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(TERF Emptebe, TH )1 750021

B OE SRR IEARM, RA CASUERF BRI RALS B H A LA F4
BARD 8 69 AT £ B Bk, 84T 16S rDNA B3 247 34T B AR 552, S 2 4 A8 L ) 4.
7 TAAI%R LED F= ACC1-R AR FI-1- £ 8D BLABE R A BN, @d 28X B oIk
A Fell siAr&shH ARG Ymm, EREAN. 558 U RS BRARFILEH, L P
6 B B ARG TR BARAE S . PTE B R6Y 16S tDNA 55| Bl R b 5 8 28 jH X 5] 9990~
100% AR EPE B tm B RATZARRT BRI R BB, SHERZAL AN LRARE

M, B4k Fe9.Fell #o Fel3 £ % % Fr4T 4 4%,

BRI IE 5%, BAT W Bk Fell 4754

kB MR ATAER SR ERTFRELSAMB K 17.25%.6.68%.17. 75%,42. 51% F=
20.67% , & B B 4k Fell sb#r 4 £ K B A RIFOILH AR,

KRB A7 5 BRBUA A AR AR AR T 5 AR AR AR

FESES:Q939.9 XHIRIRAE:A XEHS:1001—0009(2017)21—0122—08

HEBx (rhizosphere) ZAH Y- 8E-fl A= ¥ Z 6]
HATYREIS RE R I 5 S G B G A EAE BT
TE B M AR E SRR, R K R
FEAE AR R I AR AR AR I+ S A L
W& w R TR B 38, 26532 e e AR ) i W] B
h—SAE AR R A 0 A K BB AR A T BT AN
ABTR , (AR AR B i A M R Rh 2 B i R AR
A UL RET AR R AR M A K g o AR
SHEAL MY AE R AT HER BE LIEERY
JEFOR™ R F5 43 (A B0 B 30 i — LA 9 DR

E—EEENAR988), B AL L, A F & A
#MA MM KXY 142, E-mail: zhoubodear@163. com.
BEEE REEA973), &, WL, #&, LEBRFR
WM AEMEH BB B ENTRITA LM AFHL L.
E-mail ; daijx05@163. com.

HEETH:BE A KAF A4 FTHA (31760027); T A
B AR SER AR B (NZI60D) ; F A K AR 441497
F#h B (GIP201612) ,

Y HEA:2017—04—13

A A BB O T B ok PR B AR R A A 2R R,
XL BB A% ZE A AR B FE T BEAE BRI A K R
LY FR 2 8 A W AR B 42 4 1 (Plant growth-
promoting rhizobacteria, PGPR)' , F=#k# AR
Proe b R H KRR AL R T & BUT &
WXt Feb ™ BLA 15 36 A0 1 B 8k 3R A (Siderophore, X
FRIEE 2 B PGPR™) , BRI SRR 73 1 B 1+ 48
s S Y LA R -Fe B4 W Sk iR R 11
VA ST EL R AR AT AR S AT B - R
A WA S R R SR A KRB R [ I BB 8
BAEAE R BRI L BEBORCR Y, DA S MR AE A0 (1 R
HFORAE O, RBP4 PGPR 7] 5 —Lbfg
YR R e 8o R AT A KR Y
WMARKBUREE M . B, P2 R bR 4 B
TELE BERE ) A K FIAE W Bi i o A RRAR AR
#r4k(Caragana spp. ) N B RMEW LIS &t
KA HIE R GRR, R HBEARRAITE
Ty P\ T3 | T ER O T 23005 LA B 2 e b 3 S8 i 58
PR, R IRE P A X TR TR T R R
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b K 8 A B YA AR M X RV v L K AR R A
/NS T I B F R T
AL RN AR 1T B R XOR U, R
TR A 4 B AR 2S5 Ko i b X A A 3R B IR B
P EEEEAMESET L. EHRBN T E T
LR AT AR B 15 4y B HLA PR B R Th RB 1Y)
PGPR, 38 33 % W AR B AR AL S EA T 25 6 2 s 1
BIFT P k8iik PGPR By RE TR FIAE 5% T BE,
T e ELA e A T T B B AR IR R4 T T BB 56 IE .
XA B T & I8 3T U R B e U
ST YA Y o AR AN R A & AR R A
YA, T EL X B R R R A 3 AR PRI A -1 £
B B IV R L ) 2 i

