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i E: [HF) AR IEEFRoMAEDTRARED A KRFERSEFEL. [B0] ATES
BB RALI RIS B I LIRIFT — BT F-0689mE, ERAEAA A La b,
RBEMATHESERGGORAER. [F X EIHESFAFIE, A A HFIEF 16S IRNA A H
B2 S5 Ak F-06 #ATE A4 7, £ 100 mmol/L NaCl M8 T, R A IZ R M ExT 2 RS
IR AR, [4R) BHF-06 44K, BTFELZRKMAME, TAE 2%-10%4 NaCl K E L E
Fo pH 8.0-11.0 #93R3 T EwAK, AR B R, MANEE. BT, FEEK. 7 -2 AT RR-1-A
B2 (1-aminocyclopropane-1-carboxylate, ACC)BL 2 B Fn /= 75| & -3- B (indole-3-acetic acid, [AA)FF 45 1%,
2% A E KA (Serratia plymuthica). vA <7 n NaCl 4 st B840, £ K 4% 7 100 mmol/L NaCl
aerEsad, A RKKEFIH; NaClHF-06 &5 NaCl & H A48, 2R GO S. FH, £
S E T TR EE, 25 A 11.36%. 15.97%. 36.63%A= 18.42%, #HR&EEfF THEMT
8.54%7F7 10.0% (P<0.05); 2K % # et 7 AR & & R F 3, vt 4 & Fo A Z B2 2 5 1K(P<0.05);
# A AL B AL B (superoxide dismutase, SOD)& 1+ T 4 5.3%, it A4t 4 B4 (peroxidase, POD)7& 1 & %
TET 61.9%, LA A (catalase, CAT)F MR 5T 40.33% (P<0.05). [4]1 B4k F-06 #6495 £
100 mmol/L NaCl #ri8 FALut 2 R4h8 A K.
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Serratia plymuthica F-06 promotes the growth of maize
seedlings under salt stress

TIAN Xingguo', ZHANG Xiu'', YANG Guoping™', WANG Bin’, SONG Jingjing',
LIU Qianrul, YU Fengxia1

1 College of Biological Science and Engineering, North Minzu University, Ningxia Key Laboratory for the
Development and Application of Microbial Resources in Extreme Environments, Yinchuan 750021,
Ningxia, China

2 Institute of Soil Fertilizer and Agricultural Water Saving, Xinjiang Academy of Agricultural Sciences,
Urumgqi 830091, Xinjiang, China

Abstract: [Background] Studies have shown that some microorganisms can promote the
growth and improve the salt tolerance of crops. [Objective] To study the physiological and
biochemical characteristics of a strain named F-06 isolated from a saline-alkali field in northern
Ningxia, and evaluate the growth-promoting effect of the strain on maize seedlings under salt
stress. [Methods] Strain F-06 was identified based on the morphological, physiological, and
biochemical characteristics and the 16S rRNA gene sequence. Its growth-promoting effect on
maize seedlings was evaluated by the sand culture under 100 mmol/L NaCl stress. [Results]
Strain F-06 was a short rod-shaped Gram-negative bacterial strain capable of growing normally
within the ranges of 2%-10% NaCl and pH 8.0-11.0. It can fix nitrogen, solubilize
organophosphorus and potassium, and produce siderophore, 1-aminocyclopropane-1-carboxylate
(ACC) deaminase, and indole-3-acetic acid (IAA) and was identified as Serratia plymuthica.
Compared with the control group without NaCl, 100 mmol/L NaCl significantly inhibited the
growth of maize seedlings. The plant height, stem diameter, fresh weight of stems and leaves,
dry weight of stems and leaves, fresh root weight, and dry root weight of maize seedlings in the
NaCl+F-06 group increased by 11.36%, 15.97%, 36.63%, 18.42%, 8.54%, and 10.0%,
respectively, compared with those in the NaCl group (P<0.05). In addition, the leaves of maize
seedlings in the NaCl+F-06 group showcased increased content of proline, decreased content of
chlorophyll and malondialdehyde (P<0.05), superoxide dismutase (SOD) activity decrease of
5.3%, peroxidase (POD) activity decrease of 61.9%, and catalase (CAT) activity increase of
40.33% compared with the NaCl group (P<0.05). [Conclusion] Strain F-06 promoted the
growth of maize seedlings exposed to 100 mmol/L NacCl.

