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Growth promoting activity of siderophore secreting bacteria for
peanut plant under nickel stress
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Abstract: [Objective] We explored plant growth promoting rhizobacteria with strong activity of
resisting nickel and secreting siderophore, and studied their effect on promoting peanut plant growth
and absorbing nickel. [Methods] Strains with strong siderophore secreting capacity were isolated from
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peanut rhizosphere by using qualitative and quantitative test of CAS (Chrome azurol S) medium.
Siderophore secreting strains were identified by similarity and phylogenetic analysis of 16S rRNA
gene. Tolerance of siderophore secreting strains to nickel was measured by beef extract-peptone
medium supplemented with nickel ion. In the pot experiment of peanut, effects of siderophore secreting
strains on peanut plant was analyzed by measuring shoot height, root length, biomass and the content of
nitrogen, phosphorus, potassium and nickel in peanut plant. [Results] Five Bacillus strains with
siderophore secreting capacity were isolated from peanut rhizosphere. Bacillus sp. HSGJ1 showed the
strongest siderophore secreting capacity among the five strains. It secreted 156.56 mg/L of siderophore
after 2 days. Bacillus sp. HSGJ1 showed strong tolerance to nickel with 150 mg/L of minimum lethal
concentration. HSGJ1 could promote plant growth, increase the biomass and nitrogen, phosphorus and
potassium contents of peanut, and decrease the nickel content in the root and shoot of peanut plant in
50 and 100 mg/kg of Ni*" in pot soil. [Conclusion] As a good plant growth promoting rhizobacterium,
the siderophore secreting Bacillus sp. HSGJ1 can be applied for planting crop in the nickel
contaminated soil to improve crop tolerance under nickel stress and decrease nickel accumulating in
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crop. Therefore, Bacillus sp. HSGJ1 shows good application value.

Keywords: Growth promoting bacteria, Siderophore, Nickel, Peanut
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DR 4 75 Y 506 B EL A ] 9 AMUE ST o R
FAXE R

HEEERHENEREEYILEBRE . A
BREMAARBE . Hh, AEE AT A,
FORAF . TEd5Ye . BRI, FEAAES
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Jadhav G FXHRIE, 77 A BREUARM ST G YR A A
BACHIRS: - JE ANV T R B AL R A AT R R AR TR
MR E SR, i A, SRt
e, HUSEEERIIN 84 B rRCRA M,
Py, BRAEAHE S Ol 26.12 mg/kg,
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Hhad Z RS AR AR, RIS AT o
(s SRR MR, mEE s e
T EEE N LTRIMEY, AR E A
Bit, FAEE M E R BN R B AR5 G . SR
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1 MRETTE
1.1 ##
111 FEEERRBIRE: 201544 6 A, NN
ERREER B PR G R AR K B A Rl bR . LIAE
ARG, DRERR 5 em TSR, FEG™KAE
AEFERRIZ R HAR TS S AL I A AR L
SRS A R SE R . AE S TAES L, B
(<2 mm) HIETICR A EH48d, SRAFIEERBR
R
1.1.2 EFEZRXFIFOMEE: (1) HT DNA #HEEAIR
. FEFBRINGUTC), W H R et b0 By
ARAT]; (2) ARG . WRARER . 30%ad
AALE, WA MR TABRAR; 3) HESE
JERMERG: WeAEER . R RBR(HNOsHCIO~4:1, 1A
FUyIRRR, WA E 252 R AR BR
PR SRR Ni WF E 5 48 S Tk
AR 5 (4) 16S rRNA FEPR 354 514 i R3]
HERILH AR

HYQ ZANBUZHIRFRIR,, PO AR A
FRAAE]; V-1100D 70000, BlSERsk{asf
FRZNF] 5 Centrifuge5148R &ML, A Hp E45 B
5H]FP6410 KB, Rk RHM R A BRA 5
PCR 1. BERKME R S0, HIKIL, Bio-Rad 2AH];
ICP-AES, FEEHHAH,
113 $EFE: (1) WRE . aifk ZARRhRE5R
5 FREEABRERED, Q) kAR
He. CAS EVERE IR 9 FC B A B
(3) TRARTHERFRIE . B AR NiT a4
WEE SRS (4) LB A5 3(gL): &
% 10.0, BEEHEHS 5.0, NaCl 10.0. Frfhigast
TEFHHET 1x10° Pa KB 30 min.
1.2 FH%
1201 FHSKEENSESFE: FIHFREE
[ 35 5 R B B A kU A0 s B AR AR PR AR

