AR 2R PGPB Y5 B B H X1t 25 3B & 4 KRR

i, FRE, 252, WS, EME, HfE, HEmR
L5 RSB A ST T, R85 5 20 4 TRE A Be /A B e e 5 4 8 2 &R 7T, Y175 4HYT 212013)
TREL: AHTTT B 7R AT R e T L e B [ ) 48 v 2 03 2 T AR i 24 bt L R AR 2 K R i A 1
RO REFRACRE A 5 o i SR AR R IR AR 6 757200 B (R R A Bk, T4 & Ak s 36
T PEAk 73 B A RN 22 AR R AR TR S o B T P L 5 T T SR 19 3 2 MRATICIR 4N R, TS22
1 TS27, %4 16S rRNA 3£ [X % 5243 7 )& T Brevibacterium sp. 1 Bacillus mycoides. 24 ¥f% 5 k 7
B MR B A L], WAk TS22 Al TS27 ¥ A A IAA. SID (774 R 181 ACC- it Z B
M, TS22 BA & mif ACC-ii & Gt (264.69 nmol-o-KB mghh™), TS27 &om BRI I1AA
(7.5243.85 mg.L™) HISID (92%) fig /1. FAKLI TR, €10 CURIAEE T, Btk TS22 1 TS27
Xof L BOR RN P22 AR K s ) R AR B AR (AN R TAG BT AN [R] o R TS22 fERR . AREG, Hi B AN
R E T AR T R AORI A K, BARAERE IR T TS27. 1% FUONMEA - AE AR A iR L
i T DX (AR P S A DA FH B 8L T AR 47 P40 B P 7 YRR ST B Al
RBA: WA, RIEEE, WRERE, MR, mEmEE, FEIEL
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Isolation of two cold-tolerant PGPB strains from northern

Tibetan soil and the effect on the growth of local grass

HE Min, WANG Xiupu, LI Yan, DAI Zhicong, WANG Congyan, DU Hai, DU Daolin”

(Institute of Environment and Ecology, Academy of Environmental Health and Ecological Security &
School of the Environment and Safety Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China)
Abstract: The objective of this study is to screen cold-tolerant plant growth promoting bacteria (PGPB)
for local typical grass in Northern Tibetan Plateau. The serial dilution plating method was used to isolate
the PGPB, and pot experiment was designed to evaluate the effect of isolated PGPB on the growth local
grass. In total, two cold-tolerant PGPB strains named TS22 and TS27 were obtained, which were identified
as Brevibacterium sp. and Bacillus mycoides respectively by 16S rRNA gene sequence analysis. Both two
strains can produce IAA, SID and ACC-deaminase activity. Strain TS22 showed high ACC-deaminase
activity (264.69 nmol-o-KB mg™h™), TS27 displayed higher IAA (7.5243.85 mg-L™) and SID (92%)
production ability. Under low temperature (10 ‘C), these two isolated PGPB exerted different effects on
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the growth of Poa annua and Elymus sibericus. Inoculation of strain TS22 significantly improved the
growth of Poa annua in plant height, root length, aboveground dry weight, underground dry weight, and
showed greater plant growth promoting activity than strain TS27. This study provides valuable strain
resources and experimental basis for application of plant-microbe technique in vegetation restoration in
Northern Tibetan Plateau.

Key words: plant growth-promoting bacteria, low-temperature environment, low-temperature-tolerant
bacteria, plant growth-promoting properties, plant phytoremediation, alpine grassland degradation

VAR, AL SR X PR T B O T O A B H 25 IRk, O B S A S T A 2
P BRI E . S AT R R AR AR EK T IR R AME 5 2 2R 2
[ (Wang et al., 2019). JEITARIIFLAE. HEAE. o TM RN S AR 25 U ik T LA RGR s g 1s
R, EHRDE A A DL S B K RS 5 (Weyens et al., 2009; de-Bashan et al., 2012).