Keywords: salt stress; Serratia plymuthica; maize; growth-promoting effect
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ik 3x10° ha DL b, REEARE . S0, W N B E R B, BRI T O A E Bl
K ZoCEEY, T ERA . TR R RS
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O ST i [l B E BNV NI TR 52T o1 S LR 2 ¢ 2
G AR R miAL, R S S A R K
PEER . MEJ182E . L3 pH fH& . T RER
Z ERARAE 0 W A8 55 A B Bl 7 AR 52
e R HBR ) T Al K B O ) & O e
kY B R G & e, BRI M C1
I Na W FUR X ) i A A ™ A B TR
R ) R A P R G , T AR ) DA 38
HIR BRI RE ST, R MR A ) I AT
1o R U BE 2 L 8B i M L BV 7 AR N
A o 217 A =0 7/ Ry 1 (A A TITRS o G e
B, R R, RIERIEDEK,
P v R A ] e A R R AR A R TR R, XA
b A E O AT RESE K e B Rk

R T R K AT DR G M R 8 R EE
1 £5 A2 A ) 412 A 1 (salt-tolerant plant growth-
promoting rhizobacteria, ST-PGPR)R] BETEA: K
KEHPRBICHIEN, ST-PGPR 4K T
Hh PR AR R R R AR RS, FA e dE R A
KR + R s AU, ST-PGPR 241
TAEYIRLER JE R, 7R bE N B SR B
7 AR R TR ) A A B B AR Y Y
Rt AR e A A K 12 SRIT, BERE LY
FH - ER 5 A FH 1 A T2 P o3 s AR A RR .
3 1 T 1 it ER AV ) A2 AR TR I R A T AL R ST RN T
R it o L R 2 S A ) R T 8 B R
BT B RT3 b o) B R e AT R
(Achromobacter) ., 134T )& (Arthrobacter) . ZF 7T
B (Bacillus) . 481 441 [ /& (Chryseobacterium) |
% ¥ W J& (Enterobacter) . & H # & )&
(Ochrobactrum) , & 5. /il 1 J& (Pseudomonas) fil 7>
7 X T B (Serratia) 55 75 £t A1 4 A2 < R0 PR i
B 32y TR SRR N, Vb R AR A
TP ERK AT, AT R E | TR0 gl
FE M, El-Esawi 2 iR T RAGTD TR TCTE

(Serratia liquefaciens) KM4 i 1< 15 48 b3 i
B B FRRAS L M SR S 5 A B e A G JE
TR RPE = TR EE . SR, I I
i (Serratia plymuthica) 7 3 8 T 2 75 % & A
YA A L ORI T B i
FRATTIRALH >R FH AT 85 5% 5 36 AT 52 ik H
6 X ACESER B 3 B AR A T — PR Wb 7R TG A
F-06""%1, S T BAIE Rk F-06 7EERBhif T %t £ ff:
WA IRANER, A5 H 4T Tk |
A FRA AR AR A DU RE A 5Y , DL T 33
FARFIF MR, IRITERIN A T X KL
Moz . N AR S &, DA AR
B Ak (superoxide dismutase, SOD). % k¥
li (peroxidase, POD) ., %A fb A i (catalase, CAT)
FPUEACBRE MR RE, B TEAR BT ER e AR TR T
Ui, SRR AR ek R RVt B A () TR B
WL i T R X 3 € 2 7 B | D ey s L6 G

1A

1.1

I3 i e it 2 41 A TR A L SRR SRR
T H % B IA X JE s (106°11°E
38°45'N; K 1 065 m), T 2023 44 HH+
FE, BOFEL)ZH 0-30 em, B REM LFEREA
TR VR &, IR I SER = A7 A 4 °C
VKA, T o0 B 0 i 3 ke 2 207

T 33, PRAURISERE | AR —EAY FOK AR
T AT
1.2 EFE

LB }557 317 B2 UL (Ashby) JE AU 77 5
R ZRARAS 15 FR HE (chromogenic agar for spore,
CASY!™! | G HLBERE I EE PRI AL R 37 2L
FERRER A A B 97 52 | ADF Bige il 225 3¢
KB, 73531 P T 240 T 5 g 4 i Al €
W URE IR | 7 BRI RE AN | R RE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4548 (YIS Gk

Microbiol. China

K B0 BE R A = 1- R LR TN - 1- R R
(1-aminocyclopropane-1-carboxylate, ACC) /i %
it P A 0
1.3 EERFIFNE

