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BWE ATEINEAMHERIRESRESFENENR, XABERERMEINEROCRFELESRSBESEE 110 KRR
MEY), BIRE=REMNFRIEEZMBZRSHERGEEE 37 tRi#H1T 165 rRNA EEFFILLYS, &RER 37
HEKDBBET 9 N8, H Bacillus AIEEE. EHRREDE 2%~25%7F] pH /9 5~12 RYIEFE P LIREKRFHTT
TR RE. PRIBAFEAR, FHREBER. B8, mBIRIE (1AA) IFSRBAESE. EE2EMRELRE. &R
En: HA 10 HRRGAEERIRES 2%~20%F]0 pH 73 5~11 1I57EFITEAK, 7 36 h BIfRE. RENEREFEE
¥R HQY8 BRER. BRIZZIAEF] 75%7F0 42%, 10 #HRMIER IR EEAN TRIEFEP B RKHSH HAERKEHLZ,
BB/ 28.2~52.63 mg/L Z[A], Btk HQA2 #£ 60 h BI7™= IAA BEJJIX 54.21 mo/L B #k#iAge DRy, BEF-E
NEESEEREN 37.25 mm, KL, HEREMN 10 RERQICHSRERRMAE R AT R EYE BN R B RiGIR
BRMARER.,

Xigia RBERGIC, RIFEE,; MERRE, BRER, 98, BIRIE, BRER

FhESEE  Q93-3 NEfirERE: A DOI: 10.6043/j.issn.0438-0479.202107018

Screening and growth promoting characteristics of saline alkali tolerant bacteria in
rhizosphere of Lycium ruthenicum barbarum
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Abstract In order to obtain strains with salt tolerance and growth promoting characteristics, 110 rhizosphere
microorganisms were isolated from the rhizosphere soil of Lycium ruthenicum barbarum by gradient dilution coating method.
The colony morphology and growth characteristics were observed by Gram staining and plate scribe method. 37 strains were
selected for 16S rRNA gene sequence comparison. The results showed that 37 strains belonged to 9 genera, of which bacillus
was the dominant genus. The above strains were screened in the medium with salt concentration of 2%~25% and pH of 5~12,
and the characteristics of salt and alkali removal were studied. The growth promoting characteristics were studied by
qualitative and quantitative methods of nitrogen fixation, phosphorus dissolution, indoleacetic acid (IAA) production and iron
carrier. The results showed that 10 rhizosphere bacteria could grow in the medium with salt concentration of 2%~20% and pH
of 5~11. The salt and alkali removal efficiency was the best at 36h, and the salt and alkali removal rates of strain hqy8 were
75% and 42%. Ten strains of saline alkali tolerant rhizosphere bacteria can also grow and draw the birth length curve in ashbe
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nitrogen-free medium. The amount of phosphorus dissolved is between 28.2~52.63 mg/L. the IAA production capacity of
strain hga2 reaches 54.21 mg/L and the iron carrier production capacity is the best at 60 h. The diameter of the surrounding
yellow halo is 37.25 mm. In conclusion, the 10 strains of saline alkali tolerant rhizosphere bacteria of Lycium ruthenicum
barbarum can provide excellent strains for the development of biological bacterial fertilizer and the improvement of soil
extreme environment.

Key words Lycium rethenicum Murr.; rhizosphere bacteria; salt tolerance; desalting alkali; dissolving phosphorus; indole
acetic acid; iron carrier

A R AR B A7 AR K BT Sh T B AE B, E e [ B R S e S AR R K
2V, WEARER W, M BRI A B B AE 0 kT EE . WAL . R VA EE. PUEREA . 2 WM 2R
(indole-3-acetic acid, IAA) A 1-2 F 3 P b -1- 72 B2 i 2 8§ ( 1-aminocyclopropane-1-carboxylate
deaminase, ACC Mtz Mg) (R#tW EK KT, HMTHEDBEE . Pibl. HURERE, 85 PR
55 rp R BN R A0 T o kT AR B Eh R T B A R R R A AR KRR, BRSO AR e
Bl AR 5 AR 25 Je BRARAL T 55 4 26 % -+ 3R B35 e O UM BT e iz — 138

HEEMIAD (Lycium ruthenicum) EAMREEME R PrEhms . W HIETUEN 2 FA B AEAEY), T
AT RE T AL X, A ERGM. @FMESHE 7Y . HELSHE KBRS TOR
M EITZE (Mny Sry Se. Zn. Cu %5) . Hi&HE. #Em. S, HUR. MK 2SS 2 M
o0, [FRE, YRR FIERN, BN RA TR, BEAR - EIRERESME, e - ERHREN
TR E P AERKERE, WERNREN R LSRR R A ST e MR, BT IZ AT R
591 i o1, SR H g R HE R E R R AT, AT G AR 2k 14~18 SiHE, £
FCHE FEA X, R SR X SR AR RS R TR B R RS R ARSI, vk
U SRR SR 1,

T IR B 240 5 1) B8 A S AR R AR KRR HEAN SRR A 0%, 38 5 M4 P Ak 1) B4 858 1 - 358
AP B VIO, PR, ASHIE ST M i S 5 B R M AT R s 2 2 0 R R ER AR R AR, RIS LB AR
AR, T DRI A 3 T SR B B G A ) R A B A8 4 4 R T A

IRLE S sbr

1.1 SE3ettt
111 A4

Ak AR 2020 4F 10 AR E AL T4 N 90.386S 4h)¥ 42.867 #Fik 773 m HIFriE#E H B R
MACHR b 4%, JL 5 MRS, BN REBEKEGF R RN, ZEMEEHR, DNOFZEE
# 30cm PRALHE MR, KA PR I A R R E TG B H AR b, JRIRA) 5 NSRRI,
TENTH R, AR R B L8 =
112 2%