W, 8 2R GRS AR P 2l 7%, JF R
FEFAE N RHE (—20 °C)F 30% H¥H(—80 °C)H1, A
FH CAS A A 2 P R Sk b i ™ R 2 AR A 7
FE CAS A b sS4z 10 pL ARG 28 °C fH i G SF
4-5 A, Vo RTBRE S R A S B 118 DR e T
FERRER VR PR AN T Y 5 B PR A PR 40 T e T
W (1%) 420 T 9% [REEA K S B, 28 °C. 150 r/min
Rz 2 d, BULWEW, F CAS R ALEE 1 h JEl
ODyoo, THABREMAUE (mg/L).

122 FHRIKARNS FEESR2GH LS
- TS0 SRR IN(GUTC) P R BN 1 19 2 DNA,
FE¥5 B DNA fR-AFAE—20 °C %5 16S rRNA JE[H 1
PCR 414541} 27F (5'-AGAGTTTGATTGGCTCA
G-3") Ml 1492R (5-TACGGTACCTTGTTACGAC
T-3)1; PCR #"#4{A & (30 puL): 2xPCR mix 15 uL,
27F Al 1492R (10 pmol/L)5[#4% 0.15 uL, DNA &
B 1 pL, B4k 30 uL, PCR 4 #6724 hiE
KRR 54 °C, PCR 387y e (RN K I K]
EDJE 4 16S tRNA FE [ FHI7E GenBank i
HLEFT BLASTn 43Ar P 18R A5 g1 (R B [l U
K; JH MEGA 6.0 #1148 4% (Neighbor-Joining)
X PR AR AT 16S rRNA BEH P R 5 %
B,

1.2.3  FESkERAE X IR AW 2 MK P gk ik
20 T T NP T 2 2 T S e 0 1 e /N B
W (MLO)PTS3-4, Bl 45280 10 pl 3l )
(10° CFU/mL) | Ni* # & 4y 10-200 mg/L f92F
Wk FRIE R A B R R AR 57
FEAE R XTI, 28 °C 150 r/min 1535 2 dJ5I5E ODeeo
PUIREFEUL ODgso Z Ni* W FEVE AR XN TR ) fe /N
HAH L (MLC),

1.2.4 TEEZHTE: RIE 2B HE X Ni*
i 32 1 4 B AR A S rh NP THYMEEE R 0 50,
100, 150 mg/kg HIRHRE, DI SRR R EAS [V
JEBUIA R LR R, e R T TR I K Y,
AL AL BEAE L FDFIRUITE 95%ITTGAE 30 s, =il
K 0.1%09 HeCly 7% 5 min, JCE/KIETE 5-6 1K
Wb FHE P e E UEF T KT (13107 Pa KB 30 min)kb
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(10° N4 1 mL FHIDIH R, FRi7E 2 mid E e K
BT AR E AR A B . A0 3 A
TR, FHUAZREMW A IE XTI, 758 = (25 °C
JERE 17 h 1 17 °C J&EE 7 hFPHE 60 d J5 IR .

1.2.5 FEIEFRE MR A% R A IS e bR
TSRS AR TE . PR E B AR
B 60 d 5, WORAEAERIRR, EMRE TR Uk
FRAH EERIIE B T 105 °C 4 H 437 30 min, 80 °C
MEF R E ;R -1 AL S0 PO A
SO TE B/ S Sy Ul Vg i /== R 0N L = e o S WA E DL
By ke, B AHER DT L aykle, 48
PTG g 2 B A e RO AR S
ICP-AESP2l &

1.2.6 SKBHIEBSWAE: LIEIEH Microsoft
office 2010 FEHATEHEFRHEZR /4T, FH SPSS 17.0
AT E 25 5:(P<0.05)53#T, i Sigmaplot 10.0 1E],