1 #REFE

1.1 TR

Pl T B R A E R MEERE 5 AR
XN (R 38°5'5. 4", 4645 106°44'13. 2", % 4%
P IXEREMA B R AP X, RNE
AR TRV TR B R A sh v S R I
KAVERRG IR 1 249 m, FHEH 6.7~
8.8 C,AEHME/KE 255.2 mm, EEH K K &R
2 862. 2 mm, T AR K IR G + AR 1, S
R IR TR, B MESE, WE TR
T HZERERE K2 AR LAY
RE, Hd oA 4 B & KT 5 R A b
1.7 7 hm?,
1.2 KEH*E

T 2015 4F 6—7 A, R H s BURE R SR S F7
FARPR A KR E D48 Frka [l
S E M TR .
12,1 APSRARBR =R ak (R A 18 1) 43 B I ik

FHTCHERREL AR SR B + 10 g, INARR
F 90 mL KE/KK =AM+, 4= 20 min,
W1 s 10 WREE ) TIBRIF W . BERRE &AL
150 pL ¥4 3] CAS Kl Hr i sR & |-, 28 CHs
7% 3 do Pk CAS Rl AR b= B a2 B
HANETEIF R LR atifl . a2 RV B (D
M INEE N EZO) HRREERER D/,

B AL BB MR AT 30 mL A MKB WA
FFH,28 °C 180 r » min 'R IEFE 48 h. AR5

WA LET,7 000 r + min ' B0 10 min,
B2 mL EVEWAN 2 mL CAS Rl 72534850
B 1 h 57K 680 nm M E R IEE (A, L
FETFK 2 mL ISR CAS 6l & 75 4H1R
57, RIS S W 616 B A 2 OB (Ao, L A/Ar
PR PR = ER A 1 2 R AE R, LU, RO
= RN P 4 i N

1.2.2 TR 16S rDNA FAIE K o F 28

BRREMNT LB B F 28 °C 200 r » min™?
¥R 48 h J5,8 000 r « min ' B> 2 min, 4 b
HWCERRE, RE 4 oL WIAIA 20 pL THKE
2,8 3~5 min, 8 000 r « min B> 10~20 s,
PAETEWCh PCR Bt . K@ S 1% 27F (5'-
AGAGTTTGATCCTGGCTCAG-3") . 1492R(5'-
TACGGYTACCTTGTTACGACTT-3') ¥ 145
FEE 16S rDNA 31, PCR =¥/ 1 % HIBRHE b
BRI GG B LA TAY T
BHEARS AR R HITNF, WF 55 R A
GenBank 3 i blast [F M RIREEBK IR
SR B HLAL,

1.2.3 BEMRMHERERSFENE

BRI T LB B35 7,28 °C 150 r» min~!
K535 48 h, L5 pl. WS NI B A T RRUAE AR
TR, 28 CIEFEH TR E . ERAERE
JI0 R R A AL CR 0B IR A0 T P B%
(Caz (PO, ) B4 3 7 575 04 B8 12 U 2 PR MR RO O
B RIS RSB ER (D) 5E%
ERDWIESRESHKRGERE . 55
10 diF I E A, HIERR, B BEEE ) i
5, LU/, TR RE DS . LB 1 P RR
A T A RN

1 U RE 7 < 4 B R B NIb oA s R &
MBI 553 L, 76 2 PSR P S 5
YRR BB LE 25 4 A B U O A B R TG P
7= ACC RS IS I 2 - K PR 2 2l ADF ¥ 5%
H b ESRER 5 IR BB ACC IME—RIRAL K
WERE R ACC &R FH IR .

