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(VLI FRIFASOIRIT, TS 22 TR b/ R RS AR S 2 a0 be, 1008 BT 212013 )

W OE O TN LR (R AR ) 1R AT Y - B v 2y B 0 R T DGR B > A R A K AR A
bR, MR A sE 5 1% SGH R IR BRI PR 7 ik 4 B IR AR P A 26 TR bR, O 45 & B0k e
BT, A 43 B9 4 O > M R A A S e, S5 SRR L (1) DG S - 358 v p ) 7 8 A 3 7 R T U O 4
TS22 Fl TS27,%: 16S rRNA K % & 73 W& T Brevibacterium sp.Fl Bacillus mycoides, (2) 38 3 B AR PEAL Witk
Sy B AR AL AL JE T R 45 S R B RE TS22 M TS27 ¥ HA 7= TAA SID [RE 1A ACC-I & /G %, TS22 B
R E N ACC-i 22 Bl 1 (264.69 nmol - «-KB mg™” - h') | TS27 R AR AN 7™~ TAA[ (7.52+3.85)mg - L]
FISID(92% ) WIfE 1. (3) WAL IR, 76 10 CAREFRAE T, WPk TS22 A1 TS27 X RZR F 142 AR K
F14) 552 Wi DKL 0 AR BT () TR T AT T AS ) 5 TR RR TS22 FE kv ARG | b b R R 35 0 1w 35 0 iF 17 30K
A, BARAE BB IR T TS27, i WFSE 45 SR I ) — S AE W B R AE A e 98 b X 4 K A2 v (o P AR AL
AR B 1) TR o 05 R S B il
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Isolation of two cold-tolerant PGPB strains from northern
Tibetan soil and effects on growth of local grass
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Abstract: The objective of this study was 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 of local grass. The results were as follows

(1) In total, two cold-tolerant PGPB strains named TS22 and TS27 were obtained, which were identified as
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Brevibacterium sp. and Bacillus mycoides respectively by 16S rRNA gene sequence analysis. (2) Both two strains could
produce TAA | SID and ACC-deaminase activity. Strain TS22 showed high ACC-deaminase activity (264.69 nmol - a-KB
mg' - h'), TS27 displayed higher IAA [ (7.52+3.85) mg - L] and SID (92%) production ability. (3) Under low
temperature (10 C), these two isolated PGPB exerted different effects on 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, grassland degradation

UTAER A g Ji i X F T sk B R B
TR H #2iRAk, O™ 5 gl 4 A= A R ) Z A
AR (i B U et | 2 Ml 28 U R R RN N 28 AR T T AR OK
o PRI T e b AR A R AP AR B 57 3 B0k B 2
(W 5CTE (Wang et al., 2019) , SEIL A IILAL  HEAE |
1 3 T ORI BE R 45 7 1, BROPR AT LUAT %42 e A
PAE R (AR A e LA SE RS &

PGPB J&—2& A] DL 1 42 55 ) 422 o4 35 4 40 fidt B
M A i A W B K B9 48 T8 ( Bashan & Holguin,
1998 ) , Al LA i s [ %, 7 0] Be-3-2 AR ( Indole-3-
acetic acid, TAA) |k Zk K (siderophore, SID) , j=
ACC-i % 1§ 15 P ( ACC-deaminase activity, ACC)
VR A A T P Wl 2 6 55 T UG im0 8 3 IRl
SUE W AE R AW L, DR AP AR ) B 32 0 L TE A
%o HHT,PGPB B8 1Z N JH T4l A= 7 v,
WA ERJEE 5 S hir A LU bk 9 00 3% ( Amarantus sp. ) R PR
3 B85 R B i P IR A B M 7T ( Pseudomonas sp. ) , B
A7 TAA (SID DL K ¥ figk ol 1R £6 55 A8 ) {2 4= ( plant
growth-promoting, PGP) J& 14, il /N2 %) i 19 ¢ 2
AR kR AR A R R T 19.2% .30.0% F122.9%
(Mishra et al., 2009) , Lo, PGPB 7EA S B &
S FBGA 3R I AR AW g, JU A R R W g B
BERYHIPEAE & )5 1, 4 PGPB (Azospirillum ) 5 il A
T 55 VY B A M VDRI B A AR FH AR 15 2 A o
GERIUESE . TN Azospirillum BN N ZEFp 0] LLTE
AN AE AR 8 B A AR A R G T A 422 TR ) A AR )
HiZE H LT ( Bashan & de-Bashan, 2010a) , %
F PGPB ] LBl s - 38 4 ot I F) AL 40 4 BRI G
PERE , 38 8 G T 5 R B A I R T A2 1 A B
T ME 55 A 35 I A6 A B A T TG A S Ak 2
ML, BEAR T AE B A . SR, ¥ PGPB fif
FH TR 1F 74 8 v 2€ R 0B AR R 1B R 2 b A