TEHLBEES 755 (g/L): CeH120610, Cas(PO4)2 10, NaCl 50, KCI 10, MgCl, 6H,0 5, MgSO4 7H,0
0.3, FeSO47H20 0.03, MnSO,; 7H,0 0.03, EfiE¥; 20, pH 7.5,

HHUERE 7558 (0/L): Ci1sH2404 10, NaCl 50, CeH1,0610, 4-AE 3, CueHgsNOgP 5, IEfE¥) 20,
pH 7.5,

B[ 450 U1 TG 1% 9% 3 (g/L) . CeH1406 10, KoHPO4 0.2, NaCl 50, MgSO47H,0 0.2, CaSOs7H,0
0.5, CaCOs35, Zilla¥r 20, pH 7.5,

B KL ISP2 (g/L): CeH12064, Yeast extract 4, Malt extrac 5, CisH24044, NaCl 50, IZfE#r 20,
pH 7.5,

i King 3577 LG I B AR 7 W IAA BIREJT: fEH] CAS [E RS TR MKB AR R 77 R
E R 7 W 1AA BE
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1.1.3 EEi{H

EasyPure Genomic DNA Kit. 2xHigh Fidelity PCR SuperMix £y [ b it & R&EEVMHEARGREA
G
1.2 LA E
1.2.1 RrTEEBEHERNE

BER AR 1% 2 B RS B BT8R A S S AT AT A S SR AT o0 AT pHL B h . BRIR
W JET. HETF. BEET. 8. AR 2% KEERE, A 8B ERARNNE .
1.2.2 {RIFEENSE. SAURERF

K P B A R U A 5 77 1 7 0K BT R AR 1) LS8R W R RE, UM R 1 B 200 pL A TR 1SP2
Rtk b, 37 cCA&MF T Ib s FR R vE K, Kt ke 1) B8 VA AR 5 A [R] 1 ¥ T 25 3 st ~F Al X 4k 2 o
FIBEAT > B aifl o K A4k B R AR IR 4 R R T A UBE RS 3= L . A ML 1% 37 35 AR B 400 DL R 9 L 3R AT
17 348 326 BUAE 3K L Fh s 7R B HR AR RE AR K I B AR ORAT T IR ISP2 R RE IR, 4 °CUKFRRA7 % H 5
50% (ARAR A0 HMARFIL v 10 1 3047 5 M-80 °CLRAF -
1.3 BMRISETE

1.3.1 BEESEHIEREREE

H I A AR R R T B 2 DT U R R R b, R R TR, MR TR R/ Bt R, &
BIEE . 0%, JHWEE TR RAE . PRI B v AT 2 22 IR 6, BRSO S TR AR RRE o
1.3.2 EF 16S rRNA EFEFEN D FEE

% H] EasyPure Genomic DNA Kit $2 B4 % & DNA. FH 4R 4 2>xHigh Fidelity PCR SuperMix i
1T 16S rRNA K FR|F 1, J 5 Y. 27F(5-AGAGTTTGATCCTGGCTCAG-3) F1 1492R (5'-
GGTTACCTTGTTACGACTT-3") . PCR Jx Mk F& (50 uL) : 2xHigh Fidelity PCR SuperMix 25 uL,
27F 514 (20 pmol/L) 1 pL, 1492R 5% (20 pmol/L) 1 pL, F:[H4l DNA 1 uL, FATEH ddH0 #h78
950 uL. PCR R NFRFFE: 94 °CHIAZYE 5 min; 94 °CAZYE: 45 s, 55 °CiB-k 45's, 72 °CHEf#1 90 s, 33
A s 72 °CARIE 10 min. 1935 fE HEEERS vk AL : B 4 pL PCR &B=#)5 1 pL DNA loading
buffer 8%, L DNA marker X FE AT FEykAS I . ARPEAE I 25 S, K PCR P2k 2 FilgA TR A IR
N SE RN o K P 5 AT Blast 3 41 bt 43 A ek 6 7 5 X B SR M AT R B 4 A 2 R
1.4 MiEh. MIERTRBEDAINE
1.4.1 fiyEheEIME

WA AR TE S, 1% 1%8EM X R M T 50 mL 2R ISP2 ifARs7R3E, 37 °C. 180
rimin, E%EIE, #1444 K 600 nm ARG (Asco) N 0.5 1K) & R IF K -

SEPEN E . B S pL BIFH M E R G SR T NaCl iR~ 2%, 5%, 10%, 15%, 20%, 25%1)
MR ISP2 [E Mk BE 73 |, 37 cCEIREE FRAAE B AR E K Y, HFWRHERAE, A 3 NPT,

ERME: 1% 1% & RS M TN 2%, 5%, 10%, 15%, 20%, 25% (LL NacCl
i) (150 mL Bt B ISP2 itk g, 37 °C. 180 r/min B, FAHAECEHIE 24 h KI5
B Asoo, FEH 3 A FAT S
1.4.2 TitRiBESIMRE

EMEME: K EFEL S uL R T pH M N 5, 6, 7, 8, 9, 10, 11, 12 ISR ISP2 [f 4k 77 3k
W, 37 CCHIRIG RGBS R W E KL, HFWREERE, B4H 3 NTAT.