EL7/IN RS Sl a Wi N e W |
SRMERR S A&, RINBHR AR AR
B/ ] SOD 54 . POD 5 & & CAT iR
Mg, AR EEDRHARAF.,

o R KR i AL AR B (R AR A
Al R RE DAL, KRYME B.ONUEA
B EEKE IR &, BRI
s A RAR; T, BRI AL
BN AHER B SR F AR e IS 354, Rl
BRI S A R A F
1.4 BEHBSBEAL

% 1:10 ) LK L FIFREL 10 g L3 A
100 mL JCRZK A =AM, 30 °C., 180 r/min ¥R
25 min, #E A 2GBTS R U TR
e, AR 1x107%, 1x107°, 1x10°° M BRI &%
100 pL, AT LB Bk, fFIEF 37 °CEiiR
BigR 2-3 do MRMRTRTEIEA . B R R/ X A,
PREURF TS, 4 3 NIRRT IR R alifb i
PR, SR RIEE R 2-3 d, HtRtEdRC e /RN
PRI 4 cCHAykA Hrlfe Rt £ FR, TRt fb )
AIBTRR T 30% 0 HHH I £E T80 °CokAf M o
1.5 EHRMEERINE
1.5.1 T ER M A E

TE LB WARIEFREE RSN 2% 4%, 6%.
8% . 10% NaCl, 875 pH 7.0, 7 121 °CI2# K
P 20 min J5EH), 1% RIS 48 h
IR IR E RN E A TR] NaCl W FE R JR Kb 37 °C,
150 r/min #E7% 3597 48 h, MIE ODeoo I GAH
1 7 AR NaCl i 32 9 FE 17
1.5.2 TR MERE

FH 1 mol/L NaOH ¥ 5 LB i /&1 3= 511 pH

I

8.0, 9.0, 10.0, 11.0, 12.0, 7£ 121 °CiE#K
20 min JERH], HE 1 %R RIS SR 48 h 1
PR FIEAR TR pH Ki3R%EH 37 °C. 150 r/min
P15 F% 48 hJ, MIE ODeoo BFAYMGAE, B
SE WA KA pH TERENT,
1.53 RE&gHRNE

R Ashby 3572 3L U M A RE T
53 B AR B DA MR AR RS R S0 pL YA T
Ashby LRI FRIE |, 37 cCAIEEIERIE 3 d,
WAL TR 75 A KB, RS FERT R 3L AR K AL
A ARETT
1.5.4 FEEEMAEENRNE

SR CAS K U 5 7=k 1A RE 4 . Wk
U2 50 pL A T CAS K538 |, 78 37 °C
AT RS 3d, #wvE REA a4, N
HA P EREBAREE T -
1.5.5 FEEEE HRINE

K 5 4 WA ML 85 5% JE F PKO TCHLIE %
Fr ARG 1 PONI 5 FR A R T o W R BTR 50 pL
WA TR FREL, A 37 cCHE IR S IR A8 B s 55
3d, AWTERE A N AT % e
1.5.6 #R¥PEENIHINE

SR Tk TR 240 AT 35 7 R A ) 72 2130 2 i 44
AEST. WRIEUA R 50 pL AT T REmR 5 40 i 1%
FRHE, 37 cCEIE A ER R 3d)E, W
WA AR, BRRTERERREh A B R AL
A KAy B BRI RE
1.5.7 7= ACC BESHIME

i B8 ADF 85 22 36 3L PR ACC i
fitf . WZHL 100 pL 2 T ADF WA 575 |
37 °C. 150 t/min ¥ %3555 3 d, W% ADF Wik
BRSO W A AR, A AR R
A" ACC i & HiGE
1.5.8 =Mg|lx-3-Z E& (indole-3-acetic acid, IAA)
RE 1RO E

K Salkowski Fb a7 5E 7= TAA (8
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J1. 7E LB AR F I AR EAIN - R
(100 mg/L)2E AJHH, 48 121 °CIEHK [ 20 min,
VR H G AR 1A & ol 2 Hh i TR R
FNHEIEHH . 7E 37 °C. 150 r/min &8 F R 1
F% 3 d )5, W50 pL FRCF g, R
W50 pL TAA %, 437 A 50 uL Salkowski
AR SRR S, BRI 20-30 min J5 L
PR, R EAT TAA BRI 25
5 Salkowski {71 52 0 7™ A= ¥y 21 €A s 21 8, B
MR TAA fiE ST M
1.6 EHKMELERE