PGPB & 7] L B #2 sl Al #E B AR R, (R kA ) 4 K 1K 48 T (Bashan & Holguin, 1998), A
DL [ %0 F2gIE-3- 4 (Indole-3-acetic acid, IAA). k& {4k (Siderophore, SID), 7= ACC-ii &
A% (ACC-deaminase activity, ACC) FH¥ AN I PR #5556 5 XSG I AE Y E 72U, B3 40 ilh it
EREYR, AR Y % 5205 IR N 12 (Bashana et al., 2000; Mayak et al., 2004; Siddikee et al., 2010).
HHT, PGPB T/ vz M T A =, Wi ANERFE 5 Sh LK) =% (Amarantus sp.) fRFR>
2 H R BT AR B TR (Pseudomonas sp.), BT IAA. SID DL RIS MR Sh 3 e 4 (plant
growth promoting, PGP) J&1t, 1i/NEZHH A HEMRK S AR S 7 19.2%. 30.0%A!
22.9%(Mishra et al., 2009). FRitz 45, PGPB fEAZSIEE R A RI BRI )y, Je AR
PR PR S TR RS S T T, B, PGPB (Azospirillum) Sl A B4 88 78 B S5 b sy B () 4
FHRRA5 3 5T BABT 78 B93IE 92 (Puente & Bashan, 1993; Bashan et al., 1999; Bacilio et al., 2006; Yoav et al.,
2009). #Fh Azospirillum (AL FEFh 70T DLAEA AR KR4 AR RGF,  Ti A 32 11 R R R U A 22
HZFE T (Bashan & De-Bashan, 2010a). i PGPB A LAkt 433842 1rh [X M A i A AR Kok g, 4
5e FO T SR SRR S B T 32 1, A Bh TGS AR SR R AR R T AR, TG R AN INAL S AR, B
KT AEMBEISA . Riies N1k, ¥ PGPB M T2 it vhi s 2 S E U A K . 18R M Bl
(I S A R

ST = FE MG 55 1) AR B AR A R R AN L S AR M B RE e, SRR N PGPB A 3R 22 52 3|
PR AN FT MR AR s I b 7 55 L e - MHIKIR PGPB, J7E % AR HGEALIRIR 2648, DA
AL =R T2 0 A R R A R AR B L #OK (Poa annua) FIZT5# (Elymus sibericus) ik36
T, o B R IR A SO T AN

1 MRS 7

1.1 IWEEARE

- IERE R TP X H LB (88°37'—88°38'E . 30°55'—30°56' N), I DL %
RJEANE . RA 5 AIRE BT, BUREIREE 0~10 om, EA 3 K. JEFRRAEM LIRS I ER
AAREYEIE G, B IEREAR BN E R E B R A48T, el S =, R RIERE R AREL 50 g,
AR R OB AR AR A F (Convinced-Test) HE4T HIEFEALE FAGIN 04T« LAY HIERGEAFLE
-20 T VKAH LM J5 et AT Al R 70 3 . HIERE RS TR InER 1 R

® 1 BEE IR
Table 1 Characteristics of soil nutrient composition

T H Project FAAT Unite {& Content

L% Total C % 1.9640.058



MW Total P gkg? 0.5640.008

S Total N g-kg?! 2.0240.027
B Available N mg-kg* 149.7844.38
Ak Available P mg-kg* 7.060.55
A Available K mg-kg* 294.77+11.24

%4k Total salt g-kg? 0.2449.02
k025 Iron element gkg? 22+40.67
TRtk Dry wet ratio % 0.9940.0004