I FE 1 R WA A

ST s FE W 55 AR 8 AR A Y R A M R 4
AP R MR TS I PGPB 1R HRCR 25 52 3
BRI, AHIE 5T DA SR B2 B P4 - 338 v 3 | 3k -
F M PGPB, I 15 % N AL A I 4% 1F, DL
A 5 S 2 40 A B T e A R AR R R LR
(Poa annua) FME -2 ( Elymus sibericus ) A 36 A5
Yy, %ok 53 1 TR PR R AR I LR ROR AT PR

1 #HEF*

1.1 TEHERRE

+ AR R T T AR i X LB
(88°37'—88°38" E ,30°55'—30°56' N), + 3%
RIDISFER R Ao RS s & WU 7k,
HUORETRBE 0~10 em, B4 3 IR, TEBRRAE D T 1EHE
i R B A FIAEL ) 5 i I, o SRR AR T
HER OAELE T A AR R R K
BU50 g, 35 FE R 0 R SCRVEE T 4 R AR A A
( Convinced-Test) 17 - HEFR AL Bk I 43 B,
A IEARAFAE -20 °C VKA b LU J5 22 64T 40 0 4y
B TEHEREMPEFRBTIME 1R,
1.2 iEREHNSBEE

B 0.1 g TREAZEAS | mL BEIREL 2% vl 1Y
BT ,250 r - minT (25 CHRY 30 min J5 , X &
VRICHEAT B BE R R, B 100 WL R RS 1Y VR T
F Luria-Bertani ( LB ) AR 85 32 3L 1k A | ¥ FALR IR
Bi(4 °C) TR, AT TR /53 25 (Reasoner &
Geldreich, 1985) , 1357 d J& , BREUCBA SO, 56 F%
FHEE LB BIR 85 95 5L L kAT aiAb i E . W o
B AL I T RR, BEEBCA DNA 40 A 5
27F(5'-AGAGTTTGATCCTGGCTCAG-3") 1 1492R
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Table 1  Characteristics of soil nutrient composition
B H B fH
Ttem Unit Value
Sk Total C % 1.96+0.058
S Total P g - kg’ 0.56+0.008
JA Total N g - kg’ 2.02£0.027
A Available N mg - kg 149.78+4.38
AW Available P mg -+ kg 7.06=0.55
A Available K mg - kg 294.77+11.24
JLER Total salt g - kg 0.24+0.02
#ICE Tron element g kg 22+0.67
TR Dry wet ratio % 0.99+0.0004

(5'-ACGGTACCTTGTACGACTT-3") #47 16S rRNA
FHFF PCR ¥, Fif8 PCR ¥ 14 P2 ) £ 031 5
B 120 O D7 I D5 SO 3 e 95 | ]
EzBiocloud %¢ #& % w # ¢ %1 ik 47 e xF., A H
MEGA 6.06 H (4R 3575 B RGE L BN,
1.3 PGPB IR £ B D

Xt 43 B B RR 0 A2 AR RR R AT T PR, AR
Glickmann & Dessaux ( 1995) i i 19 5 5, X 43 &
FRRRI = TAA BB S HEATARIN K PR AR BE PP TE 75 L-
RN R,A J I IE 72 h 5, B0
T I, B G b i 0 s % 3R 3 L
IAA 7£ ODy;, nm UK AL B ROEAE , I 22 TAA 1Y
s o h 25 DL SE 1 AT