2 R4
2.1 FEHEKREE RS B AL IFIE

WA FRBRIRAEAE RS EEIES . Kb, B
AR B AEEARPRANT 21 #k, HAP ARG 19 pRiE 2
FCBHEAN A 2 RRA 22 FCPAPE R . FEA = kadiik
MM, 5 MRANEETE CAS A Br=A: T RANAS
[l B o gt P, ULBHILRE =ik . AN = gkakik
FESEMNA BRI S MRANPARE R 2 d Je A Ak a4k
N 10.33-156.56 mg/L (£ 1), BEHIH= 8k Ak nAE

FIARIA], i HSGIT P8k A E )1 o
2.2 FPEREIRIEER X ER A 52 MR

FETHER A DA A AR R 200, 3X 5 bRk
PRANTE X N B T AR T 2, Hdh HSGI1
5T 100 mg/kg 19 Ni2™4= AFF & A EA L, (HE
BEmS/NFIC Ni 5373 0 BEEBE, it 4 #k=
BREARANESET, BAHTHORREMISZ & T 100 mg/kg
9 NI, Rk R4 HSGIT 76 10-200 mg/L HY
N ARSI 2 d SR & A
FAF o 24 Ni* Wk IAF] 150 mg/L I, B3RP TG
2, D0 B Rk B R0 B HSGI1 Bt/ NEEHR
150 mg/L,
23 FERBAERNRZAESN

PEEREATERREY 16S rRNA FE I 5 381544
1 400 bp 741, HAE GenBank i % H ) BLASTn
SRR, XS MRTEREIAR 16S TRNA JE[H 52
R 8 (Bacillus)i) 16S rRNA F PR (AR &
99%—100% (& 1) Bk, $iX 5 PRy B R W)
HUE R AR, PR 5 PRZFFIFFI M 16S
rRNA LK P58 3] GenBank FUHE ZE A5 AH L 1)
FPogn's (R 1), EM MEGA 6.0 <&f4ik
(Neighbour-Joining)X} 5 i/ ZkEA I AR FN 30 B
ZEHUAT R (Bacillus) AR ER R 16S rRNA Y
HRGEREWE 1), 5 M- BREIRRRTE R G K
B R 5 250 R O A S B 2R AT R (Bacillus
tequilensis)FIR B ZE AT I8 (Bacillus  subtilis)FE1E [F)
—or3 b, BB AR I . WM, B
ANREMER L S A FPKF . I, KX S R

F1 WPEFEEHAEE SR 16S rRNA EE ST

Table 1 The siderophore secreting capacity and similarity analysis of 16S rRNA genes for strains

bk R R EAR e K h2lETR b2k [l &%
Strain No. Halo diameter ~ Concentration Length Sequence Accession Similarity Genus
(cm) (mg/L) (bp) No. No. (%) name
HSGIJ1 2.98 156.56 1421 KJ739954 CP005881 100 Bacillus
HSGIJ5 0.57 10.33 1453 KJ733951 FJ253021 99 Bacillus
HSGJ8 0.74 19.17 1429 KJ733958 JF411247 100 Bacillus
HSGJ13 0.85 20.08 1 430 KJ733970 JF411297 100 Bacillus
HSGJ19 2.53 105.33 1419 KJ733955 CP005881 100 Bacillus
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56r-HSGIJ5 (KJ739954)
69[THSGI3 (KJ733951)
64IHSGJ8 (KJ733958)
931 HSGI19 (KJ733970)
100G (K1733955)
. 01(?0 Bacillus tequilensis HQ223107" (ATCC BAA-819)
'Bacillus subtilis AJ276351" (DSM10)
Bacillus wakoensis GU086413" (N1)
Bacillus acidicola AF547209" (105-2)
Bacillus isabeliae AM503357" (CVS-8)
Bacillus marismortui AJ009793" (123)
Bacillus salexigens Y11603" (C20-Mo)
Bacillus pantothenticus D16275" (IAM11061)
Bacillus neizhouensis EU925618" (JSM071004)
Bacillus taeanensis AY603978" (BH030017)
Bacillus rhizosphaerae F1233848" (SC-N012)
Bacillus alkalisediminis AJ606037" (K1-25)
79 Bacillus okuhidensis AB047684" (GTC854)
6 Bacillus firmus D16268" (IAM12464)
E Bacillus koreensis F1889614" (BR030)
Bacillus kribbensis DQ280367" (BT080)
Bacillus endoradicis GU434676" (CCBAU05776T)
Bacillus simplex AJ439078" (DSM1321)
Bacillus cytotoxicus AM747234" (NVH391-98)
Bacillus cereus AE016877" (ATCC14579)
Bacillus luciferensis AJ419629" (LMG18422)
Bacillus horikoshii AB043865" (DSM8719)
Bacillus halmapalus X76447" (DSM8723)
Bacillus zhanjiangensis HM460884" (1ISM099021)
Bacillus aerius AJ504797" (4-1)
E Bacillus drentensis AJ542506" (LMG21831)
Bacillus infernus U20385" (TH-23)
Bacillus beijingensis EF371374" (ge10)
100 = Bhargavaea ginsengi EF3713757 (gel4)
Bacillus globisporus AB681045" (NBRC16082)
Bacillus cecembensis AM773821" (P5)
82 Bacillus decisifrondis DQ465405" (ESHC-32)

