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R i EAEY) eSS RS Hi A5 & A=
BRZEE , TEE A
TznF S M “H
ankn? Polygonum viviparum Pseudomonas HRERHE 7= ACC it & i
. e S R SRIBTAA, TEA
TznG2 Avend sativa Pseudomonas Hfia XKoL HE = ACC A
ﬁﬁ: NP =t 0 Y e AN ﬁ’
MYnl4 Gentiana macrophylla Flavobacterium AR TR [ A IR E # ACC I
LR . e RN s . e o N o i
MYP(m)JIn8 Poa spp Erwinia A TTIR G AR E B, W TAA A, ™ ACC B & 1

1.2 Hik# &

K LB AR 77 % (10 g /L NaCl1,10 g /L i &
FIBEANS g/ L BERERY) K pHAE IR 5 S 7. 05 52 XUUE
T FE K B AR 121 “CF X 35 9% 3 K 20 min; %2 #)
& ERE TAES EMAREW , 5 100 mL 9 LB A%
R % 3 20 003 100 pL i BEW 5 28 °C 150 r/min 18 i
B AR 4% R 45 3% 48 b, 1] 58 0 0T L 43 560l BE 3 I o
WM E 85 MR B Do ==0. 5 IFIRCHE 5 10
1.3 RWigt

AR RN AR 5.6 cm, 5 13. 4 cm Y B AL AR

1= WA AR . %511 0.50 Al 150 3 34~ Eh ik
J¥ , 3% Ff 4 ¥k PGPR B £k (TznFn7 .MYnl4 . MYP (m)

In8 Fl TznG2) LA Je 25 (X B CR 3R iR ) , B b 38 34>

A ILRIRE A5 o Pk S 1 i TG 451 47 ) T R B
BRI, 1 5% [ NaClO 4 8 3 min, I JCH K K &
e 6~8 WK ;¥ V> F1E 0. 1 Kpa, 121 ‘CF KK 15 min.
KB JG T T R AR AR BARRE EH T 2.5 cm
Qb A B AR 15 b7 I Aol 4 R A RE RO R
B IR AE AU ESME R S, F R, 6 000 Ix DGR 14 h,
T 25 C I M, BAIS 10 h, ¥R 15 °C™,
1.4 #EHRNERT*

R A A 55 45 RIF G Ak, SR H AL 000 7 1 I

AW R B R MR E o AR R AL (Deskscan
System— Root Law Program, 3¢ [# ) %t AR 2 #4714,
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FAGE it 5k SPSS 21. 0 # One—way ANOVA #4746
Qb PR B 7 22 50 B, K Duncan 43 A 7 325, 1 2 PR 7K F
Wi 4l A P<<0. 05,
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Eh e B RN, 45 A0 B R AR MR M R R TR A R
W) 2 B 91 B {F R R A B (0 R PR M b R R TR
HCK(ZE X B MY A I m(E 1-2), %
0 mmol/L W BN, B AR MYP (m)Jn8 &b B~ A A1 #k
M BT EM T ES CKAL MRS T
63.95% A1 68.25% ; 50 mmol/L $h ¥k T, TznG2
PR AL B AR AR LT S s O IR AR e T
33.18% , TznFn7 WK AL B F MM T8 T H 5
CK # Ht #2 & T 24.50% ; 150 mmol/L £k % T,
MY nl4 [ bk AL B A bR B30 T8 5 CKAH 4 & 7
55.86 %0, MYP (m)In8 B # 4b BH A9 A8 k3t T3+ 5
CKAHMWHE M 1 27.42% .
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Fig.1 Effect of PGPR on the above—ground dry weight of
E. nutans at salt concentrations
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Fig.2 Effect of PGPR on the under—ground dry weight of
E. nutans at different salt concentrations
TznFn7 XF R4 42 i 175 H B 5, 5 CKAR L, AR 3 m
136,700, A b 36 R P 38 T B 4 0 AR K T B
R ) B TR AR S [ B v B Ak BT A R 4R R )
M AR CE ) A AR R B AR AR, 5
CKAH It , 0 mmol/L £k ¥ & /Y 7 #k MYnl4 4R 3K R
RGN T 26.10% , WA MYP(m)In8 4L 3T 41
V- ¥ AR RTAR AR B 4 I 48 m T 19. 642 F1 50% 5 50
mmol/L £k ¥ B A9 B Bk TznG2 FlE #f MYnld 4 3 F
3 R R T AR AR IR R A AR R, LA A% b BERE
HRF ¥ B4R G I 3 5 W 5 150 mmol /L £5 W JE 1 B bR
TznFn7 AR, 5 CK AR Eb HAR & m AL MR S35 5 4%
AR A R X A A HE AR T, 3 B3 i T 36.10%
59.50% F182.03% ,7F 150 mmol/L £h ¥ 0 F , 1% 1A

kX T R4 B AR R A AR AR T (R 2)
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A1)