ERME: 1% 1%EF 50K @ ko 3 #EF T pH E9 %8 5, 6, 8, 9, 10, 11, 12 (L NaOH
) # 50 mL MR ISP2 ki 53, 37 °C. 180 r/min B35, AHEEE I 24 h B9
B Asoo, B 3 ANFATS
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1.43 kRER. BRMEEEDNIE

VAR bR A% 1% EEA T pH BN 9, EEN 8%MIK R ISP2 kK F=&+, 37 °C, 180
rimin & EE 7%, HEFRIE S8 12, 24, 36, 48 h.

FI ] AgNO3 7 01 & 12200 € TR ER 2 A8 /1, B 2 mL REEM, Wh0 13 10% (FREDHD HERM
WWAE NAERA, 0.1 mol/L AgNOs ¥ . — 1 —UiER, HEE =M+ B ey B
PUEARR LR E 4 . 03 AgNOs iR A &, JF1H5 CIHKRE c(Cl), &4 3 NPT, HitE AN
9 ¢(Cl)=c(AgNO3)>V1/V2, X H: Vi AN ERHFER AgNOs HR AT (mL) 5 Vo A & B U &
BER AR AR, B 2 mLs

PR B 2R 3R n= (C(Cl)max_C(Cl)min) 1c(Cl)max><100%, A ¢(Clmax NREFRIET CI FFE R ATR
JE (mol/L) 5 c(Cl)min A¥EFRFEH CIT B E (mol/L)

FIFH pH T & R B AT S pH E, & UL A SaH SRR

B RRERTRACR o= (pH w—pH =) IpH 5%>100%, XA : pH wu NFEFPETET TR IEBRINE ;s pH 20
IR 2% 1 TR R B i i B TR SR R
1.5 TR EYDE
1.5.1 N ERIEFEPERKENDNE

DL 1% F & A I T8 bR EE AR T 100 mL Bl 2 UG B ARRE 97 2%, /£ 37 °C, 180 r/min, fE¥% %
3%, 2 hEL5 mL REERIE (0. 2, 4, 8, 10, 12, -, 72 h) , A BICT Asos 24K i
& 3NMEMFES .

1.5.2 AR HANIE

KT FUIEAE WU AR 7 33T 4 ANFL, BN 6 mm, SAFLFSHIIMA 50 uL K ER
(108 cfu/mL) , 3NN EEE, 1E 37 ClEHEEFRFM P EEREIE 15 d Ja, 1o5% & 150 5 10 i B
1o AR 1 1 P8 A5 1 DR /NS0 T ok D Y T B AT W0 20 I T

VTR MR H% 1% 8 Fh T 2546 50 mL CHLBE AR 77 3411 100 mL #EZ i, &+ 37 °C. 180 r/min (1)
AT ES IR S5d, 4 °C. 10000 r/min FEC 10 min J&, BRI, RAHE AN E FiEwT
B (P (& 8L,

1.5.3 95 1AA BEHHINIE

%% Glickman ZEU8I 751k, B kIE 1% EEF 254 3.0 mL King WAAE; 72T 12.0
mL i GRINEKE R 05 g/L 1 L-AR R , FH 3 ANEHKE. 37 'C. 180 rimin EHHFR 2 d, &
Lo JEHL 50 pb b3 100 pb Sackowcki's i 471 75 F il N @ OGE E 15~20 min. WG, S
AL UL BB b A K K, H IR R a0 i AR K R BE TR .

W B AR B35 WO N AR FR B (9 (10.8 mol/L H2SO4. 4.5 g/L FeCl) , JRAJEEGHE 30 min,
W5E H 540 nm AT (Asao) o 1 0.5~20 pg/mL TAA FRoAEBIN E b bru dh 2, MR35 FruE th 2811
BT IAA B,

1.5.4 Db EkEABEDNE

KT FLIEAE CAS [ERREFRIETIT 4 4L, BN 6 mm, RN 50 uL Hik, HAHESR 3
W, BT 37 cCHEIRE IR RIIE 3~5 d, #5108 Bl P2 R A 3t 8], WZ B AR BB 68 2 Wbk BAA, 3
o B 1) B A% KN 59 A R 20 A Bk B AR R ) KN B E B T00,

1.6 BHRREIXE

FIHIX 10 #RAR PRgn i B 4T Ja e £ 86 . it 3 NMbHE, BIs X CRIn NaCl. SRR PR
A ) « FIPEXTRE Chno\ 300 mmol/L NaCl. ANEFRR bR gD A1BH %5 B Cin A 300 mmol/L NaCl.
MR , B PEEE 3IRER ., ERAESN 14 om LR, BN 500 g & K 1
T8, PREME L. K/ANEAR B B REMALHTTE 70% (EFAHD AR RTHEE 3min,
R B 780K R 3~5 ¥k, 1B 37 °C/KEAT 24 h fEIRME S, BT 5 BT, F4EH 3
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W, TEAEFM N 12 h J6lE/12 h BG4 M . 6 25 °C/20 °C4 M T 9% 14 d Ja %4 3 REEHE NaCl
IR, VAMRFFERIRFELE 300 mmol/L. M 4 RIFUHHE L BERAE 37 °C. 180 r/min Bt % 9%, &
O FF LW, DR EREAKERE 2 Wa, AEXEEKER, AT ERFEBIKEN Aso=0.5020.04 Jitik
UF BB 1 mL JEE R A B 2 v () 4 D B IS St RN 2 e o R 2Lt F NaCl I R B /K EAR 15
F%, FERRWRMER —K. Ki9% 60 d J5, @ BEMACIERBGE, HAEMKMNRTEEETRE, 2
SENEEFRE () , FREEEEREEMANTIRA T 75 )CTHE: 24 h FRE, WENTHRE (9 « A ER
MEHAE (em) MK (em) AN EMH 48R &8 A B8 .