Bacillus borstelensis AB112721" (DSM6347)
Bacillus lentimorbus AB073199" (ATCC14707)
9 —10 Bacillus ehimensis AB680937" (NBRC15659)
99 Bacillus validus AB680854" (NBRC15382)

68

Pantoea dispersa FJ756349" (DSM30073)
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1 FEEREIKE R 16S rRNA EREFIIM RS L BH
Figure 1 Phylogenetic tree of 16S rRNA gene sequence for the siderophore secreting strains

T 55 BT R GenBank #5755 4332 s EAYECT S Bootstrap i, AFRISHAAIHIRA—RAILE; IR BIRKFLAK

JE, REIEEIEG T REIRE R .

Note: Numbers in parentheses represent the sequence accession number. The numbers at the nodes indicate the level of bootstrap support (%)
based on 1 000 resample data set, only values above 50% are given. The scale bar corresponds to 0.05 substitutions per nucleotide

position. T: Type strains.

B AR AN TR % 5 N AT T & (Bacillus). 3% 5 #k™
BREAAR TR AE R G R B LW 1 oAb F AR I
3, UERHIX 5 Bk R L TR A AN AR
24 TREMEKSEFERR

XA ) NT> e B Bkt A2 1 A B B
IR PR BUA ZEHIFT I HSGI1 Refie b fe A iy 2R
KIF P AR AR 3 1 (3R 2) 7ERCA Ni BB T,

F2FP HSGI1 fEA ke . MU | Ao B R0
P R T(P<0.05) N E X BAE AR Fa R, HOH
KBEFEFROH BT Ni Pl Fokkk. 784
FEELF A 50 mg/kg F1 100 mg/kg 19 Ni*'J5, 4
A AR B R, (B2 HSGI1 Xf FEAAT R R B
HTARARVE R . TSR NiTHREE S 50 me/kg I, 46
AERIRR R . AR A o3 ] EEAS R AR RS i T
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Fz2 EEERERKSEIRE
Table 2 Growth and physiological feature of peanut plants

Ni i fbg BRi MR 7k N f i P it K &kt
Ni concentration Treatment Stem length Root length Dry weight N concent P content K content
(mg/kg) (cm) (cm) (g) (g/kg) (g/kg) (g/kg)
0 HTR3 34.45+1.06a 28.99+0.65a 3.64+0.74a 22.88+0.45a 2.41£0.07a 38.81+0.59a
TR3 29.06+1.99a 24.70+0.80b 2.58+0.19a 20.37+0.21b 1.94+0.17b 30.55+0.31b
50 HTR3 31.02+2.49a 25.47+1.96a 2.27+0.50a 20.90+0.02a 2.01+0.15a 32.00+0.57a
TR3 28.96+2.39a 22.37+2.81a 2.08+0.15a 18.47+0.32b 1.80+0.15a 25.85+0.54b
100 HTR3 30.62+1.96a 19.61+1.76a 1.99+0.12a 19.92+0.25a 1.98+0.14a 30.70+0.70a
TR3 25.72+1.82a 17.72+1.00a 1.72+0.31a 17.53+0.27b 1.32+0.20b 23.234+0.52b
150 HTR3 24.87+1.60a 13.37+1.11a 1.10+0.02a 17.05+0.08a 1.23+0.15a 19.40+0.25a
TR3 24.83+0.99a 13.95+0.32a 1.13+0.10a 17.2240.11a 1.25+0.17a 19.774+0.59a