DR A0 TAA TEVEIN R < 5% A B0 30 00 . 1A
MIAERK R (A MRES . KHEEEMTSH
L2100 mg « L™ LB 3R, 28 C
150 r « min '¥%3F 48 h, W HL 50 pL BEBRET
96 fLAHR b, i A SR Salkowski . 8 1R
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5, BT EIRAEHE 30 min J5 WER, Bifa A4
HONRERS U TAA (WBHPEBE R . B 25 I k19
FRPE AR L 2 10 000 r » min ™' B0 JE A
SRFH Salkowski B, BEEHHE 30 min, LIk
Hod LB MRS IR 2 v W5 KB Salkowski
Bl (2 W 1 TR A VA T ok 2o BRI %2 B ODsso » 1155 2
B IAA WREE

1.2.4 Tk Fell X444 K i

REFFS 3 m DIAMR AR B - L R 1R
A1, F it 2 mm L, B AR 3 ¢ 1 HEI(V/
VO EEil i 4, ZEZ#AE A 10 cm X 15 cm,
‘AN 500 g 1%, WIEWHEHKREEFENEE S
M7 B A 4 3 U BT PR Fell 4 LR B E
BT LBRSHE,7E28°C 150 r» min ' #5355 24 h
B2 BV BN E K B i B ODgoo 9
1. 0040. 05 I B .

FH BT RFT &R FEET R 2 h J58
RALRE 3 d, LTCH /K FhALEE %t Bl Pkt & 2F
P R T SRR TR R 1 IR A
W, R4 5 AR, 3k 20 L, BT A LR PSR,
RIS 1.5.10 X9 50 mL HEHK
YIS BEE T AR TR PR e PR VR B, X FRZH R AT
LA e e i i s e e = ) G =
60 d J5 ¥ HE R 2 AR B, I B AR S LR KL i A
BB REMT R,

1.3 WA

PRI AR B B 14 4 85 0 3% Bl CAS (Chrome
azurols, # K H) KM, =8k 3R B8 1 &
FEK ) MKB Joik 55 57 5, 7 5% 05 MR 22 R A

S HRAN PKO S 9% 5, [ 2035 P I 2 5% F B 23
JUA Nfb TR I3k, ACC i & g5 1l 2 R 1
ADF BigrEE, WtkiG IR Al LB H7r 5,

1.4 BiESH

Y K5 R A SPSS 19. 0 B4 #4748 3t
T3

2 GHRE5HMH

2.1 FHREGRRMEEENSBREFREE
BEHIE

AR BB AR T bR (K B V% A Bl RE S 7E CAS
ISP b 7 20 R B 1 2 B K R (F 1D, AT
FARPR T PRI BRI (e R BB 14 B
%57 Fel ~Feld, HERBMA I AR ECT 1. 18~
1. 83, ERDIERIY], ZHUEM AL B
PEBREIRRE J1, Kb 6 BRI A/Ar ANT 0.2, 53
BEMRENBIRGR D BB B MR R
D/d fsE S b A/Ar(R DRI ZH BB
FE R 7 WA R B R BE T JE AN — 2, ANk Feld
A D/d o 176, B 2 FUE tk oK, T A/Ar R
0. 435, P gkBARE N S H E R LRSS . 7
BEJE AR AL Rk 7R AR TR 2 APl R 4%
2257 L B T Pk o s kA i ) A ) 3
Ao U B R R A A8 B T B/ - JNRETEAR X 52
JEE ] 7= R S A . AR 2 B A
FR] kA B FE bt T SR AR B ) B P
—REM PR, W bR BB A RE ) 52

E Wi EBR BRI AN
Table 1 Ability of siderophore producing by the strains
Bk D/d A/Ar SR RE 73 D/d A/Ar BREIRTEE

Strains Siderophore activity

Strains

Siderophore activity

Fel 1. 67£0. 035bc 0. 284£0.001bc +++ +
Fe2 1.522£0. 035de 0.186£0. 015fgh ++++ +
Fe3 1. 57£0. 053cd 0.16740.015gh ++++ +
Fed 1. 83+0.023a 0.299£0.012b +++ +
Feb 1. 33£0. 0161 0. 259£0. 063cd +++ +
Feb 1. 2520. 003fg 0. 2272£0.020de +++ +
Fe7 1. 68+0. 046bc 0. 24310, 033d +++ +

Fe$ 1. 49=0. 130de 0.161=0. 007gh +++++
Fe9 1. 230, 034fg 0.14840.017h ++++ +
Felo 1. 180, 002¢ 0. 2590, 083cd + 4+ ++
Fell 1. 450, 046e 0. 145+0. 010h ++++ +
Fel2 1. 2140, 023¢ 0.1960. 022¢fg ++++ +
Fel3 1. 240, 023fg 0. 22140. 008def + 4+ + +
Fel4 1. 76=0. 145ab 0. 43540, 017a + 4+ +