0 mmol/L R & F , & #EFh 4b 31 MDA & 5 15
T CK; 50 mmol/L #h ¥k B T, 422 # MYnl4 1 £k F1
TznFn7 Bk A MDA & 5 T CKL 8 MYP(m) In8
B R Al TznG2 B Bk i MDA & 8K T 25 3 4 I/ 5 150
mmol/L & T, &R AL HL A MDA 5 235 8 1K
T CK (P<C0.05) , RWITE LW E T | 25 #2 Fl b LA 2L
Ref AV 17 L R 40 RS T o S R B, KT A B AT —
TRy ER(E3) .
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F2 RRETREBNEBHEBER RN
Table 2 Effects of PGPR on root of E. nutans at salt concentrations
NaClif &/ . .
B Wk R 5 R /em WE A/ cm® HAF ¥ H A% /mm HRARFL/ cm?®
(mmolL.™")
TznFn7 120.92+12. 87" 75.85+4. 55" 0.62+0. 08¢ 0.39+0.13°
MYnl4 95.92+0. 95" 84.66+4.31" 1.09+0. 02" 0.89+0.03"
0 MYP(m)Jn8 107.68+19. 38" 77.63+8.71" 1.1240.03" 1.0640. 18"
TznG2 97.80+4.19" 62.0244.37° 0.9940. 04* 0.7540.05"
CK—1 76.54+5. 46° 62.56+5.01° 0.90=+0. 25" 0.53+0. 26°
TznFn7 70.734+15. 23" 48.494+10. 81" 0.444+0. 12" 0.2340.06°
MYnl4 70.244+8. 85" 28.90+2.68" 0.3540. 04" 0.3040.07"
50 MYP(m)Jn8 93.28+5.12° 47.2046. 04" 0.52+0. 06 0.50+0. 09
TznG2 92.87+10. 06" 73.24+4.23" 0.5340.03" 0.33+0. 04"
CK—2 90. 55+9. 30 49.77+8.25 0.4240.04" 0.2940. 04"
TznFn7 63.82+9. 58" 71.424+5.32° 1.2140.07° 1.2840. 28"
MYnl4 63.16+8. 50" 42.87+6. 16° 0.64+0.11" 0.42+0.02"
150 MYP(m)Jn8 66.88+11.48" 47.6042. 64° 0.5840.12" 0.49+0.08"
TznG2 70.39+2.19° 57.14+9.52" 0.49+0.017 0.25+0.09
CK—3 71.56+8. 14" 45.64+2. 24" 0.49+0.02" 0.23£0.02"
T [ FN AN ) /N 2 R 3 7 S [) Ak B2 ) A7 J 35 22 (P<<0.. 05) , i 22 g b e i, T [+ .
O Tznkn7 OMYnl4 O TznFn7 OMYnl4
200 ‘ COMYP(m)Jn8  mTznG2 OMYP(m)Jn8  ®TznG2
180 - = = CK = CK
T 1607 E T e e g thy
<140 b = . o o
é 120 | E oo | . = =
w 0r F < = S
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Fig. 3 [Effect of PGPR on the MDA content of E. nutans at

salt concentrations

PR B2 o O mmol/L ¥ BT, B bk TznFn7 &b
HUR MR 2L CAT 3 PEAK T CK A, Ho At b B F A8 k2L
CAT Wi PE 5 X CK H T i % 22 % , 50 mmol/L £h ¥k
A LR FE R CAT IE LT CK, 150 mmol/L #;
WeFEN 3R MY nld W Bk AR Bk CAT IG5 CKA L
TGtk 3 22 5, A 422 oAk B0 4R R TR BRE CAT T
PV ETE 2. 08%~7.35% (K 4) .,

2.3.2 BAR MR H 8 EARWBEPOD F RO
w0 BEE ERVR RGN, T AE A 08 R POD & M & I
PR LR T, B AR TanG2 40 B R #E Bk POD §6 1
B % & F CK (P<<0.05) , 1fi £ 50 mmol/L F

o
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S
—_
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Fig. 4 Effect of PGPR on CAT activity of E. nutans at salt

concentrations

150 mmol/L £ B2 T, 4 Fh I #k MY nI4 X 48 ¥k POD
WS CKAH L TE 3% 25 5 o 76 150 mmol/L £k ¥ &
T, Ekk TznFn7 . TznG2 4L 3 T Hi#k POD 36 4 15 3] %
o, 5 CK Ml b POD {f T # & T 27.24%.
13.30% (F5).