TF: HTR3: H:ff HSGI1; TR3: AHERMXE; MOHSRE: NidEE 0 me/kg M9 B EM2E 5 AHAFEE: NiWRESY 50 mg/kg 192
S 5 s AHAIIHL B : Ni VRIEH 100 meke B85 M 55 EA-RE: Ni VRIE H 150 me/ke (0 5492 5 5 b B P<0.05
AP 2 5

Note: HTR3: HSGJ1 inoculation; TR3: The control without inoculation; Bold letters: The significant difference at Ni concent of 0 mg/kg;

Italic letters: The significant difference at Ni concent of 50 mg/kg; Italic and bold letters: The significant difference at Ni concent of 100 mg/kg;
Normal letters: The significant difference at Ni concent of 150 mg/kg; Letters in table means significant difference at P<0.05.

71%. 13.9%H01 9.1%, fEARBEPRES SR AT BEREARAS AT 8P 25 7(P<0.05).
T 132%. 11.7%F1 23.8%., 7EHEBH NEWE N 2.5 #HAEHES SN

100 mg/kg i, FEARIRES . AR AAEY&E 25
AR T 19.0%. 10.6%H1 15.7%, {EE%
BB S BN T 13.0% . 50.0%F1 32.2%. 5
JG Ni Jiia R IR iE N e T AR A, 7R
150 mg/kg Ni* Y ZARIE R P A AE A bR . MG L 2
Yy SRR S RN, B HSGI1 S5AdE

A Shoots part

45.00
mTR3 OHTR3 a
40.00 -

35.00
30.00 -
25.00 -
20.00

Ni content (mg/kg)

15.00
10.00
5.00

0.00

50.00 100.00 150.00
Ni concentration (mg/kg)

TEAEA AR S, LRI Ni* i 4B A il
R K BB G R . 5 A TR A X A R A
Fb, BERP PRI LN B HSGI1 AT LR IARAE AE HE,
EEBAFARERI) Ni & 8 (P<0.05) (K 2), TEAARIE
J N2 WA 50, 100 mg/kg B, 43 HSGI1 44
HR A Ni S et BRI 43 BIREAR T 68.9% A1

Roots part
250.00
mTR3 oHTR3
200.00 a
. a
on
)
£ 150.00 a
5
g 100.00 |
e a
Z
50.00 - b
b
0.00 : : g
50.00 100.00 150.00

Ni concentration (mg/kg)

B2 FEENKEEEBSA)FIREBB)EI NI 22
Figure 2 The nickel content in the shoots (A) and roots (B) of peanut plant
{E: HTR3: fiFf HSGI1; TR3: AERMA I (BB P<0.05 /KF Y k22 5.
Note: HTR3: HSGJ1 inoculation; TR3: The control without inoculation; Letters in figure mean significant difference at P<0.05.
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63.9%, T EFRML M FRAR T 48.3%H1 22.1%.
TEFEIR Nit* &0 150 me/kg i, FEAH E oA
FEF Ni i B A G Ni ¥k BE AL A A RE AR &
i, HAER BRI 2 AT R HSGI1 SARIEEXT
REAEA AR A NI & AN AAAE i 35 25 7(P<0.05),
3 Hiws5itie

PR AR A AR T AR PR, )
ZhHBIESE T IMEE . AR BRI
PRGN RV T X AR g rh e AR AR
br, PR — @ B2 . B4R Y
ARKPMEESRTR, (Hid 2R SSHEYIHRE
F AT SR AR B AR, ARy DY
M Alyssum Linnaeus™, AHFFE o080 08 H 7= kA%
PRRE 155 B ZEA AT HSGI1, HREFE 2 d Jer=A 2k
HIRIHE S 156.56 mg/L, HILX Ni*" HATEGR
sz, BRIk, PEEE HSGI1 W HF A #85 Ni {55
T EERAE AR SR, HAT R AN B