1.2 T eI B 4 B s

0.1 g BRI 1 mL BERR R R B0 R, 250 rmin™. 25 “CHR 30 min, RJE X
VR AT RS EE AR . B 100 L AR S5 VR RT Luria-Bertani (LB) “PiRE:FR A4 RAG, & TRIE
B (4 °C) FE9E, BHTIHMIRFE 2B (Reasoner & Geldreich, 1985). ¥53% 7d J&, HREL w0k,
R B LB Bilei gtk BT ALIOIE. W B AL S B AR, FREUE DNA, 4 B A 5
Y 27F (5-AGAGTTTGATCCTGGCTCAG-3") #l 1492R (5'-ACGGTACCTTGTACGACTT-3") 1T
16S rRNA J:H 741 PCR 4714, Frf3 PCR ¥ ¥4/ WA Wik Jix Eilgd: T AR . MRyl s
EzBiocloud ¥4 i 51 HEAT LE X . AL MEGA 6.06 H (IARALESREE, M RGE R B
1.3 PGPB HEYMEA B AT

HoF o B AR AR HEAT T PP . HRYE Glickmann & Dessaux (1995)3ti4 i 77325, %F 7 B B ik
77 1AA BEIREIN . E AR TE & L-VEIR I RA Bi 7R, 8 72h 5, EO0RELHE LG
o P L BRI e B TR LI IAA £E ODsso nm MROGAE, FFER T IAA (s th 2k LLE &0 Hr.

118 Penrose & Glick (2002) 42 H i1 77 1 HEAT ACC Hit S BT X 5 B 5 o 20 T T AR AE RS B IR
Beff) DF RigefErpiiss 8 h, SOOI EAIIE . AR5 AL i 4 i S V7 AE s m - 3.0
mmol-L ACC (#) DF 55973, W H 24 h J5, F Ltk e MR 1k .

HRAE Cherif-Silini et al. (2016)4#114 ()77 7% & Bl € SID 177 & . #F King’B #5775 8592 72 h )5,
B 500 uL BB, 5 500 pL %R T S ME I BITR - £ 630 nm I KAANE 7RG VIO

5T-5e

fio SID M F 7 g BL R AR ——— x 100, b, ST ZRIER CAS il MOLE G it),

Se J2& MG (A AR CE PR A it PR A SR AR

SRS B ARV AR AN T M TR R R BE 7, s 2 0 B R RV 20 il i T A AN PR IR 26 Cag(PO.),
[ Pikovskay B flg-FA 0y, BT 28 CHiFRM (DIm#EsE, 2005). 1MW %210 7% & A 0%
Bl DL B Rl (R KN, A0 A 2 8 B RV AR AN T PR IR 2R RE 6 T i85 . BIRFT A 4R AR
M E=1EL.
1.4 BHRRLK

JeH 75% CBEEHUIRIE 1 min F1 5% NaClO iR 5 min Xf BL3 R 1022 (M1 3547 R 1H
KEAEE, ZKEKER =G, KEFT5 5 10 mL KN 10° cfumL™ (SR80 2h, Xt
HEAL P K TR IR Eh 2 Pl . 85, AT RERIERAT 180 g KR IIHE TR, I 54 mL ¥ 0.5
R ER VA, R E (25 C) iR, MRAETHm T WM (£ 1 SR T Hoagland
EFRW, BT R 94.5 gL Ca(NOs), 4H,0, 50.6 g-L™ KNO3, 8 g-.L™ NH4NO3, 0.00276 g-L ™ KH,PO,,
49.3 gL MgSO, 7H,0, 3.73 gL EDTA-2Na, 2.78 gL FeSO, 7H,0, 0.83 mgL* KI, 22.3 mgL™
MnSQO,, 0.25 mg-L™ Na,M0oQ,, 0.025 mg-L™* CoCl,, 6.2 mg-L™* HBO;, 8.6 mg-L™* ZnSO, 1 0.025 mg-L™
CuSO4 (pH 6.0). FiFEikJG, AW HEMIE (10 CH. JelEIEE A 10 000 Ix (JEHE=14 h/10 h)
2T T 8597 ORISR 1B 2 A AR = J 6 3 0 R0 T 350 2 . I RS 2 A0 I S e 48
W), A HEE 5 ANEL,