1.7 TERIRFRAE RS

1.7.1 16S rRNA EEFF DT R R FHARAIHEE

16S rRNA %[5 J7 511 7 45 S $2 48 42 GenBank 347 Blast /3 51 L 43 # . AR 48 bboxek &5 536k BB 75 119
Z W E Mk S H 16S rRNA ZERF%1, KA MEGAT7.0 B8 458 (neighbour-joining) HEH#E R 48 ik
1R

2 ERESH

2.1 RPRITEEEMW MR

35 EL B A T S M AT AR B R AP RO e g5 R R, MRFR L3 pH N 8.86, IS EN 0.838
mglg, HARPr LA S E N 2.66 gkg, MESE 016 g/kg, HR# 3.37 mg/kg, Na* 0.843
mg/g, K* 0.043 mg/g, Mg?* 0.086 mg/g, CI-0.990 mg/g, SOs* 0.556 mg/g. ERAICARPR-IEE T4
MUT, % B oR WEBEZ, s 3 A T o 2o 1% .
2.2 tRFRAERITEIE

KA 4 PN F R 3R o e s L 2R M AT AR B 3R O, 3RS 110 ARRPRANES . S HRIES .
Bt KB R A RN [ EHELS AR ] 37 MRARFRANE (LM% , HEEBE KA LS e W
S1 5K 1 fR. B 1A 5 B BoRiERFMEN 3 MR RS TR S BB F IO g5 3.

(A) 4T 7E 8] B 77 5 o (R TR SRR AE

(B) 4R 2 e (el R

Pl 1 BRI AC AR B 4 o 1R VR R3S
Fig. 1 Bacterial colony morphology in rhizosphere of Lycium ruthenicum

MFAFRNM 16S rRNA K7 71H2 22 NCBI £#fs 2t 17 Blast J7 41 LLxf B, Frimikfs 200 37 #
R 73 )& T 9 Mg, b Bacillus ML EE (22 ¥ , HIK N Streptomyces (4 #£) , thAk
Arthrobacter (2 #) , Paenibacillus (2 #) , Pseudomonas (2 #k) , Bacterium (2 #k) ,
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Brevibacillus (1 #) , Staphylococcus (1 #k) , Enterobacter (1 #k) 4&, 5 H ARG I AHLE K
99%3xY, 100%.

2.3 {RIFAERITHEL. MIRMPREL. BRHAEE

2.3.1 Mgk, mitEiee

37 BRALBRAH T 23 I AE E IR N 2%~25% 4 B ISP2 WA 75 3L A0 pH 18 A 5~11 B B ISP2 i fk ks
FREE P HHATEMRE 7R, HEREIR, 10 PRAR PR 18 3 A B0 1 3 LB EE /1, 78RR N 2%~20%
Al pH A 5~11 Wik FRIE T4 K, HEEAEKIIRE N 5% MiE pH N 7, HAEK HQAS.
HQA9. HQX52 Fll HQX34 ifif £ . itz & e Jideld, b 2 (A F B) Fias.

Pl 2 10 BRARBRA MY 5 (A) FIm6k (B) fE
Fig. 2 Salt tolerance (A) and alkali tolerance (B) abilities of 10 rhizosphere bacteria
2.32BREh. BRIFIRE
FRYETR #h B AE ) SEaR 45 R, K 10 PRARPRAH B 70 00 4E pH (B9 9, Rk N 8%HI K ISP2 i
B IR IR, KIS R B IR, 10 MRARFPRAE IR 2 36 h BrEh. BROLRCGE & IF H vk
HQYS8 [ ih. BRI RIAS T fEf, 209N 75%H1 42%, WE 3 (A M B) Fiax. T6HT 10 MR br 2
ABCHTE 2 B ae, mE AR AR BRI .

[ 3 10 BRARFRAM R BR . (A) FIBREK (B) A
Fig.3 Desalination (A) and alkali removal (B) abilities of 10 rhizosphere bacteria

2.4 IRIFMEEEDEE

241 RIFAEENAN TR B FEFRIE RS
10 AR B i 2 B 240 1 £ B 250 DL SO 8 7R ik B I DL B 4 s, £ 6 h A A N B
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KA, 26 h ZAAMNBUERME R REE, 30 h AAEANEKTH], 32~46 h ERKIGA FFE&EY, 46
h ZABANAERFEEY . 4RKY, 10 HRERERAERTEFRE TN 0~5 h R B AEK,
M 6 h it NAE KB B, I Hour B A TR A (e B, B3 46 h oA A KK LB T 0 95 »
RWIIX 10 PRAR Bl i A — 5E 1 [ ZURE A

4 10 PRAR BRAH T T0 AR 7 2 Hh AR Kl 2 3
Fig. 4 Growth curve trend of 10 rhizosphere bacteria in nitrogen free medium

2.4.2 BHERE

XF 10 BRARBrgi s HEATVABERE DN E , #4510 PRARBr 40 T 7L $h K Z N 5% T L [ 4 1% 77 5 b 1%
78 15 d. HSLI A R B, 10 ARAR brdh i 22077 25 KN A R R I R, i 0k Bl 1 L4209 8.5~23.6 mm 2
], Hrh PR HQA2 [ el Bl i i K, WA H] 23.6 mm.