TS A B A AL S e 3 5 2% (CF L
2R 2R G0 5 78 T ) B0, ARG 40 BT R
LT 9K, VP RIS . g
VEM KSR . BIRAL . TR . SRR S
FriE R LRI

H B HRTE IS ZHEE TAEY TR (1)
BE A BRI R N 4] DNA AIHREC. 16S
rRNA SE[H PCR ¥73. 73 4ifk J2 DNA
W FF45 . PCR [ W A& £ (25 pL): 10xPCR Buffer
12.5 uL, 314¥) 27F (AGAGTTTGATCMTGGCTC
AG)F 1492R (AGAGTTTGATCMTGGCTCAG)
(10 pmol/L)% 1 pL, DNA 1 pL, ddH,O #hE
25 uL. PCR JZJ 4544 : 95 °C 5 min; 94 °C 30s,
57°C30s, 72°C 90 s, 30 Mfi#F; 72 °C 10 min,
FRHEI BT 7S 16S rRNA KL K J¥ 4 7E GenBank
H BLAST 8 & [R5 741, AR L X {5 B T Ak
PEF A3 M S PO, R 12 v e % R R TR )
G, i MEGA 11.0 RIFERGZ L ER, ¥
A e ooy A
1.7 E&HE

PRI MR AP 2 LB AR EE 32 2E 150 t/min
PEIRBE IR 20, 10 000 r/min 2.0 5 min, &
B3k, ALRKCEREERREZ 1x10° CFU/mL
] 8 TR A AR

1.8 AKX

DLEK NN S, R A b5 ARk
LT AERUR IS . 1% Hogland & 57 Ab
B AEER W18 20 (5 B 2) . Hogland 5 37 W+
100 mmol/L NaCl )%k ifri8 2H (NaCl b FHZH ) F1
Hogland & F##+100 mmol/L NaCl+4f p 4t ¥ 24
(NaCI+F-06 AbH4H ), PRk BoRifesi . K/h—2
) EORFI R ATCRBEAR T, A 75% I
PEFE 15-20 s I, FIAGE & 0.1%[1 HeCl,
PFE 20-30 s XPRh AT R IR, XA
IKIEVE 35 KIG K Fh IR A TC R K b 4 °Cft
£7 10 h, BRI B R P T2 0.8% 7K Bt
NRIEEFREE b, A (25+2) °CHEFRAH BRI F R,
R EEN 2-3 cm SE M E MR o IR 75% 0075
KN TR A 450 ¢ THEAA T, AR
' NaCl AbFRAHE T 47 HR 0 FOKRFh+ E 4 T
i, JCTE WEERIRYE, NaCl+F-06 AbHE4L K
H IR A E KR T 1x10° CFU/mL B2
IR DY 5 h S HE TR, B 4 ok, A
390, XFERZE N IE® Hogland ‘& 3%#k, NaCl 5
NaCl+F-06 ZbFEZH IR 100 mmol/L NaCl i
Hogland # 37, B4 80 mL, Fric /KA
B, RERE 4 d M1 IRTEREK BRI, EoK
AR SRR AER, ERAHEE
T RN
1.9 ERYBEEKIEFHRANE

A 14 d o3 B U b FRZE K S ST £
KGR . 220, AN EEE T E L ARK
MR fif H T 5 A 4 2 AR X (soil and plant

analyzer development, SPAD)™"),

1.10  EREEAEBIERAINE

K H RSk R R A L 6k
FE 5 N T R LR L L2 R (thiobarbituric
acid, TBA)ZEMIAE ; Ml 2R 7 it R Al HoK R
P
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1.11  ERYEM RIS CEEMERNE AEFRZE A ER A AL BRCER AN 100 mmol/L NaCl),
TR A SOD WE MR AW UM NaClH+ZH A FRLH (F N 100 mmol/L NaCl I 44
JE ; POD R AT BIARENANE ; CAT PR BFRLBTRR ), SAAHGE bRk, 14d
PR B i 2 ) Je M8 25 AL B FOKR G B bk ey . 2R 6 %
1.12 HIEAIE SPAD fHJ5 K BLH A 45N GX-2, GX-6, F-06,
% FH Microsoft Excel 2010 3k {2:%) 54 Ab 14 Q-17, GX-E 1 GX-P iX 6 ¥k P 5 £ KK
SPSS 26.0 BPFUEAT 225 &, GraphPad - NaCl AbFRZH, ForPEiBk F-06 (195 K40

Prism 8.0 F{H2 AT, AEVEKF- 2 P<0.05, R ZERUR R 8 LA A FR 4 (P<0.05)
(G 1); [FIEAR bR, Hikk F-06 tLfgfE
2 HERE54% ;

2%—10%I7 NaCl ¥k FZJEE 1 pH 8.0-11.0 fFF
2.1 WEMBEFEM D BRIBEMRVILTHIE B IEEAERE D), w1860 H oy —Ri $h 42
Sof BEZH R AR R 30 A0 B RS AN NaCl),NaCl 2B AR IE 247 5 2R 56 .