K77 30 d &, WORAERR. M EAEMRIME S, R, M bEEE, S, st FEA T TE.
1.5 B3E ST

K H I1BM SPSS Statistics 20 Sttt 3 A HEAT G170 M, 60 s R AT B R R 07 2= 20 A MU
R EHT, CAPAEMR/ PN LR E . B BRI B Origin B f4 (2018 fiR) 24

ZEAP SR

2.1 MHIRIR4H B 12 B 45

MGG 3 rp, BRI 4y B AR B TS22 A1 TS27 RN F Frilfe (4> B FRI 16S rRNA
R 7515 EzBiocloud i 2 K 7 FIEAT EUXT, 158 AR IR 20 S8 5 A, # 8 R 40K B AR
1), Hkk TS22 5 Brevibacterium frigoritolerans DSM 8801 .45 =y AHALLYE 96%, R % e HoN
Brevibacterium J& (¥ F. Fkk TS27 5 Bacillus mycoides DSM 2048 ELf5 i AHALM: 9 99%, [l it
ZHERZN B, mycoides. Ak TS22 Al TS27 ) 16S rRNA 3t [K 4115 ©. 4238 GenBank, #h75 &%
5505108 MN710445, MN710449,

9 TS22
60 Brevibacterium frigoritolerans DSM 8801'(AM747813)

9 Lgacillus simplex NBRC 157207 (BCVO01000086)

Bacillus muralis DSM 16288"(LMBV01000055)
0 Bacillus loiseleuriae FJAT-27997 (LFZW01000001)
4] 180 Bacillus foraminis CV53"(AJ717382)

Bacillus pocheonensis Gsoil 420" (AB245377)

Bacillus purgationiresistens DS22 '(FR666703)
Bacillus praedii FIAT-25547"(KY582959)
Bacillus acidicola 105-2" (AF547209)
55 Bacillus taiwanensis FJAT-145717(KF040588)
Bacillus cereus ATCC 14579 (AE016877)

100

% 1001100TS27
Bacillus mycoides DSM 2048" (ACMU01000002)
Bacillus proteolyticus TD42"(MACH01000033)
0.005 Bacillus wiedmannii FSL W8-0169"(LOBC01000053)
—

1 5T 16S rRNA K P31 1 R 40 K & W
Fig 1 Phylogenetic tree based on 16S rRNA gene sequences

2.2 5y B A MRE YR A R A
XX PR GE B AR RSB YEEAT TARIN, ALFE” IAAL IRIEAETEREIRE: . 7 SID il ACC
Pt B 1 (3% 20 G559 oK, Wbk TS22 HAT Wit ACC i & Mg i1tk (264.69 nmol-a-KB mg™h™),
KRR TS27 19 10 5. TS22 A1 TS27 B4 BATIEBEAE J1, R 77 1AA BE J15AK, 4 ) 340.31 mg.L™
1752 £3.85 mg-L™. B bk TS22 A1 TS27 AT 52 (K97 SID fiE 77, 43 51 89.5840.08% 1 92.7420.24%.
% 2 Wbk TS22 A1 TS27 (kYA B Ik
Table 2 Plant growth-promoting characteristics of strain TS22 and TS27

k73 W[ Wk-3- 2.1 Bk ACC-flii & i
Strains IAA (mg-L™) SID (%) ACC (nmol-o-KB mg*-h™)
Brevibacterium sp. TS22 340.31 89.5840.0786 264.6943.1572
Bacillus mycoides TS27 7.5243.85 92.74+40.2426 26.3546.4174

vE: o-KB. o-fl TR,



Note: o-KB. a-ketobutyrate.
2.3 4 B AR A KB AR K B T

K 2. B 3 PR, HEFTE K TS22 A1 TS27 X 4 MU e BL RN 2 1252 () A K S e - AN AH (] o
WK 2 Frs, SRR RAMEL, b TS22 &R e 7 —FARICRIMRE. RK. i B
MR TE . Hefh TS27 R BARME S Hh DRI R 56 T S A M AL L, 4 338m T
20.7%. 11.1%. 89.4%F1 74.2%, HES I FAERFEEESR.