R 7 V5 Bt ] S B0 45 R 10 ARAR B 40 vl 7E T WL LI R R B b B 9% 7 de SR EOR, 10 BRAR P
YRV e 28.2~52.63 mg/L ], Hh HQA2 My ik, 7k %] 52.63 mo/L, 57 ik 8 5
st R—5 R EHUBERA R IR EE 1 pH B B BI46 ) 9 PR3] 4.82~5.55 (W& 5 izs)

510 FRIRBRAN B A RE B AR (A) OB R 250 pH M (B)
Fig. 5 Diameter of phosphate solubilizing zone of 10 rhizosphere bacteria (A), and their phosphorus solubilization amount and pH val ue of culture
medium (B)
2.43 95 IAA BEH
XFIX 10 RS BRgH T 4k 22 31T 7E 48 hy 60 hy 72 h 77 1AA g hillsE, Hozib s BEoR, 10 BRiE
Prem B 38 B KNI 1AA e, HAP sk HQA2 7= IAA REJ1iklt, 7F 60 h ik Fi% K{H 54.21
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mg/L. 10 PRARBRANEE 5577 60~72 h Z [A]7~ IAA HIRE I aa ks CanlE 6 Brs)

&1 6 10 #RAR bR 2 B 72 A R I 1) B 1AA 7= &
Fig.6 IAA production of 10 rhizosphere bacteria at different time
2.4.4 53 ERELIRRE
XF 10 BRAR B v i — D AT P Bk AR e e, SRR S R E IR, B WEIRME CAS [l AR 772 b
AR R R L R LA IR 10 ARAR bRl 5 B AR BRI RE TS, HLh R HQA2 A Fl i
PR R HAR R KON 37.25 mm (AniE 7 o) .

7 10 FRARBRAH TR 75 CAS [E s 72 5 =L i) s (o B B A%
Fig. 7 Diameter of yellow circle produced by 10 rhizosphere bacteria on CAS solid medium
AR5 KH Schwyn 5 Neilands ) CAS A5l 7732, W& & E & AJAr B4E, Hd HQK4 1) A/Ar
B K, 298 1.98, HQA2 ] AJAr fH /N 0.62 (ILE 1) &
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1 LOBRAR r i v Bk 4 B

Tab. 1 The amount of iron carrier in 10 rhizosphere bacteria

LB PR Rk AIAr
HQA2 0.62:40.01
HQA4 1.2940.09
HQAS 0.7140.01
HQA9 0.9340.04
HQA14 0.96:40.02
HOQY4 1.4120.01
HQY5 1.1240.03
HOK4 1.9840.03
HQX34 0.75240.01
HOQX56 0.8140.01

T AR CAS MUAREFRE MG . Ar FORBEIRITROGE . AJAT FORYBUE IR & &, (BB R B A AR & R

2.5 EME TEMIRREE Y BRI A E A KAIS

T UL L 10 PRARBRAUEE (O 25 mBl. BRER. BRURAE 71 DA R BREE J1. 77 1AA RE JIRI P
Re S b e BT /AR . SRR, 528 FO0 BZA DEBA PR BRZH 0 R SR Mo i AR K sz 3 T
HHG, BEMAAKEEE, FTE. Ke. TRAEATSZES SRS AR 0E D T 83.52%,
78%, 46.14%, 41.3%, 12.4% (P<0.05) . Zr#lH 10 Kk S5 6504R x40 18 Ab 22 AE vk 5 BH 1 %5 B ZH AR
b, 55 AR B4t T %) B8 AT 40 7 1R 2R K3 A AN R AR B I bR, R B R HQAS Ab 38 FE S A i 4 i
BT AR -5 BA 1 X BEAE LU A A P S W R, % AR o 4 B 0 2 SR AT &0 7 10 2B K 38 AN R R P R A
M (£ 2) .

F2 ANTRRRBRAH A AL BT T A AT 4 v AR AR R R
Tab. 2 Effects of different rhizosphere bacterial treatments on the growth of Lycium barbarum seedlings

st i Ji /g F ity Fhisiiem i R R (mg gh)
EASREL 0.7240.21a 0.2940.22 b 1834052 b 31.240.92a 2.2620.02 2
A 0.2240.06 a 0.0420.12 b 10.5440.82 b 2234152 ab 1524051 b
HQA2 0.4540.11a 0.1140.23 b 12.540.22 ab 25.941.33 ab 2114052 ¢
HQA4 0.1920.51 ¢ 0.0540.36 a 11.02:+1.22 ab 21.6241.65a 1.36:40.52 bc
HQAS8 0.8840.44 ¢ 0.33#0.22a 16.340.51 ab 32.3#1.66 b 2.2740.36 ab
HQA9 0.5640.33 ¢ 0.1840.02 a 14.2140.61b 26.4#1.45b 2.1640.44 b
HQA14 0.4640.53 ¢ 0.10+.13a 12.340.41 be 23.641.64b 1.9540.68 b
HQY4 0.2920.04 0.0740.12a 12.140.02 b 22.140.44 ab 1.6440.28 b
HQY5 0.3720.22 a 0.080.06 a 12.240.32b 2354051 b 1.7440.33 ¢
HQK4 0.2640.02 ¢ 0.0840.05 a 10.8840.18 b 22.741.32b 1.4940.45 b
HQX34 0.6740.55 ¢ 0.2540.04a 15.840.33b 30.640.88a 2224061 ¢
HQX56 0.4840.52 ¢ 0.1620.05 a 12.240.48 a 23.540.56 b 2.1930.19b

VE: [ AT ECR G AN /NS o B AN R AL BE 6 2 5 5. 2% (P<0.05).

