZL. Application of plant growth-promoting
rhizobacteria and synthetic microbial communities in
enhancing stress resistance and growth promotion in
soybean (Glycine max)[D]. Yangling: Northwest A&F
University, 2025 (in Chinese).
PE2EAE, W/ . 3R T KA s ik il v 0 16 4 o S fie A=
YEFIBFRI]. ZRdbARll R 2=2¢412, 2024, 55(5): 46-55.
Hou YY, Hu XM. Screening and identification of three
strains of phosphate-solubilizing bacteria from maize
rhizosphere and their roles in plant growth promoting
effect[J]. Journal of Northeast Agricultural University,
2024, 55(5): 46-55 (in Chinese).
FEE &, #ETHA, W R, TE05, HAR AR, MR-, k3%
1, T?Ir P TR SRR (B AL AT GF-55 e ik KAz
FORHE R oA AR D R 23 BT (0. T2 W 24 JE A, 2022,
49(7): 2625-2637.
Bai JF, Han SC, Gao JL, Yu XF, Qing GE, Hu SP, Zhang
SN, Guo JA. Endophytic bacterial strain GF-55 improves
the growth and lodging resistance of maize[J].
Microbiology China, 2022, 49(7): 2625-2637 (in
Chinese).

http://journals.im.ac.cn/actamicrocn