}i BB Penrose & Glick (2002) & H iy 7 B 4T
ACC JId S B P 1 o 1 0 52 O 4 B B AR TE A 5
BREREL Y DF 15 2 e 55 9% 8 h, B WA DURL Y
TR 4T M5 o B B A0 SR B B TR AE R I 3.0
mmol + L™ ACC ) DF #5525 & 24 h 5, H
L0 7 0 7 T

Hi 4 Cherif-Silini et al. (2016) #3819 J7 ¥ &
T E SID (774, 7F King’ B 15 32 b 85 5% 72
h Ji& , B0 U4E 500 w35, 5 500 pL # K S
ME RS W, TE 630 nm 3 K 40 5E IR & ¥ i
WO, SID Y 4 LA LR AR x
100% , X, ST VR Y CAS J A9 WG A (4
HR) |, Se 2 DA €075 hy 48 €00 (AR o )V VT Y 1

Sk G ) R AR A A S T W R R RO RE T, K 4

BT B R W B T A AR W R AR
Ca,(PO,), ) Pikovskay Z5 g VM () o0, B T 28
°CE 40 (1 B 55452005 ) i i W02 1 7% )
A T i W L RN I 4 375 B B 1Y RIS ok a3 A 0 S R
PR VS A A i P Wi TR 6 1 BE T, O A Ik B Y A TS &
SRS, FRFTATRARATINGE Y E 3 AN EAR
1.4 AW

"G, H 75% & B W R M 1 min F1 5%
NaClO AR 5 min X 20K F1 % 15242 i FF 1
TR K WAL 28 K KIEBE 3 W, K Fh
T 10 mL ¥R 10%cfu « mL™" A9 B 200
M2 h X REAL B K R B RR Eh 2 il . RS LI
PG TE 2R A 180 g KRS IIE T A, In A 54
mL 1 0.5 f5 ek R B 22, JFFEIRE (25 C)
Bt WRIETOM LIET AR (R D) BHR T
Hoagland # 3% W&, B 7 W1 F.94.5 ¢ - L' Ca
(NO,), - 4H,0, 50.6 ¢ - L'KNO,, 8 g - L"'NH,NO,,
0.002 76 ¢ - L' KH,PO,, 49.3 g - L"'MgSO, - 7H,0,
3.73 g - L"'EDTA-2Na, 2.78 g - L' FeSO, - 7H, 0,
0.83 mg - L' KI, 22.3 mg + L' MnSO,, 0.25 mg - L'
Na,MoO,, 0.025 mg + L' CoCl,, 6.2 mg - L' HBO,,
8.6 mg - L' ZnS0O, Al 0.025 mg - L' CuSO,(pH 6.0)
BJa Bk e R R AR (10 C) DB
SREEH 10 000 Ix(OGRE =14 h/10 h) B F3E5%
(A0 R 8 A % 4% P S AR 90 5 9 v J5t 6 Ay
FF- SR R | H RESER B RN H BB B 2 ) o RS
e E S MEE

3% 30 d J5  SOIRATL PR o 000 R A B R AR
RSO S N i e N
1.5 HES

X IBM SPSS Statistics 20 &t it #4745
THAFHT, R 55 00 B A AT 5 PR 2R 5 22 0 A AL
I T 22000, LA P R/ANPEM L 0 M B
A E R EIH Origin #44 (2018 b)) 23l

2 HER 54

2.1 IHMEBRAFNHS BLEE

AV 6 - ) B 26 B ) 4y B8 A5 B TS22
TS27 4 Ak 4 B K BT I A5 Y 43 5 T R 19 16S
rRNA F:HFF 35 EzBiocloud 2R & 0 14 5 41 #E47
FE X, B 28 B AR B A3 sk, MR G A B kb
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TS22

60( |Brevibacterium frigoritolerans DSM 8801T(AM747813)

9N L Bacillus simplex NBRC 15720"(BCVO01000086)