£ 1 #7% 6 #kEE 100 mmol/L NaCl TXf £ K44 KB 5200

Table 1 Effects of six strains on the growth of maize seedlings under 100 mmol/L NaCl in the initial
screening

4k 3 3G ESill ficf SPAD fH
Treatment Plant height (cm) Stem diameter (mm) Fresh weight (g) SPAD value
Control 26.450+0.440a 2.717+0.325b 2.290+0.450a 29.230+2.446bc
NaCl 14.697+0.614d 3.093+0.205ab 1.527+0.384b 32.560+1.528a
NaCl+GX-2 15.180+0.897d 2.240+0.135¢ 1.653+0.078b 29.560+0.920bc
NaCl+GX-6 15.660+1.148cd 2.940+0.148ab 1.853+0.227ab 32.530+1.501a
NaCIl+F-06 19.383+1.377b 3.17340.185a 2.287+0.140a 31.62042.015ab
NaCl+Q-17 15.253+0.323d 2.731£0.224b 1.720+0.176b 28.980+2.130abce
NaCl+GX-E 17.297+0.912¢ 2.960+0.125ab 1.893+0.186ab 32.52042.545a
NaCl+GX-P 16.263+1.479cd 2.337+£0.275¢ 1.923+0.199ab 31.310+1.710ab

Bli I bR LR, [/ — AR A /NG P RERRTE P<0.05 225 3%, n=3

The data were mean+SE. Different lowercase letters of the same index indicate significant difference at P<0.05, n=3.

--GX-2 -#-GX-6 +F-06 +Q-17 - GX-E —+GX-P

A 08 B 0.8
0.7 0.7
0.6 0.6
205 2 05
Q"’ 04 QC 0.4
< 03 © 0.3
02 0.2
0.1 0.1
0.0 . . . 3 0.0
0 2 4 6 8 10 7.0 8.0 9.0 100 11.0 12.0
NaCl concentration(%) pH

1 #0 6 BRE R R BE J1(A) AT (B) BE

Figure 1 Salt tolerance (A) and alkali tolerance (B) of six strains of bacteria.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



b
[#l

H

| & | BB TEHDBERE F-06 X ERAEHRVRENR 4551

2.2 EFE F-06 BB E M REN E LS R

225 4E 100 mmol/L NaCl 514 F £ K4
PRI, B 25 0 B kR F-06 it £k A2 A4
RORBAT, SO LTI H B0 A 1k Re A I
POZ MR A —E WA . AL . e
FEERIRIRBE ST, AT TAA FI ACC M A 55
A8 J1(#% 2).
2.3 EkF-06 HETEHER
2.3.1 E#k F-06 B F4SE

7 LB [ K5 723645 537 3 d J5 WL B Bk F-06
MR IEA, HRmEREEE . FR LR, A
EW . BILO6. HBEF . ANE, WEHE
B2y 1.2-1.5 mm (8 2A), H22RYLfa e,
R (K 2B),
2.3.2  E#k F-06 B94 TR A (L451E

A FAEARERE LS R, BRE F-06 R
FCBA R, FILLniRae M A, V-P i B %
fil B2 BHPE , RRERI AT IR EY , AT LA AR
AR, NREKMEIER, FTLOKEIR, 7
I N B 3).
233 Tk F-06 N FENZELEEER

WAL 16S rRNA FEH ¥ 514 PCR 7= 4l 3
ZERBR, WEE F-06 1Y 16S rRNA JE[H 741 K
JE4 1 478 bp, il 5 GenBank FH 4 (4%

=2 Bk F-06 BIZEMHEE
Table 2 Probiotics of strain F-06

Test indicator Result
Nitrogen fixation +
Organophosphorus solubilizing +
Inorganic phosphorus

Potassium dissolving +
Siderophore production +
ACC deaminase activity +
Producing IAA +

+: WHRA MThEE; - HEHRICHThEE
+: The strain has this function; — The strain does not have
this function.

2 EH#k F-06 HEFEHRESQAQRE=ZRRE
(B, 100x%)

Figure 2 Colony morphology (A) and Gram staining
(B, 100x%) of strain F-06.