WKl 3 frs, et TS22 A1 TS27 A IR e EH, S RBMANHIER . #fh TS22 fliz "
M AN R 5 S BB 1.4%R1 5.4%. THERD TS27 (ALHLE 405 T 22% MR K .
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Plant height (cm)

o
]
& o

@ 0.0307C = 1D

= 5

= 0.024- é‘

E o £ 0.070

F)
1H.-E 0.018 H &
4F o.012- 5 E b
£ g b E.o_oas-
T
%‘ 0. 006 | ! 3 .
2 0.000 = 0.000
- CK TS22 TS27 CK TS22 TS27

A. Fii B MR CoHiEFE; DN FE. RIS R ARKRMREAT RRRTT Z 00, FF R AL
FRREAT Tukey Kol o 15 72 26 Ron 2 /D VYA H A 1P (B IR HE R 22 o 260 _E AR B 5B 3322 57 (P < 0.05).
T,
A. Plant height; B. Root length; C. Aboveground dry weight; D. Underground dry weight. One-way ANOVA analysis based
on the apparent properties of Poa annua L. after the isolates inoculated, and Tukey test for each treatment. The error bars
represent the standard deviation of the mean of at least four replicates. Different letters on the bar indicate significant
differences (P < 0.05). The same below.
P 2 AR A1 Brevibacterium sp.TS22 1 B. mycoides TS27 B R Mk R ARK. i BT,
T
Fig.2 Plant Height, root length, aboveground dry weight, underground dry weight of Poa annua
with/without Brevibacterium sp.TS22 and B. mycoides TS27 inoculation
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Fig.3 Plant height, root length, aboveground dry weight, underground dry weight of Elymus sibiricus
with/without strain TS22 and TS27 inoculation
2.4 S EERSEYAE KRS
MR ZRTT ZE o A R W], AP RO M - E 5, AR A A
KAV A 0 MRS B RIVER, Y ARV E AR B4R bR A fm (3R 3D,
R IMMFAE (S FIHMEAFE (B) S RIXH 2 T 25T
Table 3 Two-factor ANOVA analysis of the relationship between plant species (P) / bacteria species (B)
treatment and the growth of plant

YT P) MM (B) FE W) < 4 B Fh 25 (P < B)
F P F P F P

R E 6.802 0.023 6.484 0.012 7.604 0.007
Underground FW

Hh |- i E 3.792 0.075 12.573 0.001 10.964 0.002
Aboveground FW

HFTFE 10.551 0.007 7.733 0.007 8.339 0.005
Underground DW

B 1.800 0.205 14.447  0.001 15.997 <0.001
Aboveground DW

F&E DW 1.280 0.280 7.529 0.008 8.359 0.005
K Root length 0.086 0.775 4.363 0.038 1.746 0.216
Bk Plant height 26.312 <0.001 4.198 0.041 4118 0.043

7E: DW. Dryweight; FW. Fresh weight; P <0.05 X/ EEER,
Note: DW. Dry weight; FW. Fresh weight; P < 0.05 indicates a significant differences.

3Tk H4Gw
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AT IR R AE ST, R IR PGPB T 7 BIRF IR AR 35 23 2 Bk B AR AR IR B RN L5 A4
() 5% S B O PR, AT PR A1) T AN PGPB #Mh 7 (1 4738 S Dh RETE M o 168135 PGPB 1E R,
A DA AF @ A H IR, A BT RS TIUH AR (Schlaeppi et al., 2016).