2.3.3 ABAH Ak T % iR B AR R SOD e ¥
w0 SOD I P B R v B2 1935 K2 T Rt 34, 3wk i
£ 0 mmol/L i, b i 31 B B Bl 0 o 57 3 30 136, 7R bk
FEF 4b BN FE B SOD W& 1 ¥ T CK. 7E 50, 150
mmol/L #h ¥ BT, 43 5 42 0 & #k TznG2 . MYP (m)
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Fig.5 Effect of PGPR on POD activity of E. nutans at salt

concentrations

Jn8 FI B Bk TznFn7 MYnld & % # 5 M #% SOD I #:
(P<<0.05), 42 = damAE 2. 49% ~31.63% (K 6) .

O Tznkn7 O MYnl4

420000 o MYPm)Jn8 ~ MTumG2  a
= 360000 0 ~ ©CK T
= 300000 ?
5 |
e
%S 240000 +
R |
S 180000
& L
i 120000

60000 -

0

0 50
NaClI# f£/(mmol - L’l)
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Fig. 6 Effect of PGPR on SOD activity of E. nutans at differ-

ent salt concentrations

3 itig
3.1 AEHRETPGPREYEREREL KT
FE A SR, W am 2 AR AR W an b WY —
Fofr, ™ F 5% T AR ) 0 2E A RN R B (U o AR R bR = AR
Kb AR A ) NI BUE O . A
A ) ik e BB B R WA W 0 AR KRR T i dE b AR AR
Y3 BE 5T R, 8 R 4y R 1A R R M R AR )
oy FEAT B G R AE A B, $2 Fh PGPR A
Ji, AP O N T I T R BB PGPR
R VR A SO 2 T R RR AR R AR G, S AR A HC A R B 3E
BRI TR B o AR WESE N B G 43 B A % Y
A T6) 1) A AR B AR A T, O T A s T ) I ke 4 T

KE R — R LY, RS Ry
prh . e EETIIR R, M H PGPR I H#E A
TS S 46 A RO R R A W)l i £ A AR R A A
R B R R TR o SR R F
SR, o B PGPR 1 IE 8¢ PGPR 8 IE + 2f & fk
JIE &b B B, e bR b BRI AR R R R KL
HE KR & R & T IR (P<<0.05) . 5k
RSO S o O g T R AR 2 R R o 0 R W 3 e R K
18 5% T 2 B0, , AN [i) e B R 4518 2 TR X A 22 1 2 A K
Rz 5 W E(P<0.05), H W LrM2 £ 0. 6% NaCl
il 36 B A8 A0 0 M S AR K MR T AR AR A B R AR
P M. Naz Z7BESE K B, 7E 3R Ml & T
PGPR N T RGN Z (1 25 8 AR R bR 1 8, X
R ANZE A KA AR E R

A v, R VR R 0 mmol /L, BT A B bk b 3
0 B A AR K CKOAH LG 1 30 s b vk
47 50 mmol/L B, £ 4b B A HR A AR - 35 142 G ik
&2 bk TanG2 b BT AR 2 AR B Bk
MYP (m) In8 &b B (1 A K 1 & & & T CK (P<<
0.05) , 2 B = Joip 360 300 i) 7 el 9 AR A, (E 98 o 81 70 7 —
FERERE LB TR SR AL AR AR AL AR TznFn7 78
150 mmol/L £k B A0 3T, 55 CK R At T A Ak 2 AH
FbHAR 2 10 AR MR ST 3 A RIOAR R RRUA 3 4 R 1
(P<C0.05) , Ut WIFE % 8 V& B2 N B AR TznFn7 X 9 4
FAERKER T @ R ER . A A 7E £ 4 ia
SN F R BE h 3R PGPR T # B G #5085 THAE 4 4t 3
P, 28 i b oy TR LR B4 s PGPR FE AR &R 8 4
Ja L U 2 RO W R R A IR N & OB R
14 AH 56 36 R 2238, DA I Jon 5 B 9 4% Rl R 10 T T 1R
R HER R LIS ERK AT, kB £ 5 36 5%
SE A ) A L  R