R 3 BEHkF-06 BUEIRS L4HE

Table 3 Physiological and biochemical characteristics
of the strain F-06

Test item

Result

Gram stain -
Methyl red test -
V-P test

Contact enzyme

Citrate test -
Fluorescent pigment +
Hydrolysis of starch

Gelatin liquefaction

Ammonia production test

+: PR, - BAME

+: Positive, —: Negative.
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R 59 84T BLAST FoH404, ] MEGA
11.0 M HERGE R FWILE 3, FHIR
F-06 5708 FCHE &8 i 51 PR (ON337524.1)/ 16S
rRNA FERFHIFH RIS, A 100%, ®I25H
TE FH PR F-06 24 Serratia plymuthica.
2.4 EFE F-06 3 ERKLNEE KM
4 ITLLE N, XTRRALA Bk 4h i
HRAGPREF T NaCl AL BRAH , X B8 41 #k 5 Eb NaCl
RS FRAH BBE AN T 43.12%, 1580 100 mmol/L NaCl

3 ETF 16S rRNA EFEFFIEEINE F-06 WRAZ A B R

JoRE NP T EORG W A . NaCl+F-06 4b
FRZH M KRG bk . 2L, SR EEE AT
B NaCl L PRAH 22 5% 35, 0 mlldgn 1 11.36%.
15.97%. 36.63%F1 18.42%, HLff AR T H
BT 8.54%F1 10.0%, {HX}HEZH5 NaCI+F-06
AL EEZH %) SPAD {HAIKF NaCl Zb B2, - HXJ ]
ZH 1Y SPAD {H I (P<0.05); & 4 H 16875 Wi [z
B R B AN F-06 AT DU AT A2 i 1 oK Gy AR
AT WL, NaCI+F-06 4b B () F K 4 8¢ NaCl

S NI 95 & GenBank &35

O33N R BB RS B, ROR 1000 IE I E 48 s FeBIRERIR 2% A% 1 R 2 4

Figure 3 Phylogenetic tree of strain F-06 based on 16S rRNA gene sequence. Numbers in parentheses is the
GenBank accession numbers; Numbers at the branch nodes are bootstrap values, expressed as percentages of
1 000 replicates; The scale bar indicates 2%o nucleotide substitution.

R4 EHK F-06 3 ERYGEE KM

Table 4 Effects of strain F-06 on the growth of maize seedlings

Item Control

NaCl NaCI+F-06

¥R 15 Plant height (cm)

Z£H Stem diameter (mm)

ZXI-F B Fresh weight of stems and leaves (g)
MR FE Root fresh weight (g)

ZXI+ 8 Dry weight of stems and leaves (g)
HFH Root dry weight (g)

SPAD {H SPAD value

30.467+1.162a
2.787+0.072b
1.327+0.076a
1.607+0.290a
0.132+0.007a
0.191+0.029a
28.010+0.478b

17.327+1.302¢
2.688+0.073b
0.699+0.038¢
1.018+0.174b
0.062+0.003¢
0.189+0.009a
32.557+1.528a

19.553+0.408b
3.199+0.149a
1.103+0.159b
1.113+0.251b
0.076+0.007b
0.210+0.020a
31.433+£2.268a

Bl o F IR DR, [F]— AR AN R 7B R 7R TE P<0.05 225+ B3, n=3

The data were mean+SE. Different letters of the same index indicate significant difference at P<0.05, n=3.
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AbPE 25 5 W, RN HH BAR UEEER M R K
K& A M BB 2R A
2.5 EEFK F-06 X EREEMERER . A EEAD
RS 250N

TEE SA H, 4R & i J2 Chla 1 Chlb /Y
B, T2 %] 100 mmol/L NaCl ifi, NaCl
b FRA () B K SI  k 2R i I e T Ak
PR, SXFRRAAH L T 51.8%, NaCI+F-06
A FRZH M2 2 RAIGT NaCl ARBRAL, 4 5
WE4H; & SB Hh, NaCl AR Z 2 Mha, N

Control NaCl NaCl+F-06

4 EW F-06 3 ERGE\EHNEKFR

RS i T A AR 2, NaCl+F-06 4b 3
AN B BT B 5C 1, NaCl 43
A2 PN E I, RGP B A 2R R = AR
F, MR ERR 5 K, NaCl+F-06 4b3f
B T EOKY I 2R 1 % 1 (P<0.05), AT
AE N X NaCl JBiran %o T >k 4l i 145 %
2.6 Bk F-06 XfEK41&E SOD. POD,
CAT &MY SZ 0

&l 6 J7E 100 mmol/L NaCl 3 F A [ 4k
FEXT FOKR G M R eSSBS PR 25 R, B 1A 6A

NaCl+F-06

Control NaCl

A BREARERICR; B: B ERA KRB

Figure 4 The effects of strain F-06 on the growth of maize seedlings. A: Growth effect of potted maize; B:

Growth effect of whole maize.