AT AT XoF A bt DX B A ) b B PR ST N TE VA TR I U ARRAE , MGBRAL 3% b 43 B 31 2 PRTHICIR
HEYMEA T,  Brevibacterium sp. TS22 F1 Bacillus mycoides TS27. 124 ik, ¥% Bacillus J& 41
B R B A MR AE T g (Santoyo et al., 2012), {HICT Brevibacterium Ji& B (AR ) (e A= Th g 6 4k
8. i, Wang et al. (2016) M\ 75 78 e it 48 i i B2 b 43 B i 66 21 Brevibacterium J& AR T, 1B B
R e R A 2 )R AR I, AEAZARIE MR X% B B T3 — D IhRESGAE . Meena et al.
(2017) A FERL 2R 25 MR e b ) Dy 73 B 31— vk B 2 e )2 2 )R YR Brevibacterium frigoritolerans
SMA23, 7E 10 CARE FA/NZ KGR J8Id X6 5 258 7= 1AA, SID, ACC-i & M5
fEAE R BE AR A B, PR 2> B B RRE AT L= IAA, SID A ACC-Ii &, JF H TS22 H A =3 ACC-
it S B L (264.69 nmol-a-KB mg™h™), TS27 H A ¥ &)™ IAA (7.5243.85 mg-L™) 1 SID (92%)
Ao IAA S —Fh i WHIEYE A KR,  Gonita-Mishra et al. (2017)fR3& 1 38 ¥k &,
89.47% (1 KR BE £ B 1 1AA (4.7~77.41 mgL™). {EN—Fhm Ut KIE, B 1AA
P B RENS 5] A AR AR A B4R Ak (Masciarelli et al., 2013). SID 7EHI IR 28k A6 Sk hite
% = E4E H (Sorty & Shaikh, 2015). ‘& SR ER I EE R ARG ISR J), Be2h G MR BRI R 4
A 250k, 5 TR B BR A AR B SR AR et A AR BRI S R 3 1 4ot s i v 3 5 1) 2R (O'Gara,
1992). 4HER ™ ACC-it 2 B PR LR 7KV, AR 2R IME, i SO B 44 A FH 1 B 4 s
gy, BFERIPEMRZEOK. T5. . [ E . S8 AL R LR G B L SR AR )
1278 (Glick, 2014) . AT 707 43 28 B IR B bk TS22 F1 TS27 ANH At I8 7 75 i iy J5L 28 v sl 4R A 15,
BHEAA R R ER T, NS e AR A St 1 5 51 i B b 5

4 TS22 A1 TS27 Hh B AL A B FL R AN E T2 22 MR BRIN, B TS22 % HL BRI
RIS KA E R, X 22 22 AR I W e RN s AR TS27 WD PR b AR R i
AEAEFIAR .. O KEWFAKRH, JFIEATE BA PGP RE: 140 b &R RE X AR (1) 28 K 7= AR AR
Wi, B —HE AR B A S B R B AR SR ) 2 R M AR ) (12 A2 1Y 25UR (de-Bashan et al., 2012).
[ PGPB it AEK 2 —NR RS, W RBIAFMRL & FEAEH . Bashan &
de-Bashan et al.(2010b)id it % 3e 7 22 P2 2 K514 1) PGPB Btk Azospirillum brasilense 1 HAL
R B FE R I : A. brasilense (4 HLEI AR5 —, £ — @ MEE 25 A T X Lo g AR AL [F] s mloAl 4k 12 4T .
AHE T ZE R LS R IR T YA KRR AN MR A ETTA 257 (R 4) o Wtk TS22
Fr 223 H) 22 b A e P TR) () B R A AT e B I & T R AR AR I AE K . BHIRRT I, T AN [FfE AR
FEIG 21 PGPB IR HE %L, NARYEHAN SIS SRS T A H i, A% PGPB—1a F MY EAEH
BIALEIA T i T3 — 4230

ZR EPA,  AHH TR e AR B 2% A 40 B e B AT LA R S M AR K AR A
TRAB, NG S - AV EORTE J AL = 6 H X R A2 2 8 FR R A 1 56 5% 1R B b B AN R FH 2
fitho
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