100 Bacillus muralis DSM 16288T(LMBV01000055)
50 Bacillus loiseleuriae FIAT-27997Y(LFZW01000001)
44 80 Bacillus foraminis cy53 '(AJ717382)
Bacillus pocheonensis Gsoil 420T(AB245377)

Bacillus purgationiresistens DS22 T(FR666703)

55

95

0.005

Bacillus praedii FJAT-25547T(KY582959)
Bacillus acidicola 105—2T(AF547209)
Bacillus taiwanensis FIAT-14571T(KF040588)
Bacillus cereus ATCC 14579T(AE016877)
1001100|TS27

Bacillus mycoides DSM 2048T(ACMU01000002)

42\ Bacillus proteolyticus TD42T(MACH01000033)
50L Bacillus wiedmannii FSL W8-0169T(LOBC01000053)

K1 KT 16S rRNA RN FEH KRG LK B R

Fig. 1

B (1), EE TS22 5 Brevibacterium frigoritolerans
DSM 8801 H. A fiw i AL, i 96% , K b4 25 %
EH N Brevibacterium J& W Fi, B TS27 5
Bacillus mycoides DSM 2048 E. A5 f =5 AH LM, A
99% , K MIZ W Pk 7325 B. mycoides, THE TS22
TS27 19 16S rRNA FEHJFF 3 2 $#£38 GenBank , 3k
15 5435 MN710445 MN710449.,
2.2 T EEKEWRE B ER

XoF 3 A 2 AT ) A 0 AR R T M R AT TR
FE = TAA BN R L ™ SID 1 ACC i
ABGTETE (R 2) . K245 RN, Wk 122 A
s B ACC it 2 i 3% M (264.69 nmol - a-KB
mg” - h') SR PR TS27 f9 10 f5, TS22.TS27 ¥
REAT o AE T, WA P TAA fig J148A%, 43 3 ok
(3£0.31) . (7.52 + 3.85)mg - L', B kk TS22,
TS27 HA % 09 7= SID fig 71, 43 5 4 89.58% +
0.08% 92.74%+0.24%
2.3 S EE R A i 4 A K R R

W 2 B 3 s, # R R TS22 A TS27 Xf
214 il A L SOR R 2 1 22 1 A K R 45 S AR TR
W 2 Fros, 5S8R X BZE A L, B2 R TS22
BERE T AR AORM SR & AR e A
T E, 4R TS27 AR ECRARE  ARK . M

Phylogenetic tree based on 16S rRNA gene sequences

3 2 THEHR TS22 1 TS27 MR EE M

Table 2 Plant growth-promoting characteristics

of strains TS22 and TS27

.

" R

[ih 78 ACC

A IAA SID

Strain ( SL (%) (nmol - a-KB

e ’ mg’ +h™")

Brevibacterium sp. TS22 3+ 89.58+ 264.69+
0.31 0.078 6 3.157 2

Bacillus mycoides TS27 7.52+ 92.74+ 26.35+
3.85 0.242 6 6.417 4

¥: oKB. o-ffl TR,
Note: a-KB. a-ketobutyrate.

BB N5 i s R I N D O G4 S B s 71 B
T 20.7% 11.1% .89.4% F 74.2% , (A 1E 45 12
AR AREES,

WA 3 frs, 300 TS22 A1 TS27 ¥ A 1 WA {E
HEER B RO HIE R BeRh TS22 ffi -
U AR TE SN BEAR T 1.4% F1 5.4% i
e TS27 WAL PR B SR T 22% MR K
24 HBEMREEMERKBENEXES

XUPH 2 7 22 43 B 25 S 3R 01, A8 9 2 (S0 b
T A W, A A 2 A R A
K AR FRERA S0 5 AT ) A0 B A2 5 PR E R
YAy ARG R R R AT S (R 3)
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307

257

201

157

R
Plant height (cm)
W S
HH o
- )

-U‘

0 CK TS22 TS27
0.0301 C
a

)

= 0.024

=

&

[
& ; 0.018 1 b
H S

e
Q £ 0.0121

2

gD b

L T

§ 0.006 1 T

<

0.000
CK TS22 TS27
Kb Treatment

i8S

Root length (cm)