L ARNEZREREREE P<0.05, FF., A/Ar 0~0. 2 ++-+-+-+;0. 2~0. &++-+-+;0. 4~0. 6+++,
Note: Different lowercase letters indicate significant differences at P<C0. 05. The same below. A/Ar. 0—0.2 +—++++;0.2—0.4 ++-++;0.4—0.6

+++.
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2.2 HHRHNSFEEER

AR X T R 10 B8 9 R TR O S LA, R
Fe2 . Fe3.Fe4 Fe8.Fell . Fel3.Feld % 7 P RE#E
HTATYERE. £Hbk 16S rRNA BE T4
RO R B SR MEE B B Pseudomonas
sp. ~ Pseudomonas frederiksbergensis . Pseudomonas
rhizosphaerae “- 4058 A [FIEELE 99. 00% L) |,
PR AT 25 TR 0 7= R B AR A 24 A R B ML R
FHE 16S tDNA J7 51| #232 2 GenBank, #5458 5%
B2k KX758041~KX758047(F 2) ,
2.3 EHEEFENESER

HERBBR RO BE 1L TAA 4522 A )
BEATIIE , 85 R U] S Bk BR RE I BRBUA ST
R 2 MU ERfRA:gE 1 Gk 2), HAF 10
B. Detection results of TAA secretion; C. Ability to dissolve B RS M, 8 MR A 2 ACC B & B IS 1, 5 kK

A PRERERIR, B 2 TAA, C A HLEE . D. 8 HUBE .

organic phosphous; D, Ability to dissolve inorganic phosphous. Al rib IAA, B Fe9 . Fell fl Fel3 BT EAE 4
Bl SRR ENE R A AP 3 B LA T ok B A TR R AR A 9

Fig.1 Tested promoting related characterislics of BE. TiEHk Fe3 Ml Feb 86 HLBS A4 14 TAA 11
selected strains B0 S SR L (B HIR AL M b

l|: Pseudomonas corrugata(NR 117826)
Pseudomonas kilonensis 520-20(NR 028929)
Pseudomonas thivervalensis SBK26(NR 024951)

Pseudomonas fluorescens P-72-10(HQ888871)
Fel1(KX758045)

Fel3(KX758046)
Pseudomonas brassicacearum DBK11(NR 024950)

Pseudomonas syringae yangyueP4(KU9777139)

921 Fed(KX758043)

Pseudomonas lini DLFATTJ(NR 029042)
Fe2(KX758041)

Pseudomonas chlororaphis NBRC 3904(NR 113581)
Fe3(KX758042)

480@()nasﬁ’cderz’kshergensi.v DSM 13022(NR 117177)
Pseudomonas mandelii NBRC 103147(NR 114216)
99 r Pseudomonas rhizosphaerae THS(NR 029063)
100 Fel4(KX758047)

Pseudomonas coleopterorum Esc2Am(NR 137215)
Pseudomonas moraviensis 1B4(NR 043314)

98 |: Pseudomonas koreensis Ps 9-14(NR 025228)
58 Fe8(KX758044)

100

0.002

2 &% PGPR ) 16S (RNA EE R KR B
Fig. 2 Phylogenetic tree based on the 16S rRNA sequences
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Table 2 Plant growth promoting characteristics of the siderophore-producing rhizobacteria

. TAA &1 A fRTCHNEE ACC g E
Ebk TAA synthesis Organic phosphous Inorganic phosphous PR ACC deaminase