2.6 tRFRMIER R ER AR A E

B P43 2 16S rRNA 7 51 #2742 NCBI % #s & 2t 47 BLAST fF AU LLXE, I8 P 512 &2
GenBank, 3kf3 10 PRARFRIY Hh040 R 1 & 5% 5, fEH MEGAT.0 A bR 1) R . 45 R
N, BB HQA9 ( MZ328846 ) . HQA4 ( Mz325514 ) 5 Bacillus halotolerans DSM 8802
(MN483266) , M HQA2 (MZ325513) . HQK4 (MZ328878) . HQY5 (MZz328877) F1 HQX56
(MZ328879) 4 Bacillus rugosus SPB7 (MK453326) , Bk HQA8 (MZ325386) 5 Bacillus subtilis
subsp. HUB-1-047 (GQ892930) , Wtk HQA14 (MZ328847) 5 Priestia megaterium 1AM 13418
(AF311995) , [tk HQX34 (MZ331543) 5 Bacillus paramycoides MCCC 1A04098 (KJ812444) ,
H#k HQY4 (MZ331592) 5 Pseudomonas putida ATCC 12633 (IN630890) ¥ 41 ELA5 #ix i [F] VB 4
(a8 o) .
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Fig. 8 Neighbor joining phylogenetic tree based on 16S rRNA of 10 rhizosphere salt tolerant bacteria

317 18

TR Rt R B I A —, FRE R R R AR R E LT R T R
IR B X, JUH S AR S F R AR 2 s S T AR 1/302, +
B R AL IE O A E TR AL . TR TG R AR R = S IR R AR E R A K. RATTE I 225
MR SCHOIRE AR, e X ED e B R R AR O TR mR . 2 EROKER. BR
SEZ . K FYR RN 3 IR 0 K B2 IR M iy Eh e P B S v X (22230, xof o I8 AT 3 AR PR 3 B AL R AT
ST RIZLIE pH ER S E MG, BT AN, A, o ™EEZ, &R A P h
Bttty i R S SR AT A P R 1 R it . — A S it AR A AR R o it FH K & A IR 2 3 R 1 3
FEOWAR, K&Ky, LIRS, HBLRERMIR, HIEVRS RS S A AR H PR R
THFREEMEHE, R R AESHEE . FEEYREE 2 MR A e A [ AR B 1 22 S 1k 5 g P At
FREVIMIR, AR, MWERMAYRETEASFR, ) [ 55 25 25V 5 ) T 5B o M E 22 5 My A AR PR
AT BRI SRR e S T T T B WA S 1 )8 (Streptomyces sp.) « ZEfEATEE  (Bacillus sp.) i
B8 (Microbacterium sp.) [ v by B 2 L MACR R A E T A R AE . ZEEAAR
(P BRI B . 05T B 5% i M RN T SRR S AN [R) A 55 2R R M AC AR B 5 AR AR B T 3R W TR 2 Rt
WF 5L P 50 F Haliea. Gpl0. Pelagibius. Microbulbifer. {5 & i i J 45 2 db 58 1 X 28 5 A A AR B
I TE AR . SRFEAREE 2T AR S R S PR B RS A S Z R R I, 3 AN AN X AR
AP FEEAERRES, R XA R S A A A E 2 A . AFRIHLX E S = 5245
7R U (8] (1) o A= ) A R AR BE 30, X U B AT SR AR BR T AE M E5 W AE R — M I B A — e e e e, 3958
P, MEBBARERE el ERME, XS LR SUEZESEE L. A F0E D 7T 2 R A
FEARBR 3 oy B8 S aitb AT 3. WO DL BR Eh . BRI AR 70 BB AE 9 047 & Tl A 4 3 2 1R
N RARBR IR RA ARSI . R RN TEFE AR 5 S8 ) W 18 i 52 P 45 (] @0 £ 41k 2 22 1)
G AR
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AWM AE KA B 58 A 2 B AR X () B R AR AR b LI i R T 110 BRARBRFAE D, MR 1 7E
TEZS A K 5 37 FREEAT 16S rRNA LK R 5 LEx, RELIL 9 ANE, 25 AMFF, Frf Bacillus AL
A JE; WIX 37 PREEHATIN B WA BRER . BREREE A e Rk, KSR EORE M HQA2.
HQA4. HQA8. HQA9. HQA14. HQY4. HQY5. HQK4. HQX34. F1 HQX56 E. %Ki k. i
BAE 71, X — 45 B 5 A S0 S5 287 3k 15 2] (1) it 5 o 1 2R 58 J 45 FAHL. 10 PRAR B 4 1 75 A [5] B (]
BB . BRBAE DA E Ho R B 95 & 36h BB HQYS Frih. FRARRER| T mfl, 25N 75%F1
42%, KIAFTHESRIN 10 HRARRAE AN 35 TSI AE Dk R A BREE . BRIRAE T, BXRERIIN
T 43 B TN SR e b Rl ik B 1 17.30%, FRBRE & SIS E] T 7.60%. #E— B A Vs Ik
M R I, 10 PR B Sho6 g 25 G 72 i 20 DL W Rk mh e AR K, nT DAYID AT 10 MRARFRA A —
SEMIE S RE 7T, X — 45 B 57N & T8 HE AR B [ 260 1R 1 20 25 07 36 DA B2 i A= 7 70 9 i) il — £ B01, it
Ah, 31X 10 BRI SEARHE bR 0 B E R E KNERE. 77 IAA FIPERERSRE 1), %4 BRoAWTRE T 2h
BREA 555 4 2 )RR At T B A4 AN B Fh %8 U5 . Dhara 25 BUHF 55 76 ERAR A 55 T 1k 1K) 15 MRIVA R B
1) i KV 45 mg/L, X1 [ 565 25 25V 7 5EERr o P EL SR80 1 398 v 75 3k 1100 4R B A8 18 e R IRV il i
49.97 mg/L, FATHTIHLELS B 10 BRAL bR 4 & 7 % &4 20.41~52.63 mg/L 2 (8],  [F) B o LB A 1 77
FI pH EHVILE 9 P& 4.82~5.55, FRATTRT LA D 1 H1 7 1 6 1 1k fi 6 12 v 1388 A ) S REBAAIK &=
RIS, T SE AR o R ER B AL 3R I E .