HHTE
Underground dry weight (g)

8.75

7.5 1

5.0 1

——

2.5 1

0.0
CK TS22 TS27

0.1059 D

0.070 1

0.035 1

0.000 -
CK TS22 TS27

AbF Treatment

HRAEH R 5 AR A MR BEAT B0 DR 225 2250 BT, XA AL BRHEAT Tukey K30, 1822 45 30 2 /0 PUAS 1 52 1 T 3 4B A A 4

2. &8 EARRBTFRRRA BEMN2ER (P<0.05), T,

One-way ANOVA analysis based on the apparent properties of Poa annua after inoculation, and Tukey test for each treatment. The error bars

represent the standard deviation of the mean at least four replicates. Different letters on the bars indicate significant differences (P<0.05). The

same below.

B2 RAERI RS TS22 F1 TS27 MR BOR BBk AR M b8
Fig. 2 Plant height, root length, aboveground dry weight, underground dry weight of Poa annua

with/without strains TS22 and TS27 inoculation

3 WikEHE#

TERI ] PGPB #E47 1R Ak - M o AR A= 1B 52 1Y
E R B W TR A e B e AR T, X
TAAET 2 1Y 4 R AR B, HE AP A IR PGPB 1A 5 2l
Frik A 252 B0k A AR AR R B R L AR 15
A=W E A 0 UE PR, AT R 1 T SRR PGPB
TR A AATG S DI RETG P, B4 125 PGPB 1E b $&
FF), oy DARE A3 A+ 3R 85% A7 BT & $E U Rk
R (Schlaeppi et al., 2016)

AW S ST R AL Bl DX Ry 4 b 2 A B RN TE Ve
TR S AR DA B - 35 43 1 ) 7 Bk i AR
RV £ R, Brevibacterium sp. TS22 F1 Bacillus
mycoides TS27, YFZ Bacillus J& 040 # 9% & BLELA

FEL W) A2 A T) BB (Santoyo et al., 2012), {H & F
Brevibacterium J& T B A5 9 2 A= T fig ff A7 e 3E ,
Wang et al. (2016 ) MT5 83 J5L 40 I i 55 vp 0 2 O
PR Brevibacterium J& B N 2L B, % 8% KN & B
A Z R A W) 02 A2 e P ABIZCHOE W R X i 0 1
H T3 — £ I HEEIE . Meena et al. (2017) M JE
PLRE T EARPR ) oy B B — bR B A Z M 12
A JE& Y Y Brevibacterium Jrigoritolerans SMA23 | TE 10
CARIER T X /INAE AR A RS 3 3k X 43 25 T
7 TAA (SID | ACC-Jlit 2 i 55 A8 ) 412 21 1 A8 1) A6 )
KR, PIRR ST B TR AR 24 T LA TAA (SID Al ACC-Ji
2 M, JF H TS22 H A W A ACC-I & i 5 1
(264.69 nmol - a-KB mg™” - h") | TS27 HA H &Y
72 IAA[ (7.52+3.85)mg - L' ] A1 SID(92% ) fig

TAA J&2—Fs WA P e A= K 3 %, Gonita-Mishra



1430 % W 41 %
307 7.5 1
A a B a a
24 A a 6.0 1 T
T
B : B 1
S g A S 45 A
5 )
®2 &
212 %g 3.0
[ &
67 15 1
0 0.0
c CK CcK TS22 TS27
0.021 1 a 0.018 1 D a
C) I c a
= =
.20 e
@ 2 0014 1 1 S 0.012 1 l
g Fg l
= L E
e 23
& 0.007 1 5 0.006 1
> o
o o
o =1
< S
0.000 0.000
CK TS22 TS27 CK TS22 TS27
Ab B Treatment Kb Treatment

B3 ORFEPhEEE R PR TS22 FI TS27 M85 2 pkk e MRS b BT 5 iR+
Fig. 3 Plant height, root length, aboveground dry weight, underground dry weight of