il i T R S R T R Y
SEF R T M RR B £ K S TR B PGPR 7EAR PR
JE AR A R T eSS A R K BE T e T
AYE R TR AR ROK B B E , R Y
MR BB W 0 A — R AR B g A
£ 50,70 mmol/L $h ¥k BE T, 43 51 K G AEY) b4 Fh
I B (Bactllus japonicum USDA110) Fl 3 B B
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M (Pseudomonas putida TSAUTL) W5 Fi L A 9 1 5
Ja BB, KGR AR R AR AR AR (R R 8
W, IE R R T K O R R 00 R Y Uk RE
T3P R AR FR Y 25 AT LA R AE AR W W ISR 43 . ) 1 B
55, A PR R HLA K AR 2 T BURAR IR B
Xof A W MR K 43 5 3 S B BRAR AR
3.2 AEAHRETRAEFENEEHBHEMDASE
B |0 iE R R0

5 3k S A AR A 7= ) 2 — & MDA, % 1 7
BT 240 5 5 4R Ak A BB 0 R R S5 L R A A
oy SR R N RE NGB SA R R AR S g
P 7E 40 A ok i B R R 51 e S A AR L X
R R G R TR ERET R RH,
MDA % & 7F — R b ] RAEBAR OG0 % . HAEY
AbTE AR FNEREE I, H MDA 55 f5 B I, 2 B A W it 3
A A, 45 4 A B AE 150 mmol/L #h
JEF # MDA & & 3 8 2L T CK(P<<0.05), 5 CK
AHE 4% T Bk AE R B9 MDA &R RS Bl A
25.87%~47.53% , VL W 7E % #h W30 W R, #E Fb
PGPR #7742 FEAR T A9 48 il 9 MDA % i, 98 5%
Fh A3 BB BN A0 R AR IR B v R AR TE v R A B
TS — B R G R A A T A
e v b vk B R Ak S A7 T | T LAR W T R 1 5 OHC A0
[ 28 G5 HoA A et . Meta 43 26 B, 224 Tt 4 At 49 0 b
BURAE W Ab T R 38 SR 5T ot B R PGPR G &
B, PIE RN B9 MDA & &5 51 W BRI T 23. 0126
23.96% , HiZWF 58 % B Na ™ W Yl 32 230 ) 5 MDA &
AU D 5 AR G, IR AT DAA ) PGPR Sk 3 s AT )
1 T & 7

ROS (37 P 40 ) J2 Az W M A AR o 2 b 8K 45 7
Azl 2 R 3 LA R A A A RO 1
FEIEF LT, A PR N ROS AR &b T 3l 45 F i IR
Ao FEERMRI 0T, ROS IV AL, B 8 ROS 7R Hi
Py A g K B8R R RV B R o A0 R
I S O £ I 7 N1 s R T RS R 2 S
CAT .POD . SOD W J2& O 548 ) 44 3 47 1E 5 A= fiv 15 2l
() F B, AT A R R B T A AR ROS 19 Bl
T 2R, A 08/ R B o o PR R A O TR 4 AR
FHEY . Chen g8 & B, Eh Wbl 6 1F 8, o0 B K 3%
Tl fif By 2E FRAT B SQRO AT R 477 [ ROS B 2 1 135 AL