Strains Nitrogen fixation
/(mg+ L—1) dissolving(D/d) dissolving(D/d) secretion

Fel — 1. 4240. 069bc — — +

Fe2 3. 7610. 285b 1. 32£0.010c 1. 31£0. 011ab — —

Fe3 — 1. 78=%0. 160a — — —

Fed — 1.32£0. 141c 1. 35+0. 106a — +

Feb 8.254+0.074a — — — —

Feb 1. 6040. 106d — — + +

Fe7 — 1. 5840. 238b 1.3640. 148a — -

Fe8 — 1. 242£0.038¢ - - -

Fe9 7.91%0. 085a — 1. 34=£0. 052a + +

Fel0 - - - + +

Fell 3. 3610. 185¢ 1. 28+0. 085¢ — -+ +

Fel2 — 1. 30£0. 167¢ — -+ +

Fel3 — 1. 2640. 029¢ 1.2240.117b -+ +

Fel4 — 1.4440. 188bc — - -

T TR AR A A ML  , — Fr B R B MRS 1

Note: + indicates that the strain has the corresponding activity, — indicates that the strain has no corresponding activity.
2.4 Fell Bkt &4t £ KR A RBIT 17.25%.6.68%.17. 75%.42.51%.20. 67% (%
a0 N S 9 )| N o N 3] = H 3
BB SRR A R A g ) SNTRR Fel L XPRREN G LA 01 02

Btk Fell R SCRRIE. MM SR BORE 3) . 5XF AL, #EM YT R KIS K
BT 60 d R SR A M S ik, PR MR G R R

R HHEHEREMTRESHNERKT

3 Bk Fell R SOEERKNEYE
Table 3 Biomass of Caragana spp. seedlings inoculating with strain Fell
Kbz R 28N e B THRE
Treatment Plant height/cm Root length/cm Leaf number Fresh weight/g Dry weight/g
CK 27.863. 365a 11.33£1.529a 77.13414.328a 0. 3520. 043a 0.12£0. 036a
Fell 32. 6742. 547b 12.08+1. 127a 90. 81+15. 069b 0. 50=0. 080b 0. 14=0. 030b
i Increase/ % 17.25 6.68 17.75 12.51 20. 67

3 Btk Fell Mr& 4 EmREER

Fig. 3 Plant-growth promoting effect on Caragana seedlings inoculation with strain Fell
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ERGPHTREN SR EARE, Bl THb
BRI & ARG LI P I R IR L A R BEARAIG
B EALYIE AP A X A5 K 43+ 3 P A] Bl A
YRR ] A SO B B . & BURIR] %
BRI RS F7 2 IR WA IR BR A R A1 P37
5T AL R B —Fh i o R R pL ] .
Bk PGPR BEA ZUE N LB P BRI A YA 3
PSR K B B TR [F BT BB B B (2B 5
ARO[ ETRIF 5T A B P R AR TR R 7T 5 — Ly I
WAEYIZES SR ERM MG A, FERI S
XY A KR HEE A . B ER R AR
H ARG FNR 7= Rk AR B AR A % F i £
e rh BT R M SR R A A Y W B A T
WEABURMAIER . EIMEA: R R R Y
DMRARA: TE P ) B B FR , X T 02 28 T A I 8 3
B30 3 0 A B A S RS 2R T PR S B
FIFE CAS I 35 57 176 AR 0 H 8 07 306 J i AR 2B T
PREA T R HEF SO0

ECIEFSERNN Ve X 7S =R Nk X7/ k|- E PPN
AT W S SRR SRR R B R T
FLRRE S BB 51 , H TR T LA Rk g
REHFISI I AR B PR = AR
B ZREPESET TR, R B P8R8 b bk 43
Mg TR B )8 (Pseudomonas) . JHFH B
(Enterobacter) . A Hu M H 8 (Bacillus) %, L)
R )8 0 &, 5 B E W 54% . #HIE
AL RZR AR Bk - 48 43 B 07 32 1 7 K R AR AR
BrRAE A4 v A 1R 0 B o SRR I B B ( Tsuku-
murella) 5 , FHFFMATEARPR LI CAS
R DUSE-#R 43 g0 il 14 BR =R IR S Bk, &
e RE TR MEE , AR UCIE S B 8 Bl
AR R Ry & WL i) PGPR, [R] B 1. 3R W] 4y 4%
FRERP= R BUA LR By B —, HE A RS
ML, X P BB B TR XA ) L B KA T
B RAr SR R AR R A A A BRI = AR 1Y
R,