Elymus sibiricus with/without strains TS22 and TS27 inoculation

et al. (2017) B T 38 BR4r B 1A, Hh 89.47% 1
ERRAE = A2 W TAA (4.7 ~77.41 mg - L), 1E
h— R R A KR RS TAA 7R AR
e 5| 4y W B 2 A= BRAS 4K ( Masciarelli et al. |
2013) , SID FEMYIAR RE WA B R A &
FAEF (Sorty & Shaikh, 2015) . H 548 A Br i
BREA R SR A Sy BE 45 A AR PRI B b R 40
(AT R0, 5 ot [ B R o 7 AR 5 0 R Bl 2 P ke A
KA A R BT e D A A A AR (07
Gara, 1992) , 40 * ACC-Hi & B P& AR AL W) 2 I
IR, A5 23t | J X SR A TR ke #5414 O
RSy, AR Y Sz oK TR R Ak
FrAiEE AR A HLTE YW LA R A B RN L R o R AR
1278 (Glick, 2014) o ASWFFE 4 8 30 it 0 i v
PR TS22 FI1 TS27 ANH REIE I T 78K e I FE V% 1= VR 4K
BT, HHA ANFERE B A 0 A28 1, N I S
b o5 T B P A PR T 5 S A TR R R

M TS22 FN TS27 22 31 AL AR b 45 L 22

RN AE W) AR BRI, B R TS22 Xof FL AR AE Bk
R B AR R AR BEARE T, TR S8 A A K
VA W IR A 800 5 TR AR TS27 D)X 79 v R e ) i
AVER A S, CAMEERW, IR BRA
PGP " 1 4H T AT 58 X5 48 W 1 AE K™ AR BRI 52
M) , T — LB A BRI A SR AR ) B R ) B 28 1y
252 M FE )R A B ( de-Bashan et al., 2012)
[, PGPB fE HE A Wy R K2 — DR 4y i 72, W
Lo A [ e A2 s A 8] f ir 1F] A . Bashan & de-
Bashan (2010b) i 12 %} He A7 22 Ff 4 ) 4 2 45 1 1
PGPB H ¥k Azospirillum brasilense B 1E H HL il BF 5
KL, A. brasilense FIVE LS I 3E B —  7E—E I
BR S T i S A LTI R i s AR 4k 2 17, ADESR
1) e oAk 5 SR 2 A AR ) A1 A IO TR e 0 R0 4 ] o 26
BN IR A 22 5 . PR PR TS22 Jir & B Y 2 Fi g A4
Ja P Y By ] 4852 =X AT B 0 3 A R 2OR A BR 0 4R
Koo M AT L X7 AN ) 4 bR 2 £ 1R 24 19 PGPB
RE S MR A I ROR T BRI, A
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Table 3 Two-factor ANOVA analysis of the relationship between plant species and
bacteria species treatment and the growth of plant
LY R ES 2 g T S FEYIRIE > i M2
ST Plant species Bacteria species Plant species X Bacteria species
Index
I P F P F P
T G 6.802 0.023 6.484 0.012 7.604 0.007
Underground fresh weight
Hi I ff o 3.792 0.075 12.573 0.001 10.964 0.002
Aboveground fresh weight
W= 10.551 0.007 7.733 0.007 8.339 0.005
Underground dry weight
B2 i ¥ 1.800 0.205 14.447 0.001 15.997 <0.001
Aboveground dry weight
TH 1.280 0.280 7.529 0.008 8.359 0.005
Dry weight
LSS 0.086 0.775 4.363 0.038 1.746 0.216
Root length
i 26.312 <0.001 4.198 0.041 4.118 0.043

Plant height

TE: P<0.05 R BHEER,
Note: P<0.05 indicates significant differences.

5K PGPB~1i TAHM AR B A F AL B T A 155 T ik
— T

L LRTIR AW 5T AR AL i JRURE R B BT 4% 1F
o 0 8 T A R Y M R AR K (R
FII AL LE T, O o S — AR ) B R AR R o €
M X AR A SR I P B L T 5 B 1 T el 5 A
FHEER

SE .
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