SRR — 2RIz . TIRES R TR
Y1, ABRIRIREE T 7 BRI G TR &AM R . RO
ZEDOT LK T 338 P23 B AR I Pk 3R 4N R SS05
J& T35 2R 0K I (Bacillus mojavensis), KRZ¥y
SEBTHE B b X AOAR B 398 P Ak 2 58 M=k
KR, BOX-AIR J 168 rRNA FE [ 54347 {4
AR E TR 8 18 (Pseudomonas) . Bkt A &
(Enterobacter) . N Z0E & (Acinetobacter) . %4HFT
W & (Bacillus) . 77H8AT 18 & (Alcaligenes) . FRFF
J& (Brachybacterium)F1iZ I J& (Pantoea) . W% i
TEARAT B A6 A PRy k28 1A At T 41 8 T 2R AT T
(Bacillus), FHATREHE R ZEFRIR AR LA BRI BT
WP TS T XD SR e Ao
ARAFI 5 BRPBREUA BRI 168 rRNA JEFARUME AN
ARG AL AT R S 2T Bacillus tequilensis
M Bacillus subtilis &R, Gatson 2P iH
Bacillus tequilensis y&=—255) Bacillus subtilis % Y]
KR, HATRE AR, 1R¥E® T 16S rRNA
FER RSB H43 IF . Stackebrandt 25090k T
97%H) 16S rRNA &[5 Fr 51 AR 46 7 Ay ] — TP

{HHF 16S rRNA FEHARXMERS: Bacillus tequilensis F1l
Bacillus subtilis %53|7F, Rt HAER HSGI1 %7€ H
ZEHRAT & (Bacillus) . ATHSEHAGHY 5 MR- gkagiik
M5 Bacillus tequilensis 1 Bacillus subtilis 15 245
PR b B W —A~ 32, (BAEBHEIE & FAFETE
N2 R, HIX 5 BRANE =R RS P A Ni™*
M52 RE 1 & A, X EBULRHIX 5 B SR a8UA L0 T
S 58 AN AR ZF HAF IR (Bacillus) o

SR, RN ER AR ZEAAT I HSGI1
HIAEAE AR ARG . AW i S RO O 1 B v
i, X UER P BREAZF AU B HSGI 1 HA By e
AEREPE RIS, PP EREAZEHOAT AT HSGI1 RER R
AL A 30 AR N, X AT e SR
HSGI1 7= A BRB A A SR Ni™°, AT 4
AEXTERW I . AEAE X EROT R R 2 —,
BRiese A A R RS R A R, JF SR
HIRRPORRE 10, T4 BRI T SR AR X
Fe JCR MM S AT, TR C &= s, fifi
MR RGN, SEmELE e K ABFST i
T P 7 R 2 AR A TR 2 b B AL AR AR PR AT DA el AR AR
MIBIEIREAR, AT g5 ™ AR Pk SRS B Dok I
BB FCRA X, INMmiGa eI E 4 m &
EVEH], AR T AEERE K . Tank 207 E7E
HAEJE Ni 15 e ml Bk A R Prfie A=
PRI N s G AR W e O AE ) NI B FEAIR
50%. Tripathi ZEPIFSERERERTE Pb F1 Cd 197
BRI TE R Pseudomonas putida KNP9 1] 24 5
PLEY R, IR P Fl Cd A& BRI, FEASHE
FER, AR RN E 4 R AR B B R R N
FEBG IS0, {B4E 50 mg/kg A1 100 mg/kg 1Y
Ni* S5 Pk AR 2 AOFF T HSGI 1 B RE AL AR
PRI EER A NI S, R K
AR ROR R BN, X AT BRI SR R A
J& Ni XAeAr e FAE AR TR ARG . 5
JiH Ni* R BE S 150 mg/kg B, FERIIE A R B
PRI S . ARG B . R & A E SRR
TR 22 57 (P<0.05), TIREZ K R XT
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HSGI1 f/NEFEHE M 150 mg/kg, TEMLHER)
NiZ 5 i HSGI1 2381,

AR L2 TR R, PR A
R MATE AL, R TR Ni A
T HERREE, AR R bR ME GB15618-1995
BURAHE LI = ZhRME Ni B1<200 mg/kg, A%
S NP R E SR R 150 mg/kg, AWK
UE T AEAR A RS e = AR TE R Y, AR
FEE 0 R PR EUAZEHIFF I HSGI1 XHEAEIAT
PELEVEFT, FERERS AT RO AR AL LE AR R 1 N
i, ROHERE YRR I A SR R A R
T AT FR A A i AR RS AR
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