BRI LA MAR By L HE R 4 3k
T DXy % MR I 77 0 2 A 4 B R ) R A
b PR AR A AR R AT T DU E S
B RIRZE A RIS RA 2 R AR,

TELA BB 4000 J A5 SRR AR AR B S b i gk B 13
# PGPR [FIBHA BB AN GE 7, Fo i 4 1%
B [ R P AR 7= TAA FI=E ik h . £
INERAEDY A REVR AR AR PR IR 4 R
PGPR [HiBA 43 ACC BB . F= 1|k 2. B2 A
PR TG M. B R 3RAE I 14 B PGPR
B LA I ER IR R BE 1141, 2B A 2 Fh
PALARAE e R A A T M SR, FEdd
PR A B AR 2 Bk R AR 5+ AR A B R B S o
SR R I HRE S LR A 1E I B E 445
BT Pk B Bk A il A LR Ry
P EAR A B bk Fell 8RR, 408
55 5% BR A B B MR XA 4 4l BORR R I B
B A T RE NI K EA BRI
VE R A ORI R A Y . RS B oR
Fell SAr &4 BRK e R I A B3, XX 7]
eSS AR R Rk HEME T R AWt
k.,

TR VG X 30 T A P — T IR
AR IR R, X A 25 3R B R Al AR =R EL A T
HAEW ., AEANYEE LR E HEi—Ti+
Ay EEIRE, F IR R R IR B B L
P » it A TR R YR o) SR 3 B U v AR
KEFI R 3, DR R I W BRAE A
[} 6 37 3 YD P e B s Vb AR At A op,
A EE T AEENEM. LEEEYR
By, B i 2R T R B TR AR B,
o TR S50 B AR AL E i R ks
TG FRAr Rk A P AR R kiR S 2ok
PR BEAE A K, T AR 0 G 45 SR B8 B AR RE
K BB £ E YR A R
FF B X £ E AR R, TEAR T B R
R E s A S r A A EEERA,
PRI, 7E— 28 AR AR 3 X 9 A LR AR 2 O ) B
REARAR I, AR AL P el AR B L IR S i A 4R
BB TR AP LA BB ER, A E
R RARY X R DL R T s AR AR 2
BB AENESHRBERP X, KEEEVHED
Sk g N AR, Z AR5 A 1 AT BRI T 1
FREER G B IR Y R AT bR, 3 i WA 47
¥RE & PGPR M4 B AR A 4R B . BB F &
BT AR AE A o TR WU, SR SRR A e e
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BRI SR PL 4 i A Pyl BRI A B ST 4R
BEERTERE M BT, LI AT AR Prfie A2 B DE
AT 208 A 500 A BE 2 SR AL BB B L X AT 45 55
[ YDA IR B BT VD L PR TR K S5 BRI AR 7 THI
HAPMRAMRSEIE R . #74 R A B0 A T34
T 5 R EFUR M TP R S R g
I HE B AR s T v B R S A AR
PRt A= T B AR R A 26 A RCEATTIN A AR
PP R THE— B R AR
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Isolation and Identification of Siderophore-producing Rhizobacteria From
Rhizosphere Soil of Caragana spp. and Its Growth-promoting Effects

ZHOU Bo,DAI Jinxia
(School of Life Science,Ningxia University, Yinchuan, Ningxia 750021)

Abstract : Rhizobacteria of producing siderophore were isolated from rhizosphere soil of Caragana spp.

grown in desert grassland with CAS (chrome azurol S) medium. The diversity of the strains were

analysed based on the 16S rDNA sequences. The ability of phosphate dissolving, nitrogen fixation,

indoleacetic acid (IAA) and ACC deaminase production were evaluated. The effect on promoting
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growth of Caragana spp. seedlings were tested by inoculating experiment with strain Fell. The
results showed that total of 14 strains of siderophore-producing were isolated from rhizosphere soil of
Caragana spp. sand 6 of them had strong ability to produce siderophore. The 16S rDNA sequences of
all strains had 99% —100% similarity with that of Pseudomonas, which was dominant siderophore-
producing rhizobacteria of Caragana spp. Most of the strains had more than two kinds of growth-
promoting characteristics, Among them, strains Fe9, Fell and Fel3 showed a diverse growth-
promoting potential. The results of inoculation experiment demonstrated that strain Fell had obvious
growth-promoting effect on Caragana spp. seedlings. The plant height,root length,leaf number, fresh
weight and dry weight were increased by 17.25%, 6.68%, 17.75%, 42.51% and 20.67%,
respectively.

Keywords: Caragana spp. ; siderophore; plant growth-promoting rhizobacteria; growth-promoting

effects