OEE NN DI S N E T 1 R 1 PR E S T
AN, R ARG B AR BB AME AT 42 5 SOD L POD #
CAT W, Z2fi i 48R i . CAT . POD SOD 218
RN R N IR R N R P R s S X (3975
W30 AB R T S R R T PR AR R 0 e A
B AR IR BE 7 S 23 B R Ve B 1 0 R 4 5, 20 R bR AE
DY SERZ: R I AT G R o (R N T
5 BB TR Ak B 5 OR B2 Ak BROA B, o R B A
CAT .POD . SOD i ¥ 354 N [F] 2 B 42 i, Y #h Wk 2
MO0 mmol/L F& & & 150 mmol/L B, & Fl P ff 5
CAT.POD{f PEEEAR 2 I %, SOD IE M2 T
B, UL IA 42 A PGPR ] 3 2o 42 = H bt S A il 45 3 Bk 571
(0T 1 S ST B R 0 MR 9 RO, DA 0 /0 1 6 306 BE
| 1 S Ak o 0 X A R 0 405 O A A E O R
PGPR 1% F 4 i SOD K POD, 3£ 38 /b it | ROS
LTI NTIRTE iGN IS SR 3 C ol iU 3 g 1 ]
5% W PGPR R85 /i T A 4 1 10k 360 AH ¢ 5 P4 (48
MIF AIRSAD) 2562 5 ROS 5 R I 4E 5 58 T84
A1, FE 150 mmol/L £ Wit , Sk /N 22 B2 B e 18
* B (Dietzia natronolimnaea STR1) J5 , M A1 AR
CAT .POD #I SOD ¥ ¥ ¥ b 2 14 i, 55 ¢ BEAH Lt vh
P B HE N R4 T 3451 . IR I U A A 2
PGPR T 1 1T A 175 5 470 40 £k il ik DR % 26 A8 Ak, 1 5 AT
Yy Bt S A0 T O M DA 4R R R A K B A B

4 ZHit

TEER IR BE R, 3 Fh PGPR B 7 %t 3 Bl 43k sl
Mo b AL R A A R R R A R AR R
PP A A [) 72 B A 2 3 PR T, G o B8 ok MY nld R R
Bk TznFn7 Xf 3 B B G 50 A= 1 28 B0 A8 4 19 42 2 3
SR S R 0 R W 1 PR B v o R Y AR L R
HE TR R A K A BB TznFn7 B35 A8 T MDA &
Tt E AN ) R vk T 4 A AR PR A T 4R e T
CAT .POD #1 SOD Y& ¥ , 18l % 1 8 38 7T Af Bk 19 45
13 A ) T T R4 B E SR B AL R B P A

2 Z 3k
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Effects of plant growth—promoting rhizobacteria on
growth,physiological,and biochemical responses to
salt—stressed Elymus nutans

LI Qing-Pu',BAI Jian-Hai’, YAO Tuo'",LI Ming-Yuan"’, WANG Zhen-Long',

ZHANG lJie*, LI Zhi-Yan*
(1. College of Grassland Science , Gansu Agricultural University ,Key Laboratory for Grassland Ecosystem , Minis-

try of Education , Grassland Engineering Laboratory of Gansu Province ,Sino-U. S. Centers for Grazing Land cosys-
tem Sustainability,Lanzhou 730070, China;2. Gansu Xinhai Herbage Feed Technology Co,Lanzhou,730070,
China;3. Key Laboratory of Biological Resources and Ecology of Pamirs Plateau in Xinjiang Uygur
Autonomous Region , Kashi, 844006, China ;4. Key Laboratory of Grassland Ecosystem Grassland

Technical Extension Station of Gansu Province ,Lanzhou,730070, China)

Abstract: [ Objective] This study investigated the effects of plant growth-promoting rhizobacteria(PGPR) on
the growth of Elymus nutanssalinized soil. [Method] Four plant PGPR strains isolated by our research group
(TznFn7,MYnl4,MYP(m)Jn8 and TznG2) were tested under varying salt concentrations. E. nutanswas cultivated
in a sand culture system, andthe growth indices and physiological characteristics were assessed under different strain
treatments and saltlevels. The study focused on salt tolerance of E. nutans following PGPR innoculation. [ Result]
Results demonstrated that at a salt concentration of 150 mmol/L., catalase (CAT) activity increased by 2. 08% to
7.35% , while peroxidase (POD) activity rose by 27.24% and 13.30% with TznFn7 and TznG2 inoculations, com-
pared to control (CK). Superoxide dismutase (SOD) activity increased between 5. 18% and 24.03% across all in-
noculatedstrains, and malondialdehyde (MDA) content decreased from 25. 87 % to 47. 53 % compared to CK. Inocula-
tion with different PGPR strains not only promoted the growth of E. nutans under salt stress but also enhanced the ac-
tivities of CAT, POD and SOD, while reducing MDA content in plant cells. This alleviated the cellular damage and
improved the plantsresilience to saline conditions. [ Conclusion] The PGPR strains selected in this study significantly
enhanced plant growth and salt tolerance, providing a theoretical and practical basis for the utilization of saline soils.

Key words: salt stress: plant growth-promoting rhizobacteria: E/ymus nutans : physiologic ; response
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