5 &%k F-06 7£ 100 mmol/L NaCl fi8 T ERXMEMHFEA). AZEB)MHEERC)SEFEMW

R /NE S e 2 5 . 2%

Figure 5 Effects of strain F-06 on content of chlorophyll (A), malondialdehyde (B) and proline (C) in maize
seedlings under 100 mmol/L NaCl stress. Different lowercase letters indicate significant differences.
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6 E ¥k F-06 7£ 100 mmol/L NaCl 8 T3t E K4 e & L EEE R0

Pk B: WA HIEEEYE; C. i S A HE

A ALY AL S

Figure 6 Effects of strain F-06 on antioxidant enzyme activity of maize seedlings under 100 mmol/L NaCl
stress. A: Superoxide dismutase (SOD) activity; B: Peroxidase (POD) activity; C: Catalase (CAT) activity.

FE 6B AI A, NaCl Jihie T HF R F-06 J5 &
KA A SOD 15 Ml POD i 1 5 NaCl 4b #f
HAHLLBIA PR R, 4 3 R T 5.3%F1 61.9%,
POD G PE TSR, HiE 6C AlAE H,
100 mmol/L NaCl Jiirift T F K& CAT 1 1
A, R TRAR F-06 J5 K& CAT
FHE, B NaCl 23425 T 40.33% (P<0.05),
VLA AR F-06 381 A PR a] DA% A Ak 45
i, RENE 2 A NaCl Jblrafd Xt T K &y v i A= 4 3 il
BE 38
3 Wik

T B SR ERK AT Z 5
M, EVRE S e A K, BT T
R iE R RE & ZECY S FORJEER A AP R AR
VEY, TR HFRaE0 e S g S AR 3 F ] T
FORHL BRI A A, R PR 8 25
K BT AMA B R AR A AT I BT ATPase
) HZE M6, [RS8 pH (B T R DL K 40 i
A AR A S B P R o R R A
RAR - e 43 2 4 v il 0 T R B T s &2 3 75t

b A 5 B A R it

8 W) AR B 412 A= T (plant  growth-promoting
rhizobacteria, PGPR)7EAE W) i) A4 K vh & 15 2 5%
FEEN, ESHEYNEFRIIRIEAER
ARy S R, B AR SE & PR P AR B A2 A=
AT DAUIE A B R, R P A A
T 5 WS AT s R RN L 7 TAA {E2EAE )
g2 ORS8N LA Y D EOR N A S =) [ RN R U A
ACC B . 77k AR5 Z i) o fie kA ) A=
KB Kumar S %) 22 % + 385035t /b /£ PGPR
WA FERE 32 T ST-PGPR, ffi 150 ik iif £
PELE B SRS . AR N7 B B 5 R XA
HRER AR 73 2515 B TR F-06, H A WA . f#
AL RS PRI L 7 ACC Bz i A
IAA F{EHEEP ERK R, 248 16S RNA
R 791 % 52 SN Serratia plymuthica, X5 F 65
SRR I & BV G KM HLAT [ i
B, 7 IAA Al ACC iz B2 e i 25 R AH L .
RGO I R B, AR T ARER, Y
rE AR 02 A TR S T DL AR kR
DL R HoAth A= ¥y . Patel Z5EPERFSE B RV E
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[ B (Serratia marcescens) il %¢ S % B4 il 74
(Pseudomonas fluorescens) X R Y 12 A= 4 i
WA, X 2 FiEE BN B 2 5L = BRI R =
Mg KRR, IF b R AL
R T PRI . Ik B [C R (Serratia
plymuthica) 78 £ k38 T X K 4 1 42 A= K )3
B, SXTHAIA L, KRB ORI A
100 mmol/L NaCl ri8 T A=+ B g gl 4 , $2 74
Pk F-06 23 i Z 8 i1 £E 100 mmol/L NaCl ffift
T EKRY R 2 e AT,
YR 11.36%. 15.97%. 36.63%FH1 18.42%,
ML J AR T E A N T 8.54%7F1 10.0% . i B
AT NaCl ZEFRZH, BFPE F-06 fe (e iff
100 mmol/L NaCl i B F KR4 i A1 .
LR AR DA ER b R G
FEM, ERRa XA R A fumig e
Cruz S 5T % B —SL it £h 41 1 RE 96338 T2
RO, BRI AR A AT LAY 55 £ M an X Al
Pyt 2 KBS o AR5 o 25 Ak 3 A i
RoEAEER, 5XBAME, NaClAbHig
B E KRG e R & E TR, R R R
F-06 W3 IN T E R 14421 &, ATk
5 NaCl PHEXDEE BRI AIHZN . X8RS
KREFMRA—EL, JRETREHRF RS
FEAE 2 S8, BiATAEFE 100 mmol/L NaCl fify
IHAFRR B BRI 32 B 8 ToTk R
fifRg, BRI R b S AR 2 D {15
M2 3G, R A A BRI R AR,
BN TR A SR AR 0, R R O BRI
W92 W, N [ (malondialdehyde, MDA)Zx{ii
2 it B8 % AR g ek 4R Ak , T OB E B PR R
KA FYTR TN, TR ) i A B
RS REZFELEY. 7E 100 mmol/L NaCl 8
RN T B RE F-06 M5E B RGN B A T8 i f