Ftk HQA2 7£ 60 h I} 77 IAA & &3k 8 & =il 54.21 mg/L. 10 FRARBR4HE B 9% 5] 60~72 h 2 [A] 7/~
IAA BE P IGIRES, AIRER G HIE RAL SEZ IAA BEEES. 2% DattalBAIHF 5 ikiE, Al RER H
TAE—EW A B IAA FEMEBERVRE, a0 LAA EACEE RIS S ACIBE, A=A 00 LAA B g it 3 50
B ARAE R MLEE FF 3 — 20 5T . A AN 7532 B 33 AR s i A 42 e 7 2 1 2k Ak mT DA ) A 55998 i B L
PR A KB, 10 BRAR B4l B8 #A AS R KN P2 BBk (1 8 77, 7T DA S 1R 01 T 3 6 1 ok L 4% 00
978 B T R . 10 R BB S AT 2R BN B 2 1 mT DL I PR R, V. W TAA A
&5 ] MR A K

SRR AL, iR 10 AR ER AR bR gl i 22 AR 4 v A B R ER, PR E A HQAS
M BRI E . TE, RE. HREAM SRR S ESHIEM T 45.7%, 121.4%, 164.5%,
56.2%7#1 22.6% (P<0.05) , Pk HQX34 Ab¥H i fy HOFIPE & 70wl i 1 55.3%7F1 46.5% (P<0.05) .
2k 2 A s f 3 n] DA R A e & VE A, Nadeem S5B4NIESE 1 7F 31 il AR Bre A= 1 Ab 3
TP AT UAE 2 2 S S m, i HOKIE B e T e & EH . fERBHET, X 10 FRi SRR
B & 1R T LA AT 254 b % At 56 55 o) B SR M AT 4 i AR A 4

gi b, ARBFFIHIES] 10 R B FMAC T SRR PRGN, R T RRER . BREE. B, wRE. 77
IAA VLR BRBARE SR, RIGLZEREIIS TEM, HY HQA8. HQA9. HQX56. HQX34 Al
HQA2 W kA # m MRS A K 1% J1, H XN HQAL4. HQY4. HQY5. HQA4. HQK4, N4
VIR BRI A SR A R R o R T R v A B AN O FH E A BRI AR B
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F2S1 3THFAM R 41 DA 7 B 2T 5 5k v () JE 75 S L TR AR AIE
Tab. S1 Morphology and characteristics of 37 strains of rhizosphere bacteria in Ashu Bei culture medium
WIS S NN TEAR e Bt B 22 [ PR/
HQB22 el &% JGH SREN ANiZE W FHE
HQP13 x % pin(:1 [SREN &Y [V5RES
HQB14 Ex AEI pin(:1 [SREN EW [V5RES
HQB20 Ex AEI pin(:1 [SREN EW [V5RES
HQB11 N KR Dot | A ANigE FH
HQK? x HHAAR Dot 1 M R FH
HQYP16 x LisF RN JGH SREN ANiZE W FHE
HQK1 el FHAR JGH SR ANiZE W FHE
HQAN14 Ex biERTRIN S SR B W FH
HQYP21 el FHAR JGH i ANiZE W FHE
HQANS G FHEDIR Bick o A ANEW iR
HQB18 G FHEDIR bick o A ANEW] iR
HQKS i FHADIR S SREN ANiFE [ERE3
HQWP1 K FHALR S SREN NI [ERE3
HQAN12 N FHEDIR e A ANEW iR
HQYP11 N FHEDIR b1 A ANEW] iR
HQYP9 K LN JGH SFEA R I3
HQYP22 2N ANFA] Giikit SR A& [
HQYP20 X ANFA] Giiki Hh A& [
HQYP8 N AN ki H A& [
HQKS el FALR S H A& [
HQB17 el FAR ki SR RiEH] [
HQYP17 G AN itk o A A% BH L
HQA2 7N FHALR HkE SN AN [{ER
HQA4 PN KHER HkE SN AN [{ER
HQAB8 N FHALIR S SN ANigE [{ER
HQA9 7N FHALR S SN ANigE PR
HQA14 /N RN bickica A NiEW [HERES
HQY5 N FHEDIR Bitkic SR A& I3
HQK4 oK FHEDIR ki SR i PR
HQX56 N [ZEIN pin(:] =REN &Y BRI
HQA13 EE KAIR Jai =REN &Y FH 1
HQY6 2N KAIR pin(:] =REN &Y [ 1
HQA10 2N KAIR pin(:] =REN &Y [ 1
HQX34 G Lisk RN Bt SREN ANE BTk
HQY11 G PR Bt SREN AW FHE
HQY4 Tt [N St SN ANigE W I3 7
SE @

[1] PENG M, JIAH B, WANG Q Y. The effect of land use on bacterial communities in saline-alkali soil[J]. Current Microbiology, 2017, 74:325-



Y RS R AC AR B i R B B O 328 K HL AR A AR R 2 13

333.

[2] PANDEY A, LUIS A Y. Bioprospecting cold-adapted plant growth promoting microorganisms from mountain environments[J]. Applied
Microbiology and Biotechnology, 2019(103):643-657.

[3] ZHAO X, ZHU H S, DONG K H, et al. Plant community and succession in lowland grasslands under saline-alkali conditionswith grazing
exclusion[J]. Agronomy Journal, 2017,109(5):2428-2437.

