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Isolation and identification of cadmium-resistant
growth-promoting strains and their growth-promoting effects
on soybean

LUO Shali*, WANG Youjuan”, LU Xing, CHEN Kang, WANG Xiurong"

State Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources, Root Biology Center, South
China Agricultural University, Guangzhou 510642, Guangdong, China

Abstract: [Background] South China suffers from serious cadmium (Cd) pollution. Symbiosis with
beneficial microorganisms can relieve Cd toxicity and improve crop resistance to Cd through direct or
indirect mechanisms, and thereby promote crop growth. Cd-resistant growth-promoting bacterial
inoculants have broad application prospects. [Objective] Growth-promoting bacteria that can resist Cd
and promote soybean growth are screened from the roots or rhizosphere of Cd-contaminated plants in
South China, which is expected to enrich beneficial microbial resources in soybean production.
[Methods] Strains were isolated from the roots or rhizosphere of the plants with the streak plate method,
and preliminarily identified through the analysis of physiological and biochemical characteristics and
16S rRNA gene sequence. Meanwhile, pot experiment was used to explore the effects of these strains on
soybean growth under Cd stress. Malondialdehyde (MDA) content and total antioxidant capacity
(T-AOC) were determined to explore Cd-resistant mechanism of these strains. [Results] Four strains D1,
D2, D3, and D4 were isolated, which all can solubilize phosphate and produce indole-3-acetic acid
(IAA) and siderophore. They belong to Acinetobacter, Microbacterium, Paenibacillus, and Providencia,
respectively. The pot experiment on soybean Baxi 10 showed that these four strains had Cd-resistant
capacity and could promote soybean growth. Shoot dry weight, root dry weight, and plant height of
soybean inoculated with D4 were increased by 28%, 35% and 31%, respectively, in the absence of Cd.
In the presence of 20 mg/kg-CdCl,-5/2H,0, shoot dry weight of soybean plants inoculated with D1, D2,
D3, and D4 was raised by 35%, 55%, 53%, and 43%, respectively. The MDA content in the shoots of
soybean plants inoculated with D2 and D4 was decreased by 23% and 29%, respectively. The T-AOC in
the shoots of soybean plants inoculated with D1 and D4 was elevated by 11% and 13%, respectively.
[Conclusion] The screened strains are expected to be developed into microbial fertilizers and applied
into Cd-contaminated farmland for improvement of crop growth and yield. Meanwhile, it lays a

theoretical basis for the study of Cd-resistant mechanisms of plant growth-promoting bacteria.

Keywords: plant growth-promoting bacteria; cadmium toxicity; soybean; isolation and identification;
growth-promoting mechanism
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Figure 1 Studies on the growth-promoting characteristics of four strains. A: Phosphorus concentration in
culture solution; B: Active unit of siderophores; C: IAA concentration, D1 represents inoculation with D1
strain, D2 represents inoculation with D2 strain, D3 represents inoculation with D3 strain, D4 represents

inoculation with D4 strain. Different lowercase letters in the figure indicate significant differences between
different strains (P<0.05).
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A 60 Acinetobacter oleivorans strain DR1 (NR 102814)
-Acinetobacter oleivorans strain DR1 (NR 116039)
Acinetobacter pittii strain LMG 1035 (NR 117930)
D1 (ON 054174)
Acinetobacter calcoaceticus strain NCCB 22016 (NR 042387)
Acinetobacter pittii DSM 21653 strain ATCC 19004 (NR 117621)
Acinetobacter pittii DSM 21653 strain CIP 70.29 (NR 116774)
—'—Acr’nerobacrer seifertii strain LUH 1472 (NR 134684)
67 Acinetobacter nosocomialis strain RUH 2376 (NR 117931)
(Acinetobacter lactucae strain JVAPO1 (NR 152082)

W 100! Acinetobacter lactucae strain NRRL B-41902 (NR 152004)

B 48 Microbacterium arborescens strain DSM 20754 (NR 029265)

77|D2 (ON 062123)
87 Microbacterium arborescens strain IFO 3750 (NR 112023)

57 —— Microbacterium imperiale strain DSM 20530 (NR 026161)
89 _|—Microbacrerr'um radiodurans strain GIMN 1.002 (NR 117294)

57 Microbacterium ulmi strain XIL02 (NR 115133)
Microbacterium sediminicola strain YM10-847 (NR 112647)
Microbacterium ginsengisoli strain Gsoil 259 (NR 041516)

Microbacterium diaminobutyricum strain RZ63 (NR 152648)
Microbacterium schleiferi strain DSM 20489 (NR 044936)

e I
89 Microbacterium saccharophilum strain K-1 (NR 114342)

—
0.002
C 44 Paenibacillus polysaccharolyticus strain BL9 (NR 108250)
100 Paenibacillus cucumis strain AP-115 (NR 149778)
37 Paenibacillus intestini strain LAH16 (NR 156979)

—Paenibacillus silvae strain DB13031 (NR 156836)
100——D3 (ON 054045)
Paenibacillus barcinonensis strain BP-23 (NR 042272)
Paenibacillus oceanisediminis strain L10 (NR 118217)
100 — Paenibacillus xylanexedens strain B22a (NR 044524)
L Paenibacillus mobilis strain S8 (NR 163642)
76 r— Paenibacillus pabuli strain HSCC 492 (NR 040853)
100'Paenibacillus pabuli strain ICM 9074 (NR112164)

56

—
0.002
D 99 Providencia rustigiantii strain DSM 4541 (NR 042411)
90 |—Providencia rustigiantii strain NCTC 11802 (NR 115881)
99 L Providencia alcalifaciens DSM 30120 strain NCTC 10286 (NR 115879)
56 L Providencia burhodogranariea DSM 19968 strain B (NR 104914)