I HAA R AR T NaCl A PR . 7E R A R
BEADI SR A B KP1.2 Af DL S 35 PRI K e Y
MDA i, 2R /K R AR A FriE 9k i 20
1% PR FP M P AL B4 (arbuscular mycorrhizal
fungi, AMF)J5HEY) 1A P 20 Jf I35 14 Al MDA 5
LT XA, AT ULTA KR F-06 REFEAIX NaCl il
Xof 4 M B R e A 44T, R R XA AR K Y
AFIHZE . IR Y e 3 2B S
WAER L JUILAEAE Y A7 B0 ER W an i 2 kO B
PRI RE, MR R =R 2 —Fh A Sy
AR 2 TR) -t 2 o 300 45 3 1 — A 51
Wang 25 IE5E K B K 401 1A 7Y 1) e 2 1R 5
RN TS EE BT, AT DR 2 2 R b b
WEEER . AR H7E 100 mmol/L NaCl it
T EK L A B I 2R e R TR ER
AR IR, FERD R BE F-06 t g fin T F K4 i nt
AR S, EA B S R Y 0T kg
T E KL AE NaCl e R a3 .
TEABFEH, £ 100 mmol/L NaCl fift
AEF, R BLECKE M R R SOD #l POD i 1
N IR B E T, W CAT {EPERRK . SRm7E
AH A B 2544 F BRI Bk F-06 J5 SOD #1 POD i
PRSI T REHaS, T CAT WM EIHE#H, %
HREZHFHEW LM, 3 SOD itk
Cruz PG AEEb a8 FIEFI VR A Rk
SOD {ifi P FEAR A 45 FAR ], ZE i S U 98 7
ER B R R C8 Al B4 X 7 A bR A AR 2K
T R IR B T CAT 161, (HFE{X T SOD
WPE . MK ZEHAT TR (Bacillus aquimaris) DY-3
TEER 3B T4 T/NE 41 SOD . CAT FFitIR
Iﬂl@ﬁﬁfﬂk%%(ascorbate peroxidase, APX)i
P, {5 POD JEMEREARM, 33X 5 AHIF S B2l B ik
F-06 Ji £ K41 POD Fl CAT 76 1k () 45 AR TR .
TEHTAA BTG PEAS I 4R B bk F-06 1954 5
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HIABFIE S R A AR, I AE 100 mmol/L
NaCl il FHERE#E F-06 2755 HoAh 2% 2 i
FR A JHEEALTIAR R, B A R EY 0
AN RN AE 22 A — 2D 5T

4 Zi

AW FT 2 W 1 B F-06 AETE 2%—10%[%) NaCl
e FE VL HIA pH 8.0—11.0 BYFREE FIEH A4, H
A . MRAEE. . mEkEik . 7 ACC
i S WA 7 TAA S5k, 4R B (LR AE AN 5
FHEY Y E N Serratia plymuthica, 245 F7 )
A 100 mmol/L NaCl if 2 il T K 4 i 10 4=
K, MRS ET G EIRF0T, BSmEk
F-06 7] LA & 52 5 FORA i AR KA bR, H9m
IR S, PRI & i, SOD i
POD i M BLRE ARG, CAT &M 8 & T .
HFk F-06 4300828 T NaCl il %t T kgl i AE
KAMmEER, 17 T TR, 2
— PR LV 7 0 T R A1 A
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