[4] FU J, XIAO Y, WANG Y F, et al.Trichoderma affects the physiochemical characteristics and bacterial community composition of saline-
alkaline maize rhizosphere soils in the cold-region of Heilongjiang Province[J]. Plant and Soil, 2019, 436(1/2): 211-227.

[5] POTTEKKAT S P, KALYANASUNDARAM G T, SUBBURAMU K. Isolation and characterization of indigenous plant growth-promoting
Rhizobacteria from cardamom rhizosphere[J].Current Microbiology, 2020(77):2963-2981.

[6] ZOU D Z, ZHENG H J, ZHANG Y S, et al. Screening of rhizosphere growth promoting bacteria and their growth promoting ability of
sunflower in cold black soil area[J]. Earth and Environmental Science, 2020(526):12-39.

[7] MR, Helsk, Eo2, & BRACHERELLEESFRSEZR0N0]. N2EERZ, 2018, 29 (7) : 1713-1716.

[8] iglE, WURMSC, sK3CHr, . FREREIRMACHTABERE[Q].  FALEZ, 2016, 33 (9) - 1835-1845.

[91 ARSLAN M, ALLAH R. Multi-element ar—centesimal composition and determination of bioactive phenolics in dried fruits and capsules
containing Goji berries (Lycium barbarum L.)[J]. Food Chemistry, 2019(273):15-23.

[10] 5KIE5E, Jriskds, fE/NME. SRR I 2 oo A2y BRI AT SRR (3], AR AT ST, 2020 (16) - 145-147.

[ B R, EHE, &S, % FESGHEDRBRMCEEZHMEKN ISSR 2 [0]. EYWR R, 2013, 31 (5)
517-524.

[12] #hmE, H¥, EIR1E, . SGEAES MR BRACHEBESEXAHNP]. $HESZ%xE, 2017, 42 (14) : 2659-
2669.

[13] BFEH, ERE, EEE. BREMLHEEHBARZAD. HEZHMIL, 2016 (12) : 51-54.

[14] REEM, A4, AR, & FEINFEEXEDRER 5N S E KL 5% E 0], T RRLFE, 2020, 47 (1) : 62-67.

[15] sk Z<#6, ximte, Sk, . FRAMBR LAA B L % ROLRUS DR AT[]. T E RHE Y 4, 2016, 38 (1) . 104-110.

[16] LYRA M, SANTOS D, SILVA M, et al. Isolation and molecular characterization of endophytic bacteria associated with the culture of forage
cactus (Opuntia spp.)[J]. Journal of Applied Biotechnology, 2013, 1(1): 11-16.

[17] BRAEtG, ARET5, BREE, &, MHRIRPR&BORUER AL, 88 M eER R[], SokFlaE, 2020, 37 (10D : 1979-1985.

[18] GLICKMANN E, DESSANX Y. A critical examination of the specificity of the salkowski reagent for compounds produced by
phytopathogenic bacteria[J]. Applied and Environmental Microbiology, 1995, 61(2): 793-796.

[19] kA Hi, e, S, 5. FEAEMPRS IAA LS g R HARNFT A D]. T EEHEY =4k, 2016, 38 (4) :  104-110.

[20] SCHWYN B, NEILANDS J B. Universal chemical assay for the detection and determination of siderophores[J]. Analytical Biochemistry,
1987, 160(1): 47-56.

[21] BABH.  BMEMESF B (R Ehusith i o Fh o 8 U5 A Je e & B AT [D]. VLR MR KA, 2017.

[22] £4F, EEHF. FHEFKSHRHEEHRD]. FTREXBR, 2005, 22 (3) : 326-331.

[23] et i, BASCAF. BB RILR AR, FRXHE, 2004, 27 (1) . 14-18.

[24] £F, #/Ho6, £Ma, &, AFESNSE AM HEEFSH D] Mok, 2012, 48 (9) : 99-107.

[25] x| [ 5%, fusHr AT, L, AL RIS AR PR AL B Rk A R ARERE I AT O], EIT R R (HARBERO
2019, 58 (1) : 56-62.

[26] &, 2, BWRA, . ARASBRMICERSERE LRFCEMRE S HEMED]. S5, 2018, 38 (17) : 5983-
5995.

[27] kAR MR, miEss, B, &, HEXIFFREMEEELSNSZHEMRP]. LR Z, 2021 (17) : 97-103.

[28] AREBH, EAH, AP, & RYGUEXEDRER LR S ERGEE 58 E 0], AR KRERS, 2020, 47 (1) - 62-67.

[29] B4 i%, FTRE, wmEAE, 5. FEEHI 6 E Yo 8 Ry S R Mp A 0], BRI HEEE, 2018 (7) : 16-19.

[30] #Wrifg v, F&, skAeME, 5. FEH LIEE G MRK B KR A ], EYEORIER, 2020, 36 (6) : 73-82.

[31] PATEL D, JHA C K, TANK N, et al. Growth enhancement of chickpea in saline soils using plant growth-promoting Rhizobacteria[J]. Plant
Growth Regul, 2012, 31(1): 53-62.

[32] DATTA C, BASU P S. Indole acetic acid production by a Rhizobium species from root nodules of a leguminous shrub,Cajanus cajan[J].
Microbiological Research, 2000, 155(2): 123-127.

[33] X7k, KGL, BREW, . FEPIUE T429 M T392 M AEMIE M K 0 /K F8 B b9 B I6 RUR 0] TLo5 Rk 224k, 2012, 28
(4) : 733-737.

[34] NADEEM S M, HUSSAIN I, NAVEED M, et al. Performance of plant growth promoting rhizobacteria containing ACC-deaminase activity
for improving growth of maize under salt stressed conditions[J]. Pak J Agric Sci, 2006, 43: 114-121.