Providencia sneebia DSM 19967 strain A (NR 104913)
Providencia vermicola strain OP1 (NR 042415)
Providencia rettgeri strain NCTC 11801 (NR 115880)

74
fLFvaidencia rettgeri strain DSM 4542 (NR 042413)
61-D4 (ON 054177)

— Providencia stuartii strain DSM 4539 (NR 114964)
100L——————— Providencia stuartii strain ATCC 29914 (NR 024848)

p——t
0.002

2 MANEHRET 16S rRNA EEAFFEIMREZELBER 50T 5 NFSH) GenBank & 545 ;

53 3 RBUEFR IR bootstrap fBL; Hi R AR F A1 0] 73 B

Figure 2 Phylogenetic tree established based on 16S rRNA gene sequences of four strains. The GenBank
accession number of aligned sequences is shown in the brackets; Numbers at branch nodes present bootstrap
value; A ruler indicates the degree of divergence between sequences.
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F1 TELEMNATEKRERREEBERZWONERLTEDPTERF B)
Table 1 The results of two-factor analysis of variance on growth and physiological indexes of soybean
under different treatments (F value)

Indicators C I CxI

Shoot dry weight 98.978*** 12.888%** 0.579ns
Root dry weight 53.610%** 2.732% 0.240ns
Plant height 0.994ns 6.169%** 0.646ns
Shoot Cd concentration 221.570%** 3.203* 1.308ns
Root Cd concentration 170.710%** 3.814%* 0.399ns
Shoot P uptake 43.306%** 0.579ns 0.594ns
Root P uptake 19.415%** 10.637*** 3.637**
Shoot MDA content 8.152%* 2.121ns 1.020ns
Shoot T-AOC 15.681%** 0.380ns 1.452ns

e FEAME R 20 0mas s, Heh C fRFRMALHL, T (URBERALIL, Cx1 1R FHHALFI 55 52 1 40 FI 4 58 HAE T 5
*: 0.01<P<0.05; **: 0.001<P<0.01; ***. P<0.001; ns: %51 E¥

Note: F value is the result of two-factor variance analysis; C represents Cd treatment, I represents inoculation treatment,
CxI represents interaction between Cd treatment and inoculation treatment. *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001;
ns: No significance.

0 mg/kg Cd 20 mg/kg Cd

B C D
5 3[ ockeD1 aD28D3 8D4 g £45f ©CKsDlaD2mD3=D4
5 = = ’ P
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B3 FEBLEBMEFLEMASEKSHNZM A FKRERKERE; B: M HETE; C: B
TH; D: BRie BIP bR R SURTE Rl A B4 EFR(D1. D2, D3 1 D4)J3 55 CK X HEAH H 22 5+
BE, *: 0.01<P<0.05; **: 0.001<P<0.01; ***. P<0.001. Tl

Figure 3 Effects of different Cd and inoculation treatments on growth parameters of soybean. A: Plant
growth phenotype; B: Shoot dry weight; C: Root dry weight; D: Plant height. Asterisks in the figure
represents significant differences between D1, D2, D3 or D4 and CK treatments within the same Cd condition,
respectively; *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<(0.001. The same below.
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Figure 4 Effects of different Cd and inoculation treatments on Cd concentrations in soybean. A: Shoot Cd

concentration; B: Root Cd concentration.
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Figure 5 Effects of different Cd and inoculation treatments on phosphorus uptake of soybean. A: Shoot P

uptake; B: Root P uptake.
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Figure 6 Effects of different Cd and inoculation treatments on MDA content and T-AOC in soybean leaves.

A: MDA content in leaves; B: T-AOC in leaves.
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HAEEARE S, PGPR 7E4RME T X 4 1 42 A= Fn

i aE ML AT L4y ok BLRE AR B i,
BEHLHI AR H 2t PGPR BERS i 1A 1 . 0 v
W RN SE AL A Y AR . ARDFSE
HIX 4 BRI HIREFS TAA FIEkE AR (A 1B 1 10),
XA RER R G AERKMIENZ —. B4, &
9% 1) 2 A% I e AR b R R B A M A — 2
FMEAYERE, 720 CdAKETF, 5A/8FM CK
AL, $Fh D1, D2, D3 il D4 FEHRA R G Hb
b A 1 R TN (&] 4A) . [FIE, 20 Cd
N, 5 CK AL, 25#RN D1 Al D3 [#ik D
EPEE T RGBT R, 435D D2 Fil D4
PRI S 25 4 = AR R b SR R i (B 5), B
4 MR HA BRSNS, Y UCERER
BEEFRARGL, X AT AR AR R O AR KRR 7 1Y
FEMHN Z— o AR A L2 B R AR A R IR
FEI B W OR 532, 3R SR R B B TR
& /1. Guo 5P MfFsE K BL, HEANH Cd fed
R [ B B AR R G 3R AR R A Cd & . &
SLAEPORGY R B, Cd V5 Y4 E R BRI A 1
KRG RS W R, SOD 1M
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XTHRAHEL, H2Fh D4 BERRE KEM R 8 S
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PR . SR AT IR A 2 s R R (A 2).
W5 2B, WEIMAS ST I & RE A A R 55
FfR A YR R RE E R AR, DD
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B, 77 TAA FEREAR, JFHEAMREES, M
Mg KRG ALK,

2 LTIR, AHIF ST DAFIAE A R fORN B AR
5 Y L ERAEARAR PREAR N 43 B R4S 4 RRAEAE
Fitk D1, D2, D3 fil D4, H¥ BA B 7= IAA
PRI RE 1, AARIUENT, 4 FRE
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R 2 i NI W S 3 < T N Y 1
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